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SAFETY SUMMARY

Tha following general safety precautions must be observed during all phases of operation, service, and repair of this
instrument. Failure to comply with these precautions or with specific warnings elsewhere in this manual violates
safaty standards of design, manufacture, and intended use of the instrument. Hewlett-Packard Company assumes no
liability for the customer's failure to comply with these raquirements, 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 or used with a
three-contact to two-contact adapter with the grounding wire (green) firmly connected to an
electrical ground {safety ground) at the power outlet. The power jack and mating plug of the
power cable meet International Electrotechnical Commission {IEC) safety standards.

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

KEEP AWAY FROM LIVE CIRCUITS

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

DO NOT SERVICE OR ADJUST ALONE

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

DO NOT SUBSTITUTE PARTS OR MODIFY INSTRUMENT

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

DANGEROUS PROCEDURE WARNINGS

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

‘ WARNING l

Dangerous voltages, capable of causing death, are present in this instrument, Use ex-
treme caution when handling, testing, and adjusting.




SAFETY SYMBOLS

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

Instruction manual symbol: the product will be marke;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 common, as well as providing protection against electrical
shock in case of a fault. A terminal marked with this symbol must
be connected to ground in the manner described in the installation
(operating) manual, and before operating the equipment,

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

Alternating current (power ling).

Direct current (power line).

Alternating or direct current (power line).

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

The CAUTION sign denotes a hazard. It calls 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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General Information

SECTION |
GENERAL INFORMATION

1-1. INTRODUCTION,

1-2. The Operating and S¢rvice 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 supplament is a
copy of the first three sections of the Operating and Serv-
ice Manual, plus the Operational Verification procedures
from Section 1V. The supplement should be kept with
the instrument for use by the operator. The part 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 6 inch transparencies of the Operating and
Service Manual, Each Microfiche contains up to 96
photo-duplicates of the manual pages, The Microfiche
package includes the latest Manual Changes supplement
as well as pertinent Service Notes.

1-4. Additional copies of the Operating and Service
Manual, Operating Information Supplement, or Service
MNotes ¢an be ordered through your nearesi 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 Generator
produces the following signals at 2 minimum frequency
of 1 pHz and maximum frequency of:

20 MHz
10 MHz
10 kHz
10 kHz
10 kH=

Sine wave

Square wave
Triangle

Positive slope ramp
Megative slope ramp

Frequency may be selected with up to efeven digits of
resolution. Qutput 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 ochms). Any function may be dc
offset up to +£4.5 V, or the output may be de only up to
=5 V. An optional high voltage output produces up to
40 V p-p into =500 ohms load.

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

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

1-9. SPECIFICATIONS,

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

1-11. SUPPLEMENTAL OPERATING INFORMATION.

1-12, Table 1-2 contains information describing general
operating characteristics of the 3325A. This informa-
tion is supplemental operating information and is not to
be considered as specifications.

1-13. REMOTE CONTROL,

1-14. Table 1-3 lists the HP-IB interface capabilities of
the Model 3325A in conformity with 1IEEE 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 frequency
stability and output amplitude capabilities of the Model
33L5A.

Option 001
Optien 002

High Stability Frequency Reference
High Voliage Output

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

Nominal 100 V ac¢
MNominal 120 V ac
Nominal 220 V ac
Nominal 240 V ac

Cpiion 100
Option 120
Option 220
Option 244}




General Information Model 3325A

Table 1-1. Specifications.

FUNCTIONS AND FREQUENCIES AMPLITUDE
Amplitude Accuracy with no Attenuation {Attenuator
Sine Wave: range 1) into 50 ohm Load. (No D.C. offset)
Signal Cutput (Front or Rear Panel):
(0.000 001 Hz to 20 999 999.999 Hz Function and Tolerance retative to
frequency range programmed amplitude

Auxiliary Output (Rear Panel):
21 000 000.000 Hz to 60 999 999.993 Hz Sine Wave
Underrange to 19 000 000.001 Hz 001 Hz to 100 kHz + 0.1 4dB

S Wave: 0.000 O . Square Wave
quare Wave 01 Hz to 10 999 999.999 Hz "001 Hz to 100 kHz . 1.0%

Triangle: 0.000 001 Hz to 10 999.999 999 Hz Triangle

- ) .001 Hz to 2 kHz
Positive and Negative Slope Ramp: 2 kHz to 10 kHz

0.000 001 Hz 10 10 999,999 999 Hz

Ramps
FREQUENCY RESOLUT!ON .001 Hz to 500 Hz + 1.5%
500 Hz to 10 kHz + 10%

1 pHz for frequencies below 100 kHz
1 mHz for frequencies 100 kHz and higher Flatness with no attenuation Tolerance relative 1o
{Attenuator Range 1) into programmed amplitude at
FREQUENCY ACCURACY (Standard Instrument) a 50 Ohm load 1 kHz

£5 x 109 of selected value (20° to 30°C) Sine Wave
100 kHz to 20 MHz + 0.3d8B

FREQUENCY STABILITY (Standard Instrument)
Square Wave
+5 x 10°° per year (20° to 30°C) 100 kHz to 10 MHz + 10%

SIGNAL CHARACTERISTICS Amplitude accuracy with Tolerance relative to
D.C. offset and no programmed amplitude.
Sine Wave: attenuation {Range 1} into
Harmonic Distortion relative to the amplitude of the a b0 ohm load.
fundamental frequency at full output on each range

Sine Wave
Fundamental Ne Harmenic .001 Hz to 100 kHz + 0.3 dB
Frequency Greater Than

Square
0.1 Hz to 50 kHz -65dB .001 Hz to 100 kHz + 3%
50 kHz to 200 kHz -60dB
200 kHz to 2 MHz —-40 dB Triangle
2 MHz to 15 MHz —-30dB .001 Hz to 2 kHz + 4%
15 MMz to 20 MHz -256 dB 2 kHz to 10 kHz + 6%

Ramps
Spurious: All non-harmonically related output signals will _001sz to 500 Hz + 4%

be more than 70dB below the carrier {-60dB with DC off- 500 Hz to 10 kHz + 11%
set}, or less than -80dBm, whichever is greater.

Phase Noise: = -80dB (Option 001 Only) for a 30kHz
band centered on a 20MHz carrier (excluding = 1THz
about the carrier).

Attenuator Accuracy (these Tolerance relative to
errors are additive with the programmed amplitude.
amplitude accuracy errors)

Square Wave: .001 Hz to 20 kHz

Rise/Fall Time: = 20 nanoseconds, 10% to 90% at full Attenuator Range 1 No Error

output .001 Hz to 100 kHz

Symmetry: < .02% of period + 3 nanoseconds Attenuator ranges +0.1dB
2 through 8

Overshoot: = 5% of peak to peak amplitude at full output

Triangle: 100 kHz to 10 MHz
Attenuator ranges
Linearity, 10% to 80%, best fit straight line: 2 through 8

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

10 MHz to 20 MHz
Ramps (Positive or Negative Slope): Attenuator ranges
. . o . . N o 2 through 4
Linearity, 10% to 90%, best fit straight line: £ 0.06%

Attenuator ranges
of full p-p output for each range 5 through 8 g

Retrace Time: = 3 microseconds, 90% to 10%
Ramp Period Variation: < + 1% of period, maximum
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General Information

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

Accuracy of DC Qffset (into 50 ohms):

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

*Except lowest attenuator range where accuracy is t
20 pV.

DC + AC, =1 MHz: £1.2%, Ramps +2.4%

DC + AC, > 1 MHz: +3%
AMPLITUDE MODULATION (of Sine Function anly}

Modulation Envelope Distortion: ~ 30 dB to 80% modula-
tion at 1 kHz, O V dc Offset

PHASE OFFSET

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

Resolution: 0.1°

Stability: + 1° phase/°C

increment Accuracy: +0.,2°
PHASE MODULATION

Linearity (Sine Function): +0.5%, best fit straight line
SYNC OUTPUT

Output Levels into 50 ohms:

Square wave with V =+ 1.2V, V

bigh = =+ 0.2V

low

X DRIVE OUTPUT

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

Linearity, 10% to 90%, best fit straight line:
+0.1% of final value. Specified for all linear sweep

widths which are integrai multiples of the minimum
sweep width for each function and sweep time.

OPTION 001
HIGH STABILITY FREQUENCY REFERENCE

Ambient Stability: +5 x 10°%(0° to 65°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
continuous opetration)

OPTION 002
HIGH VOLTAGE OUTPUT

Frequency Range:
Sine and Square Wave: 1 pHz to T MHz
Triangle and Ramps: 1 gHz to 10 kMz

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

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

Flathess: + 10% of programmed amplitude

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

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

Signal Characteristics:
Sine Wave Harmonic Distortion {relative to the fun-
damental frequency at full output inte = 500 ohms,
< 500 pF)

Fundamental
Frequency

No Harmoenic
Greater Than

10 Hz to 50 kHz
50 kHz to 200 kHz
200 kHz to 1 MMz

- 65 dB
- 60 dB
-40 dB

Square Wave:

Rise/Fall Time: = 125 nanoseconds, 10% to 90% at
full output with = 500 obm, < 500pF load

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

Table 1-2 Supplemental Information

MAIN SIGNAL OUTPUT
50 & Impedance

BNC Connector, switchable to front or rear panel (not
switchable with Option 002}

May be floated a 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-to-Peak)

1 1
2 3
3 10

10.00 V to 3.000 V
2999V to1.000V
999.9 mV to 300.0 mV

30 299.9 mV to 100.0 mV
100 99.99 mV to 30.00 mV
300 29.99 mV to 10.00 mV

1000 9.999 mV to 3.000 mV
3000 2.999 mV to 1.000 mV

DC Offset Only:

Range Attenuation
No. Factor

Amplitude
[Peak-to-Peak}

1 5.000V tc 1.500V

3 1.498 V to 500.0 mV
10 499.9 mV to 150.0 mV
30 149.9 mV to 50.00 mV
100 49.99 mV to 15.00 mV
300 14.99 mV to 5.000 mV
4,999 mV to 1.500 mV
1.499 mV to 1.000 mV

O~ WO Wk =




General Information

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

Model 3323A

Range
No.

Attenuation
Factor

AC Function with DC Offset:

AC Function
Amplitude {p-p)

Maximum DC
{+ or —}

Min. DC
{+ or =)

1
3

10
30
100
300
1000

9.998 V10 1.000 V
999.9 mV to 333.4 mV
333.3 mV to 100.0 mV
99.99 mV t0 33.34 mV
33.33 mV t0 10.00 mV
9.999 mV 10 3.334 mV
3.333 mV to 1.000 mV

1.000 mV to 4.500 V
1.166 V to 1,439 V
333.3 mV to 4560.0 mV
116.6 mV to 149.9 mV
33.33 mV to 45.00 mV
11.66 mV to 14.99 mV
3.333 mV to 4.500 mV

1.000 mV
0.100 mV
0.100 mv
Q.010 mV
0.010 mv
0.001 mVv
0.001 mV

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

Output impedance: <2 2 at DC to <10 { at 1 MHz

Square Wave Settling Time: <1 us to settle to within
.05% of final value for frequencies of 10 Hz to 600 kHz,
tested at full cutput with ne load

FREGUENCY SWEEP

Sweep Time:
Linear Sweep: 0.01 second to 99.99 seconds (single
or continuous)

Log Sweep:
Single Sweep: 2 seconds to 99,99 seconds
Continuous Sweep: 0.1 second to 99.99 seconds

Maximum Sweep Width: 1 Hz to maximum frequency of
the function selected

Minimum Sweep Width (Linear):

Minimum Sweep Width

Sweep Time
99.89 seconds

Sweep Time

Function 0.01 second

999.9 mHz
499,5 mHz
49.95 mHz
99.99 mHz

Sine 0.1 mHz

Square 0.05 mHz
Triangle 0.005 mHz
Ramps 0.01 mHz

Minimum Sweep Width (Log): 1 decade

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

WARMUP TIME

Standard Instrument: 20 minutes to within specified ac-
curacy

Option 001 High Stability Freguency Reference:
Reference will be within +1 x 1077 of final value 15
minutes after turn-on at 25°C for an off time of less
than 24 hours

AUXILIARY INPUTS (May be floated a maximum of +42 V peak jac + dc]
from chassis [earth] ground)

Reference: For phase-locking the 3325A to an external
frequency reference of 10 MHz or a subharmonic of
10 MHz down to 1 MHz. Level must be O dBm to

+ 20 dBm into 50 ohms. Rear panel BNC connector.

Amplitude Modulation Input {Sine Function Only):

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

Modulation frequency range: DC to 800 kHz (O to
21 MHz carrier frequency)

Sensitivity: 5 V peak for 100% modulation
Input Impedance: 10 kQ
Connector: Rear panel BNC

Phase Modulation:
Modulation Frequency Range: DC to § kHz

Modulation Depth

Function Depth {+ or -~}

Sine 850°
Square 425¢°
Triangle 42.5°
Ramps 85°
Input Impedance: 20 kQ
Connector: Rear panel BNC

AUXILIARY DUTPUTS {May be floated & maximum of £42 V peak [ac + de]
from chassis [earth] ground)

Auxiliary Frequency Output (ac coupled output):

Frequency Range: 21 MHz to 60.999 999 399 MHz,
with underrange coverage to 18.000 00C 001 MHz

Amplitude: O dBm
QOutput Impedance: 50 ohms
Connector: Rear panel BNC

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

Amplitude: O dBm

Output Impedance: 50 ohms

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

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

Connector: Rear panel BNC
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General Information

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

X Drive Qutput {Sweep up only}:
sweep frequency
Connector: Rear panel BNC

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

Continucus: 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.

Continuous: Low during sweep. Goes High
momentarily at stop frequency.

10 MHz Oven Reference Output, Option 001, for phase
locking the 3326A to the optional high stability frequency
reference:

Amplitude: O dBm, 50 ohms

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

REMOTE CONTROL

Hewdett-Packard Interface Bus (HP-iB} Control: (HP-(B is
Hewlett-Packard Company’s implementation of IEEE Stan-
dard 488-1978). Time shown is in addition to programming
time,

Amplitude: 0 to + 10 V linear ramp proportional to

Frequency Switching and Settling Time;*
< 10 ms to within 1 Hz of final value for 100 kHz span
< 26 ms to within 1 Hz of final value for 1 MHz span
< 70 ms to within 1 Hz of final value for 20 MHz span
Phase Switching and Settling Time: *
< 15 ms to within 90° of phase lock for 20 MHz fre-

quency change

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

*Times shown are in addition to programming time
GENERAL
Operating Environment:
Temperature: 0° 1o 55°C
Reiative Humidity; <85%, 0° to 40°C
Altitude: =< 15,000 ft,

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

Power Requirements:

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

Dimensions in millimeters and (inches):

132.6 (5%) high x 4255 {16%) wide x 497.8
{19-5/8} deep

Waeight in kilograms and (Ibs):

Net weight: 9(20)
Shipping Weight: 14.5 (32)

The following accessory options are also available for
the Model 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 00! for connect-
ing the rear panel Reference Output to the Reference In-
put. This connector is Part No. 1250-1499.

1-19. ACCESSORIES AVAILABLE.

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

Number Description

11048C 50 ohm Feedthru Termination
11356A

(03325-80001

Ground Isolator

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

High Voitage 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

5061-008%

1-5




General Information

1-21. INSTRUMENT AND MANUAL IDENTIFICATION.

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

1-23. 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
VII, MANUAL CHANGES, for the information that
will adapt this manual t¢ your 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 yellow
Manual Changes supplement included with the manual
¢xplains how to adapt the manual to your instrument,

1-24. SAFETY CONSIDERATIONS.

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

Model 3325A

Table 1-3. HP-IB Interface Capahility.

Code Function

SH1 Source handshake capability
AH1 Acceptor handshake capability
T& Basic talker; Sarial poll; Unaddressed to talk
if addrassed to listen
L3 Basic listener; Listan only; Unaddressed to
listen if addressed to talk
Service Reguest capability
Rernate/Local capability
No parallel poll capability
Device Clear capability
No device trigger capahility
No controller capability
Open collactor bus drivers

1-26. The symbol &appearing on the front or rear
panel of the 3325A is an international symbol 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
safe 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 Besponse Times.

General Information

Function

Mnemonic

Imput Data
Transfer Time

Device
Time

Cutput Data
Transfar Time

Function (Waveform)}
1 Digit

FU

450-500 us
225250 us

1600 ms
2.8 mg

450-500 3
205250 us

Frequency
= 11 Digitz + Decimal
Relimiters

FR
MZ, KH, or MH

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

7.0 ms
2.8 ms each
12.5 s

450-500 ps
225-250 ps sach
450-500 us

Amphtude
= 4 Digits + Decimal
Delimitars

AM

VO or MV
VR er MR
DE

450-500 us
225-250 us5 aach
450Q-500 ps
450-500 ps
450-500 us

6.8 ms
2.8 ms each
90 ms
130 ms
250 ms

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

DC Offset
= 4 Digits + Decimal
Delimiters

QF

450-500 us
225-2580 us each
450- 500 us

6.8 ms
2.8 ms each
82 ms

450500 ps
225-250 ps each
450-500 ps

Phase
= 4 Digits + Decimal
Delimiter

PH

DE

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

5 ms
2.B ms each
28 ms

450-500 ps
225-280 5 oach
450-500 us

Sweep Start Freguency
= 11 Digits + Decimal
Delimiterg

8T
HZ, KH, or MH

4504500 ps
225-250 ps each
450-500 ps

7.0 ms
2.8 ms each
10.3 ms

480500 us
225-280 us each
450-500 puz

Swoeep Stop Frequency
=11 Digits + Dacimal
Delimiters

SP
HZ, KH or MH

480-500 us
225-250 us sach
450-500 ps_

7.0 ms
2.8 ms each
10.3 ms

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

Sweep Marker Frequency
= 11 Digitz + Decimal
Delimiters

MF

HZ, KH or MH

450-500 us
225-2580 us each
4506500 us

7.0 ms
2.8 ms sach
10.3 ms

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

Swaeaep Time
=4 Digits + Decimal
Delimiter

T1
SE

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

5.5 ms
2.8 ms gach
7.0 ms

450-500 us
225-250 ks each
450--8500 ps

Store

SR

450-500 us

11 ms

Recall

RE

ABO-500 ps

1700 ms

Assign Zero Phase

AP

450-500 g3

5.2ms

Amptd Cal

AC

450-500 ps

1500 ms

Start Single Sweep

55

450-500 us

300 ms

Start Continuous Sweep

sC

450-500 s

300 ms

Interrogate
{Add Paramater
Mngmonic Time)

228250 us

3 ms

Mask Service Request

450-500 ps

4.5 ms

High Voltage Qutput

450-500 us

48 ms

Rear/Front Qutput

450500 ks

4d.5 ms

Saif Test

450-500 3

10,000 ms

Sweap Mode

450-500 ps

4.5 ms

Data Transfar Mode

A50-500 ps

4.5 ms

Interrogate Function

G75-750 us

1603 ms

Interrogate Error

67E-750 s

11.5 ms

Universal Commands

~ 225 us per byte

Amplitude Modulation

AB0O-500 us

7.0ms

Phase Modulation

450-500 x5

7.0 ms




General Information

Tabie 1-5. Recommended Test Equipment.

Model 3325A

Instrumant

Critical Spocifications

Required For

Perf.
Texts

Adjuzt-
ments

Troubla-
shnoting

Recommandad Modsl

Oscilloscope

Vartical

Bandwidth: dc to 100 MHz
Deflection: 0.01 V ta 10V/div
Hortizontal

Swaep; 0.06 pa to 1 s/div

x 10 Magnification

Delayed Sweap

X

X

X

hp- 1740A

Electronic Counter

Frequency Measurement
Frequency Range: to 20 MHz
Resolution: B digits
Accuracy: £ 2 counts

Tirme Interval Average Ato B
Resalution: 0.1 ns

-hp- B328A with Opt 01
and Q40 or Q41

Digital Voltmetar

DC Function

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

Accuracy: *.2%
Resalution: 4% digits

AC Function

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

0C Funetion

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

Accuracy: +.05%
Resalution: 6 digits

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

Crast Faotor: 4:1

-hp- 3466A

-hp- 3455A

50-ohm Load

Accuracy: +=.2%
Power Rating: 1 W

-hp- 110488

High Frequency
Spectrum Analyzer

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

-hp- 141 T/BEE52B/3553B/
B566A/BEGEA

Low Fraguency
Spactrum Analyzer

Frequency Range:
20Hz-50kHz
Amplitude Acquracy: +.5 dB
Spurious Responses:
BO dB balow refarance

-hp- 3680A/36856A

Sime Wave Signal Source

Frequency: 1 kHz
Ampiitude; 1 V rams inte 20 ki
Frequency Range:

-hp- 204G

-hp- 3335A 1 MHz-20

MHz

Amplitude Range: to

+7.0 dBm

Output Impedance: 50 0

Phase Noige (Integrated):
9.9 MHz: < -63 dB
20 MHz: < =70 dB

Spurious: =75 dB below
fundamentsl

Double Balanced Mixer

Impedange; 508}
Frequency: 10 20 MHz

-hp- 10534A
or 10514A

1 MHz Low Pass Filter

Cut-off Frequency: 1 MHz
Stopband Atten:

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

FBEZ 1MHz Low Pass
Filter, Impedance 5010,

C Shape Factor, Metal Can,
BNC's Allern Avionics, Inc.
224 E, Second St. Minaola,
NY 11501

15 kHz Noise Equtvalant
Filter

Conszisting of:
Resistor: 10 k2 +1%
Capacitor; 1600 pF £5%

-hp- 0757-0340
=hp- 0160-2223

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

Instrument

Critical Specifications

Raguired For

Qper.
Var,

Perf.
Tasts

Adjust-
mants

Troubla-
shooting

Recommaended Madsl

AC Volimetar

Ranges: 0.1 Vto 1V
Frequency Range:20 Hz-1 MHz
Input Impedance: =1 Ml
Mater: Log scala

Acc (100 Hz to 10 kHz): +1%

X

-hp- 400 FL

Resistor

1 kil +5%

-hp- 0BR3-1025

Qscilloscope Probe

Givision Ratio: 10 to 1
Impedance: 1 M2, 12 pF

=hp- 10041 A

DC Power Supply

Volts: 0-10 V
Amps: 10 mA
Floating output

-hp- 6214A

Frequency Standard
(Required for Option
001 Qnly)

Frequency: 5 MHz
Accuracy: 1 = 108

-hp- 1088

Caleulatar
(Reguired for
automatic testing)

HPB Control Capability

-hp- 2825A with
a8034A Imterface,
General /0 ROM,
Extended /0 ROM

System Voltmeter

DC Voltage: 0 to =10V
Sample/Hold Measurement
External Trigger: Low True TTL
Edge Trigger

Trigger Delay; selactahle, 10 g5
to 140 us

-hp- 3437A

BNC Taa
Adapter
BNC-to-Triax Adapter

Male-female-female
BNC-to-dual banana plug
Famale BNC-to-Male Triax

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

Signetura Analyzer

Signature: 4-digit hexadecimal
Characters;Othry 9,A,C,F,H,P,U
Thrazhald

Lagic 1: +2.2V

Logic O: +0.5 V

Clock Frequency: =1.5 MHz

-hp- GDO4A

Pulse Genarator

Pulse Rate: 500 kHz
Pulse Width: =1 ps3
DC Offset: 1V

hp- 3212A

Resistor

56.200 1% 1/8W

-hp- 07657-0395

Thermal Converter

Inpyut Impedance: 75 &

lnput Voltage: 0.5 V rms
Fraquency: 2 kHz to 20 MHz
Frequency Respongze: +(0.05dB
2 kHz to 20 MHz

hp- 11050A

Resistive Divider

Consisting of:
Resistor; 36.6 0 1% A W
Resistar: 13.7 0 1% % W

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

Resistive Divider

Consisting of:
Resistor: 40.2 0 1% ¥4 W
Resistor; 1002 1% ¥ W

hp- 0698-5022
-hp- B757-0984

Rasistive Divider

Cansgisting of:
Rasistor: 300 1% AW W
Resistor: 208 1% % W

-hp- 0B98-7533
-hp- OBYS-6296

Resistive Divider

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

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

Tarminatien

50 ohm Feedthrough 1%

-hp- 11048C

Therma! Convertar

BNC Connectors

_hp- 11050A

1-9/1-10
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Section 11

SECTION Il
INSTALLATION

2-1. INTRODUCTION.

2-2, This seetion 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 electrieal 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 Hewlett-Packard Sales and
Service Office listed at the rear of this manual, If the
shipping container is damaged or the cushioning material
shows signs of stress, notify the carrier as well as the
Hewlett-Packard office. Keep the shipping material for
the 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 3325A requircs a power source of 100,
120, 220, ot 240 V ac, +5%, -10%, 48 to 66 Hz single phase.
Power consumption is 100 VA maximum.

2-8. Line Voltage Selection.

Befare connecting ac power to this
instrument, make sure it is ser to the line
voltage of the power source. Alse ensure that
the common connection of the power outlet is
connected to a protective earth contact,

I WARNING l

The line voltage selection swirches are located
inside the top cover of the instrument. Line
voltage selection should be done by trained
service personnel only. To avoid elpetrical
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 to the line voltage option ordered.
This information may be found on the rear panel.

Option Line Voltage Selected

100 100 v
120 120 v
220 220V
240 240V

If it is necessary to change the line valtage selection,
access to the switches 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 obgerve the CAUTION in
Figure 2-1.

2.10. Power Cable.

2-11, In aceordance with international safety standards,
this instrument is equipped with a threc-wire cable, 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 data 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:

I meter
2 meters
4 meters

10631A
10631B
10631C
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LINE
VOLTAGE

OOV
| 20V
220V
240V

CAUTION

WHEN CHANGING THE LINE VOLTAGE
SELECTION, MAKE SURE THE CORRECT

FUSE IS INSTALLED FOR FOR THE
M1 VOLTAGE SELECTED.

L INE VDLTAGE' FUSE l—hpaPART NO.

1007120V A 21 10-0001
% A 220/240V | .5A 2110-0012

3|

B AFTER CHANGING LINE VOLTAGE SELECTION,
c §? BE SURE TO INDICATE ON THE REAR
e PANEL THE NEW VOLTAGE SELECTED.

3325A-29

SWITCHES VIEWED FROM
REAR OF INSTRUMENT

Flgure 2-1. Line Voltage Selection,
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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 enocugh leverage to
damage the connector mounting. Be sure that the
connector screws are tightened firmly in place to keep it
from working loose during use, and be sure to observe the

Section [l

CAUTION of Figure 2-3,

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

2-15. 3325A Listen/Talk Address.

2-16. The 3325A is normally shipped from the factory
with the listen address set to ASCII character [; talk
address Q. The 3325A address switches are located inside
the top cover near the center of the instrument. The
possible HP—IB addresses are shown in Table 2-1. Set
the five switches (marked 1 through 5) to the correct
positions corresponding to the ASCII code address
chosen. The 3325A may be set to a “listen 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,

EOI

REN

DAV

NRFD

NDAC

IFC

SRQ

ATN

SHIELD-CHASSIS GROUND
P/O TWISTED PAIR WITHPIN 8
P/O TWISTED PAIR WITH PIN 7
P/O TWISTED PAIR WITH PIN 8
P/O TWISTED PAIR WITH PIN &
P/O TWISTED PAIR WITH PIN 10
P/O TWISTED PAIR WITH PIN 11
ISCLATED DIGITAL GROUND

THESE PINS
ARE
INTERNALLY
GROUNDED

5TD- B - 4090

The 3325A contains metric threaded HP—IB cable mounting
studs as opposed to English threads. Metric threaded -hp-
106314, B, or C HP—IB cable lockscrews must be used to
secure the cable to the instrument, Identification of the two
types of mounting studs and Jockscrews fs made by their
color. English threaded fasteners are colored sifver and metric
threaded fasteners are colored black. DO NOT mate silver
and black fasteners to each other or the threads of efther or
both will be destroyed. Metric threaded HP-18 cable hard-
ware illustrations and part numbers follow.

SHORT MOUNTING STUD
0380-0644

LOCKSCREW
1330-0360

LONG MOUNTING STUD
0380~-0643

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

Because the address switches are locared
inside the instrument, they should be set by
trained service personnel only. To avoid
elecrrical shock, make sure the power cord is
disconnected before removing the instrument
{'OIVEF,

2-17, HP—IB Description.

2-18. A description of the HP-IB is provided in Sectiont
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 IEEE Standard
488-1978 ““1EEE Standard Digital Interface for Program-
mable [nstrumentation.’’

2-19. Connecting Oven Option 001.

2-20. In order to use the Qven Option 001, an external
connection must be made between the rear panel 10 MHz
OVEN OUTPUT and the REF IN connectors. A special
conncctor for this purpose, -hp- Part No, [250-1499, is
supplied with instruments having Option 001.

2-21, OPERATING ENVIRONMENT.

‘ WARNING I

To 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 envirotiment must be
within the following limits:

0to +55°C

95% at 40°C
4600 meters
(15,000 feet)

Temperature
Relative Humidity
Altitude

2-23. Cooling System.

2-24. The cooling fan intake and the exhaust vent are
located in the rear panel. When operating the instrument,
provide at least 75 mm (3 inches) of clearance at the rear,
and at least 7 mm (14 inch) on all sides of the instrument,
Failure to allow adequate air cireulation will result in
excessive internal temperature, reducing instrument
reliability,

2-25, It i3 imperative that the fan filter be inspected

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

2-4

Model 3325A

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

2-26. Bench Operation.

2-27. The instrument has plastic feet attached to the
bottom panel. The front feet contain foldaway tilt stands
for convenience in bench operation. The tilt stand raises
the front of the instrument for easier viewing of the
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 handling the
instrument on the bench (see Figure 2-4). The kit is
shipped with the instrument if Option 907 is also ordered.
Otherwise, the [ront handle kit is available separately by
1ts -hp- part number.

2-28. Rack Mounting.

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

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

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

NOTE

The Rack Mount Flange Kit of item a will not
provide the space requirement for rack
maounting when used with the bench handle
assembly (-hp- Part No. 5060-9899, Option
907). To rack mount with handles, the
combination kit of item b (Qption 909) must
be used (see Figure 2-4). Jf 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
numbers.

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

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

A0°C to +754C
050 at 40°C
15,300 meters
(50,000 feet)

Temperature
Relative Humidity
Altitude

m
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Table 2.1, HP—IB Addresses.

Installation

Factory
Selacted
Address

ASCI Characters Address Equivalent Codes
Switches (To 5-Bit Binary Switches)

Listen Talk (Binary Code)
Address Address | 6 4 3 2 1 | Qctal Dacimal | Hexadecimal

sP
I

00
01
02
03
04
05
06
o7

QMmO omPE
CoOoCooooD
CoOCoooOO
I e Nl s X o)
- 200 2 =200
el =l v I )

08
0z
10
i1
12
13
14
158

OZ2ZEr~rFRL- — T
CooQoooo
e s s
- - e OO0
=N =T e i o]
B> o T B o

-~ -

16
17
18
15
20
21
22
23

|

SO DT e G R — S
S<CcHwDD W
- o
cCoOQoooOC
N o T RN o, TR N

1]

24
25
26
27
28
29
30

R+
Pee N X
ok e e e
= D DO O
=00 = =090
Q=0 =0=0

o

Addrass Switches

LON - Listan Only
ROM — ROM Disable {For Test Qnly)

dagHAH

NOTE: The Equivalent Codes shown correspond enly to the 5-bit binary switch
¢code. These bits are the same for both listen and talk addresses, and the sixth
and seventh bits detarmine whether the address is listen (01} or talk (10). Some
contrallers distinguish betwaan listen and talk automatically, requiring only the
H.bit code equivalent to dasignate a davice.
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ALAETIC TRIM

HANDLE KIT, BENCH OFERATION

QPTION 508

RACK MOUNT FLANGE/FRONT HANDLE KIT

Figure 2-4. Rack Mcunt and Handle Kits.

Mode] 3325A

2.33. Instrument ldentification.

2-34, If the instrument is being returned to Hewlett-
Packard for servicing, attach a tag indicating the type of
service required, return address, model number, and full
serial number. 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 2 Hewelett-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) around all sides of the instrument to provide firm
cushion and prevent movement inside the container.
Protect the control panel with cardboard,

d. Seal the shipping container securely.

¢. Mark the shipping container FRAGILE to assure
careful handling.
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SECTION i
OPERATION

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

3-2. This section of the manual contains instructions with which you may already be familiar. Use Table 3-1

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

Table 3-1. Operating Information,

Paragraph Content Paragraph Content

3.2 FANEL FEATURES {Figure 1-1) 3-100 3325A REMOTE PROGRAMMING
3-5 POWER/WARMUP 3101 3326A HP-IB Capabilities
3-8 INITIAL CONDITIONS Tabie 3-8, Intarfaca Functions
SELF TEST 3-103 Develaping an HP-18 Program
FRONT/REAR SIGNAL QUTRUT 3107 Universal and Addressed Commands
SYNC QUTPUT 3-109 Plaging the 3325A in Remote
EXTERNAL REFERENCE INPUT 3-111 The 3325A Address
10 MHz OVEN OFTION 001 Table 3-8, Summary of 3325A Programming,
MANUAL PROGRAMMING ASCI Characters

Clear Display Tehle 3-10, Programming Codes

Entry Errors . 3325A Data Message Formats

Function Selection - Data Transfer Mode

Frequency Entry - Frograrnming Data Transfer Modse

Frequency Limits - Programming Entry Parameters

Frequency Display and Resgiution Frequency

Auxiliary Qutput {Sine Function Only) Amplitude

Amplituda Entry Offset

Table 3.2, Ampiitude Limits of AC Functions Phase

Amplitude Calibration Sweep Start Frequency

High Voltage Qutput Option 002 Sweaap Stop Fraguenoy

Table 2-3, High Voltage Output Amplitudes Sweep Marker Frequency

0C Offset Sweap Time

Table 3-4 and Figure 3-2, Maximum DC 3«12 Programming Waveform Function
Offsaer : 3124 Programming Binary (ON or OFF) Funetion

Phase Entry High Voltage Qutput {Option Q02)

Frequangy Sweep - Amplitude Medulation

Sweep Marker Phazse Madulation

Sweep X Drive Output Programming Selection Funeations

Sweep Z Blank Qutput Rear Quiput/Front Quiput

Amplitude Modulation Linear Sweep/Lagarithmic Sweep

Phaze Modulation Data Trangsfer Mode

Modify Keys Prograrmming Execution Functions

Stere and Recall Assign Zerp Phase Refarence
OPERATOR'S CHECKS Ferfarm Amplitude Calibration

Self Test Start Single Sweep

Output Checks Start Continuous Sweep
QPERATOR'S MAINTENANCE Perform Self Tast
HF-IB OPERATION 3130 Pragramming Amplitude Units Conversion

General HP-IB Description 3-132 Programming Storege Ragistars

Figure 3-3, Interfage Connections and Bus 3-134 Service Requests

Structure 3-136 Serial Foll
Table 3-5, General Interface Management 3-138 Btatus Byte
Lines 3140 Busy Fiag

Definition of HP-IB Terms and Concepts 3142 Sweep Flag

Basic Device Communication Capability 2-144 Masking or Enabling Sarvice Rayuests

Message Deafinitions Tabie 3-11, S3RQ Mask/Enable Data

Table 3-8, Definition of Meta Massages 3-148 Interrogating Program Errars

2325A Response 1o Messages 2148 Interrogating Entry Parametars

Table 3-7, Implementation of Messages 3-150 Interragating Function (Waveformi

HP-IB Work Sheat 3-152 Intarrogating Miggellaneous Paramaters

HP-]B Addrassing ' 2.164 Using the Interrogate Capability
3-156 3328A Programming Procedure

O
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Appendices
A-3 META MESSAGES BLOCK DIAGRAMMED
B-3 PROGRAMMING THE MODEL 33258A with the
9825A CALCUHLATOR
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@ POWER STBY/ON Key. in the STBY position, power is
applied to the Oven (Option 001}, the HP-IB interface
circuits that are external t& the isolation barrier, and the
High Voltage Output 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 blue.,

SWEEP key group. These are entry prefix keys for the
sweep parameters, plus the sweep start keys. When
preceded by the biue prefix key, the sweep parameter
keys contral sweep modification functions and linear/
log selection.

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

3-2

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

control untess Local Lockout has been programmed.
When preceded by the blue prefix key, this key causes
the 3325A HP-|B address to be displayed in decimal
code.

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

ENTRY group. Prefix keys for programming signai
parameters.

ALPHANUMERIC display, Displays the value of the
parameter selected, error codes, faiture modes, HP-IB
address, amplitude and phase modulation state.
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DATA group. This group includes the numeric data
keys, the data vaiue suffix keys, the Store and Recall
command keys, and the entry Clear key. When pre-
ceded by the blue prefix key, the keys in the left column
contrgl the modulation functions.

MGDIFY group. The horizontal arrow keys select the
digit to be modified {indicated 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 select the output signal
function or dc only {see Paragraph 3-26).

EXT REF annunciator is on if an external reference or the
Cption 001 internal 10 MHz oven reference is con-
nected to the rear panel REF IN. Annunciator flashes if
the 30 MHz internal reference is not phase locked to the
external reference.

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

AMPTD CAL key. Automatically calibrates 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 puter conductor of
any of the 332584 input or output signal connec-
tors is =42 V.

SYNC QUT. A square wave syng signal is available at this
connector and alse at a rear panel connector, item 28.
This signal ig always in sync with the output signal cross-
over point. (Zero volts or dc offset voltage, see Paragraph
3-14.) J2.

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

REAR ONLY key. In standard instruments, switches
signal output from frant to rear pane! and vice versa.
Rear panei output is active when the annunciater in the
center of the key is on. In instruments with High Voltage
Qutput Option 002, this key switches from normat to
high voltage output, and the annunciator indicates
when the high veltage output is on. The key is labeled
40 Vpp, 40 mA, 0-1 MHz'’ for Qption 002, in Option
002 instruments, no rear panel signal cutput is pro-
vided.

SIGNAL output, Standard output impedance is 50O
ohms. High Voltage Output Option 002 output im-
pedance is nominally <t ohm at dc and < 10 ohms at
1 MHz. Load impedance must be at least 500 ohms.
Standard and High Voltage amplifier outputs are fused.
J1.

10 MMz OVEN OUTPUT. This signal is present only in
instruments with Option 001, To make use of the Oven
Output, it must be connected to the REF IN connector,
ttem 21. A special conngctor, -hp- Part No.
1250-1499, is supplied with Option 001 for this pusr-
pose. J3.

5-2a

AC POWER input connector. £1,

@
@
@
@

REF IN. Ap external reference may be used to phase
lock the internal 30 MMz reference (see Paragraph
3-16). J4.

HP-IB connector. Remote control of the 3325A by
means of an HP-IB system controller is accomplished
through this connector. Part of W6.

REF OUT. A 1 MHz signal from the 33254 reference cir-
cuits is available at this connector, J5.

SIGNAL, The output signal is switched to this connector
by the front panel REAR ONLY key, Item 17. J6.
{Instruments with Option 002 do not have rear pane!
signal output.)

NOTE

The rear panel signal output is inactive (no inter-
nal signal connection) if the instrument has the
High Voltage Output Option 002 installed, In-
structions are given in the Operating and Service
Manual, Section VI, Service Group M, for ac-
tivating the rear panel signal output in one of two
ways: 1] Placing the standard/high voltage out-
put on the rear panel only, disconnecting the
front panel signal output, or 2} Disabling the high
voltage output and enabling the standard
front/rear output configuration,

If the standard instrument signal output is not ter-
minated by an external 50-0hm load (a high im-
pedance load, for example) undesirable distortion
may resull, particularly at higher frequencies.
Simifar conditions may result if the High Voltage
OCutput (Option 002} is terminated by less than
500 ohms.

@ BLOWER, B1.

@

PHASE MOD. Input connector for a phase moduiating
signal of +5 V maximum peak voltage (see Paragraph
3-66). J7.

AMPTD MOD. Input connector for an amplitude
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 connector, Item 15. J10.

AUX 21-80 MHz. A signal is available at this output
when the sine wave frequency is programmed above 21
MHz (see Paragraph 3-34). Jg9.

Z BLANK. A TTL comgpatible output is present during a
sweep operation {see Paragraph 3-60). J11.

X DRIVE. This output progresses from O V to +10 V
during a sweep-up operation (see Paragraph 3-58),
J12.

MARKER. This TTL compatible output goes low at the

selected marker frequency during & sweep up, and high
at completion of the sweep (see Paragraph 3-556}. J13,

Power Transformer, 11.

Line Fuse, F1.
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NOTE

The HP-IB is Hewlett-Packard Company’s
implementation of IEEE 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, +35% -10%, 48 to 66 Hz single
phase. The selection of line voltage and fuse is described
in Paragraph 2-8 and Figure 2-1.

3-7. The 3325A POWER switch has two positions,
STBY and ON. Power is applied to some circuits at any
time the instrument is connected to the ac power source.
If 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,
eliminating the need for a long warm-up period. If an
instrurment with the Oven Assembly has been discon-
nected from ac power no longer than 24 hours, a
15-minute warmup period is sufficient to bring the

Ovperation

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 on 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 OGUTPUT.

The maximum peak voltage that can be safe-
Iy applied between chassis and the ouler con-
ductor aof any af the 33254 input or ouipil
signal connectors is £42 V.

3-13. The standard Model 3325A provides selectable
front or rear panel 50-ohm signal outputs. The rear
panel signal output is selected by pressing the REAR
QNLY key. The lighted indicator in the center of this
key denotes that the signal output is at the rear pancl.

refercnee frequency to within =1 x 1077 of final value.
3-8. INITIAL CONDITIONS.

3—9.' After the PDWER_switch has been set to ON,

the instrument status will be as follows: NOTE
Function
Frequency
Amplitude

The rear panel SIGNAL outpul s not pre-
sent on instruments equipped with the High
Voltage Quipur Option 002.

DC Offset

Front Signal Cutput

Sweep
Start Frequency
Stop Frequency
Marker Frequency

3-14. SYNC OUTPUT.

3-15. 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 oceurring at the signal zero crossing, 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-chm
coaxial cable that is termunated by a 50 ohm resistive
load, the sync signal levels are as follows:

1. If the display reads OSC FAIL the fre-
quency syHihesis circuits gre nol operating
properiy.

Low Level =
High level =

0.2v
1.2V

=
2. If A-CAL FAIL appears in the display o=
momentarily after turn-on, any one of the

three AMPTD CAL tests could be incorrect.
Perform a SELF TEST operation to identify
the failure.

3. If either of the above conditions occurs,
refer the instrument 1o qualified service per-
sonnel for repair.

NOTE

If a sync outpu! is connecied to a 50-ohm
coaxial cable that is terminated by o high im-
pedance load (=1 mepohm) the voliage
levels are approximately twice the values
givern above. However, the impropet fer-
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mination of the 50-ohm svstem will cause
ringing ar the positive and negative transi-
tions of the syne signal.

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 or a sub-
multiple thereof down to 1 MHz (10, 5, 3.33, 2.5, or |
MHz2). The front panel EXT REF annunciator will light
to indicate that an external reference is being used. The
interna) reference oscillator is phase locked to the exter-
nal reference, and a phase lock detector circujt causes
the EXT REF light to flash if synchronization is lost.

3-18. 10 MHz OVEN OPTION 001.

3-19. Option 001 is a temperature stabilized 10 MHz
oscillator which provides improved frequency stability
(see specifications in Table 1-1). The output from this
oscillator is at the rear panel 10 MHz OVEN QUTPUT
connector, This output must be connected to the EXT
REF input. A special connector, -hp- Part No.
1250-1499, is provided with Option 001 for this pur-
pose,

3-20. MANUAL PROGRAMMING.

3-21. The following paragraphs describe the procedures
for operating the 3325A from the front panel. Also in-
cluded are the limits for each parameter,

3-22. Clear Display.

3-23. Pressing the CLEAR key (in the left column of
the DATA group) clears the display to zero. This key 15
useful when an error is made while entering data.

3-24. Entry Errots.

3-25. The word **Error” will appear in the display for
approximately one second when an error in programm-
ing occurs. The incorrect eniry will not be accepied.

Model 3325A

3-26. Function Selection.
FUNCT I ON

oficfolicfiio

20MH 7 (R LH 10klz 10kM7 1Ok

DT QFFSET
=]

3-27. Any of the five functions may be selected by
pressing the appropriate FUNCTION key. A light in the
center of the key indicates the present function. Pressing
the same key the second time 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 dc offset entry key light
comes on. The ac signal can be restored by pressing the
FUNCTION key again. The output signal for cach
function is centered about zero volts unless a de offset
has been programmed.,

NOTE

The standard instrument signal output musi
be terminated by an external 50-ohm load or
sine wave distortion and squdre wave aver-
shoor may result, particularly at higher fre-
quencies.

3-28. Frequency Entry.

ENTRY DATA

ASCII
Numetic Error

1 Entry parameter out of bounds (for example, Freg = 61
MHz)

pJ Invalid delimiter

3 Frequency too large for function (for example, Function’ w
Triangle, Freq = 11 kHz)

Sweep time too small or top large

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

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

Unrecognizable mnemonic received
Unrecognizable data character received
Option does not exist (High Voltage or Rear/Front)

E | ] E

NOTE

A liehted indicator in the center af any eniry
key denotes it as the active entry parameier.
For example, i the FREQ gniry key in-
dicqtor is on, It {5 ROl necessary 1o press that
key before 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 digit first, entering the
decimal in the proper place, The frequency parameter is
stored in the 3325A when the delimiter key is pressed.

3-30. Frequency Limits.

3-31, The minimum frequency for all functions ig
1 pHz. The nominal maximum frequency for each func-
tion is shown below the function select key on the front
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Operation

Table 3-2. Amplitude Limits of AC Functions.

Peak-to-Peak

rms dBm (B0 ()

Fungtion Max, Min,

Max. Min,

Sina 1 mV
Square 1T mv
Triangle 1 mv
t Ramp T mvy

punel, However, because of the overrange capability of
the 3325A, the maximum frequency for cach function is
as shown below;

Sine wave 20 999 999 999 Mz
Sguare wave 10 999 999,999 Hx
Triangle 10 999,999 999 Hz
Positive slope ramp 10 999.999 999 H:
Megative slope ramp 10 999 999 999 Hz

3-32. Frequency Display and Resolutign.

3-33. Frequency is always displayed in Hz, even though
the entry may have been made in kHz or MHz. For ex-
ample, an ceniry of 1,2 MHz is displayed as
1200 000.0 Hz, Non-significant zeroes to the right of
the first digit following the decimal point are not
displayed cxcept during a “‘modify”” condition (see
Paragraph 3-68). The maximum resolution is 1 pHz for
frequencies up to and including 99 999.999 999 Hz, and
1 mHz for frequencies of 100 000.000 Hz and higher.

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

3-35. A rear panel auxiliary output can be used for fre-
guencies above 19 MHz to a maximum of 60 999
G99.999 He, The output level s 3 nominal Q dBm intg 50
ohms. The ouwtput auromatically switches to the AUX
output when frequencies of 21 000 000.000 Hz or higher
are programmed. For this reason, the AUX output is
labeled “*21-60 MHy". Frequencics between 19 MH:
and 21 MHz can be obtained at the AUX output only by
first entering 21 MHz or higher, then entering the
desired frequency. For example, if the desired frequency
is 19.5 MHz, first enter “FREQ 21 MHz", then
19,5 MHz'"". Then, if a front panel SIGNAL output of
19.5 MHz (or any frequengy between 19 MHe and
21 MHz) 15 desired, enter any frequency 19 MHz or
lower, then enter 19.5 MHz.

NOTE

Only one signal outpul is active al one tine.
A lighted ""21-60 MHz Rear' annunciator in-
dicates that the rear pgnel AUX, 0 dBm, 2]-60
MHz output is active. A lighted ““Signal, Rear
Onily" annunciator indicates that the rear
panel signal owlput is active, Neither light on,
indicates the front panrel signal owlpui is
active,

3-36. Amplitude Entry,

ENTRY DATA T o i

: J ElER

=)&) t_J
OO GE 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
value of ac functions. Maximum and minimum
amplitudes for each function 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 & sine wave amplitude of 10 V p-p has been
entered, press the Vrms or mVrms key to display the
same amplitude as 3.536 Vrms, or press the dBr key to
display the value as (+)23.98 dBm.

3-39. Amplitude Calibration.

AMPTD CAL

O EXT REF =
=
2 MDA T 0N

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 the calibration is in process. An
amplitude and offset calibration is performed auto-
matically whenever the function is switched and at in-
strument turn-on.

NOTE

If A-CAL FAIL appears in the display
momentarily after an AMPTD CAL opera-
tion, the instrument should be referred 10
qualified service personnel for repair.
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3-41. High Veltage Qutput Option 002,

r_SIGNALﬁ AUX SYNC QUT

40¥p -p, $OmA Z1-E0M1
re ( : ) — o] -7
42v WX . 0-1 MHz REAR L
4 L

\ |

I |

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
ohms or distortion will result, particularly at higher fre-
quencies. To assure square wave overshoot <5% of
peak-to-peak output, the total capacitance connected to
the output should be <3500 pF. The same entry pro-
cedures and display features apply as in the standard
operation. Maximum and minimum amplitudes are
shown in Table 3-3. Maximum frequency for sine and
square wave functions is 1 MHz (10 kHz for triangle
and ramps).

NOTE

The rear panel signal output is inactive (no
internal signal connection} if the instrument
has the High Voltage Outpur Option 002 in-
stalled. Instructions are given in the
Operating and Service Manual, Section VIII,
Service Group M, for activating the rear
panel signal output in one of two ways: 1)
Placing the standard/high voltage output on
the rear panel only, disconnecting the front
panel signal output, or 2) Disabling the high
voltage output and enabling the standard
Jront/rear output configuration.

3-43. DC Dftset.

Model 3325A

Tahle 3-3. High Voltage Output Amplitudes (Option 002).

Peak-to-Peak rms

Function Max. Min.

Sine 40V 4 mV
Square 40 vV 4 mv
Triangle 40 V 4 mv
+ Ramp 40 vV 4 mvV

3-44. Offset Omly, 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 0.0 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 dc offset permissible for a given ac peak-to-peak
voltage. The following equation may be used to deter-
mine maximum offset voltage.

Maximum dc offset = % - Amzptd

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

NOTES

1. If an attempt is made to enfer a dc offsel
that is too great for the amplitude already
programmed, “Error 5 will appear in the
display momentarily, and the dc offset entry
wifl not be accepied.

2. After a dc offset has been entered, if the
amplitude fac) is then increased beyond the
level where the amplitude and offset are
compatible, “‘Error 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
dc 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 maximum
de offset) to the following:

Maximum dc offset = %12 - A—sz

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

3-46. Phase Entry.

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
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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 8 (PHASE) key.

3-49. Frequency Sweep.

F;;&Ep L{TNE’ARIL?;F;:ﬂ! & - @ ' DaTA — }
follolo DOOE
R AR o :

qaye

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 to 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....cooviiii i 1.0 sec

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

AC Amplitude
Entry Maximum DC
{peak-to-peak) Offset (+ or —)

Minimum DC Attenuation
Offset Entry Factor

1.000 mv with 4,500 mV
to
3.333 mVv with 3.333 mV

0.001 mV 1000

3.334 mv with 14.99 mV
to
9,999 mv with 11.66 mV

0.001 mV

10.00 mv with 45.00 mv
to
33.33 mVv with 33.33 mv

0.010 mv

33.34 mv with 149.9 mvV
to
29.99 mv with 116.6 mV

0.010 mV

160.0 mv with 450.0 mV
to
333.3 mVv with 333.3mV

0.106 mv

333.4 mV with 1.489V
10
989.9 mv with 1.166 V

0.100 mv

1.000V with 4.500 V
to
$.988 V with 0.001 vV

1.000 mV




Operation

Mode] 3325A

DC OFFSET DC OFFSET

DC OFFSET
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| 4 5 6 7 8 19
PEAK-TO-PEAK AC VOLTAGE

AC VOLTAGE | MINIMUM QFFSET

333 .4mV TO 999 . 9mV O, tmy
33.34mV TO 99 95mV 0.0ImV

3.334mY TO 9.938mV 0.00Imy

0
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1,000mv TO 3.333mV 0,00 ImV
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0

l 2 3 4 5 = 7 8 9
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3I25A-30

Figure 3-2. Maximum DC Offset With AGC Functions.
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NOTE

The Marker Frequency must be lower than
Stop Frequency by a sufficient amount (o
perntit the Marker pulse width to 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

o

+CF Loc— O

Log sweep indicator

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

Press ““RESET/START’ key to set output and
display to the start frequency selected and reset the
X Drive ramp,

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

L

SINGLE  MRK

Indicator is ON during a sweep

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

I SWEEF
graar

l @//Indicator is ON 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-
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ments, and continuous log sweep is a two-segment log
approximation.

NOTE

Because of the computation time required by
the controf circuits in log sweep, the actual
stop frequency (which is displayed at the end
of a single sweep) will be higher than the
selected stop frequency, bui always within
0.25%. The error decreases as sweep lime Is
increased.

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

Linear sweep, single or continuous. ..0.010 s

Log sweep
Single.............. oo L 2,000 s
Continuous. .. .........ovvuennn. 0.100 s

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

bhetween segments. The time increase (in
seconds) is approximately equal to

045 10 log

stop frequency
start 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 function
(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
operate in log sweep mode.

3-55. Sweep Marker.

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

3-9
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approximately 400 microseconds wide. The following

cquation may be used to determing the approximate
. t

maximum marker frequency:

0004 = bandwidth
sweep time

Max. marker freq. = stop freq. -

The rear pancl MARKER output is at TTL compatible
voltage levels, It is High at the start of a sweep up, goes
Low at the selected marker frequency, then High again
at the stop frequency. No marker gutput is 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.

31.57. 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-
guency limit 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 linearlvto > + 10V
at stop, whether the sweep is up or down. Re-
mains at essentially this voltage until reset prior
10 the start of another sweep. (Voltage will drift
downward less than 10 mV/35.)

Contingous: Increases linearly from 0 V to
= + 10V during sweep up, then goes to 0 V at
beginning of sweep down and remaing al 0 v
during sweep down.

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

NOTE

The X DRIVE output has @ nominal voltage
of +10.5 V ol the end of a sweep. This final
voltage is specified (o be greater than 10.0 V
to ensure compatibility with oscilloscopes
having a horizontal sensitivity of 10.0 V for
full-screen deflection.

X DRIVE owipu! voliage is linear with time
in both linear and log sweep modes.
3-60. Sweep 2 Blank Qutput.

3-61, The Z BLANK outpul voltages are TTL compati-
ble, and the output logic levels are as follows:

Linear sweep:

Single: Goes L.OW at siarl of sweep, HIGH 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 siart frequency, HIGH at
stop. In single sweep, remains HIGH until start of
next sweep. In 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:

Maximum current sink: 200 mA
Allowable vaoltage range: 0V to +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 QN (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
(P ON or P OFF) 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 kQ (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 (carrier) is
modulated 100%, the maximum amplitude of the
modulated output equals the programmed amplitude. A
modulation input of approximately 5 V peak results in
100% modulation. Modulation frequency may be 0 to
50 kHz. If amplitude modulation is ON when 3325A
functions other than sine wave are selected, the output
may be gated, depending on the level of the modulation
input. Amplitude modulation should be used only with
the sine wave function, and the modulation input
should not exceed +10 V peak.

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

3-67. To program phase modulation, press the blue
prefix key, the the “@M 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 k2. The modulating signal frequen-
cy may be dc to 5 kHz. An input of +35 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. Modify Keys.

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, pressthe { or
key to move the bright digit cursor to the digit you want

to modify. Then pressthe ¢y or {} key momentarily

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

3-70. Stere and Recall.

3-71. An entire program may be stored in any one of 10
registers by pressing the “STORE 0-9”° key, then the
register number. This stores all the information that is
in the current program memory. 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.
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NOTE

Any phase information stored is invalid when
recalled because the instrument performs an
amplitude calibration on RECALL. Phase
relationship between the ouipuil signal and
the reference is not 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 properly. Refer the insirument to
qualified service personnel for repair.

3-76. Output Checks.

3-77. An oscilloscope (-hp- 1740A or equivalent} is re-
gquired 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 ohms.

FUNCTIONS
a. Make the following 3325A keyboard selections:

FUNCTION
FREQUENCY
AMPLITUDE

b. Set the oscilloscope controls as follows:

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

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

AMPBLITUDE AND DC QFFSET
¢ Set the 3325A as follows:

FUNCTION
FREQUENCY
AMPLITUDE

| Set the oscilloscope controls as follows:

Vertical
Hortzomal, .. 0o 0.5 ms/div
Trigger

g. Oscilloscope display should show one square wave
per division, 5 divisions peak-to-peak vertical. This
checks the owtput with no attenuation. Actual display
will depend  greatly upon  the accuracy of  the
ascilloscope amplifiers and display,

b Change 3323A amplitude to 1 V p-p, and change
oscilloscope vertical to .2 V/div. OQscilloscope display
should again be 5 divisions peak-to-peak. This checks
the = 3 attenuator section.

i, Change 3325A amplitude 1o 300 mV p-p, and
change oscilloscope vertical to 1 V/div, Oscilloscope
display should be 5 divisions peak-to-peak. This checks
the + 10 attenuator section.

jo Change 3325A amplitude to 50 mV p-p, and
change oscilloscope vertical to .01 V/div. The square
wave display should be 5 divisions peak-to-peak. This
cheeks the = [0 attenuator section.

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

the DC OFFSET Entry key should light and the 3325A
display should show 0.0 mv.

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

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

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

n. Lnter @V offset in the 3325A. Trace shouid be on
the ¢enter line,

FREQUENCY
0. Set the 31323A as Tollows:

FUNCTION
FREQUENCY
AMPLITUDE. .................. 10V p-p

3-12
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P. Set the oscilloscope controls as follows:

g. Oscilloscope display should show one cycle of sine
wave, which should be free of any apparent ir-
regularities,

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

HIGH VOLTAGE OQOUTPUT {(QPTION 002)

§. 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 pancl 10
select the High Vollage output.,

L. Set the 3325A as follows:

FUNCTION
FREQUENCY
AMPLITUDE

0.5 ms/div

v. The oscilloscope display should show a sine wave
four divisions peak-to-peak, one cyele per division. This
checks the high voltage output amplifier.

3-78. OPERATOR'S MAINTENANCE.

3-79. Maintenance by the operator is l[imited to cleaning
or replacing the rear panel fan filter, or replacing the ac
line 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 belore replacing the
fuse. Be sure Lo use the correct replacement tuse:

Nominal Line Voltage | Fuse | -hp- Part MNo.

21100001
0.5A 2110-0012

100/120 v 1 A
2200240 V

3-80. The fan filter should be inspected frequently and
cleaned or replaced as necessary 1o allow free flow of
air. To 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 clean, and air dry.

3-81. HP-IB OPERATION.

3-82. The Model 3325A is remotely controlled by
means of the 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. It also lists the
capabilitics and requirements for programming the
3325A. Program cxamples using a specific Hewlett-
Packard calculator as the system controller may be
found in the Supplemental Programming Information,
Appendix 3-A at the rear of this section.

NOTE

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

3-83. General HP-IB Description.

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

3-85. Eight signal lines form the first set and are termed
‘‘data’ lines. The data lines carry coded messages which
represent addresses, program data, measurements, and
status bytes. The same data lines are used for input and
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output messages in bit-parallel, byte-serial form. Nor-
mally, a seven-bit ASCII code represents each piece
(byte) of data, leaving the eighth bit available for parity
checking.

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

3-87. The remaining five general interface management
lines form the third set and are used in such ways as ac-
tivating all the connected devices at once, clearing the
interface, etc. 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

Able 1o tabk, listen,
s control

(e.g., calculator|

DEVICE B

Able to talk and
listen

{e.g., digital vortmeter]

DEVICE C

QOnly sble 1o listen

{9.g.. signal generator) (

Data Bus
(8 signal fines}

ata Byte Transfer

(HANDSHAKE} Lines

Management (CONTROL) Lines

DEVICE D

Only sbie to talk

{e.g., tape reader)

{6 signai lines)

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

Name Description

Mnemonic I

Attention ATN Enables a device to interpret
data on the bus as a controller
command {command maode) or

data transfer (Data Moda).
Imerface Initiahizes the HP-1B system to an
Clear idle state {(no activity on the
bus.)

Alerts the controller to a need
for cammunication.

Service
Request

Places instrumems under  re-
mote program control.

Romote
Enable

Ena Or
dentify

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

Operator - The person 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 - J*olling is a means by which a controller can
identify a device that necds interaction with it. The con-
troller may polt devices for their operational condition
one at a time, which is termed a serial poll, or as groups
of devices simultaneously, which is termed a parailel
poll.

3-89. Basic Device Communication Capability.

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

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

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

Controllers - Devices that can specify the talker and
listener(s) for an information transfer. The controller
can be an active controller or a system controller. The
active controller is defined as the current controlling
device on the bus, The system controller can take con-
tred of the bus even if it is not the active controller, Each

system can have only one system controller, even if

several controilers have system control capability,
3-91. Message Definitions.

3-92. Information is transferred on the HPF-IB from
une device to one or more other devices in quantities
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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 to all devices.
Messages can be classified into twelve types, which are
referred to as ““meta messages’’. These are defined in
Table 3-6. A block diagram presentation 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 itself is not a pro-
gram code or an HP-IB command. It is only
intended as a tool 10 translate a program writ-
len as an algorithm into the controller’s code.

3-93. 3325A Response to Messages.

3.94. The 3323A is capable of implementing only 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-
umn.

3-95. 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-IB system. When this sheet is
filled out, it will provide a summary of the system
capabilitics.

3-97. HP-IB Addressing.

3-98. Certain messages require that a specific tatker and
listener be designated. Each instrument on the bus has
its own distinctive listen and/or talk addecss which
distinguishes it from other devices. The 3325A receives
programming instructions when addressed to listen.
When addressed to talk, it will respond to the instruc-
tions it received prior to being addressed to talk, such as
an interrogation 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 controller may designate itsell 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 3325A, q
which are compatible with IEEE Standard 488-1978.
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Tahle 3-6. Definition of Meta Messages.

Definition

The actual information (binary
bytes) which is sent from a
talker 1o ohe or more listeners.
The information or data can be in
a numeric farm or @ string of
characters,

Trigger The trigger message causes the
listening device{s) to perform a
device-dependent action.

A clear message will cause a
devigels) to return 0 @ pre-
defined device-dependent state.

Remote The remote message causes the
listening device(s) to  switch
fram local front panel control,
to rermote program conteol, This
message remains in effect so
that devices subscguently ad-
dressed 1o listen will go into
rernote gperation.

This message clears the remote
message fram the listening de.
vice(s) ang returns the device(s)
to local front panel control.

Local Lockout The Ipcal lockout message is
implemented to prevent the de.
vice aperator from manually in-
hibiting remote program contral.

Clear Lockout and This message causes all devices
5ot Local 10 be removed from the local
lpckout mode and revert to local.
It will also clear the remoate mes-
sage for all devices,

Require Service A device can send this mes.
sage at any time to signify that
it needs some type of inter-
actian with the contzoller, The
message is cleared by the 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-
cates whethar the device sent
the required service message
and the remaining 7 bits indi
cate operational conditions de-
fined by the device. This bytae
is sent from the talking device
in response 1o a 'Serial Poll”
operation performed by a con-
trollar.

Status Bit A byte that reprasents the opera-
tional conditions of a group of
devices on the bus, Each de-
vice responds on a particular bit
of the byte thus identifying a
device dependent candition. This
bit s typically sent by devices
in response to a parallel poll
oparution.

The status bit message can alse
he used by a gontraller to spec
fy tho particular hit and logic
level that a device will respond
with when a parallel poll oper-
ation is performed. Thus, mate
than one device may respond on
the same bit,

Pass Cantral This message transters the bus
management rasponsibilities
from the active controller to
anothar controller,

The system contratler sends the
abort message to uncendition-
ally assume control of the hus
from the active controller. The
message will terminate all bus
communications but does not
implement the clear message.

3-103. Developing an HP-IB Program.

3-104, Basigaily, the 3325A is programmed remotely in
the same manner as it is programmed manually. The se.
quenee in which the varlous parameters are pro-
grammed 15 not important. A the end of this section
(1D there 1s a summary of the HP-1B Programming
Cades, This chart may be removed from the manual
and/or copied to be used as a programming reference.

NOTE
It may be necessury o refer (o some pards

praphs on mantal operation for descriptions
of certain signals ared reguiremenis.

@ 3-105. Several steps are necded 1o develop an HP-IB
Program,

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

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

Data

*Trigger

Clear

Remaote

Local

Local Lockout

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

Message

Interface Functions™®*

Implementation” Sender

Receiver 3325A

Response

Data

Trigger

Clear

Remote

Local

Local Lockout

Clear Lockout and
Set Local

Require Service

Status Byte

Status Bit
Pass Control
Abort

T, SH
ID-LIST C, SH
ALL C, SH

Remote Enable
[D-LIST,C,,SH

C., SH
C. SH

c,

L", AH Will send or receive as
instructed

Device Clear sets 3325HA
to initial turn-on condi-
tions. See Para. 3-8.
Goes to Remote. Can be
set to Local by LOCAL
key,

Goes to Local.

Goes to Remote. Cannot
be set to Locat by LOCAL
key.

Goes to Local from Local
Lockout.

Sets SRQ True.

Sends byte which indi-
cates if service reguired
and reason.

Unaddress

'S = Send Only
R = Receive Only
SR = Send and Receive
NA = Not Applicable

* *SH = Source Handshake

AH = Acceptor Handshake

T = Talker (includes TE = Extended Talker)
L = Listener (includes LE = Extended Listener)

SR = Service Request
RL = Remote/Local
PP = Parallel Foll

DC = Device Clear
DT = Device Trigger
C = Any Controller

Gy = A specific controiler {for example, Ca, Cpl
C,=The System Controller
X" = Indicates replication n times

Status Byte
*Status Bit
*Pass Control ‘
Abort Function

Table 3-8. Interface Functions.

Source handshake capability

Acceptor handshake capability

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

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

Service Request capability

Remote/Local capability

*Not implemented by the 3325A

The meta message in itself is not a program
code or an HP-IB command. [t is only in-
rended as a tool to translate a program No paraflel poll capability
written as an algorithm into the controfler’s Device clear capability
code. No device trigger capability
No controller capability
QOpen collector bus drivers
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¢. Definc the operation in program codes that the in-
strument can yse. Each instrument has its own set 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 conversion information is supplied with
cach controller. For example, the -hp- Y9825A Calculator
Extended I/0O Manual provides a chart for program
code conversion.

NOTE

Examples for comtrofling the 33254 with a
specific Hewletr-Packard calculmior are pro-
vided in the Supplemental Programming In-
Jurmation, Appendix B-3 at the rear of this
section.

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

3.107. Universal and Addressed Commands,

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

Mnemonic Command ASCII Code
Universal:

*DCI,  Device Clear DC4
LLO Lecal 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  Untalk -
Addressed:

GTL  Go to Local SOH

*SDC Belected Device Clear EOT

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

3-109. Placing the 3325A in Remote.

3-110. The 3325A will go to Remote when ATN is true,
REN is Lrue, and il receives ity listen address,

3-111. The 3325A Address.

Operation

3-112. The 3325A address is normally sel al the factory
to:

{5-Bit Octal Equivaicnt)

Decimal Hexadecimal

ASCI 5-Bil
Character Octal

Listcn 1 21 i7 11
Talk Q 21 7 11

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

NOTES

I. All progranuning is shown in ASCH
code.

2. Table 3-9 is a summary of the 33254 pro-
gram data messages and program  (imes,
Table 3-10 lists program codes in binary,
octal, decimal, and hexadecimal. At the end
of this section ({11} there is also a sunumary of
the HP-IB programming codes, This chart
may be removed from the manual and/or
copied o be used as a programming
reference.

3. The following front panel key actions can-
not be remotely progranmed:

Modify group

Sweep bandwidith % 2

Sweep bandwidth + 2

Set sweep center frequency to marker fre-
quency

Display bus address

Clear display

4. The 33254 must be set to 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, EQS3
Mnemonic, Data, BOS
Mnemonic, EQS

I, Mnemonic, EOS

Where 1 is the ASCII character I and BEQS is the end-of-
string character, which is required for Data Transfer
Mode 2 (see following paragraphs). Valid EOS
characters are:

LF = Line Feed = 12 octal
* = Asterisk = 32 octal
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Table 3-8. Summary of 3326A Programming {ASCil Characters).”"

Parameter or
Opearation

Mnamonics
ASCII
Code

Delimiters

Approximate Prograrmming Time™

Data Transfer Mode
Data Mode 1
Data Made 2

=MD
=MD

1
2

NA

MD=4.6 ms

Function

=FU

0=D0C QOnly

1 =8ina

2 =5quare
3=Triangle

4 =Positive Ramp
5 =Negativea Ramp

FU=1500 ms

Frequanay

= 11 Digits
and Decimal

HZ =Hertz
KH=Kilohertz
MH = Magahertz

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

Amplitude

= 4 Digits

and Decimal, Also

— sign if nagativea

dBr. + sign is val-
id but not requirad.

V0O =Volts (p-p}
MY = Millivelts {p-p)
VR=Voltz rms

MR = Millivalts rens
DB=dBm

AM=6.8 ms

Each digit, decimal or degimal=2.8 ms
VO ar MV =80 ms

VR or MR=130 ms

DE=250 ms

DC Offset

= 4 Digits and
Dagimal. Also -
sign if negative dc
offset. + sign is
valid but not
reguired.

VO =Voits
MV = Millivohs

OF=6.8 ms
Each digit, degimal, or — sign=2.8 ms
VO or MV=82 ms

Phase

= 4 Digits
— minus sign

DE = Dagrees

PH=5 mz; 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=Kilohertz
MH = Megahartz

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

Sweep Time

= 4 Digits
and Decimal

SE = Seconds

TI=56.6 ms; 3E=7.0 ms
Each digit and degimal=2.8 ms

Swaep Mode
Linear
Logarithmic

1
2

EM=4.b ms

Rear or Frant Panel Qutput
Front Panel
Rear Pznal

1
2

Stare Program
Recall Program

1 Digit, 0-9

SR=11 ms;
RE=1700 ms

Execution Functions
Azgign Zaro Phase
Perform Auto-Cal
Start Single Sweep
Start Continuous Sweep
Perform Self-Test

NA

AP=5.2 ms
AC= 1500 ms
585=300 ms
SC=300 ms
TE=10,000 ms

interrogate Program Error

IER=11.5 ms

Interrogate Entry Parameters
Fraquaney
Amphitude
Qffzet
Fhase
Swaaep Start Frequency
Sweep Stop Frequency
Swaap Marker Fraguency
Sweep Time

IFR=10 m=s
1AM =98 ms
IOF=9.8 ms
IPH =& ms
IST=10ms
1SP=10 ms
IMF=10 ms
ITI= 8.5 ms

Interrogate Function

NA

IFU="1603 ms

Mask Service Requests

See Para,
3-144

ME5=4.5 ms

Binary {ON/QFF} Funetions
High Voltage Output
Amplitude Modulation
Phase Modulation

=HV
=MA
=MP

OFF=0
ONz=1

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

3-18

**SZee Note 2 follpwing Paragraph 3-112,

*Pragram times are in addition to the data transfer time of 225 to 250 us per byte,
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Table 3-10. Programming Codes,

Instruction

ASCIH
Characters

Binmary
Code

Decimal
Code

Maxadecimal
Code

Entry
Frequency

70
82

a6
52

Amplitude

65
77

41
4D

Offset

79
70

4F
48

Phase

I 0Nz

jaBe ) [eNa] inBe)iegel
D=0 o|oo| = O
QI = |- |C D
Sal= == =
SOl =|laC| ==

oKX=l =|CcQO

BO
73

5O
48

Sweep
Start Frequency

83
84

53
54

Stop Frequency

9| =D

83
g°

53
5o

Markar Frequency

77
70

4D
46

Time

84
73

54
49

Start Cantinuous

B3
67

53
43

Start Single imust be sent twice)

g3
83

53
53

Sweep Mode

Zulonwmnun|—AlmZlonldox

EEQIN USSR N [ Y A -
CO QOO C|Co|Ccajoo(ae
G—=—mrloslo=s{ocal- ===

=l l=Rs] Rl gal Fa ol oNelaNel

—Q(0Q0O|C =)= =
O = |mmma|oalmokl=|o =

o alaa|molo-los|lo=

83
77

53
4D

Numerical Data

DO ~3 R P L b=

JAdecimal)
- {minys)

R+ BN R VSR o )

-

jajolaRalaoleRoleNeNeReNel

[ I o T G O
—S oSO DOoDOoOoCO
B Y = PR N !
0O 00 2O —= OO
Y R R R R

48
49
50
81
52
53
54
55
1]
57
48
45

30
3t
34
a3
34
35
316
37
38
39
2E
20

Data Suffix (Delimiter)
Hertz

72
80

48
DA

Kilohertz

75
72

4B
43

Megahartz

77
72

4D
4h

Volts (p-p ar dc)

a6
79

56
4F

Millivolts {p-p or de)

77
86

4D
56

Volts rms

86
g2

56
52

Millivalts rms

77
82

4D
52

dBm

68
66

44
42

Dagreas

68
69

44
45

Seconds

83
69

53
45

Stote

B3
g4

53
52

Recall

mpmomunmooHoI <o |ITZ|TRT

m a|la alaalaagalaalaa] s afa sl alaa]l s oo -
[oRelieRalloRelfoleliaRs faia JoRalfaRaliaRal ool loNal «Nol

= [* ] vl el feRal Eogs! U BN ] Ea i) [sRel e NelEry ol

—~ooo|laoa=z|las]loso=m|a | =]low|loo oo
Qu|laajlac|jao|ao]=0] s w|ao|aa]loo|jlo=|—-ao
bl BRI R el haRal fo i B Nol Ko R Bole] (o0l Fu ol o Ne

QOO OO0 O = OO0 2= D= === -

84
64

52
45

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

ASCI Binary Decimal Hexadacimat
Instruction Characters Code Coda Code

72 48
26 56
77 4D
65 41
77 4D
8aQ B0
-3 52
70 a6
77 4D
GE 44
1] 41
80 50
=] 41
67 43
84 54
€a 45
77 4D
83 53
73 49
73 49
g9 45
82 52

High Valtage Output

Modulation-Amplitude

Medulation-Phase

Rear or Front Qutput

Data Transfer Mode

aiRelel Roje) fogelisRo)logs]

laileNel ool B el eRolEoe]
Qoo = |O=|0=
oo == =022

EReEslFalErlel Rallol e RalielleNel Eapy Rage]loge)E_jle]
o a|lwfaa]ecoglamlas|lo=sloolo == =00

Assign Zero Phase Reference

o

Perform Auto Cal,

jaRw)
[a R
2 Oy

Ferform Self Test

[
[w)
a
-

Mask SRO

Intarragate {Parameter)
Interrogate Errar

om—]—-(tZmAloror|loZ v oI <
(R RS Y RN NIRRT R G R e e el . et B

EOS {End of String)
Line Feed
Asterisk

10 A
42 ZA

[aRw)
OO0

All spaces (40 octal), carriage returns (135 octal), com- Line feeds and Asterisks (EOS characters)
mas (54 octal), and all lower case alphabetics are ig- are ignored. No other device dependent data
nored by the 3325A. communications are permitted on the bus
until the entire 3325A program string has
NOTE been accepted and all but the last character
processed.
A program String mWmay program one para-
meter or all parameters. For example, the Data Mode 2. Device dependent characters
string “FUZFRIOKHAM3IVQ® programs the are accepted and stored in an internal buffer
Jollowing: and not processed until the EOS character 1s
received or the buffer is filled (48 bytes).
FU2 = Sguare wave function Consequently, other communications on the
FRIOKH = 10 kHz bus are permitted after the program string
AM3VG = 3 V p-p has been accepted (at the rate of approx-
imately 150 to 200 microseconds per
The EOS character should follow the com- character). If the program string containg 48
plete siring, or @ maximum of 48 characters characters or more, the 3325A will hold up
(see Paragraphs 3-115 through 3-118). the bus while it processes the 48 characters
before accepting and storing the rest of the
3115, Data Transfer Mede. string. Because the instrument turns on in
Data Mode 1, Mode 2 must be programmed
3-116. The 3325A accepts dataz from the HP-IB in remnotely. It will then remain in Mode 2 until
either of two modes. If speed of communication iz a Mode I 15 programmed or until the PFPOWER
critical factor on your HP-IB system, Mode 2 is prefer- switch is set to STBRY.
rable. The characteristics of the two modes are:
3-117. While the 3325A is processing data it will accept
Data 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 can send a
character {byte) is processed when received. program string (48 characters or less) to the 3325A, and

3.20
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while this data is being processed the controller can
unaddress the 3325A to listen and then communicate
with another 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 438
characters should be divided and an EQS character sent
after (or at a convenient place before) the 48th byte. The
remaining program can then constitute a second string.
While the 3325A is processing input information, a
“Busy™ Mag is set in the status byte (see Paragraph
3«136). This flag can be used to determine when the
3323A has finished processing.

NOTE

The 33254 will handshake bus communica-
tiony even though the POWER switch is set
to STRY. This will not interfere with the
operation of the bus unless it was set to
STRY while addressed to talk. Before it is set
to STBY, make sure it is not addressed 1o
tatk, or else disconnect the HP-IBR cable
Srom the 33254, The addressed 1o rafk con-
dition can be cleared by an IFC command,
even when the 3325A 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, EOS
NOTE

Al program codes are shown in ASCH
characters.

Valid mnemonics:
FR = Frequency

AM = Amplitude
OF = Offset

LAPeldE L

PH = Phase
8T = Sweep Starl Frequency
SP = Sweep Stop Frequency

MF = Sweep Marker Frequency
Tl = Sweep Time

Valid data:

0 thru 9 = 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
EH = Kilohertz
MH = Megahertz
VO = Volts (peak-to-peak or do)
= Millivolts (peak-to-peak or dc)
VR = Volts rms

MR = Millivolts rms
DB = dBm

DE = Degrees

SE = Seconds

NOTE

When operating in Data Mode I, an EOS
chargeler is no! required. When in Mode 2,
the EQS character should not be sent until
the end of the program siring for after 48
bytes; see Paragroph 3-177),

3-122. Programming Waveform Function.

3-123. The selectable functions are:

DC only

Sine wave

Square wave
Triangle wave
Positive Slope Ramp
Negative Slope Ramp

The programming syntax for selecting function is:

Mnemonic, Data, EQS

Valid mnemonic:

FU = Functicn

3.21
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Valid data:
# = Function off (dc only)
1 = Sine
2 = Square
3 = Triangle
4 = Positive Slope Ramp
5 = Negative Slope Ramp

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

High Voltage Quiput (Option 002)
Amplitude Modulation
Phase Modulation

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

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

MA = Modulation - Amplitude

MP = Modulation — Phase
Valid data:

f = Off

1l = On

NOTE

The rear panel signal owiput is inactive (no
internal signal connection) {f the instriument
has the High Voltage Qutput Option 002 in-
stalled. Instructions are given in the
Operating and Service Manual, Section VIII,
Service Group M, for activating the rear
panel signal output in one of two ways: I}
FPlacing the standard/high voltage output on
the rear parel only, disconnecting the front
panel signel output, or 2) Disabling the high
voltage outpu! and enabling the standard
Sront/rear output configuration,

3-128. Programming Selection Functions.

NOTE

The selection functions are similar to binary
Junctions, but instead of ON or OFF states,
selection iy madle between two muiually ex-
clusive operations.

3-22
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3-127. The programmable selection functions are:

Rear Output/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 Quiput

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

Valid data for SM is:

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

2 = Logarithmic Sweep
Valid data for MD is:
I = 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

3-128. Programming Execution Functions.
3-129. The programmable execution functions are:

Assign Zero Phase Reference
Perform Amplitude Cailibration
Start Single Sweep

Start Continuous Swecp
Perform Seclf Test

The programming syntax for execution functions is:
Mnemonic, EOS

Valid mnemonics:

AP = Assign Zero Phase Reference
AC = Perform Amplitude Calibration
5% = Start Single Sweep
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5C = Start Continuous Sweep
TE = Perform Self Test

NOTES

1. The Start Single mnemonic must be sent
twice (5555}, The first 58 sets the output
fand display) to the start frequency, and the
second 55 starts the sweep.

2. While the 33254 is in Continuous Sweep
made, [ it receives the mnemonics 5C, 58,
FR, PH, AC, AP, or TE, it will stop sweep-
ing. It must receive SC again in order (o
resume continuous sweeping; or if a single
sweep (5 1o be programmed, 5555 is re-
quired,

3. The “"Busy’ flag (bit 7 in the status byte,
se¢ Paragraph 3-138) will be 1’ for the
duration of a Self Test operation. After Self
Test, the 3325A returns to the previously
programmed conditions, except that if a
sweep was in progress the sweep will remain
stopped.

3.130. Programming Amplitude Units Conversion.

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

Munemonie, Delimiter, EOS
Mnemonic = AM = Amplitude
Delimiter = The units to which you want to convert:

VG = Vp-p
MV = mVp-p
VR = Vrms
MR = mVrms
DB = dBm

Example: If amplitude was programmed in Vp-p, it may
be converted to dBm by programming *AMDB". If
amplitude was the last parameter programmed and is
shown in the display, only the delimiter ‘DB’ needs to
be 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 are:

Store Data in Register N
Recall Data from Register N

Operation

The programming syntax for storage register functions
is:

Mnemonic, Data, EQS
Valid mnemonics:

SR = Store
RE = Recall

Valid data:

# thru & = ASCI] numerics specifying register
nuember

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 recalled.

3. The numeric value for the phase is stored,
bur the phase of the ouiput is not changed
when the register Is recalled. (Phase may
need to be reprogrammed. )

4, DCL (Device Clear) and SDC (Selected
Device Clear) commuands do not affect the
storage regisiers.

3-134. Service Requests.

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

Program String Error
Sweep Started or Sweep Stopped
System 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 is true, it may conduct either a Serial Foll or a
Parallel Poll to determine which device(s) initiated the
Service Eequest, and the reason(s) for the request. The
3323A 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
DIC1-8 (ASCJI CAN, binary code x 0011000)
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Controller sends 3325A Talk address, controlier
Listen address

Controller places ATN false (data mode)

3325A responds by sending status byte on DIO1-8

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

Controller sends Serial Poll Disable (SPD} on
DIO1-8 (ASCII EM, binary code x0011001)

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 abave Serial Poll operations are
performed automatically by some con-
troflers in response to certain programming
staterments. Refer to the programming in-
structions for your particulur controller,

3-138. Status Byte.

3.139. A status byte consists of one 8-bit byte on the
HP-IB data lines. A 1" in bit 6 indicates that the
3325A did request service (placed SRQ true), and a *'@”’
in bit 6 indicates that it did not request service. The
1325A status byle contains the following information:

76 54321 % Status byte bits
(87 654321 DIO lines)
FRFx 5555 F=Flag: R= Request Service:

’ § = Status
1 = Program String Error

1 = Sweep Stopped

1 = Sweep Started

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

Failed Self Test

Failed Amptd Cal

Ext Ref Unlocked

Main Osc Unlocked

Sweep Flag. 1=23weep in Progress.
Dioes not cause SRQ.

RQS Message. | = Service Request.

Does not cause SRQ.

3-140. Busy Flag.

3-14]. The Busy Flag (status byte bit 7) is high (1) while
the 3325A is processing data. This bit can be monitored

3.24
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by the controller to determine when the 3323A is ready
for more data.

3-142. Sweep Flag.

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

3-144. Masking or Enabling Service Requests.

3-145. Bits 3 through @ in the status byte can be masked
so 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 instrurnent turn-on all SRQ con-
ditions are masked, The programming syntax for mask-
ing and enabling SRQ conditions is:

Mnemonic, Data, EOQS
Mnemonic = M3
Valid Data 15 shown in Table 3-11.
3-146. 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 incompatible with amplitude, or
amplitude incompatible with offset

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

Unrecognizable mnemonic received
Unrecognizable data character received

Option does not exist (High Voltage or

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

®

System
ASCH Bits Fail
Character 3thru O Bit 3

Sweep Sweep
Start Stop
Bit 2 Bit 1

Program
Errar
Bit O

*3000
o001
elagle}
0011
Q100
0101
0110
0111
1000
1001
1010
1011
1100
1101

1110
1111

Masgk
Mask
Mask
Mask
Mask
Mask
Mask
Mask
Enable
Enable
Enable
Enable
Enable
Enable
Enable
Enable

Mask
Mask
Mask
Mask
Enable
Enable
Enable
Enable
Mask
Mask
Mask
Mask
Enable
Enable
Enabla
Enable

Mazk
Mask
Enable
Enable
Mask
Mask
Enable
Enable
Mask
Mask
Enable
Enable
Mask
Mask
Enable
Enable

Mask
Enahle
Mask
Enable
Mask
Enable
Mask
Enable
Mask
Enable
Maszgk
Enable
Mask
Enable
Mask
Enable

OZEZErmA—TITQNMmMoOmEPE

* Initial turn-on conditions
The programming syntax for interrogating error is:
Mnemeonic, EQS
Mnemonic = IER

After receiving 1ER, 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 EOI sent simultane-
ously)

Mnemonic = ER

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

If no error occurred, the code returned is . When more
than one error has occurred, only the code for the first
error will be returned. After interrogation, the error
code i3 set Lo zero until the next error occurs.

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 paramcters is:

I, Mnemonic, EQI

[ = the ASCII character 1 and indicates interrogation
desired.

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

AM = Amplitude
OF = Offset

PH = Phase

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

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

Mnemonic, Data, Delimiter, CR (ASCII Carriage
Return), LF & EQI (ASCII Line Feed with 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. If the
value is negative, the first digit is a minus sign,

Delimiter = The data suffix mnemonic denoting the
parameter value (seec Paragraph 3-120)

NOTE

Only one parameter can be interrogated by
each interrogation message.

3-150. Interrogating Function (Waveform).

3-151. The 3325A may be interrogated by the controller
to determine the current function programmed. The
programming syntax for interrogating function is:

I, Mnemonic, EQS

1 = The ASCII character I and indicates interrogation
desired

3-25
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Mnemonic = FU = Function

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

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

Mnemonic = FU

Data = One ASCII numeric indicating function as
follows:

DC Only (Offset)
Sine

Square

Triangle

Positive Slope Ramp
Megative Slope Ramp

[ B V|

3-152. Intarrogating Miscellaneous Parameters.

3-153. The other parameters shown below can be inter-
rogated by the controller to determine their present
state, The programming syntax is:

[, Mnemonic, EQS

[ = The ASCII character I and indicates interrogation
desired

Valid Mnemonics (parameter to be interrogated):

SM = Sweep Mode

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

Model 3325A

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

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

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

Mnemoenic = The mnemoni¢ of the parameter being in-
terrogated

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

3-154. Using the Interrogate Capability.

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 useful in set-
ting up a program string for HP-IB programming. For
example, using the 3325A in local, the operator can
determine experimentally the parameters required to
perform the operation or test desired. Then the 3325A
can be placed in remote and its function and entry
parameters interrogated. Each item can be stored by the
controller and then ¢combined to form the 3325A pro-
gram string to be incorporated into the total HP-1B pro-
grarm.
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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.

g Address Controllar To
Example 1: Talk, 3325A To Listen

Address controller to talk,
3325A to listen

Scnd Program Data
Send Program Data

Example 2:
" Address Controller To
Address controller to talk, Talk, 3325A To Listen

J325A to listen

Send Program Data

Check for Require Service Send Program Daza
message

If yes, determine reason
from 33235A Status Byie

. . . R i
Take corrective action if S:?\?i::rg
Necessary 7

Determing Reason for
SRQ {Status Byte)

15
Corrective
Action
Na%dad

Corrective Action

3-27/3-28




Model 33254 Appendix A

“ APPENDIX A
SECTION Il
META MESSAGES

BLOCK DIAGRAMMED

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

COMMAND MODE
o= ADDRESSING —

Do 1-8
DATA — UNLISTEN CONTROLLER TALK DATA MODE
MESSAGE —— : DEVICE LISTEN

077

o ATN DIiQ 1-8
{FALSE) DEVICE QEPENDENT
DATA

DEVIGE TALK
CONTROLLER LISTEN

OR

DEVICE TALK
— 1 ANOTHER DEVICE LISTEN

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

execute some predefined function simultaneously.

The 3325A does not have Trigger capability.

= COMMAND MODE =

Do 1B GO 18

TRIGGER
AT UNLISTEN GROUP EXECUTE
MESSAGE (TRUE} 7 LISTEN ADDRESS TRIGGER

(GROLIP EXECUTE) 0775 010y

L—— ADDRESSING —

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

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 MODE

CLEAR O T8

MEBSAGE DEVICE CLEAR
{ALL DEVICES!} oxg
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COMMAND MODE ‘

CLEAR oIg1-8 oo 1-3
MESSAGE — UNLISTEN LISTENER ADDRESS SELECTED DEVICE

’ CLEAR
(SELECTED DEVICE| ?
077y 004g

b ABBRESSING ]

REMOTE — Qnly 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 instruments
have been designed to enter the Remote mode as soon as REN is true.

COMMAND MODE

REMOTE Do 1-8

MESEAGE UNLISTEN
RE
{FOR SELECTED ? LISTEN ADDRESS

DEVICE} 077g

e ADDRESSING —snmmd

REMOTE MESSAGE
{ENABLE ONLY)

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

COMMAND MODE

LOCAL Do 1-8

MESSAGE WUNLISTEN QIG1-8
?

LISTEN ADDRESS GO TO LOCAL
077y GTL-00%g

L appRESsING —]




Model 33254 Appendix A

LOCAL LOCKOUT — The Local Lockout message prevents the operator from placing the
m instrument into local control from the front panel. The controller must be in the command
" mode to send the Local Lockout message.

COMMAND MODE

LOCAL 010 1-8
LOCKOUT LOCAL LOCKOUT
MESSAGE LLO-D21g

REN MUST GE TRUE BEFORE EXE-
CUTING THE LOCAL LOCKOUT MES-
5AGE.

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
LOCKQUT/LOSAL
MES5AGE

REQUIRE SERVICE — 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
SERVICE
MESSAGE

*REFER TQ THE STATUS BYTE MES—
SAGE FQR THE SPECIFICATIONS
REQUIRED TO FORCE 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 (o a Re- 0
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 to 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

oI 1-8 IO 1-8

STATUS BYTE ATN UNLISTEN SERIAL POLL TALK ADDRESS
MESSAGE {TRUE) ? LISTEN ADDRESS ENABLE

0778 0305

_I_

DATA MODE

D~C
- ERQ

STATUS BYTE (FALSE)
.

*THE 5RO LINE WILL NOT GO FALSE
LUNLESS THE DEVICE N LONGER
REQUIRES SERVICE.

COMMAND MODE

IO 1-8
SERIAL POLL
DISABLE
0315

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

¥ PARALLEL
IO 1-8 c D PARALLEL POLL
STATUS UNLISTEN ’ ENABLE
MESSAGE BIT 7 LISTEN CONFIGURE PRE 140

{CONFIGURE) 077 ADDRESS FPE (058) THRU 1574

ATN
[FALSE]

DEVICE T8 CONTROLLER
STQ,TTUS PARALLEL POLL RESPONSE
PPR OR

PoLLING! STATUS BIT
FROM DEVICES

EQ1
(FALSE)

CONTROLLER TO DEVICE

PARALLEL PARALLEL
STATUS UNLISTEN c-e FOLL POLL
MESSAGE BIT 7 LISTEN CONFIGURE DASABLE
{UNCONFIGURE) 0774 ADDRESS PRTH (" PPD (160

Do 1-8

FPE ASSIGNS THE LOGIC LEVEL AND DATA LINE OF
A DEVICE(S) RESFONSE. 140g THRU 147g A$SIGN
THE LOW (TRUE} LEVEL ANE 1505 THRL 1307g
ASSIGNS THE HIGH (FALSE) LEVEL, 14lig AND 150p
ASSIGNS BIT 2° (DATA LINE 1), 1215 AND 167
WHICH AS3I1GN BIT 27 AND i% THE LAST POSSIBLE

PARALLEL ABSIGNMENT.

PQLL

UNCONFIGURE

PEU {02655

The 3325A does not respond to Parallel Poll.
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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 tatk address, and the HP-IB characters for

talk control.

COMMAND MODE

D10 1-8 oo 1-8 *
UNLISTEN TALK AGDRESSING OF ATN
p " RECEIVING CONTROLLER TAKE CONTROL {FALSE)

077 v1g

PASS
CONTROL
MESSAGE

*THE RECEIVING CONTROLLER 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.

IFG
ABORT TRUE

MEZSAGE (UNADRDRESSES

ALL DEVICES)
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APPENDIX B
SECTION I

PROGRAMMING THE MODEL 3325A
with the
MODEL 9825A CALCULATOR

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

unless the “let 77 (local) command is sent. REN may be returned to the true state by the
“rem 77 (remote) command.

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

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

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

Change to data mode

Function

Frequency

All alphabetics must
be capitals

Amplitude .
Offset

i ppp—. i —— ——— ———
B owrt PU7FULFREEHAMSVOOF 1, 540

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

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

Address the controller to talk
Address the 3325A to listen
Send Program Data;
Function: Sine
Amplitude; 3 Vrms
Start Frequency: 1 kHz
Stop Frequency: 10 kHz
Marker Frequency: 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 **S58°* sets the 3325A to the

Start frequency, and the second ‘‘SS’ starts the
sweep.

7 = Interface select code

17 = 3325A address

Function

Amplitude

Start Frequency

Stop Frequency
Marker Freg
— Sweep Time

Start Single

e, e e, et et il — i e e
L7 TFUIAMBVESTIHHER IO HMFIEHT T 28R Ea 5"
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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.

1. Enables all service request conditions.

2. Program data contains an error. Stop frequency
(SP15KH} is too large for triangle function (FU3).

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

4. Read status byte from the 3325A and place in the
calculator variable 8",

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

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

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

tee lores &. Determine the nature of the program grror.

Foar Fumot ion”
Yroif Emdippt
“Swewn Time
Trovalio”
1dés iFf E=Figpet
T foet L FAmetdd
Trcomepatible”
11154 Eegines O

Thueen Paramete
S
Law 1f E=Tiert
"Urrecmamiealle
s morr o™
Pay o if E=mSieory
s oA :
oo Dhar”
R
Omtolom
Mot B
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Model 3325A

9. Determine other reason for service request and if

“Sweeping’’ or ‘‘Busy’’ flags were true.
10. Return from subroutine,.

11. Printer records the results of the serial poll.

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

program.

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

Function: IFU
Frequency: IFR
Amplitude: IAM
DC Offset; IOF

RN
5oy
iz

1 wprt "Furmoitilon

="y

FLvs mIELY
FAITaWsfud

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

Line 1 Because only numerical data can be placed in
the variables, print statements may include in quotes
the parameter interrogated.
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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 is 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).

SRR EE

PLTyUIFRY
FIFaF43

L FLT U TAN
SEIRTY

1. Dimension a string variable for each parameter
you want to interrogate, The dimension number (in
brackets) is the number of spaces assigned to 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,

Line # DC Offset (OFOVQ) is programmed to zero
because any offset would be incompatible with the 10
gerowet TLEURULE V maximum amplitude of this sweep.
RAEHOFEYOAREYDT

Iy for Iwa o Line 1 The sweep limits (3 to 10) are on the same
TH by W liwtt range. The sweep increment is in .1 V steps. Because
R A amplitude was the last parameter programmed, the

write statement does not require the “AM”

mnemonic.

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

Line 3 The sweep decrement is also in .1 V steps,
Line 5 Return to Line 1 to continue sweeping.

The sweep speed is determined by calculator and 3325A data transfer and processing times. 1f a
slower sweep time is desired, wait statements may be added before the ‘‘next I’ statements.
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MODEL 3325A
Q. SYNTHESIZER/FUNCTION GENERATOR
HP-1B PROGRAMMING CODE
{ASCIl Characters)
FUnction
T DC only High Voltage Output
Sine On 1
Square Off A
Triangle
Positive Ramp Amplitude Modulation - MA

Negative Ramp OIf'lf 1
O 7

FRequency
Hz HZ Phase Moduiation — MP
kHz KH On ]
MH:z MH Off )

AMplitude Data
Volts p-p VO
mVp-p MV
Vrms VR
mVrms MR
dBm DB

DC QFfset
Volts YO
mVy MV

| MOOCT D T L B D e S
|\ooo-.|@m..-h.um-—-&

PHase )
m Depgrees DE ADccimal}

Sweep STart Frequency Interrogate Qperalions

o Funection IFU
Sweep StoP Frequency Frequency IFR
T Amplitude 1AM
Offset 101
Phase IPH
Sweep Tlme Swp Start Freg IST
Seconds SE Swp Stop Freg ISP
Swp Mkr Freg IMF

Sweep Mode Sweep Time ITi
" Linear Sweep Mode 15M
Logarithmic Recar/Front Qut IRF
High Volt Out IHV
Error {ER

¢ — 9 Program Mode IMD
Amptd Mode IMA
REcall Program Phase Mode IMP
¢ -9 Error Codes (See Paragraph 3-146)
KRear or Eront Panel Output . Entry parameter out of bounds
Front i . luvaiid detimiter
Rear 2 3. Frequency too large Tor function
Execution Functions . Sweep time too small or too large
Assign Zero Phase o Offset and amplitude incompatible
FPerform Amptd Cal . Bweep frequency or bandwidth error
"Start Single* . Unreeognizable mnemonic
Start Continuous . Unrecognizable data character
M Perform Sell TEst . Option does not exist

Sweep Marker Frequency

StoRe Program

*Srart Single code must be sent twice ‘'S8887. The first “S8*° resets the sweep to start conditions and
the second ‘*S5° starts the sweep.
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Parformance Tosts

SECTION IV
PERFORMANCE TESTS

4-1. INTRODUCTION.

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

a. Operational Verification procedures which are
recommended for incoming inspection and general
after-repair tests.

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

4.3, CALCULATOR-CONTROLLED TEST.

4-4. The only calculator-controlled test in these pro-
cedures tests the HP-IR interface circuits for 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 controllers. The calculator prints the test resulis.
This test is recommended for both the Operational
Verification 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 VIEI.
An Operational Verification Record is located at the
end of this section. For ease of recording the test data at
various times, copics of the blank Operational Verifica-
tion Record may be made without written permission
from Hewlett-Packard.

4-7. Operational Verification includes the following
procedures:

Par. No. Test

4-10 Seltf Test

4-12 Sine Wave Verification

4.14 Square Wave Verification

4-16 Triangle and Ramp Verification
4-18 Amplitude Flatness Check

4-20 Syne Queput Check

4.22 Frequency Accuracy

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

4-28 Close-in Spurious Signal Test
4.30 HP-IB Interface Test

4-8. Required Test Eguipment.

4-9. A list of test equipment required for the Opera-
tional Verification procedures is given in Table 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 pane! 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:

OSC FAIL - displayed only il the VCO is not con-
trolled (displayed continucusly after test)

PASS or FAIL 1 - tests AMPTD CAL of sine
wave

PASS or FAIL 2 - tests AMPTD CAL of square
WAVE

PASS or FAIL 3 - tests AMPTD CAL of triangle

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

4-12. Sine Wave Verification.

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

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

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

b. Set the 3325A as follows:

High Voltage Qutput (Option 002)
Function

Frequency

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

Instrument

Critical Specifications

Recommended Model

Oscilloscope

Vertical.

Bandwidth: de te 100 MHz
Deflection: 1 V to 5 V/div
Horizontal:

Sweep: .0bus to 1 s/div
External Sweaap Input

-hp- 1740A

Electronic Counter

Fraguancy measurement to 20 MHz
Accuracy: + 2 counts
Resolution: B digits

-hp- 53284
with Opt. 040 ar 041

DC Digital Voltmeter

Ranges: 0.1 V to 100 V
Resolution: B digits
Accuracy: £0.1%

-hp- 3455A

50-ohm load

Accuracy; £0.2%
Pawer Rating: 1 W

-hp- 11048C

High Frequency
Spactrurn Analyzer

Frequency Range: 1 MHz to 80 MHz
Amplitude Accuracy: +0.5 dB
Mgisa: =70 dB balow reference

-hp- 1417/8552B/85538/
BEBEA/BLEBA

Low frequency
Spactrum Analyzar

Frequency Range: 100 Hz to 50 kHz

Amplitude Range: 2 mV to 20V

Noise: =80 dB helow input refarence
ar — 140 dBv

-hp- 3580A/3BEEA

Resigtor

56,20 1/8W 1.0%

-hp- O757-0395

Adapter

BNC fernale-to-dual banana plug

-hp- 1250-2277

Calculator

HP-1B Control Capability

-hp- 8825A with
98034A Interface,
General /0 ROM,
Extended I/0 ROM

Resistor

4700 2W 5%

-hp« 0698-3634

Model 3325A

c. Set the oscilloscope vertical control to 2 V/div,
horizontal to .05 ws/div,

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

e. Change 3325A frequency to 1 MHz,

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

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

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

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

4-2

j. Press 3325A High Voltage Output 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 Outpur key again to turn the
option off.

4-14. Sguare Wave Verification.

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

Equipment Required: Oscilloscope (-hp- Model 17404)
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a. Connect the 3325A signal output to the
oscilloscope vertical input. If the oscilloscope i3 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 a 50-ohm load (-hp- Model 11048C 50-0hm Feed-
thru 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,
horizontal to .2 ps/div. The oscilloscope should display
two square waves, approximately five divisions peak-to-
peak,

d. Switch the oscilloscope vertical control to 1 V/div,
50 that the abberrations (overshoot and ringing) can be
measured. Aberration excursion should be less than 500
mV (¥ 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 frequency, shape, and ramp retrace time.

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

a. Connect the 3325A signal output to the oscilloscope
vertical input. If the oscilloscope is an -hp- Model 17404,
set the input switch to the 50-chm position. If your oscil-
loscope does not have a 50-ohm input, use a 50-ohm load
{-hp- Model 11048C 50-ohm Feedthru Termination) at
the input.

b, Sct the 3325A as follows:

High Voltage Output (Option 002)
Function

Frequency

Amplitude

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

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

Performance Tests

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

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

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

h. Change 3325A funcrtion to triangle.

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

4-18. Amplitude Flatness Gheck.

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

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

a. Connect the 3325A signal output to the
oscilloscope vertical input. If the oseilloscope 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 a 50-ohm load (-hp- Model 11048C 50-ohm Feed-
thru Termination) at the input.

b. Set the 3325A as follows:

High Voltage Qutput (Option 002)
Function

Frequency

Amplitude

Sweep Start Freq

Sweep Stop Freq

Sweep Marker Freq

Sweep Time

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

* d. Set the oscilloscope as follows:

Channel A Sensitivity
{uncal - adjust for full vertical deflection)
Channel B Sensitivity . ..... ...t 0.5V /div
(uncal - adjust for full horizontal sweep)

* Settings 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.

4-3
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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 comparison.

4.20. Sync Dutput 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 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 30-ohm Feedthru Ter-
mination) at the input.

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

¢, Adjust the oscilloscope controis 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. Fraguancy Accuracy.

4-23, This test compares the accuracy of the 3325A out-
put signal to the specification in Table 1-1: +5 x 10-¢
of selected frequency.

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

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

b, Set the 3325A output as follows:

Function

Frequency

Ampltude ................... 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 20 000 000.0H:z
+ 100Hz.

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

e. Change 3325A function 1o triangle. Frequency auto-
matically changes to 10kHz, Move the counter input to

4-4
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the sync output of the 3325A. Set the counter to average
1000 periods, Electronic counter should indicate 1006
000.00ns +0.5ns.

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 “*dc only’’ funcrion.

Equipment Required:
DC Digital Voltmeter (-hp- Model 3455A)
50-ohm Feedthru Termination (-hp- Modei 1 1048C)

a. Connect the 3323A signal ouiput through a
50-ohm feedthru termination to a d¢ digital voltmeter
input.

b. If the instrument has High Voltage Qutput Option
002, make sure the High Voltage Output is Off (High
Voltage 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 output. The indicator in the center
of the DC OFFSET key should light.

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

e. The dec 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 +5.020 V.

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

DC Offset Tolerances
+1.49300 to 1.50499 V
+0.49790 to 0.50190 V
+0.14930 to 0.15050 V
+0.04979 to 0.05019 V
+0.01493 to 0.01505 V

£ 0.004979 to 0.005019 V
£0.001479 to 0.001519 V

+£1,499V

+499.9 mV
+£149.9 mV
+49.99 mV
+14.99 mV
+4.999 mV
+1.499 mV

High Voltage Qutput Option 002 DC Offset

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

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

k. Set 3325A dc offset to =20 V. Digital voltmeter
reading shonld 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)

No Harmonic
Gireater Than

Fundamental
Frequency

0.1 Hz to 50 kHz

50 kHz to 200 kHz
200 kHz 1o 2 MHz
2 MHz to 15 MHz
15 MHz to 20 MHz

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

Equipment Required:

High Frequency Spectrum Analyzer (-hp- Model 141T/
B552B/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 56.2Q 1/8W 1% (-hp- 0757-0395)

Performance Tests

a. Set the 3323A output as follows:

High Voltage Output (Option 002)
Function

Frequency

Amplitude

b. Connect 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 25dB 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.

15 MHz
2MH:z
200 kHz

-30dB
—-40dB
-60dB

e. Disconnect the 3325A from the high {requency spec-
trum analyrer 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 9.99mVp-p.

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

=

= = [P —
1] ﬂ N . ol
J[o T i
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LOW FREQUENCY
SPECTRUM ANALYZER

o A

/

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 63dB below the fundamental.

10kHz
1kHz
100H =

High Voltage Output (Option 2)

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

j. Press the “*high voltage output’™ key on the 3325A.
Set the amplitude to 40Vp-p and the frequency to 100Hz.

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

damental and at least three harmonics. Verify that all har-
monics are §5dB 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 -60dB
IMHz -40dB

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

4-28. 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 signals must
be more than 70 dB lower than the fundamental signal.

Equipment Required: Spectrum Analyzer (-hp-3585A/
B566A/8568A)

a. Set the 3325A, as follows:

High Voltage Qutput (Cption 002)
Function

Model 3325A

Frequency
Amplitude
DC Offset

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

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

d. Set the spectrum analyzer center frequency to
20,002, 20,003, and 20.004MHz, verifying in each case
that all spurious signals are more than 70dB below the
fundamental.

4.30. HP-IB Interface Test.

4-31. The following calculator program tests the opera-
tion of the 3325A HP-IB interface circuits. 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 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 calculator.

c. Press RUN. Tests 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 (SRQ LIGHT ON?, 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-
ror indication that will identify the problem. If not, the
3325A HP-IB circuits are probably not operating cor
rectly.
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PROGRAM FLOWCHART

Enter 33254 Bus Address

Instrument Returns To Known Conditions After Self Perform Self Test
Test

Test 1 - Did Frequency Go To 1000 Hz? Freg = 1000 Hz?

Program:
Freq = 1234.56789 Hz
AMPTD = 50 mV

Is

Test 2 - Interrogate Frequency Freguency
Correct

Is

Test 3 - Interrogate Amplitude Amplitude
Correct

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

Test 4 - Test SRQ Circuits

Test 5 - Test Talk Circuits

. . . List
Test 6 - Test Listen Circuits Liglrsmtegn

L REM
Tast 7 — Test Remote Circuits Light On

Print Results

{ End )
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I
RS O N I B R T ]
1 ™ Clear the 3325A to Turn-on State
v Set HP-IB Remote Enable (Select Code 7)

Perform Self Test

interrogate Frequency

Read 3325A Frequency
Compare Frequency to 1000 Hz

Ay EEL G JETEIEHE AMEEHY " ~—————Set Freq to 1234.667890 Hz, Amptd to 50mV Q
EERIEC Store Settings in Register 3

M Clear the 33256A

Recall Settings in Register 3

LEL Rt TER" Interrogate Frequency
Pl Pl G Read Frequency
IR S A N Rt A e ] 2 Compare to Frequency Stored

Interrogate Amplitude
Read Amplitude
Compare to Amplitude Stored
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PR O B S ] Pl I 1 I S O O O 1 R0 1 5 'iLin Sweep 1= 10kHz, Enable SRQ Mask
o Faelel V Clear Interface, Interface to Local
oo d it mRE LTGHT ORS Dby i eee—e————Did 3325A Initiate SRQ?

Read Status into Variable 5

Set Remote Enable

Read from the 332BA

VALK LTGHT DR 1m0y ¢ ————Did 3325A respond to Talk Command?

LoF Write to the 3325A, Interface to Local
LIETEM LIGHT OM%s b=M0" sy ——Did 3325A respond to Listen Command?

Remote Interface, Write to 3325A,
Clear Interface
Did the 3325A Respond to Remote?

Print Results of Tests
FATL"

sifea "y Dy L F Cuiyarno B Seif Contained Program may be
Linked or Used as a Subrouting

5
£
T
o
?_‘

# L CRLNLN
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Variables used in this Test Program:

Address of 3325A (defaults to 717)
Frequency read from 3325A in test #1
Frequency read from 3325A in test #2
Amplitude read from 332B5A in test #3
Counter used to print test results

Tast results (0 =Pass, 1=Fail}

Status read from 3325A in test #5

Samples of Program Printouts:

EEEREE R E RSB FREEEFELE LA AR RS
EICIEET EH o
HF-1E TEST rFE=-IE TEST

e r L L E Y L] TEXFEE L L L SR

TEST RESULTS: TEST RESULTS:
TEZT TEST

TEST : TEST

TEST
TERT

Teay

T
i 5T
FRSC
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4-32. PERFORMANCE TESTS.

4-33. The following procedures compare the instrument
operation to its specifications, listed in Table 1-1, A
Performance Test Record is located at the end of this
section. This Test Record lists all of the tested specifica-
tions and the acceptable limits. For ease of recording
data at various times, copies of the blank Performance
Test Record may be made without written permission

from Hewlett-Packard.

4-34. The Performance Tests include the following:

Par No.

4-37
4-39
4-41

Test

Harmonic Distortion
Spurious Signal Tests
Integrated Phase Noise

Table 4-2.

Performance Tests

Pl;mplitude Modulation Envelope Distor
tion

Square Wave Rise Time and Aberrations
Ramp Retrace Time

Syne Qutput

Square Wave Symmetry

Frequency Accuracy

Phase Increment Accuracy

Phase Modulation Linearity

Amplitude Accuracy

DC Offset Accuracy (DC Only)

DC Offset Aecuracy with AC Functions
Triangle Linearity

X Drive Linearity

Ramp Period Variation

HP-IB Interface Test

Test Equipment Required For Performance Tests.

Instrumant

Critical Specifications Racammendad Madel

High Frequency
Spectrum Analyzer

Frequency Range: 1 kHz to 80 MHz
Amplitude Acguracy: £0.5 dB
Noize: = 70 dB below refarence

-hp- 141T/85652B/856538/
BEBGA/BLGEA

50-chm Load

Accuracy. t0.2%
Power Rating: 1 W

«hp« Madel 11048C

Resistor

56,22 1/8W 1.0% -hp- 0767-0385

Low Frequancy
Spectrum Analyzer

Frequency Range: 20Hz to BOkH:
Amplitude Accuragy: £ 0,5dB
Spurious Responses: BOJE below reference

-hp-35B0A/3BB5A

Sine Wave Signal
Source

Frequency Range: 1 MHz to 21 MHz
Amplitude Range: to + 13.01 dBm
Output Impedanca: 500
Phase Noise (Integrated):

9.9 MHz: <« —B63dB

20 MHz: < -70 4B
Spurious: > 75 dB below fundamental

-hp- 3335A

Double Balanced Mixer

Impedance: 50 2 -hp- 10534A

Frequency Range: 1 MHz-20 MHz

AC/DC Digital
Voltmatear

AC funetion (Trua RMS)
Ranges: 1 Vto 100V
Accuracy: £0.2%
Regolution; & digits
Crest Factor: 4:1

DC Function
Rangas: 0.1 Vta 100 V
Accuracy: =0.05%
Rasolution: § digits

-hp- 34554

1 MHz Low Pass Filter

Cut-off Frequency: 1 MHz
Stopband Atten: 50 dB by 4 MHz
Stopband Freq: 4 MHz-80 MHz

F882 1MHz LPF
Allen Avionies, Ine.
224 E Second 5t.
Mineola, NY 11501

156 kMz Filter

Congisting of:
Rasistor: 10 kX 1%
Capacitor; 1600 pF 5%

-hp- 0757-0340
~hp- 0160-2223

Resistor

4700 2W 5%

-hp- OBRRB-3634

AC Voltmeter

Ranges: 0.1 Vta 1V
Frequency Range: 2] Hz-1 MHz
Input Impedance: = 1 MQ
Meter: Log scale

Ace (100 Hz 10 10 kHz); £ 1%

-hp- 4QQFL,

Sine Wave Signal
Source

Frequency: 10 kHz
Ampiitude: 1 V rmz intg 20 ki
Distartion: — 60 dB
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Table 4-2. Test Equipment Required For Performance Tests {Cont'd).

tnstrumant

Critical Spacifications

Recommended Model

QOscillascope

Vertical:
Bandwidth: de to 100 MHz
Deflaction: 1 V to 5 V/div
Horizontal:
Sweep: 0.06 uz to 1 g/div
¥ 10 magnifigation

-hp- 1740A

Electronic Counter

Frequency rmaasurement
Frequency Range: to 20 MHz
Resolution: 3 digits
Accuracy: + 2 counts

Time Interval Average A to B
Resolution: 0.01 ns

-hp- 6328A
With Option 040 or 041

DC Power Supply

Volts: Oto £5 V
Amps: 10 mA
Eloating Qutput

-hp- B214A

Thermal Conveartar

Input Impedance: 50 &

Input Voltage: 1 V rms

Frequency: 2 kHz to 20 Mtz

Frequenay Response: +0.05 dB 2 kHz to
20 MHz

-hp- 11050A

Resistive Divider

Consisting of:
2 Resictors: 61,118 .1% 1/4 W
2 Resistors; 36.85 2.1% 1/8 W

-hp- 0B98-0090
-hp- 0698-7169

Resistive Divider

Capaciter: 300 pF 5%

Consisting of:
3 Resistars: 13308 .1% 1/4 W
Resistor: 430 .1% 1/8 W

-hp- 0160-2207

-hp- 0698-7453
-hp- 0698-8264

High-Speed DC
Digital Veltmater

DC Voltage: O to = 10V
External Trigger: Low True
TTL Edge Trigger
Trigger Delay: Selectable 10 us to 140 ps

-hp- 3437A

BNC-to-Triax
Adapter

50 ohm

-hp- 1260-0595 Adapter
or 11172A RF Cable

Resistive Divider
+ 2.5

Consisting of:
Resistor: 300 1% 1/4 W
Resgistor: 200 1% 1/4 W

-hp- 0G898-7633
-hp- 0698-6296

Resistive Divider
+ 2.6

Consisting of:
Resistor: 100 k& 1% 1/8 W
Resigtor: 162 k1 1% 1/8 W

-hp- 0757-0465
-hp- Q757-0470

Calculator

HP-IB Control Capability

-hp- 9B26A with
98034A Interface,
General /O ROM,
Extended /O ROM

Adapter

Farmale BMC-to-Dual Banana Plug
BNC Tee

-hp- 1250-2277
-hp- 1250-0781

Step Attenuator

0-12dB; 1dB steps

-hip- 386C

4-35. Equipment Raquired. 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.

No Harmenic
Greater Than

Fundamental
Frequency

0.1 Hz to 30 kHz
50 kHz to 200 kHz
200 kHz to 2 MHz
2 MHz to 15 MHz
15 MHz to 20 MHz

—65 dB
- 60 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 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 56.202 1/8W 1% (-hp- 0757-0395)

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-
darmental 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 harmonics are below the specificd levels, relative
to the fundamental,

15 MHz
2 MHz —40dB
200kHz —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.

—-30dB

f. Set the 3325A frequency to 50kHz and the ampli-
tude to 9.99mVp-p.

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

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

Performance Tests

that all harmonics are 65dB below the fundamental,

10kHz
1kHz
100Hz

High Voltage Output (Qption 2)

i. Connect the 3325A signal output to the low fre-
quency spectrum analyzer’s 50Q input. (See Figure 4-1.)

j- Press the “‘high voltage output’® key on the 3325A.
Set the amplitude to 40Vp-p and the frequency to 100Hz.

k. 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.

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

that their harmonics are below the specified level, rela-
tive to the fundamental.

10kHz -p5dB
200kHz -60dB

IMHz -40dB

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

4-39, Spurious Signal Tests.

4-40. This procedure tests the 3325A sine wave output
for spurious signals. Circuits within the 3325A may gener-
ate repetitive frequencies that are nor harmonically related
to the fundamental output frequency. All spurious sig-
nals must be more than 70dB below the fundamental gig-
nal or less than -90dBm, whichever is greater.

Equipment Required:
Specirum Analyzer (-hp- Model 3585A/8566A./
BS68A)

SPECTRUM ANALYZER

3325A /
_C..J_L.._,,..._Lm_,_
— _l_l_l_l—f G\ - o
NGl

Figure 4-2, Mixer Spurious Test
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Mixer Spurious Test

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

b. Sct the 3325A as follows:

Function
Amplitude
Frequency ...................... 2.001MHz

. Set the analyzer controls as follows:

Center Frequency................... 2.001MHz
Frequency Span

Resolution BW

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

¢. 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

Center Frequency
2:1 Spur 3:2 Spur
25.9MHz 21.8MHz
23.9MHz 17.8MHz
21.9MHz 13.8MHz
19.9MHz 9.8MHz
17.9MHz 5.8MHz

3325A Fraguency

4.100MHz
6.100MHz
8.100MHz
10.100MHz
12.100MHz

Model 3325A

14.100MHz
16.100MHz
18.100MHz
20.100MHMz

15.89MHz
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 Frequency ........oovvvevnn.. 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-harmonic) signals should be at least
70dB below the fundamental.

m. Without changing the reference level, set the 3325A
frequency and the spectrum analyzer center frequency to
the frequencies listed below. For each setting, verify that
all spurious signals are at least 70dB below the fun-
damental.

3325A Frequency Spectrum Analyzer

Center Frequency

5.0011TMHz
5.00101MHz
5.001001MHz
20.002MHz
20.003MHz
20.004MHz
20.005MHz

5.0001MHz
5.00001MH:z
5.000001 MHz
20.001MHz
20.001MHz
20.001MHz
20.001MHz

3325A

! MHz
LOW PASS
FILTER

508
FEEDTHRU

AC
VOLTMETER

7

15kHz
FILTER

S1GNAL
GENERATOR

=

3335A

REF QUT

BT

33254-42

Figure 4-3. Integrated Phase Noise Test
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4-31. Integrated Rhase Noise Test.

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

— 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)

50-ohm load (-hp- Model 11048C)

DC digital voltmeter (-hp- Model 3455A)

AC voltmeter (-hp- Model 400 FL)

15 kHz noise equivalent filter consisting of:
Resistor: 10 kf2 £ 1% (-hp- Part No. 0757-0340)
Capacitor: 1600 pF + 5% (-hp- Part No.
0160-2223) See Figure 4-3

IMHz Low Pass Filter (Model F882 - Allen

Avionics)

a. Connect the equipment as shown in Figure 4-3, 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 signal source (reference) as
follows:

Frequency
Amplitude

d. Record the ac voltmeter reading (dB scale).
e, Change 3325A frequency to 19.9 MHz.

f. Connect the 15 kHz filter output to the de digital
voltmeter.
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g. Press the 3325A PHASE entry key. Using the
MODIFY keys, adjust the 3325A output phase for a
minimurn reading on the digital volimeter.

h. Disconnect the 15 kHz filter output from the
digital voltmeter and connect it to 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 — %4 dB or greater. Add — 6 dB to this
number and enter on the performance test card. The
6 dB is a correction factor compensating for the folding
action of the mixer.

NOTE
Frequencies used minimize the phase noise
contribution of the 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, OV

dc offset

Equipment Required:
Sine wave signal source (-hp- Model 204C)
Spectrum Analyzer (-hp- Model 141T/3585A/8552B/
8553B/8566A)

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

b. Set the 3325A output as follows:

Function

Frequency
Amplitude
DC Offset

c. Set the modulating signal source frequency to 10
kHz and adjust the level to produce 80% modulation of
the 3325A output. 30% modulation is indicated by

o | GNAL
GENERATOR

TO AMPT 33254

SPECTRUM ANALYZER

[

gy,

MOD
INPUT

=) ]
B
Sl | e A |

- T A o o @ 4 o
j —  —

Figure 4-4. AM Envelope Distortion
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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 least 30 dB lower than the modula-
tion sidebands.

4-45. Square Wave Risa 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 amplitede at full
output

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

a. Connect the 3325A signal output to the
oscilloscope vertical input. If the oscilloscope is an -hp-
Model 1740A, set the input switch to the 50-ohm posi-
tion. 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:

High Voltage Qutput (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 10% points. Fall
time should be less than 20 nanoseconds.

¢, Expand the osclloscope vertical display and adjust
controls so that the overshoot can be measured. Over-
shoot should be less than 500 mV at positive and
negative peaks.

4-47. Ramp Retrace Time.

4-48. This test compares the retrace time of the positive
and negative slope ramps 1o the gpecificarions in Table
1-1:

<3 pus 90% to 10%

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

a. Connect the 3325A signal output to  the
oscilloscope vertical input. 1f the oscilloscope is an -hp-

4-16
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Madel 1740A, set the input switch to the 30-ohm posi-
tion, If your oscilloscope does not have a 50-ohm input,
use 4 50-ohm load (-hp- Modet 11048C 50-ohm feedthru
termination) at the input.

b. Set the 3325A as follows:

High Voltage Output (Option 002) Off
Function Positive Slope Ramp
Frequency
Amplitude

c. Adjust the oscilloscope vertical and horizontal
controls so that the ramp retrace time from the $0% 1o
10% points can be measured, Retrace time should be
less than 3 ps.

d. Change function to negative slope ramp and
repeat Step c.

4-49. Sync Dutput Test.

4-50, This procedure checks the voltage levels of the
syne output square wave:
Vign = +12V 0V, o< +0.2V into 50 ohms

low

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

a, Connect the 3325A sync 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 oscilloscope does not have a 50-ochm input, use a
50-ohm load at the input (-hp- Mode! 11048C 50-ohm
Feedthru Termination),

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

c. 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 Symmetry.

4-52, This procedure checks the symmetry of the square
wave signal output to the specification in Table 1-1:

0.02% of period + 3 nanoseconds

Equipment Required: Electronic counter (-hp- Model
5328A)

a. Connect the 3325A signal output to both inputs of
the electronic counter, using 2 BNC tee (see Figure 4-5).

b, Set the 3325A output as follows:

Function

Frequency
Amplitude
DC Offset
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¢. Adjust the electronic counter to measure time in-
terval average A to B, with Slope A +, Slope B -~ . Note
the reading.
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d. Change Slope A to —, Slope B to +. Reading
should be equal to the reading in Step ¢ £ < 3.2 ns.

3325A

o e 102

R | I A S g | B | e g
220l 3052222155
I

111 c{ o o

ELECTRONIC
COUNTER

2325A-44

AL,

T=CONNECTOR

Figure 4-5. Square Wave Symmetry.

4-53. Frequeacy Accuracy.

4-54. This test compares the accuracy of the 3325A out-
put signal to the specification in Table 1-1:

+5 % 10-% of selected frequency

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

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

b. Set the 3325A output as follows:

Function

Frequency

Amplitude. .. ... L, 0.99Vp-p
DC Offset

¢. Sct 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 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 to 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. 503,

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

4-55. Phase 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 3335A)
Electronic Counter (-hp- Model 5328A)

a. Connect the equipment as shown in Figure 4-7.

b. Set the 3325A as follows:

High Voltage Output (Option 002)
Function

Frequency

Amplitude

. Set the sine wave sighal source (3335A) as follows:

Frequency .........coivviinnnns 0.1 MHz
Amplitude

. Set the electronic counter {5328A) as follows:

Function Time Interval Avg, Ato B
Frequency Resolution, N
Inputs

Slope A and B

Sample Rate

5011, Separate
Positive
Maximum
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ELECTRONIC
COUNTER

3325A-45

Figure 4-5. 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 to 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 phaseto —1°,
h. Press the electronic counter RESET. Record the

counter reading (to 2 decimal plages) in the space for
“1° Increment Time Interval®’.

i. 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 —10°.

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 to
283.34 ns.

m. Set the 3325A phase to — 100°,

332HA
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Figure 4-7, Phase Increment Accuracy.
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Figure 4-8. Phase Modulation Linearity.

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;

+0.5%, 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 follows:

Function Time Interval Avg. A and B
Frequency Resolution, N

50 9, Separate
Slope A and B Positive
Sample Rate

e. Using the digital voltmeter to monitor the dc
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
ZERC PHASE.
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n. Change the power supply output to the following
voltages and repeat Steps j through m for each. Record
the dvm readings and phase differences in the ap-
propriate spaces on the Performance Test Record.

DC DVM
Voltage Reading

Phase
Difference

- 3.0000 Vv
—-2.0000 V
—1.0000 V

0.0000 V
+1.0000 V
+2.0000 V
+3.0000 v
+4.0000 V
+ 5.0000 V

ot R - TN

0. 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. Ou the Performance Test Record, multiply each x
value by the corresponding v value and enter in the ‘‘x
times vy column.

q. Total the “DVM Reading’ column and enter in
the Cx space. Total the “*Cumulative Phase’ values and
enter in the Ly space, Total the “‘x times y'* values and
gnter in the Ixy space.

. Square each x value and enter in the *“x2** column.
Total this column and enter in the Zx2 space,

5. Square the Tx value and enter in the (Ex)? space.

t. Multiply the Ix value by the Iy value and enter in
the ExTy space.

u. The equation for determining the ‘‘best fit straight
line’* specification for each y value i3;

y = ax + a;

Where: a;x and a; are constants to be
calculated from data taken previously

Where: x is the value of the modulating
voltage, recorded as x; through x4

v. First determine the value of a; using the following
equation: £yE
X-y

1
x2 - (Zx)¥/n

Xy -

4

Where: Zx, Ly, Exy, ZxLy, Zx2, and (Ex)?
are the previously calculated values entered
on the Performance Test Record

4-20
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n = 11 (the number of points to be
caleulated)

w. Determine the value of a, using the equation:

X. Calculate each value for y using the equation: y =
#41x + ao. Enter each result on the Performance Test
Record in the “‘Best Fit Straight Line Values’’ ¢olumn,

(y, through (y).

y. Determine the test limits for each y value by in-
creasing and decreasing the calculated () values by
0.5% of the (v} 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- Mode] 3437A). At
least 3 Y2 -digit resolution, 1% microsec. or faster set-
tling time.
50-Ohm step attenuator (-hp- Model 355C)
50-0hm feedthru termination (-hp- Model 11048C)
Thermal converter (-hp- Model 11050A)

Oscilloscope (-hp- Model 1740A) Must have delayed
sweep of .05 microsec/div and delayed sweep pgate
output.

Components:
Resistor 36.55 ohm 0.1% 0.125W 2 ea 0698-7169
Resistor 61.11 ohm 0.1% 0.25W 2 ea 0699-0090
Resistor 43chm™ 0.1% 0.125W 1 ea 0698-8264
Resistor 1330ohm* 0.1% 0.25W 3 ea 0698-7453
Capacitor 300 pF* 5% 1 ea 0160-2207

*Used only to test High Voltage (option 002).

3455A,

Amplitude Accuracy at Frequencies up to 100 kHz

a. Sine Wave Test. Connect the 3325A signal output
through a 50 ohm feedthrough termination to the AC
digital voltmeter input.

w
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b. Set the 3325A as follows:
High Voltage Output (Option 00Q2) Off
Function Sine
Frequency 100 Hz
Amplitude 3.536 Vpms(10 Vp-p)
DC Offset oV

¢. Press AMPTD CAL key.

d. Read AC Voltmeter, Change 3325A frequency to
1 kHz and 100 kHz and repeat. Verify thar all three
voltmeter readings are between 3.495 Vg and 3.577
Virms (0.1 dB).

¢. Change 3325A amplitude to 1.061 Vgps (3 Vp-p)
and take ac voltage readings for 100 Hz, 1 kHz and 100
kHz as above. Verify that all three voltmeter readings
are between 1.048 Vg and 1.073 Vays (£0.1 dB).

f. Change 3325A amplitude t¢ 3536 Vs 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 betwcen 3411 Vgpms and .3660 Vg
(£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 as follows:
High Voltage Output (Option 2) OFF
DC Offset oV
Amplitude 10 Vp-p
Frequency 99 9 Hz
Function Square

i. Set the oscilloscope as follows:
Display AorB
Vertical Sensitivity 5 volts/div
Trigger Ext
Main Sweep 1 rsec/div
Delayed Sweep 5 usec/div
Delay 250

j. Bet 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 Tests

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 volts and 3.735
volts,

n. Change 3325A function to Triangle.
oscilloscope to:
Vertical Sensitivity
Vertical Position 9 o'clock
Main Sweep .5 msec/div
Delay 500
Magnify X10
Delayad Sweep 1 psec/div

Change

.2 volts/div

0. Adjust oscilloscope delay to place the intensified
spot on peak of triangle and read positive peak voltage
on 3437A. Press neg trigger, move vertical position
knob of CRO t0 3 ¢'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 to pos ramp. Change
oscilloscope to:

Trigger pos
Main Sweep 2 msec/div
Place spot on positive peak, press hold, then ext, then
hold a few times on the 3437A and record most positive

reading.

¢. Move vertical position knob to 3 o’clock, adjust
delay and read negative peak. Ramp jitter should be
visible on all ramp readings (the 3437A will hold the
readings). Verify that sum of pos and neg peaks is bet-
ween 3.643 and 3,754 volts.

r. Change 3325A function to neg ramp. Change CRO
trigger to pos and take neg ramp reading as above,

8. Change 3325A function to square and frequency to
1 kHz. Set CRO as follows:

Main Sweep 50 psee/div
Delayed Sweep .05 psec/div
Read positive peak; push neg trigger and read negative
peak. Verify that sum is between 3.661 and 3.735 volts.

t. Change 3325A function to triangle and frequency
to 2 kHz. Set CRO main sweep to 20 gsec/div and delay
to 610, Adjust delay and position and sct 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 point). 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 voits.

w. Change 3325A frequency to 100 kHz and function
to square. Return CRO sweep vernier to calibrate and
set main sweep to .5 psee/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 to 5 psec/div and
press magnify. Verify Vpp of 3.513 to 3.883 volts.

y. Change 3325A function to pos ramp. Set ¢ra mam
sweep to 20 usec/div. Adjust delay to set end of inten-
sified spot on highest peak. Verify Vpp of 3.328 t0 3.996
volts.

z. Change 3325A function to neg ramp. Verify Vpp
of 3.328 to 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 99.9 Hz
92,9 Hz
99.9 Hz
99.9 Hz
! kHz
2 kHz

Maximum

3030V
3045V
3.045 V
3.045 V
3030V
3.045 V
3045V
3045 vV
3,030V
310V
3.300 V
Ja Y

Minimum
2970V
2955V
2955V
2055V
2970V
2955V
2955V
2,955V
2970V
B0V
2700V
2700V

Function

Square
Triangle
Fos Ramp
Meg Ramp
Square
Triangle
Pos Ramp
Neg Ramp
Square
Triangle
Pos Ramp
Meg Ramp

500 Hz
100 kHz
10 kHz
10 kHz

o
q
r
5
t
u 500 Hz
v
w
X
¥
Z 10 kHz

¢c. Change 3325A amplitude 1o 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
all 1 Vpp tests.

dd. Repeat tests i through z. New test limits are as
follows:
Test  Frequency
m 099.9 Mz
o 299 Hz
q 99.9 Hz
r 99.9 Hz
& 1 kHz
t 2 kHz
u 500 He
v
W
X
¥
K4

Function Minimum  Maximum
Square 270 1.030
Triangle B60 1.040
Pos Ramp D60 1.040
MNeg Ramp 960 1,040
Square 970 1.030
Triangle 960 1.040
Pos Ramp 960 1.040
MNeg Ramp 860 1.040
Square 970 1.030
Triangle 940 1.060
Pa: Ramp 890 1.110

Meg Ramp 390 1.110

500 Hz
100 kHz
10 kHz
10 kHz
10 kHz

Model 3325A

High Voltage Output Amplitude Accuracy
For Frequencies To 100 kHz
(For Instruments with High Voltage Option 602)

ee, Sine Wave Test. Connect 3325A signal output to
the AC volrmeter via a 6 ft. cable, Connect a 500 €2, 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 to 14.14 Vgys (40 Vpp). Press AMPTD
CAL key. The AC voltmeter reading should be 13.86 to
14.42 VpMs.

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.

il. The voltage divider shown in Figure 4-9B is
built into a small metal box with 2 BNC 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 ohm, 0.1%, 0.125 watt, -hp- Part No. 0698-8264
C1, 300 pF, 5%, -hp- Part Number 0160-2207

Connect the tap to the input of high speed DC voltmeter
as shown in Figure 4-9B,

ij. Set 3325A frequency to 2 kHz and amplitude to 40
Vpp. Set DC voltmeter to 1V range and ext trigger. Set
oscilloscope as follows:

Vertical Sensitivity 2 volts/div
Vertical Position 3 o’clock
Trigger Ext
Main Sweep 20 psec/div
Delayed Sweep 05 usec/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
volts.

ll. Change 3325A function to triangle, and read peak
voltages. Vpp should be 3.466 to 3.607 volis.

mm. Change 3325A to pos ramp. Change 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 33235A as follows;
High Voltage Qutput {Option 2) OFF
Funetion Sine
Frequency 1 kHz
Amplitude 3Vpp

oo, Set the 50 @ attenuator (-hp- Model 355C) to 3 dB
and connect to signal output. Connect 1 Vgymg thermal
converter (-hp- 11050A) to attenuator output. Connect
BC digital voltmeter with microvolt resolution (-hp-
3455A) to thermal converter output, See Figure 4-9C,

pp. Press 3325A AMPTD CAL key. Record the
voltmeter reading in the 3 V sine wave 1 kHz reference
space on the performance test record.

ad. Set the 3325A modify key to the IMHz position
and bump the frequency in 2MHz steps from 1kHz to
20.001MHz, recording the voltimeter 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 3325A
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 3325A as follows:
High Voltage Qutput (Option 2) OFF
Function Square
Amplitude 10 Vpp
Frequency 1 kHz

vv. Connect the 3325A signal ouiput to an
oscilloscope (-hp- 1740A) with a 500 load. Set the
oscilloscope as follows:

Vertical Sengitivity
Time/Div

2 volts/div
.1 msec

ww. Use the modify keys to bump the 3325A fre-
quency from 1 kHz to 10.001 MHz in 2 MHz steps. Two
lines will appear on the oscilloscope. Verify that they re-
main within 14 major division of 5 divisions apart for all
11 frequencies.

xx. High Voltage (Option 2) Amplituade Flatness above
100kHz.

yy. Connect the 3325A output to an oscilloscope
(-hp- 1740A) with a 500 Q, 500 pF load (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 6 feet of cable.

Performance Tests

zz. Set the oscilloscope as follows:
Vertical Sensitivity
Time/Div

10 volts/div
1 msec

aaa. Set the 3325A to 40 Vpp sine wave (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 1.601 MHz in 20 kHz steps.
Verify that the width of the bright region of the screen is
4 t .4 divisions for all 11 frequencies.

4-61. DC Offset Accuracy (DC Only).

4-62. This procedure tests the dc offset accuracy when
no ac function output is present, The dc 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 Output
Option 002 {-hp- Model 3455A)

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

a, Connect the 3325A signal output through the
50-ohm feedthru termination to the dc digital voltmeter
input (sec Figure 4-11(A)).

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

c. Set the 3325A dc offset to 5 V, then press the
“AMPTD CAL" key.

d. The dc digital voltmeter reading should be +4.980
to +5.020V.,

¢, Change 3325A dc offset to —5 V. Digital volt-
meter reading should be —4.980 to —5.020 V.

Attennator Test

f. Set the dc offset to the positive and negative
voltages shown below., The digital volimeter reading
should be within the tolerances shown for each voltage.

DC Offset Tolerances
+1.49300 to 1.50499 V
+0.49790 10 0.50190 V
+0.14930 to 0.15050 V
+0.04979 to 0.05019 V
£0.01493 10 0.01505 V

£ 0.004979 10 0.005019 V
+0.001479 to 0.001519 V

+1.499V
+499.9 mV
+149.9 mV
+48.99 mV
+ 14,99 mV
+4.999 mV
+1.499 mV
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High Voltage Qutput Option 002 DC Offset

g. Remove the 50-ohm feedthru and connect the
3325A output directly to the digital voltmeter input.

h. Press the “SIGNAL™ key in the lower right corner
of the 3325A front pancl 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 419,775 V to 20.225 V.

J. Set 3325A dc offset to —20 V. Digital voltmeter
reading should be —19.775 V1o - 20.225 V.

4-63. DC Offset Accuracy with AC Functions.

4-64. The specifications for DC Offset aceuracy with
AC Functigns 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-ochm feedthru termination (-hp- Model 11048C)

a. Connect the equipment as shown in Figure
4-10 A | Set the digital voltmeter to measure dc voltage.

L. Set the 3325A output as follows:

High Voltape Output (Option 002)
Function

Frequency

Amplitude

DC Offset

¢. Press AMPTD CAL key. After amplitude calibra-
tion (approximately 2 seconds) the digital voltmeter
reading should be +4.350 to +4.650 V dc.

d. Change the de offset to — 4.5 V. Digital voltmeter
reading should be —4.350 to —4.650 V dc.

e. Change the 3325A frequency to 999.9 kHz. The
digital voltmeter reading should be —4.440to —4.560 V
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
voltmeter reading should be +4.440 to +4,560 V dc,

h. Change the 3325A dc offset to — 4.5V, The digital
voltmeter reading should be —4.440 to —4.560 V de.

Performance Tests

i. Change the 3325A frequency to 9.9999 MHz. The
digital voltmeter reading should be —4.350 to —4.650
V.

j. Set the 3325A function to Triangle, frequency to
9.9 kHz. The digital voltmeter reading should be
—4.440 to —4.560 V.

k. Set the 3323A function to + Ramp. The digital
voltmeter reading should be —4.380 to —4.620 V.

4-G5. Triangle Linearity,

4-66. This procedure tests the linearity of the triangle
wave output against the specification in Table I-1:

+0.05% of full output, 10% to 90%, best fit
straight line

Because the triangle and ramp outputs are generated by
the same circuits, this procedure effectively tests the
ramp linearity also.

Equipment Required:

High-speed dc digital voltmeter (This procedure i3
written to use the high speed and delay capabilities
of the -hp- Model 3437A)

Resistive divider, + 2.5, consisting of:

30 ohms = 1% YW (-hp- Part No. 0698-7533)
20 ohms + 1% %W (-hp- Part No. 0698-6296)

BNC-to-Triax adapter (-hp- Part No, 1250-0595 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 follows:

Number of Reaclings
Trigger

The Model 3437 A triggers on the negative-
going edge of the 33254 sync sguare wave,

d. Set the digital voltmeter delay to 00003 (seconds).
Record the digital voltmeter reading on the Perfor-
mance Test Record under ‘“‘Positive Slope Measure-
ment, (10%) y,”". This is the 10% point on the positive
slope of the tnangle, See Figure 4-11.
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Figure 4-10. Triangle and Ramp Linearity Test.

e. Measure the voltage at each 10% segment point by Delay Percent of Slope
setting the digital voltmeter delay to the following.
Enter on the Performance Test Record in the ap- .00008
propriate spaces under *‘Positive Slope Measurement.”’ .000085
.00009
.000095
Delay Percent of Slope .0001
.000105
000035 00011
.00004 000115
000045 00012
00005 )

.000055 g. Algebraically add the voltages recorded in the
.00006 “Positive Slope Measurement’’ column and enter the

883835 total in the ““Ty’’ space.

. h. Multiply Zy by 45 (which is Ix) and enter the
f. Measure the voltage at each 10% segment point on result in the ‘“CxEy’’ space.

the negative slope by setting the digital voltmeter delay

to the following. Enter the readings on the Performar}ce i, Multiply each y value by the corresponding x value

Test Record in the appropriate spaces under ‘‘Negative and enter in the “x times y”’ column. Total these values

Slope Measurement.”’ and enter in the ‘““Ixy’’ space. &
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Figure 4-11. Triangle Linearity Test,

' i- The equation for determining the “‘best fit straight m. Calculate the ““Best Fit Straight Line’’ value for
line’’ specification for each y value is; each point (y, through y) using the equation:

y=ax+ a; Yy = a4X + ag

Where: a; and a, are constants to be Enter each result on the Performance Test Record in the
calculated from data taken previously. “‘Best Fit Straight Line' column.

NOTE n, Determine the minimum and maximum allowable
voltages at each point by subtracting and adding 0.002
V to the voltages calculated in Stepm (10 V + 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 calculat-
TxEy ed tolerances,

Calculate the values of a; and a, to at least
Jive decimal places.

k. First determine the value of a; using the following
equation:

Exy -
0. Algebraically add the voltages recorded in the

*Negative Slope Measurement®’ column and enter the
(Ex)2 total in the “Ly”* space.

n

al =
TxZ - )

p. Repeat Steps h through n to determine the *‘Best
Fit Straight Line” values and tolerances for the negative
slope. The voltages measured and recorded in the
Where: Ix, Ly, Ixy, ZxEy, Lz2, and (Tx)2 “"MNegative Slope Measurement’ colpmn should be
are the previously calculated values entered within the calculated tolerances.
on the Performance Test Record, 4-67. X Drive Linearity.

n

n = 9 (the number of points to be 4-68. This procedure tests the linearity of the rear panel

calculated) X Drive output to the specification in Table 1-1: for all

i. Determine the val £ ing th N lirgear sweep widths which are integral multiples of the

' ne the value of & using the equation: minimum sweep width for each function and sweep
time:

m Ey Ex
Bp=—"7"-3 — £0.1% of final value, 10% to 90%, best fit
n n straight line.
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Equipment Required:

High-speed dc digital voltmeter (This procedure is
written to use the high speed and delay capabilities
of the -hp- Model 3437A)

Resistive divider, + ~ 2.6, consisting of:
100k 1% 1/8W (-hp- Part No. 0757-0465)
162k 1% 1/8W (-hp- Part No. 0757-0470)

DC power supply (-hp- MQdel 6214A)

BNC-to-Triax adapter (-hp- Part Neo. 1250-0595
Model 11172A RF Cable)

a. Connect the equipment as shown in Figure 4-12.
b. Set the 3325A as follows:

High Voltage Output (Option 002)

Function

Amplitude

Sweep Start Frequency

Sweep Stop Frequency

Sweep Marker Frequency

SweepTime ..................... 0.01 sec

¢. Press 3325A START CONT key.

d. Set the digital voltmeter as follows:

Mumber of Readings
Trigger

The model 34374 1triggers on the negative
going edge of the Z Blank signal, which oe-
curs at the start of a sweep up.

e. Set the digital voltmeter delay to .001 (seconds).
Adjust the dc power supply for a digital voltmeter
reading of —1.600 V. Record the digital voltmeter
reading on the Performance Test Record under “X
Drive Ramp Measurement, (10%), 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
.003
004
005
006
007
008
008

Model 3325A

g. Algebraically add the voltages recorded in the X
Drive Ramp Measurement” column and enter the total
in the “*Ey’’ space.

h. Multiply Zy by 45 (which is Ix) and enter the
result in the “ZxIy"" space.

i. Multiply each y value by the corresponding x value
and enter in the *‘x times y*’ column. Total these values
and enter in the “Ixy" space.

3. The equation for determining the **best fit straight
line** specification for each y value is:

y=alx+ao

Where: a; and a, are constants to be
calculated from data taken previously.

NOTE
Calculate the values of a; and a, to at least

five decimal places.

k. First determine the value of a, using the following
equation:

TxLy
Xy -
n

(Ex)?
n
Where: Ix, Ly, Xy, DXLy, Lz¢, and (Zx)2
are the previously calculated 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:

pRY Ex
ao = — - a1 s
n n

m. Calculate the “Best Fit Straight Line" value for
each point (y; through y) using the equation:

y=23X+ a,

Enter each result on the Performance Test Record in the
“‘Best Fit Straight Line” column.
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Figure 4-12, X Drive Linearity Test,

n. Determine the minimum and maximuem allowable
voltages at each point by subtracting and adding 0.004
V to the voltages calculated in Step m (10.5V + 2.6 x
0.1%). Enter these voltage limits on the Performance
Test Record under “Minimum®* and ““Maximum®’, The
voltages measured and recorded in the “*X Drive Ramp
Measurement’® column should be within these
caleulated tolerances.

NOTE

The 33254 X Drive maximum voltage
{100%) is set at the factory to +10.5 V.

4-69. Ramp Period Variation.

4-70. This procedure tests the variation between alter-
nate cycles of the positive and negative slope ramps to
the specification in Table 1-1: < + % of period, max-
imum.

Equipment Required: Oscilloscope, with delayed
sweep (-hp- Model 1740A)

a. Connect 3325A signal output to the oscilloscope
vertical input. (Do NOT use a 10:1 probe.) If the
oscilloscope is an -hp- Model 1740A, set the input
switch to the 50-ohm position, If your oscilloscope
doesnot have a 50-ohm input, use a 30-ohm load ¢-hp-
Model 11048C 50-ohm Feedthru Termination) at the in-
put.

b. Set the 3325A as follows:

Function
Frequency
Amplitude

¢. Set the oscilloscope as follows:

Vertical .. ......... e

Main sweep. ... o v ir e s 2.0 ms/div
Delayed sweep 20 ps/div
Trigger Positive

d. With oscilloscope horizontal controls set to main
sweep, adjust the intensified portion of the trace to the
reset (positive going) portion of the ramp.

e, Set the horizontal controls to delayed sweep and
position the ramp reset portion near the center of the
display.

f. The reset portion should show more than one ling,
as in Figure 4-14. The lines should not be separated by
more than ten divisions on the display.

£. Change the 3325A function to positive slopg ramp
and set oscilloscope trigger to negative to verify the
positive ramp.

h. Bump the 3325A frequency to 99.999995 Hz to

check the low frequency ramps. Verify that ramp period
variations do not exceed ten divisions.

429
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Figure 4-13. X Drive Linearity Test.

4-71. HP-IB Interface Test,

4-72. The following calculator program tests the opera-
tion of the 3325A HP-IB interface circuits. The pro-
gram is written for an -hp- Model 9825A, calculator but
may be adapted for other controllers. The program is
printed on a foldout page for your convenience.

Equipment Required:
-hp- Model 9825A Calculator equipped with:
98034A HE-IB Interface (zet the select code 7)
Any combination of ROM’s that includes a General
I/0 ROM and an Extended 1/0 ROM

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

b. Enter the program into the calculator,

¢, Press RUN. Tests 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 (SRQ LIGHT ON?, 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-
ror indication that will identify the problem. If not, the
3325A HP-IB circuits are probably not operating cor-
rectly.

Figure 4-14. Ramp Reset Waveform,




Model 3325A

Instrument Returns To Known Conditions After Self
Test

Test 1 - Did Frequency Go To 1000 Hz?

Test 2 - Interrogate Frequency

Test 3 - Interrogate Amplitude

Test 4 - Test SRQ Circuits

Test 5 - Test Talk Circuits

Test 6 — Test Listen Circuits

Test 7 - Test Remote Circuits

Performance Tests

PROGRAM FLOWCHART

Enter 3325A Bus Address

l

Perfarm Self Test

Freg = 1000 Hz?

Program:
Freq = 1234.56789 Hz
AMPTD = 50 mV

Is
Frequency
Correct

Is
Amplitude
Correct

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

SRQ
Light On
Talk
Light On

Listen
Light Cn

REM
Light On

Print Results

{ End )




Performance Tests Model 3325A,

R
18

[N

- P
=T LA WP

Clear the 3325A to Turn-on State
Set HP-IB Remote Enable (Select Code 7)

Perform Self Test

Interrogate Fraquency

Read 3325A Frequency

nleee ] Compare Frequency to 1000 Hz

SETUE 3
o mi TS RRDENY " ————8Set Freq to 1234.56 7890 Hz, Amptd to 50mV

Store Settings in Register 3

Clear the 3325A

Recall Settings in Register 3

Interrogate Frequency
Read Frequency
Compare to Frequency Stored

Interrogate Amplitude
el HaH Read Amplitude
P e AHRS Ll Compare to Amplitude Stored

R I R

Rt Fle CET M SmEFLRKH SEEY TIiRRE pEE Swmsetlin Sweep 1 —10kHz, Enable SRQ Mask
cli o Wilel F Clear Interface, Interface to Local
bowspo gt TSEGE LEGHT Dby LD e d ———Did 3325A Initiate SRQY

Read Status into Variable 5

Set Remote Enable

x| ] Read from the 3325A

s et CTELE LIGHT O I=HO0"y 1S ————Did 3325A respond to Talk Command?

\ 4l Write to the 33256A, Interface to Local
prge b oarh CLTETER L LTGHT e 1sH0" s p i = Did 3325A respond to Listen Command?

Remote Interface, Write to 3325A,
Clear Interface
i m———id the 3325A Respond to Remote?




Model 3325A Performance Tests

S10 ompe dprt e e B
524 prt "TERT R ILys=e

530 zpe Il v o B

S JF rli=Giprt "TEBT"sTa™ S ieini Print Resuits of Tests
if ri=lipet "TEET"sTa" FrIL"

if ol+1- myYy imp =2

Frt "EREEEFEFEFESEREN" N Aap0 M

E Ex

Zrt TRepeat besl T ) mtes 2 s CAif C=liato @ Self Contained Program may be
g Linked or Used as & Subroutine

Ee

S Ao cnon
[l AR N s )

_p'-ssl

)
L

Variables used in this Test Program:

Address of 3325A (defaults to 717)
Frequency read from 3325A in test #1
Frequency read from 3325A in test #2
Amplitude read from 3325A in test #3
Counter used to print test results

Test results (O =Pass, 1 =Fail

Status read from 3325A in test #5

Samples of Program Printouts:

FEEEEFFELEELEELY EEREEEBEEEFEEEEERE
SAETH 2EEZ5H
HP=-T1E TEZT HF-TE TEST

TEST RESLLTS: TEST REEULTS:
TEST TEET

TEST z TEST

TEST

B

4-33/4.34




Hewlatt-Packard

Modal 3325A
Synthesizer/Function Generator
Sarial No.

Par. 414
Stap ¢
Stepsd & e
Step f

Par. 4-22
Step ¢
Step d
Step e
Step f

OPERATIONAL VERIFICATION REGORD

Tastad by

Date

Salf Test

Sine Wave Verification
20 MHz: Fraquency and Amplitude
Signal Purity
High Voitage Output {1 MHz}

Square Wave Verification
Frequency and Amplitude
Abberations

Rise Time

Triangle and Ramp Verification
Trigangie Freq. and Amptd.
+ Ramp Freq. and Amptd.
= Rarmp Freq. and Amptd.
— Ramp Retrace Time
+ Ramp Retrace Time

Trigngle Linearity

Amplitude Flatness

Syne Qutput Chack

Frequency Accuracy
Sine, 20 MHz
Square, 10 MHz
Triangle, 10 kHz (100,000 ns)
Ramp, 10 kHz {100,000 ns)

Passed
Passad
Pazsed
Passed
Passed

Passed




Operational Verification

Dutput Level and Attenuator Check

D Offset Only}

Entry

-8V

(+)5 Vv
*{x) 1.488V
499.9 mv
149,89 my
49,99 mv
14.99 mV
4.989 mV
1.498 my

Min.
-4,980V
+4. 8980 V
{x) 1.49300V
+0.48790 V

+0.14830 V.

+0.04578 V
+0.01483 V
+0.04379 V
+0.001478 V

* All entries and limits ara +

High Voltage Qutput (Optign Q02)

20V
-20V

Harmonig Distartion

20 MHz
15 MHz
2 MHz
200 kHz
50 kHz
10 kHz
1 kHz
100 Hz

+19.775 V
—-19.775 V

High Voltage Output (Option 002)

100 Hz
10 kHz
200 kHz
1 MHz

Par. 4-28 Close-In Spurious Signal Tast

HP-IB Check

Max.
-5.020V
+5.020V

(£} 1.50493V
+0.50190 V
+0.15050V
+0.05019 V
+0.015058 V

+0.0058019 V

+0.001519 Vv

+20,225 V

—-20.225V

All Harmonics Below:

—254d8
- 30 dB
- 40 dB
=60 dB
=65 dB
-65 dB
- 656 dB
-85 dB

—-65 dg
- 65 dB
=60 dB
=40 dB




PERFORMANCE TEST RECORD

Hawlatt-Packard Tested By

Model 3325A
Synthesizer/Function Generator Date

Serial No.

Par. 4-37 Harmaonig Distortion

Fundamental Frequency Specification

20 MH: -Z5
15 MH= -30

2 MHz —40

200 kHz -60
50 kMz -65

10 kHz -6b

1 kHz -65
100 Hz - 66

High Voitage Output (Option 002}
100 He -65
10 kHz -65

200 kHz -60
1 MHz w40

Par. 4-39 Spurious Sigrnal Tests

Mixer Spurious Test (2:1 spur/3:2 spup)

2:1 spur 3:2 spur

4. 100MHz _ -
6.100MHz
8.100MHz

10.100MHz

12.100MH=

14.100MHz

16.100MHz

18.100MM=

20.100MH=

Close-in Spurious Test

5.0001MHz
5.00001MHz
5.000001MHz
20.001MHz

Par. 4-41 Integrated Phase Moise

19.901 MH=z

Par. 4-43 Amplitude Modulation Envelopa Distortion

Par. 4-45 Square Wave

Rise Time

dB
de
dB
dB
de
de
dB
dBe




Fall Time <20 ns

Overshoot, Positive Peak < 500 mV

Qvershaot, Negative Peak : < 500 mv

Far. 4.47 Ramp Retrace Time

+ Ramp ‘ <3 ps

- Ramp <3 ps

Par, 4-49 Syna Qutput

Vhigh

V|0W

Squara Wave Symmetry

Fraquency Accuracy

Sina, 20 MHz

Square, 10 MHz
Triangle, 10 kHz (100,000 ns)

Ramp, 10 kHz (100,000 ns)

Phase Increment Accuracy

Time
Minimurn Difference Maximum

Zara Phase Time Intarval

12 Ingrement Time Interval 22.22n8 . 33.34 ns

10° Ingrement Tirms Intarval 272.22ns ___ 283.34 ns

100% Ingrement Time Interval 2772.22n5 2783.34 ns

Par, 4-57 Phasea Maduiation Linearity

DVvM Phase Cumulative
Reading Difference Phaze X times v

4] o 0

Ww o ~3 oM B W =

L=

—_
—




Best Fit Measurad
Straight Line Mirirmum Cumulative Maximum
Phase Limit Phase Limnit

(yq) o

(YE,

(Vs)

lyg!
(V5)
Wﬁ)

(V';r:'

(VBI

lyg)
(Y"))

(V11)

Specification: £0.5% of (yy,) = £

Amplitude Accuracy
Entry Minimurm Measured Maximum
Sine Wave Test
Amplitude; 3,536 Vrmsg
Sine, 100 Hz

Sima, 1 kH:

Sine, 100 kHz
Amplitude: 1.061 Vrms

Sina, 100 Hz

Sine, 1 kHz

Sine, 100 kHz
Amplitude: 0.3536 Vims
BC, 1 mVv
Sine, 100 Hz 03411V 0 0.3660 V
Sina, 1 kHz Q3NIV 0.3660V
Sine, 100 Mz 03411V 0.3680 Vv
Function Tegt
Amplituda:10 Vpp
Square, 99.9 Hz
Triangle, 99.9 Hz
Pos Ramp, 98.9 Hz
Neg Ramp, 99.9 Hz

Square, 1 kHz




Triangle, 2 kHz
Pos Ramp, b00 H:z

Neg Ramp, 500 Hz
Square, 100 kHz
Triangle, 10 kHz

Pos Ramp, 10 kHz

Neg Ramp, 10 kHz

Amplitude: 3 Vpp
Square, 99.9 Hz
Triangle, 98,9 Hz

Pos Ramp, 99.9 Hz

Neg Ramp, 28.9 Hz
Square, 1 kHz
Triangle, 2 kHz

Pas Ramp, 500 Hz

Neg Ramp, 500 Hz
Square, 100 kHz
Triangle, 10 kHz

Pos Ramp, 10 kHz

Neg Ramp, 10 kHz

Amplitude: 1 Vpp
DeC: 1 mv

Square, 99,9 Hz
Triangle, 99.9 Hz

Pos Ramp, 99.9 Hz

Neg Ramp, 99,2 Hz

Square, 1 kHz
Triangle, 2 kz
Pos Rarnp, 500 Hz
Neg Ramp, 500 Hz
Square, 100 kHz
Triangle, 10 kHz
Pas Ramp, 10 kHz

Neg Ramp, 10 kHz

High Voltage (Option 002) Sinewave Teost
Amplitude: 14.14 Vrms
Sine, 2 kHz 13.86 Vv




High Voltage (Option 002) Function Test
Amplitude; 40 Vpp
Square, 2 kHz 3468V

Triangle, 2 kHz 3.466V

Pos Ramp, 2 kHz 3,488V
Neg Ramp, 2 kHz 3.466Y

Amplitude Flatness

Sine, 3 Vpp, 1 kHz
{Reference)

Allowable tolerance

{+6.6%)
2.001 MHz
4,001 MHz
6.001 MHz
B.001 MHz
10.001 MHz
12.001 MHz

14.001 MHz
16.001 MHz
18.001 MHz
20.001 MHz

Sine, 10 Vpp, 1 kHz
(Refarence)

Allowable tolerance
(+6.3%)
2.0017 MHz
4,001 MHz
6.001 MHz
8.001 MHz
10.001 MHz
12.001 MHz
14.001 MHz
16.001 MH:
18.001 MHz
20.001 MH:

Squara, 10 Vpp,  e— (check ane)
Pass

High Veltage (Qption 002) Flatness

Sine, 40 Vpp, - {check one}
Pass

10.234Y) 11.066Y)

(0.8937Y) (1.063Y)



DC Offzet Accuracy {DC Only)

Entry

5V

-5Y
-1.499 vV
1.498 V
4989.9 my
—-429.9 my
-149.9 mv
149.9 mV
49.99 mv
-49.9 mV
-14.29 mv
14.99 mV
4.999 mv
-4.999 mV
-1.499 mVv
1.499 mv

Minirmum

+4 980V

Maximum

+5.020 V

-4,280V

-56.020 V

-1.48300 V

+1.49300 V

+0.49790 V

—1.50429
+1.50499
0.50180

«(.43790 V

-0.14930V

+0.14830 V

+0.04878 V

-0.04979 V

-0.01493 V

+0.01482 VvV

+0.004879 V

—-0.004979 V

—-0.001479 V

+0.001478 Vv

High Voltage Qutput Option 002

20V
-20V

+18.775V

-0.560180
=-0.15080
+0,15080
+0.05019
-0.05018
=-0.0150Ch
+0.01505
+0.006018
-0.00501%
-0.001519
+0.001518

+20.225

-19.778 V

—-20.225

DC Offset Accuracy with AC Functions

Bine 20,999 999 999 MHz Minimum

4.5V
-4.5V

Sing 999.9 kHz
-4.5V
45V

Sgquare 999.9 kHz
4.5V

-45V

Square 9.9989 MHz
-4.5V

+4.350 V.

Maximum

+4.650V

-4.350 V,

-4.6850V

—4,440 ¥

-4.560V

+4.,440 V

+4.660V

+4.440 V.

—4.440V




Triangle 9.9 kHz

-4.5V

Ramp 9.9 kM:z
-4.5V

Par. 4-65. Triangle Linearity

Calculated Best Fit Tolerances
x Values Positive Slope Measuremant X times y Straight Line Minimum Maximym

Xy = 1 (10%1} y, ty)

Xg (20%) vy lys)

X {30%) y4 (ys)

X4 {40%) v, (yq!
Xe (50%) yg lys)
Xg (60%) yg (vg)
Xy = (70%) v (y)

Xg (B0%) vg (yg!

Xg (90%) vg lyg!
Lx = 45 Ly
(Lx)2 = 2026 Sxiy

m Ix? = 285

Par. 4-65. Triangle Linearity (Con’d)

Far, 4-65. Triangle Linearity

Calculgted Best Fit Tolerances
x Values Negative Slope Measurament X times y Straight Line Minimum Maximum

Xg 190%) yg vg)

Xg (B0%) vg (yg)
X9 {70%} y5 lyq)
xg = (60%)} vg lyg)
xg = (50%} v ivg)
Xg {40%!} yu lya
X3 (30%} vq (yg)
Xy (20%} v, {yq)
X (10%} v, tyy)

Ly

(Ex}2 = 2025 ¥xby

£x? = 285




Far, 4-67. x Drive Linearity w
Calculated Best Fit Tolerances

x Values Positive Slope Measurarment X times y Straight Line Minimuym Maximum

(10%]) v, {yqt
(20%) ¥ {yal
(30%) y4 lyg)
(40%) vy (gt
(50%) vg lyg)
{60%) yg lyg)
(70%} v+ yg)
(80%) vg lyg)
{90%) vq lyg)

-

x

Xz

X3

Xa

Xg

Xg

X7

*g

w M~ & M B W W

X9
Lz =45 Ly

(Ex)Z = 2025 ExLy

£x? = 285

Par, 4-69 Rarmp Period Variation
Negative Stope Ramp, 100 Hz 0 =« +100ps
Pogitive Slopa Ramp, 100 Hz - = & 100 ps

Positive Slope Ramp, 39.9 Hr 0000000 = £ 100ps

Par. 4-71. HP-IB Intarface

Pasgg Fail or Attach Caleulator Tape




l WARNING I

Maintenance described herein /s performed
with power supplied to the instrument, and pro-
tective covers removed. Such maintenance

shaould be performed aonly by service-trained
personnel who are aware of the hazards in-
valved (for example, fire and electrical shock/.
Where maintenance can be performed without
power applied, the power should be removed.




Model 3325A Adjustments

SECTION V
ADJUSTMENTS

5-1. INTRODUCTION. 5-10 Analog Phase Interpolation (API)
5-2. This section contains the procedures required to 2-11 30 MHZ Refe;ence OSf:l.llatOI'

adjust the 3325A to meet its specifications in Table 1-1. 3-12 Option 001 High Stability Frequency
These adjustments should be used following repairs or if Reference

performance tests indicate a deficiency. ?{iﬂ;"‘fa"e Amplitude Calibration
rive

Paragraph Adjustment Amplifier Biag
5.7 Power Supply Ramp Stability
Amplitude Flatness
5-8 D/A Converter Offset . . :
, 5-1 Mixer Spurious Signal
5-9 Voltage Controlled Oscillator Frequency

Table 5-1. Test Equipment Required for Adjustments

{ lllllll ) Equipment Critical Specifications e Recommgndf_&_dl\@g&

‘ AC/DC Digital AC Function: -hp-3455A/3486A
Voitmeter 1 V Range
Accuracy; £.5%
Resolution: 4 digits
DBC Function:
Rangas: .1 V, 1V, 10V, 100 V
Accuracy: t.2%
Resolution: 4% digits .
Low Freguency Frequency Range: 1 kHz - B0 kHz -hp-3580A/3585A
Spectrurm Analyzer Amplitude Accuracy: 0.5 dB

Spurious Responses: B0 dB below
ref.

Resistor 1 k2 -hp- Part No. 0683-1025

Eiectronic Counter Frequency measurement: to 20 MHz -hp-5328A
Accuracy: 2 counts with Opt. 040 or 041
Resoiution: 8 digits

Oseilloscopa Vertical: -hp-17404
2 channel
Bandwidth: de to 100 MHz
Deflection: B mV to 10 V/div
Horizantal:
Main and Delayed Sweeps
Main: B0 ns to 2 s/div
Delayad: 50 ns to 20 ms/div

Frequency Standard Frequency: § MHz -hp-105E8
(for Option 001 only) Av_clpqr.a.cy: 1 = 1}1)_‘9

- 10:1 Oscilloscope Probe | | Impedance: 1 M#, 13 pF hp-10040A

DC Fower Supply Volts; 0 - 10V -hp-6214A
Amps: 10 mA__” )

Oscillator Frequency: 1 kHz -hp-204C
Amplitude: 1 Vrms

High Frequency Frequency Range: 1 kHz - 80 MHz -hp-141T/B662B/B5538/
Spectrum Analyzer Amplitude Accuracy: +.5 dB o 8565A/8568A

Thermal Converter Input lmpedance: 508, Input -hp-1TQE0A
Voltage: 1Vrms, Frequency; TkHz
to 20MHz, Fraquancy Response:
+=0.05dB

.. pesistor | 2000 1% 1/8W -he- 0757-0407 |
t Resistor . BOU 1% 0.5W -hp- 0608-5965 |
. Resistor 138 1% 1/8W -hp- 0787-0380
| _ Resistor 2_2595% 14w -hp- 0683-25_9“5
Resistor 1508 1% 1/8W -hp- 0757-0284

! Resistor




Replaceable Parts

Tahle 6-1. List of Abbreviations.

Model 3325A

silver
aluminum

.. ampereis}
golg

.. £eramic

. coefficient

S . .Comman
... . COMPOSition
conneetion

[ deposited
double-pole double-throw
double-pole single-thraw

elactrolytic
-encapsytated

ceeeoee . Maradds)
tield effect transistor
ceeeeo fixed
gallium arsenice
gigaherty = 10*9 herrz
- . guard (ed}

- .germanium
groundied)

henrylies)

assemnily

motor

batrary

- . capacitor

- diode

delay line

lamp

mise #lectronic part
e . Fuse

capaciter i

my

F
is

o

my

nA

NE
Ne . ...
NG

FL

HR
Ic

P

El
K
L
M
M
P

.......... millivolts) = 10™ vohs

ABBREVIATIONS

hertz icyclels) per secondl NPO . .. negative positive zero
|zaro temperature coeflicient)
nanasecond(s) = 109 seconds

- not separgtely replaceable

. .inside diameter ns ... ...
impregnated
incandescent

. .insylation{ed| R _....ohmigl

order by description

kilahmis) = 10*2 ghms .. oulside diameter

kilchertz = 1043 hertz

- Co. . pRak

.. inductor e - picoampere(s)

o . linear tapar printed circuit

- .- logarithmic taper picofacadist 10°12 farads

peak inverse voltage

e part of

... .. position{s}

- ... polystyrene

... . powntigmater

.peak-to-peak

milliamperels) = 103 amperes

. megahertz = 1016 herez

.megohmis} - 106 ohms

. metal film

.. manufacturer

millisecond

. moynting

" long 1erm stability and/or tolerancel
microfaradis)

microsecondls) . resistor

microvoltis) = 10:6 votis rhodium

. Mylar@ root-mean-square

. rotary

.. nanoamperets) = 109 amperes

narmally closed e selenium
neon - . sectioni(s}
normally open  Si sihcon

DESIGNATORS
fifter Q.. transistor
. . .heater QCR . Iransistardinde
integrated circuit R, resistor
. jack AT thermistigr
relay S P switch
nductor T, transtormer
mewr  TB ferminal board
mechanical part TC thermacauple
...plug TP 1e3t point

e e temperature coetiiciant

average value shown (part may be omitted)

. single-pole double-throw
.. single-pota single-throw

tantalym

titanium dioxige
taggle

talerance
trimmer
transistor

Caa A . volish
allernating current working vol1age
e ieac i aaaa e 0. wariabia
<o direct current working voltage
wattls)

... with

wirking inverss voltage

e .. without

wisewound

.. .optimum value selecled at factory,

. no s1andard type number assigned
salected or special type

® Cupont de Nemours

termmal sitig

R . micracircuil
vacuum tube, nean huib photoceli, ete
. cable

.. .sackel

lamphalder

fuseholder

.. crystal

. . network

Tahle 6-2. List of Manufacturers.

Manufacturer Name

Address

Nippon Electric Co.

Any Satisfactory Supplier
Addressograph Multigraph Corp.
Allen-Bradley Co.

Texas Instr Inc. Semicond Cmpnt Div.
KD} Pyrofilm Corp.

Motorola Semiconducter Products
Panduit Corp.

Fairchild Semiconductor Div.
Sprague Elect Co. Semiconductor Div.
Signetics Corp.

Mepco/Electra Corp.

Corning Glass Works {Bradford)
Varadyne Inc.

National Semiconductor Corp.
Hewlett-Packard Co. Corporate Hq.
RCA Corp. Solid State Div.

intersil Inc.

Bourns Inc. Trimpot Prod Div.
Advanced Micro Devices Inc.
Centre Engineering Inc.

Stettner Electronics Inc.

Synertek

Sprague Electric Co.

Electro Motive Corp.

Johnson E F Co.

TRW Inc. Philadelphia Div.
Littelfuse Inc.

TRW Capacitor Div.

Dale Electronics Inc.

Tokyo, JP

Cleveiland, OH 44117
Milwaukee, WI 53204
Dallas, TX 75222
Whippany, NJ 07981
Phoenix, AZ 85008
Tinley Park, Il. 60477
Mountain View, CA 24042
Concord, NH 03301
Sunnyvale, CA 94086
Mineral Wells, TX 76067
Bradford, PA 16701
Santa Monica, CA 94040
Santa Clara, CA 9250561
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 062286
Waseca, MN 56083
Philadelphia, PA 19108
Des Plaines, IL 860016
Ogallala, NE 691563
Columbus, NE 68601

'. .QH




®

Mode! 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-
trod to place the display marker at the peak of the API
sput which appears at 3 kHz (3 display divisions).

e. Adjust the API 1 Adj (A2]1R76) to reduce the spur
to a minimum,

. Change 3325A frequency to 5 000 300 Hz.

2. Adjust APl 2 Adj (A21R74) to again reduce the spur
on the spectrum analyzer display to a minitmum,

h. Change 3325A frequency to 5 000 003 Hz.

1. Adjust API 4 Adj (A21RE8) to reduce the spur to
a minimum.

j. Set the 3325A to 5.003MHz and rcadjust API 1
(A21R76) to its minimum value. Also check the harmonic
distortion performance test (paragraph 4-38, steps e
through h).

5.11. 30 MHz Reference Oscillator.

Equipment Required: electronic counter (-hp- Model
5328A)

NOTE

The instrument musi have been ON for at
feast 20 minutes before performing this ad-
Justment,

a. If theinstrument has the Option 001 High Stability
Frequency Reference installed, the rear panel connec-
tion from **10 MHz Oven Qutput’* to **Ext Ref In™
must be disconnected.

b. Connect an electronic counter to the 3325A signal
output, using 50-ohm input termination.

¢. Set the 3325A as follows:

Function
Frequency
Amplitude

d. Adjust the counter to measure frequency (20
MIz).

¢. Adjust Ref (A3R30) for a counter display of
20,060 000 MHz,

5-12. Option 001 High Stability Frequency Reference.

Adjustments

Equipment Required:
Oscilloscope, 2 channel (-hp- Model 1740A)

Quartz Frequency Standard, 5 MHz (-hp- Model
103B)

NOTE

The rear panel **10 MHz Qven Quiptd'’ must
be connected to “Ext Ref In"",

a. This procedure is for instruments with the Option
001 High Stability Frequency Reference. The instru-
ment must have been connected to ac power (either in
STBY or ON) for at least 30 minuics before attempting
this adjustment.

b. Connect the frequency standard 3 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. Conneet the 3325A signal outpul to the second
channel of the oscilloscope.

e. Adjust the Fine Adj (A9R7) to stop Lthe 3325A
signal 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 (A9R7) does not have enough
range, procecd with Step g.

2. Adjust the Fine Adj (ASR7Y) to mechanical center.

h. Remove the screw from the Coarse Frequency ad-
justment 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 Calibration. A4

Equipment Required:
Oscilloscope (-hp- Model 1740A)
10:1 Oscilloscope Probe (-hp- Model 10041A)
DC Power Supply (-hp- Model 6214A)
Oscillator {-hp- Model 204C)
AC digital voltmeter (-hp- Model 3466A)

a. Set the 3325A to STBY.

Ad - see Section VII for alternate procedure




Adjustments

Do not allow disconnected cable connectors
to contact the printed circuit board or com-
ponenls, or circuits may be damaged.

b. Adjust the dec power supply output to +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 at a frequency of 1 kHz. Connect
the oscillator output between the center contact of
A3J23 and ground.

e, Set 3325A power switch to ON and set EXT MOD
to AM ON.

f. Connect the oscilloscope through a 10:1 probe to
A3TP4. Set oscilloscope input to ac coupled, sweep to 1
ms/div.

g. Adjust Y offset in (A3R60) to null 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 de coupled.

. Adjust Offset Out (A3R68) to return the
oscilloscope trace to the center line (3 Vdc).

j. Set the 3325A to STBY. Disconnect the dc power
sapply and the oscillator, and reconnect cable W23 to
A3123

k. Turn 3325A to ON,

1. Connect an ac digital voltmeter to the 3325A signal
output via a 50 ohm feedthru termination.

m. Set the 3325A to 1 kHz, Sine, 1 Vp-p, and 1 mV
DC OFFSET. Press AMPTD CAL key.

n. Adjust Offset In (A3R33) for a voltmeter reading
of .3536 Vrms t .0040 Vrms.

0. Repeat Steps m and n until output voltage of L3536
Vrms does not change when AMPTD CAL key is press-
ed.

p. Set the DC OFFSET to 0 V. The output voltage
should remain at .3536 Vrms = .0040 Vrms.

q. Set the output voltage to 10 Vp-p. The output
voltage should be 3.536 Vrms + .040 Vrms.

r. If necessary, the adjustment of R60 may be com-
promised slightly to bring these two voltages into
tolerance.

8-14. X Drive.

Equipment Required: de digital volimeter (-hp- Model
3466A.)

54

Mode] 3325A

a. Connect a dc digital voitmeter to 3325A rear panel
X Drive qurput.

b. Set the 3325A as follows:

Function

Amplitude

Sweep Start Freg

Sweep Stop Freg

Sweep Marker Freq

Sweep TImME. ... oiiniinnenns 0.999 seu

¢. Press RESET/S8TART key to reset sweep to start
conditions.

d. Digital voltmeter reading should be less than
20 mV.

¢. Adjust X Drive (A14R6) to mechanical center.

f. Press RESET/START key once (o initiate a single
sweep. At the end of the sweep the digital voltmeter
reading should be +10.450 to +10.5350 V.

g. If the reading is less than + 10.450V, adjust X Drive
(A14R6) 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 effect of
this adjustment can be observed only after
another single sweep. Following the end of a
sweep, the X Drive output voltage will drift
downward at = ImV per second.

h. Press RESET/START twice to initiate another
sweep. If necessary, readjust X Drive (A14R6), turning
clockwise to increase voltage and counterclockwise to
decrease voltage.

i. Repeat Steps g and h until proper voltage (+ 10,450
to + 10,550 V) is measured immediately following the
end of a sweep,

5-15, Amplifier Bias Adjustment, A5

Equipment Required: High frequency spectrum analyzer
(-hp- Model 141T/8552B/8553B/8566A/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




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

¢. Connect the 3325A signal output to the spectrum

analyzer input. Do not use a 50 ) 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, AI4R275 to minimize the 20MHz
second harmonic. It should dip sharply to = 34dB below
the fundamental.

8-16. Ramp Stahility.

Equipment Required: Qscilloscope, with delayed sweep
(-hp- Model 1740A)

a. Connect 3325A signal output to the oscilloscope
vertical input. (Do NOT use a 10:1 probe.) If the
oscilloscope is an -hp- Model 1740A, set the input
switch to the 50-ohm position. If your oscilloscope does
not have a 50-chm input, use a 50-0hm load (-hp- Model
11048C 50-ohm Feedthru Termination) at the input,

b, Set the 3325A as follows:

Function Positive Slope Ramp
Frequency
Amplitude

Remove the RMP test jumper

c. Set the ascilloscope as follows:

Vertical

Main Sweep
Delayed Sweep
Trigger

20u8/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.

e. Press the Negative Ramp function on the 3325A.

f. Change the trigger on the oscilloscope to positive and
note the negative ramp jitter 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
Al14C110 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 (wo,

NOTE
If ramp jitter cannot be adjusted satisfactor-
ily, troubleshoor the ramp generating circuiiry
{Service Group J).

j. The RMP test jumper can be left off {f it results in
the best possible adjustment.

]

Figure 5-1. Ramp Reszet Waveform.

§-17. Amplitude Flatness., AS

Equipment Required: 1Vrms/500 Thermal Converter
{-hp- Model 11050A), Digital Voltmeter (-hp- Model
3455A/3466A), Resistor 2000 1% 1/8W 0757-0407,
Resistor 500 1% 0.5W 0698-5965, Resistor 1382 1% 1/8W
0757-0380, Resistor 250 5% 1/4W 0683-2505, Resistor
150Q 1% 1/8W 0757-0284

a. Set the 3325A as follows:
Function
Amplitude
Frequency

b. Connect the 3325A signal output (through the
10Vp-p pad and thermal converter) to the digital volt-
meter (see Figure 5-2a).

CAUTION

Insure that the input voltage to the thermal
converter does not exceed 1Vrms. Also for
best results, allow the thermal converter lime
to settle and adjust to surrounding tem-
DErarures.

¢. Note and record the dec 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.

&. Set the 3325A to 10MHz. Adjust A14R 142 to ob-
tain the sarme reading as recorded in step c. Repeat step
d, adjusting A14C217 as neccssary.

A5 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.

2. Set the 3325 A to 20MHz. Bump the frequency down
to IMHz in 1MHz steps. Note the de voltage at each fre-
guency and insure that it s within £0.15mV of the refer-
ence recorded in step c.

k. If the dc voltage measured in the 19-21MHz range
is out of tolerance, increase or decreage the value of
A14C103 as necessary, using the values shown in Table
5-2. 1f A14C103 is changed, repeat steps d and g.

i. Set the 3325A amplitude to 3.0Vp-p.

j. Replace the 10Vp-p pad with the 3.0Vp-p pad (Figure
5-2b}. Repeat steps d and g. If a voltage measured in step
g is out of tolerance, repeat the amplitude flatness ad-
justrnent with the 3325A at both 10Vp-p and 3Vp-p until
all voltages are within tolerance.

CAUTION
Insure that the input voltage (o the thermal
converter does not exceed !lrms.

5-18. Mixer Spurious Signal.

Equipment Required: high frequency spectrum analyzer
{-hp- Model 141T/8552B/8553B/8566A/8568A)

a. =Set the 3325A as follows:

Function
Amplitude .. ... .o (0.999Vp-p
Frequency

Model 3325A

b. Set the spectrum analyzer as follows:

Center Frequency
Bandwidth

Scan Width
Input Attenuator
Scan Time

Log Ref Level
Vernier

Scan Mode
Scan Trigger

¢. Connect the 3325A signal output to the spectrum
analyzer’'s 50 input.

d. The 2:1 mixer spur should occur at 10MHz. Using
a non-conductive tool, adjust A3IR115 (MXR ADJ) until
the 2:1 spur is at a minimum. Check the VCO/2 spur at
5MHz.

e. Using the modify keys, bump the frequency from
20MHz to 11MHz in 1MHz steps. Observe the spectrum
analyzer for spurious responses. At 18MHz, check for
the 3:2 spur at 6MHz. Note that in all cases, all spurious
responses should be > 70dB below the desired signal,

Table 5-2. Padding Values.

A14C101
B8pf -hp- p/n Q140-0182

A14C103

130pf -hp- p/n OT140-0185
76pf -hp- p/n 0160-2202 140pf%-hp- p/n 0140-0217
82pf*-hp- p/n 0160-0145 150pf -hp- p/n 0140-0198

*Loaded Value

10Vp-p Pad

Digital Voltmeter

]

ouT

1
éean
|

N |

Figure 5-2a. Amplitude Flatness Adjustment (10Vp-p Pad).

1V/504
Thermal
Converter

1 -

DAL S a
o J

ﬁf&;_\_: =3

T

3Vp-p Pad

Digitat Voltmeter

L1

ouT

Figure 5-2h. Amplitude Flatness Adjustment {3Vp-p Pad).
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Model 3325A Replaceable Parts

®

SECTION VI
REPLACEABLE PARTS

b-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 instrement (Qty column). The total quantity ol a part is
given the first time the part numbcr appears.

h. Description of the part. (See List of Abbreviations in Table 6-1,)

¢. Typical manufacturer of the part is a five-digit code. (See Table 6-2 for List of
Manufacturers.)

d. Manuflacturer’s part number.

6-3. Miscellancous parts are listed in Table 6-3 following their respective assemblies.
CGieneral miscellancous parts are listed at the conclusion of Table 6-3.

6-4. ORDERING INFORMATION.

6-5. To obtain replacement parts, address order or inquiry to your local Hewlett-Packard
Field Office. (See List of Office Locations at the end of this manual.) Identify parts by their
Hewlett-Packard part numbers. Include instrument model and serial numbers.

6-6. NON—LISTED PARTS.
. To obtain a part that is not listed, include:

. Instrument model number,
. Instrument serial number.
;. Description of the part.
. Function and location of the part.

. PROPRIETARY PARTS.

6-9. Itemns marked by a dagger (1) in the reference designator column are available only for
repair and service of Hewlett-Fackard instruments.

6-10. PRINTED CIRCUIT ASSEMBLIES.

6-11. Printed circuit assemblies are listed in Table 6-3. An itemized parts listing of each as-
sembly is located in the service group associated with each printed circuit assembly.




Replaceable Parts

Tahle 6-1. List of Abbreviations.

Model 3325A

silver
aluminum

.. ampereis}
golg

.. £eramic

. coefficient

S . .Comman
... . COMPOSition
conneetion

[ deposited
double-pole double-throw
double-pole single-thraw

elactrolytic
-encapsytated

ceeeoee . Maradds)
tield effect transistor
ceeeeo fixed
gallium arsenice
gigaherty = 10*9 herrz
- . guard (ed}

- .germanium
groundied)

henrylies)

assemnily

motor

batrary

- . capacitor

- diode

delay line

lamp

mise #lectronic part
e . Fuse

capaciter i

my

F
is

o

my

nA

NE
Ne . ...
NG

FL

HR
Ic

P

El
K
L
M
M
P

.......... millivolts) = 10™ vohs

ABBREVIATIONS

hertz icyclels) per secondl NPO . .. negative positive zero
|zaro temperature coeflicient)
nanasecond(s) = 109 seconds

- not separgtely replaceable

. .inside diameter ns ... ...
impregnated
incandescent

. .insylation{ed| R _....ohmigl

order by description

kilahmis) = 10*2 ghms .. oulside diameter

kilchertz = 1043 hertz

- Co. . pRak

.. inductor e - picoampere(s)

o . linear tapar printed circuit

- .- logarithmic taper picofacadist 10°12 farads

peak inverse voltage

e part of

... .. position{s}

- ... polystyrene

... . powntigmater

.peak-to-peak

milliamperels) = 103 amperes

. megahertz = 1016 herez

.megohmis} - 106 ohms

. metal film

.. manufacturer

millisecond

. moynting

" long 1erm stability and/or tolerancel
microfaradis)

microsecondls) . resistor

microvoltis) = 10:6 votis rhodium

. Mylar@ root-mean-square

. rotary

.. nanoamperets) = 109 amperes

narmally closed e selenium
neon - . sectioni(s}
normally open  Si sihcon

DESIGNATORS
fifter Q.. transistor
. . .heater QCR . Iransistardinde
integrated circuit R, resistor
. jack AT thermistigr
relay S P switch
nductor T, transtormer
mewr  TB ferminal board
mechanical part TC thermacauple
...plug TP 1e3t point

e e temperature coetiiciant

average value shown (part may be omitted)

. single-pole double-throw
.. single-pota single-throw

tantalym

titanium dioxige
taggle

talerance
trimmer
transistor

Caa A . volish
allernating current working vol1age
e ieac i aaaa e 0. wariabia
<o direct current working voltage
wattls)

... with

wirking inverss voltage

e .. without

wisewound

.. .optimum value selecled at factory,

. no s1andard type number assigned
salected or special type

® Cupont de Nemours

termmal sitig

R . micracircuil
vacuum tube, nean huib photoceli, ete
. cable

.. .sackel

lamphalder

fuseholder

.. crystal

. . network

Tahle 6-2. List of Manufacturers.

Manufacturer Name

Address

Nippon Electric Co.

Any Satisfactory Supplier
Addressograph Multigraph Corp.
Allen-Bradley Co.

Texas Instr Inc. Semicond Cmpnt Div.
KD} Pyrofilm Corp.

Motorola Semiconducter Products
Panduit Corp.

Fairchild Semiconductor Div.
Sprague Elect Co. Semiconductor Div.
Signetics Corp.

Mepco/Electra Corp.

Corning Glass Works {Bradford)
Varadyne Inc.

National Semiconductor Corp.
Hewlett-Packard Co. Corporate Hq.
RCA Corp. Solid State Div.

intersil Inc.

Bourns Inc. Trimpot Prod Div.
Advanced Micro Devices Inc.
Centre Engineering Inc.

Stettner Electronics Inc.

Synertek

Sprague Electric Co.

Electro Motive Corp.

Johnson E F Co.

TRW Inc. Philadelphia Div.
Littelfuse Inc.

TRW Capacitor Div.

Dale Electronics Inc.

Tokyo, JP

Cleveiland, OH 44117
Milwaukee, WI 53204
Dallas, TX 75222
Whippany, NJ 07981
Phoenix, AZ 85008
Tinley Park, Il. 60477
Mountain View, CA 24042
Concord, NH 03301
Sunnyvale, CA 94086
Mineral Wells, TX 76067
Bradford, PA 16701
Santa Monica, CA 94040
Santa Clara, CA 9250561
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 062286
Waseca, MN 56083
Philadelphia, PA 19108
Des Plaines, IL 860016
Ogallala, NE 691563
Columbus, NE 68601

'. .QH




Replaceable Parts

Table 6-3. Replaceable Parts

Replaceable Parts

Reference
Designation

HP Part
Number

o

Description

Mfr
Code

Mfr Part Number

ARG

AzC1?
AzZC18
AXC1?
ARCR20

0XBAG-HL50

2635

0146433509
03180~0309
01B80--2635
8180—-464110
01603847

{i60-3508
01604571
01801781
01603047
01802823

016820423
0180~0423
01893008
01802823

~

= gm@ae Ay oo

Ll ]

FOWER BUPPLY &

CAPACITOR-FXR
CAPACYTOR--FXD
CAPACITOR-FXD
CAPACTTOR -FXD
CAPACITOR-FXI

CAPACTTOR-FXD
CAPALITOR-FXD
CAPACITOR--FXD
CAPACITOR-FXD
CAPACITOR -FXD

CAPACITOR-FXD
CAPACTTOR-FXD
CAPACLTOR-F XD
CAPACTTOR--FXD
CAPAGCITOR-FXD

CAPACTTAR-FXD
CAPACTITOR-FXD
CAPACITOR-FXD
CAPACITOR-FXD

HHY

TUF +BO-20X SOVDL CER
1UF +30-20% S0VDC CER
UF +-20% S0vDpC CER
VIUF 4 -20% SeVDE CER
100RUF+50-10% ISUDC AL

108 +80-20% HOYDC CER
A, 7UF+=320% 10VDC TA
1430UF+50~10% 3GUDC AL
ANQOUF+50-10% 16VDEC AL
JIUF +100-0% SOVDEG CER

1UF +80-20% S9VDC CER
JAUF +BO-E20X S0VDG CER
&, BUF+=20% &VDC TA
J01UF +100--0% SOVDC CER
A7DUF+S0-10% 6.3VDC AL

10RUF50-10%
100UF+50-10%
470UF+50~10%
AZDUF+50-10%

25YDC Al
25YDC Al
35YDC AL
&.3VDC Al

28480

29460

2ias0
G089
28480
28480
2ia80

20480
24480
54H289
284080
289430

28480
29480
20464
20490

0160-3508
1SBD4A7TR001 042
N180 -2635
01804610
0160-3847

014603508
1160-4571
1%ODLBEX0O0 0642
016036047
01802083

0180-0403
01800423
0180-3000
018602823

ARCR1
A2GRZ
AZCR3
A20R4
AZCRS

1701-0662
19010662
19010662
1901 -0662
19032-0025

DI10DE-PUR
DIDDE-PWR
BIODE-PUWR
DYDDE- PUR
DIODE--ZNR

RECT 100V HA
RE.CT 100V 64
RECT 196V &4
RECT 108V b4
1oV 5% DO-35

04713
D4713
04713
04713
28480

MR 761
MR751
HR7S1
HMR751
i9p2-06as

bl o

Ph=, 4l TC=+.006%

ARCR7
A2CRA
AZCRY
AZCRLD
AQCRI2

1%02-3214
1201-0€40
1902~06777
1884- 01244
1901--0040

20480
204890
04713
3LE58T
20480

192023214
1201~0040
1NERE
2Ne4aDD
1901-0040

DIODE-ZNR 16,2V 2% D035 PR=, 4l
DIODE-SWITCHING 30V 50MA 2NS DO-35
DIODE~ZNR INB2S 6.2V 5% DO-7 PD=,4U
THYRISTOR-SCR 2M6400 TO-22BAE VRRH=H0
DIODE~SWITCHING 30V SOMA 2NS DO--3%

[T

2N8
ANG

1201-0040
1901--0040
17¢1-0518
1241 -9040
190105335

DIODE~-SUWITCHING 30V S0MA
DIODE--SWITCHING 30V SO0MA
DIGDE-SH S51G SCHOTTKY
DIODE~SWITCHING 30V SO0MA
DIODE-3HM SIG SCHOTTKY

DO-35
DO-35

28480
=R480
26480
70480
26480

1901-p040
1901-0040
1901-0318
19010040
1901-053%%

2NS DO~3%

P s

AZCR17

AZCR1G 1901-0518 284080

=+

DINDE~SM SIG SCHOTTKY 19010518

0490--0745 28480 04700745

~

RELAY 10 &VPC-COIL A 118VaAC

¥100--3807 INDUETOR R¥-CH-HLD 110NH 5% .166DX, 360L6 28480 ?100-3607
1251-4246
1261 -3759
1251-3638
12351 ~4244
1261-3570
0332566901
03325446902
03325-646%03
18%4--0094
aNagy 7

28480
20480
203480
20480
28480

28480
28480
28480
28488
87263

APPY
AZP2
AZP3
ARP 4
A2P5
A201
AZR2
AZQ3
AZRA
LIRS

128142446
12851 ~-37200
1251-3638
12814246
1251-3570
0332566701
3A2G- 66902
013Ie5- 66703
1854-0094
1653-00879

CONNECTOR 3-PEN M POST TYPE
CONMECTOR 10--PIN ¥ POST TYPE
CONNECTOR &-PIM M POST TYPEZ
CONNECTOR 3-PIN M POGT TYPE
CONNECTCR 10-PIN M POST TYPE
KBTR ABBEMBLY
X8TR AGSEMBLY
XETR ASGEMELY
TRANGISTOR NP
TRANSISTOR PNP

SI PO=200HW FT=350MHZ
2N4917 SI PD=200MW

wHabpnNDaNm b

64713
07263
04713
26480
04713

1854~9215
18%3-0087
168540215
18540071
10184-0692

2NIF04
ZNaT17
2N3704
1854-0071
MIE2R3

A2GH
AZRY
AR
AZQY
AZRtl

TRANSISTOR
TRANSIETOR
TRANSISYOR
TRANSISTOR
TRANSTISTOR

NP N
PNP

SI PD=350MW FT=300MHZ
2N4?17 61 PD=200MY
NPN 85 PD=330MW FT=300MHZ
NPN 3T PD=300MW FT=200MHZ
NPN 81 PD=15W FT=50MHZ

[EEREENTE

07253
04713
28480

2Naw1 7
MJIES71K
18530066

ENAR1Y G1 PD=200HUW
SI TO-220AB PD=6LOW
B3I TO-92 PD=425HY

A2Q11
AZRR12
h2R13

1833-0087
1833-0450
1853-0068

TRANSISTOR
TRANSISTOR
TRANSISTOR

PNP
PNP
PR

(=R}

Z4546
24546
63121
73042
niiz21

AZR1
AZRE
AZR3
AR 4
AZRY

CA-1/0-T0- 2004 ~F
C4-1/8-T-~2001 ~F
CHB203S
BW~B0~1/2-RG6-T
CHIPAS

0757-0283
0757-02683
06832035
0811--2544
0683-3925

RESISTOR
RESISTOR
RESIGTOR
RESISTOR
RESISTOR

2% 1Z 125w F TC=0+-108

2K 1% 1238 F TC

20K 5% ,234 FC T

L5& S% .UW PW TC=04-300

3.9K 94 ,25W FC TO=-408/4700

IR

AZRE
ARR7
AZRA
ARRY

07570200
4757-0280
1683-2033
0683-1025

RESISTOR
RESISTOR
RESISTOR
RESISTOR

1K 1%
iK 1%
20K 3
1K 5%

L1230 £ TC=0+-100
28R P TE=04-100

% 254 FC TC=-400/+B4D
\25W FQ TL=-400/4600

24546
aah4b
01121
01121

C4--1/8-70~-1001~F
C4-1/8-T0--1001-F
CE2035
CHB1025

73042 BWRG-B/10~ ,47R -

0 i o

AZR10 08119548 REBISTOR .47 9% .54 PW TC=0+-300
%1121
01421
341121
01121

24544

CEL02S
CBA715
CH1525
CEIN1S
GA=1/8-T0-131-F

AZRI
AZR1Z
AZR13
AZR14
AZRIE

0633-1025
G603-4715
16831525
$683-1013
0797--0404

REBISTOR 1K TX ,25W FGC TC=-400/+400
RESISTOR 470 &5% 254 FC TC=-408/+600
REBISTOR 1.5% 5% 24U 74 TC=-400/+700
RESGISTOR 100 S5¥% .2%W FC TC=-400/+500
RESISTOR 130 1% .125W F TC=0+-100

[EREX R R

patias
24544
01121
01121
20480

C4-1/B-TE-H23
Ga-1/8-T0-6192~F
CEEI 22

CE270%

te99-63240

B.25K 1% ,125W F TC=0+-100
61,98 1% L1350 F TC=0+-180
5.1K SX 250 FC TG=-400/4700
J2EW FT T 80/ +3520
J128W ¥ OTC=0+-25

AZR1S
ARR1?7
AZR1B
AZR1D
AZRZD

J7T7-0441
07570460
06635125
0683--2705
0£78-6360

RESISTOR
RESISHTOR
RESISTOR
RESISTOR 27 G%
RESISTOR 18K .1X%

oM@~ @

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




Replaceable Parts Replaceable Parts

Table 6-3. Replaceable Parts

Mfr
Code

01124
28489
20480
23008
0L12y

HP Part
Number

Reference

Designation Mfr Part Number

Description

jo N o]

Cr101%

2100-3294

04698-6619
PMESS-1/8-T?-5001~R
CBi0iS

RESISTOR 100 5% .25W FC Ti=-400/+500
SISTOR-TRMR 1K 104 © TOP-ARJ 17-TRN

RESISTOR 18K 1% .t28W F TC=0+-23%

RESISTOR 8K 1% ,125W F T

REGIGTOR 100 % ,2%W ¥C TC

AZRE1
AZfR22
AZR2Y
A2R24

AZR2T

J683--1015
21003298
1678-65617
06986320
V4683-1015

N @ EEa

WF 401 /8-T9- 12528
MF4C1/8-T?-6641 ]
CA-1/8-TO-1181-F
CRI01YS
CB1035

197013
197701
24544
i1
01121

RESISTOR 12,5k 1%
RESIGTOR 8.64K 1% 120W F TC=0+-25
RESISTOR 1.181 §% 1200 ¥ TCx0+-100
RESESTOR 180 S% ,29W FC T 40074500
RESIGTOR 10K 52 .20 FO T 400/4708

0e5B-01%1
04678-B0&0
04983512
0Ha35-1015
P4HEI-1035

AZREG V18548 F O T0=0+-23
o5

PRI

0112t
28480
01121
G113
niiz21

CR472G
T&28-6360
CRI043
Cn2039
EB3113

RESISHTOR 4,7K SX .25W FC TC=-400/+700
RESISTOR 10K 1% ,1RGW 7 TC=0+-25
RESISTOR 100K 5% .28k FC TC=-400/+300
RESISTOR 20K T ,2SW FC TCa=-a00G/+4800
REGIGTOR S10 6% .54 CC TC=0-+00%

0683~4720
069863400
163%-1045
G683~2035
068651180

(GRS

AZRIS
CBLGO0S
CB1425
CHEG2E

o121
01121
01121

RESISTOR 10 % .25 FC TC=-400/4500
RESIHTOR 1,6K 5% .2%5W FC TC=—400/+700
RESISTOR 3K 5%  2%W FC TU=-a00/+700

ARR 4N
AZR4AZ
LELER

D56B3-190G
UHH3-1625
068%-3025
31011162
1012042

28480
29489

SWITCH -8l SPDT MINTR .34 1DGYVAC/DC PC
SWITCH-St. DPRT 9TD 2A 2%0VALT SLDR-LUG

J101-3162
L2k 31012042

Gog ot

04713
27014
27014
#7014

DIODE-FW BRDG 200V 24

18260478 IC OF AMP GF DUAL T0-99 PKGC
18260678 IC OF AMP GF DUAL TO-$% PKG
1836~-04678 IG or aMP GP DUAL TO--99 PG

A2 1706-00%6

ARl
B2US
ARL4 LH3%aN

:a% | 0H37--0120 VARISTOR-130VAC 28480 0837-0120

28400 12616600

Gi

12%1-p600 CONNESTOR-SGL. CONT PIN 1, 14-MM-BSC-gZ 84

A3C13
A3L14
AiClE
AJCL7
ABCIB

MHIGLY
A3020

AZ
ABL2Y

A3LEL
A3C3Z2
ABL33
A3C34
ARCEL

AJCE?
A3
ABC3T
A3CAL

AZCAZ

A3GAT

14000507
2200-01473
22600089
2E60-0113

S050--0440
FARC-A71E
7121-1234

03532566703

0160-3558
01 60--3847
0160-0362
01600362
0160-3847

0160-2204
01846-0228
01603058
01649-0174
0140~0191

81400199
0169-2264
t1460-3847
011 60736147
1140-0204

01603847
1602252
0180-0197
C1B0-0157
01801748

01560--3358
0L60-3B47
01460--3847
U7 69--3847
0160-36847

0180~022%
U1B80-1744
1801746
01603847
071 60--3847

01603847
01603847
0160-3847
01604847
0160-3526

0160--2254
$160-2255
9160~-36347
01403085
0166-21%9

fAm@p-0 FoR RS WO A G <

g0 g

™

AWy Yottt

o
Sewah

0 P G

GABLE TIE ,062-2-DIA (075G-WD NYL
ECREW-MACH 4-40 375 IN-LG PAN-HD-POZT

HUT -HEX--WAALKWR

~THD . 094~ TN-THK

SCREW-MACH &~3F 285-IN-LG PAN-HD-POLL

WASHER-BHLDR NO. 4 115-IN--ID .2~IN-0D

LABEL~WARNING

JO=TN-BD 1-TN-LE MYLAR

LABEL-CAUTION 1.925-IN-WD 2.24-iN-LG

SIGNAL SOURCE

CAPACITOR-FXD
CAPALUITOR-FXD
CAPACTTOR-FXD
CAPACITOR-FXD
CAPACITOR -FXD

CAPACITOR-FAD
CAPACITOR-FXD
LaPACITOR-FXD
CAPACITOR-FXD
CAPACITOR-FXL

CAPACITOR-FXD
CAPACITOR-FXD
LAPACITOR-FXD
CAPACTITOR-FXD
CARACITOR XD

CAPACITOR-FXD
CAPACITOR-FXD
CAPACTTOR-FXD
CAPACITOR-FXD
CAPACTITOR-FXD

CAPACITOR~FXD
LAPACETOR-FXD
CAPACTTOR-FXD
CAPACTTOR-FXD
CAPACITOR-FXD

CAFACTITOR~-FXD
CAPACITOR-FXD
CAPACITOR-FXD
CAPACTTOR--FXD
CAPACITOR-FXD

CAPACITOR-FXD
CAPACITOR-FXD
CAPACITOR-FXD
CAPACLTOR-FXT
CAPACITOR-FXD

CAPACITOR-FXD
CAPACITOR-FXD
CAPACTTOR-FXD
CaPAGITOR-F XD
CAPALITOR-FXD

JAUF +-20% S0VDC CER

JO1UF +100-07%4 S0VDC CER
S10PF +-5%Z 300YDC MICA
S10PF +--G% Z08VDC MICA
LBIUF #100~0% SOVDC CER

100PF +-5% J0VGVDC MICA
22UF+-10% 15VDC TA

JAUF +-20% S0VDC CER
JATUF +BO0-20%X 28VREC CER
B6PF +-0% 300VDC MICA

RAGPE +-5% Z0OVRC HMICA
20PF +-5% H00VDC CER 0430
JOLUF +150-0% SOVDC CER
LO1UF +100-0% S0VDC CER
A7PF +-5% SOHOAVYDC MICA

JOTUF +100--0% S0VDE CER
&, 2PF -, 25PF GOOVDE CER
2 PUF+-10% 20VDC TA

2, 2UF+=10% 20UDC TA
15UF+-10% 20VDC TA

JUF -20% 50VDC CER

JOIUF +100-0% S0VDC CER
L04UF +100-0% SGVDC CER
JOIUF +100-0% SOVDE CER
CDIUF +100-9% SO0VUDC CER

JIUF+~10% 10VDC Ta
1SUF+-10% 20VDE TA
15UF+=10% 20UDC Ta
LIUF +100-0% S0VDC CER
JOAUF 10804 S0VDE CER

JOFUF +100-0% S0VDC CiER
VOTUF #100-0% FYVUDC CER
JO01UF +180-0% SUVDC CER
»O1UF +100-0% GOVDC GER
FEPE 41X 100UDC MICA

7. 5PF 4~ ZEPE S0OVRE CER
%, 2PF -, 25PFF S00VDC CER
LGIUF +100-0% S0VDC CER
BUOPF +-1% J00VDC MICA
I0PF +-5% 300VDE MICA

28480
#6480
onnoee
ooonno

28480
284830
28480

28489

28480
2D4%0
28480
20480
28480

213480
GheB?
28480
23480
72134

72136
20480
8460
w8480
F21BH

28409
28480
HH2BY
56289
56207

28480
23400
ag4e0
£68400
28480

o289
56287
BHEBY?
28480
28480

283480
25480
REAB0
28480
28480

28480
28480
283480
28480
28400

1400-0507
22000143

DRIER HY PESCRIPTION
DRDER BY DESCRIPTION

F05-0440
Flan-6712
7121-1234

03329~ 46503

0160-3558
8160~3847
0160-0362
N1&0~-0362
G160-3847

01402204
150DE26X0 1450
01460-3558
0160-0174
THISESE0SOI00WICR

PHISF241T030 0WV1CR
01402264
Di60-3847
01603847
PHISE470T050 IWVICR

§160-3847
0160-2252
150D225X7 02042
150022542 020A2
150D156X9 02082

0140--3558
01483847
0160-3847
01603847
016 0-3647

150DA36X201 082
1O HEXPI2002
1500186X9 02002
0149 3847
01&0-3847

01560-2847
01460-36847
6160-33847
01460~-3847
0160-3G20

01602354
1160-2255
G160-3047
01&60-308%
1602197

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

Pescription

Mfr
Code

Mfr Part Number

AZCAY
ASCTL

ARCED
ASICHS
ARCHE

A3
AZLC10A
ABC107

A3C108B
AsC1oY
ABCILL
A3C1I1R
AdGI3

A3C114
ASCT1a
A3C1LY?
ABCIIE
A3y

ASCI20
RAACT
A3C122
ARCLEE
AACI24

ATCLEY
ASEIT

AJGLER
A3C153
AZULIS4A
ABC1SE
MRS

ABCIGE

ARLRL
ALLR2

0160 -3247
0160--3047
0160-- 3047
0N165--3047
0160 3047

0160-236%
0160--2265
01605847
0160 -5047
B 160--3038

0160-3847
0160--3847
01601746
01602252
01682266

N1BN~1744
016 n73
N166-22563
01b0-2372
016020260

0160
0180~
01én--2
01603347
0160-3847

-2251
0140-01%0
C1e0--2i44

D140-0120
01602251

0140-0190
0ha0~R244
01403847

01603847
01560-3047
G160--3047
$160--38047
01B0~174b

0t60-3847

1901 -0440
17014040

WM NE YO gl W o

R JE IR N IEN |

CAPACTTOR-FXN
CAPACTITOR ~-F XD
CAPACT TOR--FXD
CAPACLTOR-FXD
CAPACLTOR -FXI

CAPACTTOR--
Caprar TOR-F
CAPALIYO $
CAPACITOR-FXD
CAPACIYTOR-¥XD

CAPACLTOR -FXB
CAPALTITOR-FXD
CAPACLTOR~FXIF
CAPACITOR-FXD
CAPAGITOR -FXD

CAPACITOR-F XD
CAPACTTOR -FXD
CAPACTITOR-FXD
CAPACTTOR-FXD
CAPACITOR-FXD

CAPACITOR-FXD
CAPACITOR-FXD
CAPACITOR~FXD
CAPACITOR-FXD
CARACLTOR -FXIy

CAPACITOR-F XD
CAPACITOR-FXI
CAPACITOR-F XD
CAPACITOR-FXD
CAPACITOR~FXD

CAPACITOR-FXD
LAPACTTOR-FXD
CAPACITOR-FXD
CAPACTTOR~FXD
CAPALITOR-F XD

CAPACTTOR-FXD
CAPACITOR-FXD
CAPACTTOR-FXD
CAPACITOR -FXD
CAPACITOR-FXD

CAPACITOR-FKD

DTODC-SWITCHING 30V SOMA ZNS
DIODE -SWITCHING 30V G0MA 2N5 DO-33

CDIUR 1n0-0% 50VDC CER
JOHLUF +160--0% S0VDG CER
LOIUF +100-0% S0VDRE R
LBIur +190- 0% S0VDC R
yO1IUF #1106 -0% 50VDE CER

» S0PYDE CER 0430
s % S0hVDC CER 0+-30
JDIUF +100--0% S0VDE CRR
COIUF +100--0% B0UDC CER
JUF +-204 S0VDC CER

LOTUF #1008 BOVDG CER
CB1UF #1083--0% S0VDE CLR
tSUF+-10% 29908 T4

4. 2PF +- 25PF B00VDC CLR
PARF +-G% S00UDC CER D430

15UF+-10% 20UDC TA

51.5PF +-1% S00VDC MICA
18PF +-3% SOQUDC CER 0+-30
47Pr % I0OVIRC HMICA

13PF +-0% S00VDC CER 0430

47FF +-2% 300VDC MICA
15UF+=10% 20VDC TA
AIUE +100-0% S0VDC CER
CHLUF +100--n% S0VDEG CER
CDIUE #1000 GGVUDC CER

JPF +-,RSPF SOOVDC CER
J3720F #-S% B00VDE MICA
S APF ke 2GPE S00VDE CUR
ki JI00UNC MICA
JINF e, 2HPF HOOVDC CER

39PF +-GX J0OVDC MICA
9. 46PF +-,2GPF S00VDC CER
39PF % B00VDE MICA
IPF +-.25PF S00VDE CER
JOUF +108-40% GOVDC CER

JOMUF 410003 S0VDC CLR
LOTUF +100-0% SOVBC CER
JOIUE +100-0% SOVDC R
JOUF 4108-0% SOVREC CER
15UF+-18% POVDE TA

LO1UF +100-0% SO0VDE CER

DO~35

28480
28480
284810
z0480
28480

L8480
o480
20410
QE4E0
20480

ogag0
23480
HH2B?
20480
orago

BHRBT
28480
20480
28430
£B430

28480
B6HE8T
20480
ZBAB0
2480

EB480
VR136
0480
Ta136
pade 22001

72136
zRAB0
72136
211409
2B4Bo

28400
28480
28400
28460
SHEQY

28480

28480
284814

01&0-30347
01 &0--3B47
G160-5047
01403847
01&6£0-3347

01460~2¢

0160-226%5
01603847
01606-Z847
01 603558

01460-3847
0140- 3347

0160-2258
014602264

0160
11560-2372
01402260

F16 6-2372
150D1SEXR02 012
0160-3847
01460-3847
01605847

0160-2244
DHISESPRT 030 0WV L CR
D4 60-2201
DPMIGE3F0TOI00WVICR
h160-2244

DH1SEIPHT0Z00WVICR
261
PoT030 9WVICR
0160-2244
G1460-3347

01403047
G150-3847
05603847
G1é0-3847
1G0D1B6XP 02082

01603847

1201-G440
1%01-0044

19010518
1901-0518
1202--3549

28480
20480
28487

AZCRI
AZCRA
AZLRG

19010519
1901 -0%18
1202-31 49

DIODE-5M SI1G SUMOTTKY
RIORE~BH $IG SCHOTTKY
DIODE~-ZNR 9,09V 5% DO-35 PD=,4W

V@D

20480
14713
28480
28481
20400

1902-3030
ML

1702-00R%
19910818
19018516

AICRY?
AJLRE
AJCR10
ABCR1
A3CRIE

2--3030
220089
1202-4025
1904 -(518
17010518

TIODE-INR 3,01V 5% DO-7 PDx=, 44 TC=-.067%
DIODE-YC 29PF 310% C3/C25-MIN=% BUR=30V
DIDDE--ZNR 10V % DO-35 PD=. 4l TC=+,06%
DIORE-SH SIH BCHOTIKY

DIODE--S5H BIC SCHOITKY

(Rl LN |

28400
283430
268480

19060807
19016935
19010535

ABCRID
ASCR10:2
ASCRI0D

19060207
19010335
1901~0535

DIDBE--MATCHED
DIODE-3M SIG SCHOTTKY
PIODE-8M SIC SUHOTTKY

ok

28480
28480
28480
28480
28480

CONNECTOR 21-PIN M POST TYFE 1261-6%567
JUMPER ~REM

CONNECTOR-PHGNO SINGLE PHONG JACK;
CONNECTOR-PHONG SINGLE FHOND JACK;

CONNECTOR-PHONGO SINGLE PHONG JACK)

AsTl 12516547
AZTE 1R258--0141
AdT3 1251-2969
GESE 12512969

B3SO 12512969

DIP
DIP
DIF

20480
28480
28480
28480
28480

1p51-2%6%
1251~29469
1251 -296%
1281-8967
1251-2969

oL
DIP
DEIP
DIP
piv

Al3I7
A3IB
A3IT
AJTI0
AdTL1

12%1-296%
12512969
1A% -R96Y
1251--294%
1251 -294%

CONMECTOR -PHOND SINGLE PIRONO JACK;
CONNECTOR -PHONO SINGLE PHOND JACK;
COMNECTOR~-PHOND SINGLE PMOND JACK;
CONNECTOR-PHOND SINGLE PHONG JACK;
CONNECTOR~PHOND SINGLE PHOND JACK;

DIP 28480
28430
28400
28480
28a6e
28480
264870

1261-290%
9100-3661

FLOQ-17F1
#140-0210
91409210
P170-08%4
?140- D210

CONNECTOR~PHONO SINGLE
Coil-MId 1uH 6% Q=50
INDUCTOR 290MH 20% ,23DX. 3736

INDUCTOR RF-CH~MLD 100UH 5% ,146DX, 385LG
INDUCTOR RF~CH-MLT 100UH SX ,166DX,380LG
CORE-SHIELDING BEAD
INBUCTOR RF-CH-MLT 100U 5%

AYTLS
A3L1
AL
AL
AlL4
AZLY
ABLE

12512967
9100-2551

P100--1791
7140-0210
?140-0210
?170-08%94
2140-0210

PHOND JACK;

o se g TRl Ro®o

L164D% ., 3BELE

28400 ?140-0210
28480 21003560
28480 &
28430
2B4B10

. 166DX . 3BELE
,166DK, IHELG
,166DX . 365G
JABEDX. 38GLE
A66DX, IFBLE

INDUCTOR RF-CH -MLD
INDUCTOR

1B0UH 5%
9.6UM D%
INDUCTOR 00K 1%
IMDUCTOR RF -CH-MLD 47UH 5%
INDUCTOR R¥-DH-MLD 1UH 5%

F140-D210
¥100-3%560
7140-0253
P100-1629
9100-3551

bl

AJLOD1 $100-3700%1

See introduction te this section for ordering information
*[ndicates factory selected value




Replaceable Parts Replaceable Parts

Table 6-3. Replaceable Parts

Reference HP Part
Designation Number

AsLTE ?100-1791
GEIRLF
AL LGS 4
AsL1D4 91003552
A3L103 F140-0347

Description P:nga e Mfr Part Number

INDUCTOR 2P0NH 20% . R3DX.37W.6 23A30 P100-1771
INDUCTOR 2%0NH 20% 23DX. 375G 20430 F100-1791
INBUCTOR R He-MLD 1L AU BX L 1660X, 38ULG 20480 ?140-0260
INDUCTOR RF-CH-HLD 1.5UH 2 . 146DX, 28510 =h480 1003552
INDUCTOR RF-CH-HLD 1.1UH 5% ,1466BX. 303ILC 28460 D1a9-0347

oo

G =

A3L 104 P140-DTeE
AZL167 P100~-0337
ABLADES 1400142
A3L11L ?100-3315
A2 P100--3313

INDUCTOR RF-CH-MLD 1.6UH T4, 186DK. 385LE 26480 FLAN-0265
INDUCTOR i ITEM) 20480 P1O0-053%
INDUCTOR RF- 2.8UH 10% L 100DX, 26LEG 23440 P140-01472
INDUCTOR ~GH-MLD B20ONH 5% . 1646DX, 38546 2480 F100-3313
INDUCTOR RF-CH-MLD S20NH D% . 166DX. 30515 28480 F100-3313

~0 0@ L

THDUCTOR RF-CH-MLD 1.3UM %% 133DX, 3756 2E480 P100-3344
INPUCTDR RF~CH-MLD 1.3UH 5% 154DX.373LE 28480 FLO0-35446
INDUCTOR RF-CH-MLD 1.3UH4 5% ,15SDX, 37ELE6 20480 3
INDUCTOR AF-CH-#LD 1.30H S% . 155DX, 3756 26480 P100-3546H
INDUCTOR 270NH 28% 23DX.375LG 2844810 F100-17%1

A3L1LS
ALY 4
A3LI1S g
A% 2100~ 3548
A3L1EY 21001791

e

INDUCTOR (HIBC ITEM) 28480 210003539
INDUCTOR RF-CH-MLD 104UH 5% . 166DX. 305LG 2400 F140-0210

ABL 152 9100~ 053Y
ABL 153 9140-0210

—

SHIELD, TOP 28484
SHIELD, BOTTOM 20480
COVER, 1 2EAB0
COVER, 3 213480 03F2E 0141035

AZMIT 03325-20601
AZNET 0332T-20602
ABMPS 02552504101
ATMP & 0332504103

Lo

AP A 1831--4822 CONNECTOR 3-PIN ¥ PDHT TYPE 26480 padin-age

o

TRANSIGTUR PNP 81 TO-92 Ph=62E 4743 HiITSHE1
TRANSISTOR J~FET W-CHAN D-M 5 o84480 18550081
TRANSISTOR PHNP EN4D17 5% PD=200KY 07263 2N491 7
TRANSIGTOR NPN SI PD=200MW FT=600MMZ 26480 185400922
TRANSISTOR MFN 8F PD=3T0MW FT=3J00HHZ 04713 ZNIF04

A3 18%3--0449
all2 1355-0081
A3 10530067
A4 1854- 0092
ATRE 13%4-0213

b+

-

TRONSLGETOR PNP 2N4?17 81 PD=200MW §7e63 2N4P17

A36 0L 185%--008%
TRANSTISTOR PNP 2N4F17 S1 PD=200HY B72863 2Na7

A3Q102 10530087

o it

A7 G% . 25W FO TEx=-400/4000 g1icl LHATNG
26.1 1% 128W F TC=0+-100 03803 PHESS~1/78-T0--26R1-F
75 1% . 12T0W F 24548 La~-1/8~TO0-75R0-F
2,2K S% .25 +7 61121 CR2225

RESISTOR 176 1% 1258 F TC=0+-1{40 24546 Ga- 1/8-T0--170R-F

B3R 1 G4B3--4705
AH3RA 16783432
AJR3 W757-0398
A3RE 8HAF 2220
AJRT 04983439

Bk

RESISTOR 68.1 1% 1354 F TC=0++1859 PADAL C4-5 /BT O-6BR L~
RESISTOR 470 9% ,25W FC TC=-400/+5L00 01121 CRra71%

REBIGTOR 100 1% .1235W F TC=0+-101 24544 Ca-1/78-TO-101~F
REGISTOR 68.1 1% ARIW F T +-100 24548 (A= 1/9-TO-60R1-F
REGISTOR 120K S%  28W FC TC=-300/+700 01121 CRI24%

AJRD 07573397
ABRYT V683-4715
A3R10 07570401
AIRY G787~ 0397
A3R1E PHE3--124%

M = Oy

RESISTOR 4,7K 5% .2%W FC TE=-400/+7060 61121 CH4725
RESIHTOR 1K 5% .25W FG 7T 490714608 01121 CBI02S
RESIBTOR 1K 5% .2%W FC TC=-400/+400 631121 Culoas
RESIBTOR 2.2K 5% 284 FG TO=-400/4700 01121 Chaaas
RESISTOR 10K 1% ,12GW F TC=0+-140 24545 CA-1/8-T0~1002-F

AZR13 0 6B3 4728
A3IR14 04831023
ABNIG 0683~1025
HIR17 0683-222%
ABR1B 0757~ 0442

RESIETOR 100K SX% 280 FC TC=-400/+800 01121 CB1045
RESISTOR 1K %% .20W FC TC=~400/+600 01121 CEL0RS
REGISTOR 3,16K 1% .125W F TC=0-+-100 aab4e Ca-1/8-T0~-T161-F
RESISTOR S.11K 1% 1234 I TC=0+-108 245546 GA-1/8-TO~5111-F
RESISTOR 2.2K 55X .20W FC TC=--400/+700 #1181 CREZ2D

AJR1Y N683-1345
AJIR21 G683-102%5
A3R2:2 87570279
AGR23 07970438
A3RE4 06832225

WG VeuGyl

A3REE 07570283

RESISTOR 2K 1% .125W F TO= 245406 C4-1/8-T0-2001~F
ARR27 8757-0442 0-

RESISTOR 10K 1X .125W F L 24544 C4-1/8-

ASR2B 0 &98-3490 RESISTOR 29.4K 1X . A135W F TC=0+-180 24544 C4ee1 /870 -7
ATR2Y 06763154 2 RESIGTOR 4.22K 1% 12494 F TC=0+-100 24546 C4-1/8-TO~422% F
AZRID &1 00-3787 4 RESTSTOR-TRMR 20K 10% C TOF-ADS 17-TRN 20480 2100-378%

ol

REGISTOR 1K 5% .25W FC TC=-400/+600 gi121 ce10a%
RESISTOR-TRMR 20K 10X C TOP-ADT 17-TRN 480 #100--3749
REGISTOR 1.600K 1% 12084 F TCw=0+-2% rUaBY 069%-01%1
RESISYTOR 2%9.6 1% . 1205W F TC=0+-25 28480 01699-018%
RESISTOR 75K 5% . 29W FC TC=-400/4G00 N2 CB7S35

AIRAT WeBI-1020
AZRIT 2104-35789
ASRI4 bafe-0191
ARG 06990189
AZR37 6837536

RESIGTOR 2.15K 1% .125W F TC=0+-100 24546 Ca-1/8-T0-21%1F
RESISTOR 1,21K 1% ,125W ¥ TC=0+-~100 24%i46 C4-1/8-T0~-1211-F
RESISTOR 1K 5% .25W FL TC=-400/+4600 41121 LR85

RESIHTOR 200 1% 1834 F TC=04-108 24546 CA-1/8~TO-201-F
RESISTOR 4.64K 1% ,185W F TC=0+-100 BATAL Ca 1/8-T0-4441-F

AJRA8 0498--0 084
ASRIY $7L7-0274
ATRAT 06E3-1029
ASR4Z 07570407
ABRAY V6983135

Ll -l ) N =s g

RESIGTOR 4,64K 1% 1E5W F TC=04+--100 24548 C4-1/8-TO-4441 -
RESISTOR 14.7K 1% 1230 F TC=0+-100 2446 C4-1/8-T0~1472-F
REBIGTOR 14.7K 1% . 12%W I TC={+4-100 24546 C4-4/8-TO-1 4732 -F
RESISTOR 47 9% .254 FC TC=-400/+500 01121 CRA705
RESISTOR 470 5% .25W FC TC=-460/+600 #1121 CR471T

LELER] 0496--315%
HIR4G 06983156
A3RASL tev8-3154
AJR A7 34683--4707
AZR4B D&BF-47130

=W -

RESISTOR 10K 5% .2%4 FC TO=-400/+700 g1121 LBL03S5
RESISTOR 30.1K 1% 1254 F TC=0+-100 24546 CAa-1/8-T0-301 22~F
RESIBTOR 4,99K 1% ,12%W F TC=0+-1G0 24546 LA=1/78-T0-4891-F
REGISTOR 1Kk F% .25W FC TC=-400/+&00 01181 CBI02S
REGISTOR 4,99K 1% .123W F TC=0+-100 24546 C&-1/8-T0~-4991-F

AJR4T
AXRT4 '
AZRGSE 0698--3279
AAREE 06631025
ABRS? n698-307%

o ooy~

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




Replaceable Parts Replaceable Parts

Tahle 6-3. Replaceable Parts

Mfr

Reference HP Part Description Code Mfr Part Number

Designation Number

AVREGE &P -0192 ; 1 RESIGTOR 3.8%4K 1% 125w F TC=04-235 28480 04730192

ASRES G&HB3--1027 RESGISTOR 14 Z% .25W FC TOw- 40074000 01 CHrpas

AIRGO 2100-3284 2 RESIGTOR- TRMR 10K 10% C TOP -ADJ 17-TRN 32097 IRRPU-1 10

LELEC B 5H83--A478%5 ; TOR 47 5%  25W FC TC=-400/+356G0 N1 [154/0'5

AJRLE 0767 -044: FEIGTOR 10K 1% 1258 ¥ TC=0a—300 2A%NAL G4 -1 /8-T0-1002~F

AIRS3 0696831506 ; S . %o 1205W 7T TC=gr-100 Q4% A /BT 14A7EF
ATNEA N673-4437 1 i ! R V4 L 1REW T 100 24546 1/8-T0-2941 F
ARRLE 0757 -0434 TSTOR 4,33 14 12%W § TC=0+-100 DA 34D LAV /BT F
AZRGT B&H78-4478 E TOR 10.7K 1% ,125W F Gr-109 - /0-T0- 1078 -F
AZREE 003207 [BTOR-TRMR $K 10% C GIDE-ADY 1- TN ~0450 21003207

ATRGY 169331356 3 CSISTOR 17.8K 1% L 12%W 7 TO=04-100 24548 t‘4 LAB-T -1 2850
AJRTD ; & TOR &, 0410 17 ] DE- 300 oAt AN i

AJR7D 705 TOR 4% UX . =400/ 4500 D121 (¥

ABRT?3 0498--3442 GTOR 237 1% [ t-100 245040 G4~ L/B TH-237R
ATIRTE NoB3--4705 3 RUSTHTOR 47 LX 5 CT A0/ F 300 1121 Cuazon

ABRYT7 D698 4402
AIRTE D620 -8400
AARTR 4070~ 3277
AZRDOD N&Y0--J5E
ASRB1

REGISTOR 97,6 17 18 T =D +-100 24040 CA-1/B-TH 97R&-F
RESTHTOR 97.6 1% . r T k=100 R T C4-1/8-T0--%7RéE T
RESISTOR 4.99K 17 T 100 24044 Ca
RESISGTUR §3,7K 1% .18 3 140 24546 ca

ESLIETOR 13.7K 14 T TU=0+--100 EE LT AL/ T 010

RS AEE

AJRBE N7H7--0273
ASRB3 07570273
A3RB4 07570273
AJRES 06984492
AZRBE V698 3157

REGIGTOR 3.01K 1% 180w [ =100 ”4‘»41‘; 241 /8T 0
RESISTOR 3.91K 1% .1""»“ L 100 S4 1/8-70

RE TOR 3.01K 1% ¢ (3 ;
RESGISTOR %7.6 1% d C4-1/8--T~ ’H’I\(:
RESISTOR 19.0K 1% - 24 1/8-T0--1962

WA s

AIRBY 146831025
3R BE Q6832285
ASRT0 0698 -4402
AZRT1 16784467
AERT2 06831025

RESISTOR 1K 9% .25W FG TC=-400/+5600 21121 C}TIQE“
RESISTOR 2.2K DX ,20W FO TL:--![!U/I’?UIJ 01121 ” i
RESISTOR 97.6 14 1254 ¥ 24544 A1 /8
REGISTOR 1,05K 1% 1258 F T - aATAG 4L AE-TR- 108 - F
RESTSTOR 1K 4% .E:M FG TG : Brian CE10RG

AIRTS 603-4705
A3R101 06834715
AIR102 6757--02%1
ABRI0Z 0683~332%
A3R104 07570397

REGISTOR A7 9% ,28W FC TCx400/+500 013121 Co470%

RESTSTOR 470 5% .25 FC TC 400/*!’400 411 CHAT1Y

REGLETOR 24.7 1% 1200 F 19761 HF ACI/B-T0-2403-F
RESISBTOR 3,3K &% .20W FO T g1z 29

REGISTOR 82.% 1%Z 1208 F TC=0+-i 80 nAaS4s C4 1/B-TO-B2R% ~

A rcom Vol

AZR106 0698-443%
ASR107 Neva-3156
AR08 06784037
AZRINT 0757 -0279
AJRILIL 7570 E7Y

RESTSTOR 2.4%K 1% .t28W F TC=0- 24546 Ca-1/8-TO-24%1-F
RESISTOR 14.7K 1% 1284 ¥ 7 - 24546 Ca--1/8~T 4~ ‘er’ 3
RESISTOR 46.4 1% 420W F T - 24546 CA-1 /BT 46R4-F
REGIBTDR 3 16K 1% 1254 F 7 24546 C4-1/8-T0~3161-F
RESISTOR 3.14K 1% .133W F TC= 247546 Ca 1/8-T0-3141-F

2
2
]
0
2

RESISTOR 200 1% .1284 F TC=0+-100 zasas | Ca-1/8-TO-281-F
RESISTOR 31& 1% ,125W F TE=0e-100 24546 | G4 1/8-TO-B10R-F
RESTSTOR 316 1% 1254 # TCaDe-100 24546 | Ca-1/B-TO-B16R-F
RESISTOR-TRWR 100 10% C TOP-ADI i-TRN 20400 21 00-056B
RESISTOR 15 1% 125 F TC=0+-100 19704 MFACL /BT 0 15 0¥

A3JR112 0757-0407
AJRILG 01(98--3444
AJR114 N6?0~-3444
ARG 21000568
A3R11H 0757-0331

L RS

RESISTOR 316 1% .12%W F TC=0+-100 24546 ELER - R i

RESISTOR 316 14 128W F TC=0¢-100 2AL46 -1/8-T6- i
RESISTUOR 113 17 .125W F TO=0+~100 REHET 4 1/89-T0-113R~F
RESISTOR 196 1% ,12%W F TC=0+-100 24546 41 /BT 1 FP6R -F
RESISTOR &8.1 1% ,12%5W F TE=04-100 24546 A /BT EOR ] -F

A3R117 0469B-3444
A3R118 HaE-3444
AJR1LY 0757 -0279
AlR120 D478--3440
ABR L2 07570397

RESIGTOR &B.1 1% ABUM F TE=04-130 24546 ~i/8-T0-6BR1 -
RESISTOR 113 14 L 185W F TC=0++-100 24546 G4 --1/8-10-113R-F
RESISTOR &B.1 1% .125W F 0+-1 40 24ni4h '1/9“1‘0"'&8!‘ 1-F
RESISTOR 1K %% .23W FC TC=-#400/+500 1121 gplo2

REBISTOR 1K S% .26W FC TC=-400/+AH00 01121 (9] (l"L

AIRIAZ 07570397
ABRI23 07578275
AIR11 0757-0397
AZR133 0683-1025
ASR1D4 0633-1025

R B LN ) F7Y RN

RESISTOR 198 §% .25W FC TCw-400/+500 $1121 GCELG
RESISTOR 47 S% 2508 FG TE=-400/+4500 01121 CRa70G
RE*‘I STOR 178 1% . 12%W F TC=0+-100 24046 04~ 1/8-Th-17GR~F
RESISTOR 2.8K T% .25W FO T 400/4700 81121 CB2225
RE.J] TOR 61.9 1% 1294 F T +-100 24546 GA-1/8-T0-h)192~F

AZR 136 0683-1015
ASR157 06B3-4700
A3R15E 06783439
AZR15% 06e 22%
AJZRI&D 07570276

NN @oN

ATR161 07570276 RESISTOR 61.9 1% ,125W & TC=0+-300 24546 C4-1/8-T0-6192-F

A3T1 P100-4038 o TRANSFORMER HEAD CORE; WITH £T PRL & SEC 20480 21004038
AlTZ2 1@552--4044 TRANS & TURNS 23480 1B%E-6044

-

IC CNTR TTL LS DEGD pUAL 4-BIT 129 N7 4LBIPON
IC FF TTL § J-K NEG-EPGE~TRIG GN748112N
IC COMPARATOR &GP T0--29 PKG SN72710L
INV TTL LS HEX 1 -INP 1 i GN74LGD4N
COFFOTTL 8 D-TYPE POB-EDGE--TRIG ﬂl"‘?a GN74E74N

AJUI 1820~1%91
A3u2 1020-0629
ABLZ 1820-0321
A3U4 10201199
ATUS 1820-0693

TNY TTL & HEX 1--INP 01z ‘)J BNZ4G 04N
INV TTL § HEX 1832 NOTOAN

OF AMP GP TO-9% PKG 3I-585 CAZ07T

BFR TTL LS BUS QUAD 01295 BN7 41 .81204AN
FF TTL LS D-TYPE POSG-EDGE-TRIG CIM 0129% EN7ALE1T7EN

AZUL 1R20-24683
ABL7 10201924
ABUE 1826-0043
ABUS 18291560
A3U1LD 1820-11%5

~NED o D= O o

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




Replaceable Parts Replaceable Parts

Table 6-3. Replaceable Parts

Reference HP Part _ Mfr
Designation | Number Description Code Mfr Part Number

AU 10760437 1 IC MULTIPLIER 14 DIP-C PKG 14713 M1 2500
182604740 k IT BWITCH ANLG 8-DTP-P PKE 042%S TLAEOIGP

: 0547 IC 0F AanP LOW -RIAG- k- IWPD DUAL 3-DIP-P 0129% TLO7ZACE
D 0&% i TRANGISTOR ARRAY 14-PIN FLETC DIP BLEGOE CABI0ZE
0040 8 TRANSGISTOR ARRAY 146-PIN PLSTC DIP ke { Ryt e CAT1ETE

| RiE-

1898--8059 TRANGLSTOR ARRAY @-PIN PLSTC DIP 283480 1858 -005%
1320-0802 | i IG GATID EGL NOR QUAD 2-1nP 04743 ML 62P
18201322 73 2 I BATE TTL 8§ NOR gUad 2- INP 01298 GN7ABOEN
AL R LE2 00627 IC FFOITL 8§ J-K NEG-EDGE-TRIG 01295 HN745112N
ARUZN 1628016 ; IC 0P AWP GP g-DIP-P PG 284810 1a20-0916

AdY 04491145 CRYSTAL-AUARTZ 30, 00080 MHZ 23480 0418~1 115

NH6H0-1717%5 1 TERMINAL-STUD SGL-PIN PRESS- MTH 283489 G360-171%
10600 COMNNECTOR-BGL. GONT PIN 1, 14-4M-BEG 52 81 28480 12%1-0400
3050-0080 WAGHER-FL. NM NO, 5 .13~IN-1D .25-IN-0D 2a480 3F05o0--poas
71241234 LABEL CAUTION 1.925-IN-WD 2.24-IN-LG 284380 71211234
B150-3377 ] RESISTOR-ZERD OHMS 27 AUWG LEADR DIA H480 B1HO-5375

05320 66%0T ) & KEY BDARD ABSEMBLY 28480 43325-6650%

0169 ~3047 CAPACITOR-FXD .01UF +10G-0% S0VDC CEl 28480 01603847
01603847 ) CAPACTTOR -FXD ., 81UF +100-0X TOVYDC CER 28484 016 0-30347
10— 3847 CAPATITOR-FXD 01UF +100--0% S0VDC CER 20480 01403847
BI0F-0062 1 CAPACITOR--FXD 30QUF r75-18% oVDC AL zB4840 n130-00&2
0160-3847 CAPACITOR-FXD ,01UF +1#0--0% HOVDE CER 28480 014036847

01693847 : CAPACITOR -FXD L O1UF +300--0% F0VDIC CER 283480 0160~-3847
01503847 CAPACITOR-FXD 01UF +100-0% S0VUDT CER ~0480 01603847
014603847 CAPACITOR-FXD ,01UF »300-0% S0VDL CER 23480 M1460-3847
09300012 CAPACITOR-FXD . 01UF +-20% 1KVYDE CER 55289 COR3A102 11 03HEIS
ENRT B ¥ CAPACTITOR-FXD (BLUF 4-20% 1KVDE CER SelH7? 2023410271 034538

19900533 LED~LAMP I N T D OIF ” 6460 HODE - 4658
1990-05323 LED-LAMP -] IF 28480 S002-4608
19990533 LED~LAMP LUM-- SMCD LF=20MA~MAX 28480 50824650
19909665 . | LED -LAMP LUM- INT=1HCD IF=20MA-MAX BUR=3V 28480 1990-06635
AL CRE 14990~ 06H65 LED-LAMP LUM-INT=1NOD LIF=20WA-MAX BUR=5Y 29480 19940645

ABCRY 19700665 3 LED -LAMP LUM-INT=1MCD IF=20MA-MAX v 284849 1P70-0665
HSCRE 19900 ha% LER-LANP L UM-INT=1NCD Y 20440F 199E--066%4
ABCRY 12900665 LEW-LAMP LUM-INT=1HCD v 20480 199 0-066%
A 1 19900665 k LED-LAMP LUNM-INE=1MCD LF=20HMA-HAX v 24480 1990--066%
19200465 3 LED -LAMD LUM~INT=1HCD TF=20MA-HAX Vv 28480 1270-066T

ASNR1Z 19900665
AULRTS 1990-060F
ABLR14 1990--0665
ATLR1G 19201665

ULRLG 1970 - 0465

LED-LAMP ~ N TF=R0HA-MAX VR =Y 20480 1990-866%
ED- L.

OMA~HAX 23420 1290-066%
IF =23 HA-MAX 20480 1990--06465
LED-L.AP =T TE e fiA-HAX 28480 19%0~0665
LED-LAMP IF=30MA-HaX BYR=5Y 20480 12900665

19900533

1590~ D43
ABCR17 1990 - D53
ANCR20 19903537
ASCRE1 1990-0533

LED ~L.AKP £ .UM-] IF=20HA-MAX 20480 H0B2-44T8
LE LUK~3IN GMCD TF==20hA-HAX 26480 Goa2-4650
- X LUK -INT=15MC0 IF=26MA-MAX 28480 Sh32-46508
LED-LAMP LUM~INT=15HCD IF=PINA-MAX 28480 S08R~-4658
LED-LAMP LUM-INT=13MCD IF=20HA-HAX z8480 GeBE~4608

P N IR R S

TF =2 i HA-MAY 28480 5 R2--4650
TF=20MA-MAX 284680 50824608
LED--AWP M : . 23480 G002-46%0
LED-LAMP LUK -INT=1BMCD IF=R20MA-MAX 28480 H082-4608
LED-ILANP LUM-INT=15M4CE IF=20Ma-MAX 20400 S08R-4658

AUCR22 1990--0%33%
ASCRZS 199045933
ASORRA 1990~0%33
AGOGRAG 19900533
AtiCR24 1970~-0533

LED-LAMP LUM-INT=1SHCD IF=20MA-MAX 28400 B0B2-4658
LED-LANP LUM-INT=1HCD ATMA-MAX BVR=HV 28480 1950--066%
LED-LAME LUM-~INT=1HCD 204A-MAX BVR=5V 28480 19700665
LED~LAMP LUM~INT=1HCD 1F:=20MA~HAX BUR=5Y 20408 19700665
LED-LAMPF LUN-INT=1MCD IF=20MA-MAX BYR=5Y 28480 1970-0665

1990--053%
1990-- D665
19900665
1990 066%
ALCR31 1990~ 0665

GIF LI 3 B oAb pd

LED-LAMP LUM~INT=1MLD IF=20MA-MAX BVR=GEY 04830 19908665
LED-LAMP LUR-EINT=IMED IF= - BVR=GV 28400 1990-0665
LED-LAMP LUM-INT=1HCD IF=Z20HA-MAX RBVE=5Y 20480 192900665
LED-LAMP LUNM-INT=1MCD IF=R20MA-MAX BVR=GY 28480 1790-0665
LED-LAME LUM--INT=1MCD IF=20MA-MAX PUR=2GY 28480 19900465

AGCR3Z 19200665
@ 3 1994-0665
AUCR3A 19900465
AYCR 3% 19900665
ATICR3G 12900685

08 5160 o7

12000473 SOCKET -X( 16~-CONT DIP DIP-3LDR 23480 1200-9473
KEY CaAP LOKAL 28480 Gi41-0943
KEYCAP-BMOKEP TPE 20480 G041-03B4
KEYCAP-BMOKERPIPE 28480 50410384
KEYCAP-SHOKEPIPE 208480 S041-0384
KLY CAP-FRER 28400 Yig41-0918

0410943
VE41-0394
S041--0384
%041 -0304
YWha1-0918

KEY CoP-abiPTD 28480 50410919
KEYTAP -SHOKEP LPE 23480 5041 -0384
KEYGAR-SMOKEPIPE 28430 £5041-0384
KEYCAP--SMOKEP IPE 28480 50410364
KEY CAP-PHASE 20400 G041-9P20

G041-071%
S041--0384
H041-0384
N{41--0384
G041 -3F20

L NrT ol wm

See introduction to this section for ordering information
*Indicates factory selected value
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Table 6-3. Replaceable Parts

Replaceable Parts

Reference
Designation

HP Part
Number

o0

Descript

ion

Mfr
Code

Mfr Part Number

ASKG11

LK1 2
ASKE13
AGKE] 4
AGKB1S

ASKE1E
ALKB1Y
ANKS1B

LKG19
ATKE2D

AGKBAA
AlKS2E3
ATKS24
AGK BT

ASKGR24

AGIK527
ATKS28
ASKE29
ATXESD
ASKE31

ASKS32
AlilKE3S
ASKE34
ALIKEIY
ABKBRL

ATKE37
ARKSIR
ALKE3Y
AGK540
AGKE41

ATIKSA2
ADKE4S
ABK 44

ALkl

ATHP
AGMP2
LT T

CEeR]
AT
ASR3
ATRA
ATEG

ATRE
ABYT7
ATQD

ASIR L
AtR:
ANR3
ASR4
ALRS

ASRé
ALRY
ALRE
ATR?
ABRLD

ARG

SR 16
ASRZ0
ALRZY
ATRZE
CELEES

ASH

ALGYT
AGGB
AR
AS510

S041-0921
H041--0451
5041 -098B7
G041-0017
B5041-0818

T1041-08916
0410925
H041~0810
50410814
Gin4)~0BLS

TH41--0926
5041-0946
GHa1-01311
G041 0812
w041 -0813

Y041-0927
0410754
G 041001
Da41--0808
041 -0929

Taa1--0924
S0M~0754
S041-D756
50410722
H041-0722

% 041-0318
S041-0318
G041 -0318
S041-0318
Tik41--0318

T041-04183
S041-028%
$041-0944

Pi00-3344

A040-1001
A040--1307
0BRSS 40006

1853~0016
1353-0014
18530016
19530016
1353-0016

1THHI 0016

06832205
B&B3- 2200
06832205
05832200
06HB3--2205

0433- 22070
D6HEZ--2205
oLy

0683 !
VO83-1732%

05683.-132%
06f3--1325
06831325
1683 -1325
048%-1352%

N6Hi33-1325
1310~0135
1100164
16100164
18100055

LY Rl 1)
5064574346
H0b0--¥430
D060 P
FIHEY B )

T0OD- PA%L
S060 %434
GO6D- 7434
S0ée0--9434
H060-7434

-l N

AN O NWeD

PRV AN R 2

[FL

KEY CAP-DCOFFSET
KEYCAP--BLUEPIPE
KEY CaP STORE
KEY CaP-7

KEY CAP-8B

KEY CaoP-&

KEY CAP-MHZ VOLT
KEY CAP RECALL
KEY CAP-4

KEY CaP-5

KEY CAP-KHZ MY
KEY CAP CLEAR
KEY CAR-1
KEY CAP-Z
KEY CAP-3

KEY CAP-HZI URMG
KEY CAP-DAGH
KEY CAP--D

KEY CAP PERIOD
KEY CAP-3SLC

KEY CAP-DEG

KEY ARROW

KEY ARROW

KEY CAP-LEFT ARD
KEY

LK CAP
LK Cap
LK Cap
LK CAP
LK Cap

GRAY
GRAY
GRAY
GRAY

KEYCAP -ERONYP IPE
KEYCAP-PEARLPIPE
KEY CAP PUR

INDUCTOR 28UR 16% (3D
STRIP-PLASTIC

REFLECTOR
LEDR ANk GD

L28-TN-WD

TRANSTSTOR ] TQ-92
TRANGTSTOR [ TD-%2
TRAMEG] TH-22
THRANGIE To-72
TRANGLSTOR TO-93

TRANSISTOR
TRANGIGTOR
TRANSIBTOR

T0-72
. TO-22
T -2

RESISTOR

IHTOR
REGISTOR n% 2% FC
REATHTHR W FC

RESIGTOR
RESIGTGR
REZISTOR
RESIGTOR 1,3K %
REGISTOR 1,3K 9z

JEEW TR
LRUW FC

25N
2T

RCSIGBTOR 1,31 54
REGISTOR 1, 32K

RESIGTOR 1.3

RESIZIOR 1.2K

RESTUGTOR {1 .3K Gl F

RESISTOR 1.3K BZ4 2050 F
NETWORK-REG &4-STP1G. 0K
NETWEGRK -RES 9-5TP4. 7K O
NETWORK-RES 2--SIP4.7K
HETWORK -RES 9-3TR10, 9K

PUGHEUTTON SWITCH
PUSHBUTTON SWITCH
PUSHBLT SUITGH
P LG BWITCH
PUSHTUTTON SWITCH

PUSHDUTTON SWITCH
PUSHELUTTON SUTTOR
PUSHELUTTON GWITGH
PUSHEUTTON SWITCH
PUSHDUTTON SWITCH PO,

LAGW FL T
RO OFD T

RESIGSTOR 22 Uz .2UW FC

L20W FET

01 - TH=THI

PO=30 LMW
PO 300
PD:=300M4W
Ph=300Mu

PIr=300MW
P = 200HW
Ph=200MW

400/+500
40074500
408/ 43500
4007040
400/4+500

At/ 504

ADBAvE00

40071300
~450/+700

qo/+760
408/ 2709
[ ase7a0

G Ti=-400/+7090
Of X 5
HM X 2
HH X B
OHM X B

HOWNT
MOUNT
MOLIN T
MOUNT
MOUNT

MOLNT
MOUNT
HOUNT
KOUNT
MOUNT

20480
20480
28481
28490
28480

28480
TB4B0
284810
28480
28480

23480
28480
23480
20480
28480

28489
28480
284810
26480
284830

a8l
28480
284890
28480
agado

28480
E8AB0
28480
28480
zB4A80

28484
24D
284810

234630

284890
284810
20480

28400
28400
28400
28480
Pa4ann

z§480
284430
203480

01121
01121
01121
N1
n11

0112
41121
01124
01123
011z

411
0111
01121
ol
g111

01121
28948910
71637
1037
28480

28450

2480
ag=R 1]

g
20460

H041-0921
G041 -0451
5041-0987
54410817
G041-0818

2410816
a041-092%
50410810
S041-0814
SNA1-G810

HNa1-092s
H041-0944
L041-0811
S041-0612
S041-0813

04l 097
50477

Suat-0819
Sn4l-0808
SH41--0929

S041-0928
H041--07%

G041-0%%6
H41-0932
S041-0922

G041 9311
Bo41-03516
G041-4316
G041-0318
T041--9318
S041-0418

G041--0283
S041-0944

F1I00-Z334
4040-1001

4040
13334

a07
40004

TR pOLE

LR13ES
1810-013%
CHPOPCA7-A72S
BN IVEL VRN
1810 0055

GG FA%L
S0G0-P430
BUEL-PATL
SNL0-F436
H0AL-FATE

0-7436

04D -9456
HGE-F 436
L0600
INE0-F458

See Introduction to this section lor ordering information

*lnidicates Tactory selected value




Replaceable Parts Replaceable Parts

Table 6-3. Replaceable Parts

Mfr
Code

k3480
#8480
28480
22480
2Bago

HP Part
Number

S060-2436
G060~9438
50607434
HH60-9436
G0&ED-FABL

Reference
Designation

A5
AnG12
ATELS
ASH14
ASHLS

Description Mfr Part Number

oo

506 0-9436
GRe0-7436
E6H0-7436
NlL0-7436
S060-7436

MOUNT
MOUNT
MOUNT
MOUNT
MOUNT

PUSHEUTTON SWITCH
PUSHBUTTON SWITCH
PUSHENTTON SWITCH
PUSHEUTTON SWITCH
PUSHEBUTTON SWITCH

TW"OoR T

GOL0-9430
TN&0-7456
G060-74378
Sin&h0-7434
GLLHO-F43E

28480
28480
ag4e0
2gago
28480

HOUNT
MOUNT
HOUNT
MOUNT
MOUNT

PUSHRUTTON SWITCH
FUSHIBUTTON SWITCH
PUSHBUTTON SWITCH
PUSHEUTTON BWITCH
PUSHEUTTON SWITCH

5041 9436
F04H0-24%6
0609436
BO&H0-PABL
IHE0--9434

AGS1E
ATHLY
AGB18
ASHIY
ALE20

nRo60 nobnbo

28480
28480
28480
auaAB0
28480

H06R-7436
S06R-9436
S060-7436
G060-7434
BU60-FA36

FUSHEUTTON SWITCH
PUSHEUTTON SWITCH
PUSHEUTTOR SKITCH
PUSHBUTTON SWITCH
PLUSHIBUTTON SWITCH

MOUNT
HOLUNT
MOUNT
HOUNT
MOUNT

0607434
Lite0-7436
BRo0 74346
506049436
F160--7435

ABB21
Mg
AGBR3
AHE24
AGS2E

NN N NN NN NN NN

MT3T oUW T

28480
2B4BO
28480
28480
agasl

S060-92436
S060-9436
50609436
S060-9436
G060-9436

HORINT
MOUNT
MOUNT
HOUNT
MOUNT

PUSHEBUTTON SWITCH
PUSHEUTTON SWITCH
PUSHBUTTON SWITCH
PUSHBUTTON SWETCH
PUSHRUTTON SWUITCH

G60~-FAZL
G060-7434
G0b0--7438
BI60--2434
51609438

A6

AlgaY
ASnze
ALEAY
ALE30

TToDUUT

G060-9436
G060-9436
HE0~9436
S040-F434
GN60-9436

28480
21480
28480
20480
28480

HOUNT
MOUNT
MOUNT
MOUNT
HOUNT

PUSHBUTTON SWITCH
PUSHBUTTON SWITCH
PUSHBUTTON BWITCH
PUSHEUTTON SWITCH
PUSHBUTTON SWITCH

30607436
50409436
G060--P436
5G060-7436
5609436

ASE31
A%GHEIR
ABE3S
ALEE4
PEERL

NN N A N NN N
ODoGo Onoan

sTmU

S060-9436
S060-9436
She0-94354
S60-9436
50609436

20489
28489
28480
28480
26480

PUSHMRBUTTON SWITCH
PUSHBUTTON SWITCH
PLUSHEBUTTON SWITLH
PUSHRUTTON SWITCH
PUEHBUTTON SWITCH

. ROUNT
MOUNT
MOUNT
MOUNT
MOUNT

Uiban--943é
S060-7436
5060~7438
Wi60--7435
GilsG-P438

ANESL

38357
ATB3B
ABGA?
AT G40

b B T B B+

b IR IR I ]

28480
8480
28460
20400

S060-9436
G040-9434
5060-9438
31012441

« MOUNT
. MOUNT
» HOUNT
»3A 100VAC

PUSHBUTTON SWITCH P
PUSHBUTTON SWITCH P
PUSHEUTTON SWITCH P
SWITCH-PB DPDT ALTNG

ABGA1
ATE42
ABR4T
ASH4g

Si60~7436
50460~9436
Ge60-9434
J3101-2441

o000 nDoaoo

il

SN7 AL G OGN
UL N-2003A
HN7ALB1 44N
UL.N-20403A
GN7ALG0SN

129%
13466
01295
13496
01295

IC THY T7TL LB HEX

TRANSISTOR ARRAY 1&6-PIN PLSTC DIP

IC SHF~RGTR TTL 1.8 R-8 SERIAL-IN PRL-OUT
TRANSISTOR ARRAY 14-PIN PLSTT DIP

IC INV TTL LS HEX

18201200
14580047
18201433
19580047
1820-1200

AL
AbLI2
AGLS
A%iLA
ABUS

AU 0NN~

ON7ALS1 64K
UI.N--20034
SK74L.81254N
SN741.82 73N
TOHE-7653

01295
134606
01895
21295
28480

IC SHF-RGTR TTL LY R-§ SIRIAL-IN PRL-QUT
TRANGIZTOR ARRAY 1&-PIN PLSTC DIP

IC BFR TTL LS BUS QUAD

IC FF YTL L8 D-TYPE PGB-EDGE-TRIG COM
PISPLAY~-NUNM-SEG 1-CHAR ,4%-H

Alllé
all7
ASUB
AulY
ATHAD

19201433
1853-0947
18120135568
18201730
19900592

LN R

28480 GURR-7653
HEaR Soaa-765%
2840 GAB2-7453
28480 GhBR-7633
28480 SNB2-7653

DISPLAY-NUM-BEG 1-CHAR  43-H
BISPLAY-NUM-SEG 1-CHAR AT-H
DIGPLAY -NUM G 1-CHAR L 43-H
DISPLAY-NUNM-SEG 1-CHAR ,43-H
DISPLAY-NUM-BEG 1-CHAR ,43-M

19900598
1990 -0592
19900592
19900593
19900598

AZUL1
AT
AGLLE
AfiLI1A
AGLLE

[LRLES R ]

20480
28489
28460
28480
an4dl

DLSP LAY -NUK-STG G0P2-7653

3PLAY -NUM !
DISPLAY-NUNM-SEG §-CHMAR | 43-H
DIGPLAY -NUH-SER 1-0HAR 43 -H
DISPLAY-NUM-BEG 1+CHAR ,43~H

AhU LA 1-CHAR
ABULT
AGL1e
ASULY
ALY20

19900592
12900592
19940--05%2
1990-05%92
14990-0%%2

[LELELEE ]

HoHR-7b5%

1200-0636
12000630
1200-0638
12000638
1200-0630

2480
“84s0
20480
20440
28400

SOCKET-IC 14-CONT DIP DIP--3LDR
SOCKET-IC 14~-0ONT DIP DIP-GLPR
SOCKET-IC 14-CONT BIP DIP-BLDR
SOCKET-1C 14-GONT DLP DIM-SLDR
BUCKET-IC 14-CONT DIP DIP-SLDR

ATRLO
AUGXULL

ASAULE
AGXULS
ABXULA

1200-0620
1200--04634
12040638
1200~0638
1200 -0&638

NN N

12600638
1200-0630
1200--0638
1200-0638
1200:-0638

#0480
203480
p4a0
26480
20480

ASXULS
ASXLILE
ATRULT
ABXLLE
AnX Y

BOCKET-1C
BOCKET-IC
GOCKET-IC
BOCKET-TC
SOCKET-I1T

14-CONT DIF DIP-GLDR
14-CONT DIP DIP-SLDR
14--CONY BIP DIP--GLDR
14~CONT DIP DIP- GLDR
T4-CONT DIP DIP-SLDR

12000638
1200015638
12080638
1200 -0638
120904630

~ R IS R IRN RS

ASXUR0 1200-0638 GOCKET ~IL 14-CENT RIP DIP -BLDR B484 1200-0626

NRDER BY DESCRIPTION
ORDER EBY DESCRIPTION
14469~1336

7121-1234
TJUMPER

gocon
80030
28480
28480

29480

06240227
03200164
1460-1354
7121-1234
JUMPER

GUREW-TFE 440 2T-TN-LL PAN-HD-FDZI STL
SLEEVING -FLEX .04~1D MEHA-3 ,017-ALL
WIREFURM CU BRT-TIN

LABEL CAUTION 1.925-IN-WD 2.24-IN-LG

CUT TJUMPER

SO D b

3325 66306

05a0~0978
B1o0-3847
01600337
N1&0--0337
116035347

CONTROL,

CAPACTITOR-FXD
CAPACITOR -F XD
GAPACTTOR ~FXD
CAPACITOR-FXD
CARACITOR-FXD

ABSENELY

1590PF +-1% HOOVDL MICA
CO1UF #1D9-0% SIVDE CER
1LOPF +~1% J00VDL MICA
16008 + -1% J00VDE MICA
1UF e109-0% S0VRC CER

23400

25480
28480
20480
pe:gted)
2480

1332566006

03400978
0160-3847
0169
N164-
01H0~3847

See introduction to this section for ordering information

*Indicates factory selec

ted value




Replaceable Parts Replaceable Parts

Table 6-3. Replaceahle Parts

Reference HP Part

o Mir
Designation | Number Description Mfr Part Number

Code

CAPACITOR-FXD Z2UF -1 0% nC 1A L&Y LS0D2eeXe0ihie
CAPACTITOR-FYXD ., 0iUF +100-0% HOUDL £ 28400 01483847
CAPACLTOR -FXD . DIUF #100--0% S0VDT 28B40 0150-3847
CAPACITOR-FXD .0LUF +1G0 0% SOVDL 2nagn 0160- 3047
CAPAGCLTOR-FXD  01UF +100--0X SAVDC 20480 01&60-3847

oo

nigg-r2e8
01605347
11603647
01860 47
N1606--3847

S

41603847
01603047
y 1603347
HbCEL D16:0-2847
ALE2? 01 60-3647

CAPACITOR-¥XD . 010F +1{0-0% SOVDC 20480 1148--3847
CAPACETOR-FXD L D1UF +100-0% S0VDC 20480 D1&60~3347
CAPACTTOR-FXD . 01Ur +#100-0% S0VDC CER 284017 011403347
CaPACTITOR -FXD . 0lUF +100--0% 38VDC Ckl 20480 N1&0-3847
CAPACITOR-FXD ,01UF #1006 0% LOvDC CE 2p404 01403847

R R

ALCEE D160-3047 CAPACTITOR -FXD . D1UF 4100 -0% SOVDC CE 28400 01403647
ALLEY 01 60--3947 CAPACITOR-FXD . 0IUF #1400 0% S0VDC CER zaa69 11603847
ALL30 G140--3047 7 CAPACITOR-FXD .O1UF +104-0% SOVDC CE 28480 G160-3847
ALLTY 03603947 CAPACITOR-FXD (#4IUF +100- 9% S0VDC X 2480 01403847
ALLID 1160 -3847 CAPACITOR--FXD L 01UF +100-0% S0VDE CE 284130 0160-3847

01603647 LAPACTTOR-FXD ,D1UF +106-0% SQVDE T oB4017 G140 3847
L EEA 7 CAPACTTOR-FXD JOTUF +100-0% S0UDLE 2BABY B 160-3047
G140 CAPACITOR-FXD .01UF +100 -0X% S4VDC CE 20480 0140 58347
n1gy--2323 1 s A7DUF S0 -10% & .3VDE 28400 oipp-a28ay
ALCIY 684~2823 CAPACETOR-FXD AZOUF+HI-10% &,3VDE 28480 11302823

ALLTD n1ug-1692
ALEI? G180- 0492
AGAD 0180~2823
LIIER 01603847
AHCHE 0iun-2822

CAPACITOR-FXD 220UF+30-10% 35VLC AL B04%4 35VESL220
CAPACITOR-FXD Z20UF+50--10% ISVLE Al 10494 BEVRELI0
CAPACITOR-FXD 470UF+50-10% &.3VIDE AL 430 01B0-2823
CAPACITOR-FXD | JIUF +100--0% S0VDC CER 264830 41603847
CAPACITOR-FXD 470UF+350-10% &.3VDL AL #3400 01802823

[

ALLHS 01802826
ALLTA t]
aHLGIs 4160
ABLEL Gié0
ALLS?

CAPACITOR-FXIr 1000UF+G0-10% 16VDC Al 28480 0160-2824
CAPAGITOR-FXD L 1UF +-20% HOVDC CER 28480 #160-3558
CAPACITOR-FXL | 1UF +-20% SOVDC CER 28489 [NEAE

CAPACITOR-FXD . 91UF #1090 0% 50VDC CER 204810 H140-3047
CAPACTTOR-EXD ,01UF +100-0% SOVDT CER 20490 01603847

LAt oy

CAPACITOR-FXD .1UF 1@80-20% 1006VDC CER 2LH54 FAROYUVIO0R1DAY
CAPACTITOR-FXD . 1Uf +80-20% 100VDL CE AbtrG4a F1FBYEVI00RL 04T
CARACITOR ~FXD .1UF +@0-20% 100VDC CER 26454 2130YGV1I00RI 047
CAPACITOR-FXD $20PF +-5% 300VDC HICA 28401 01602009
CAPACTTOR -FXD 0 WX Z00VDC MICA 28480 N1466-200%

ALETO
ALLS?
AGLON b
ALLEL 01 &60-2009
ALCES 01662099

[RR N3 ie]

CAPACTTOR-FXD 1UF +-203% 5ieVDt CER 20480 01443558

ALCHI 016 -3058
} CAMACTITOR-FXD .1UF 4-20% S0VDC CER 23460 01 60-3858

ALCHA 01603558

~a 0

ALTRI 17023193
ALCRE 192030040
ALTRY 19¢1-0040
ALLRT 1701-0040

DIODE-ZINR %31V 2% 00-35 PD=,4u 28486 12023153
J-GWITCHING 30V 50MA 2NG DO-35 28480 193 1-0040
WITCHING 30V SiM& DNS DO-35 23400 19010048
DIODE--BWITCHING 33V SIMA 2NG HO-35 26400 7010040

- O

AGJ 1 12000473
AbJ2 12516567
ALSI 1291-6567
AbIA 1231 6567
AL 1:209-0634

BOCKET-IC 16~CONT BIP DIP-SLDR 2H480 12000473
CONRECTOR 21-PIN N POST TYPE 284480 1251-6%67
CONNECTOR 21-PiN M POST TYPE 23480 1251 -6067
COMNECTOR 21 -PIN M POBT TYPE ZBand 1251-6367
SOCKET~TC 24-CONT DIP DIP-GLDR 28480 12000634

oS o

TNDUCTOR RE-CH-MLD 121UH 12 . 166DX, 305LE 2480 #100-2459
INDUCTOR RF-CH~MLD 120UM 9% . 1&66DX. 305G 28480
INDUCTOR 2GUH 10% 3D 203480

LA 2100-2439
AbLZ 9100-15637
ALL3 F100~3334

b oo

HEAT SINK PLETC-PUR--CH 28480 12050278
TNGULATGR -XETR THR#-CNDCT 2p480 DFA0-0564
Connector-Shorting 28480 1258-0141

ALMI 1 1265 -0298
AGMP P 0300564
ABMP3 1258-0141

CONNECTOR 10-PIN ¥ POST TYPE 23460 VELI-3760

CONNECTOR 3-PIN M POST TYPE 20480 -ABR
COMNECTOR 2-0IN M POST TYPE 20480 51-424%

ALPT 12513750
BHP 26 182514820
ALP B 1E51-424%5

ANE- RN R RN

TRANSISTOR NPN SI PD=300MW FT=200MHZ 28480 19%4-0071
TRANGIBTOR NPN 31 PO=350MW FT=300KHZ 04713 2NIR04

ALRL 1954007
AHGR2 18540215

—~~1

RESTSTOR 604K 31X 125W F TE=0+-100 283484 046988344
REGISTOR 7,5K SZ .20W FC 1 ADG/+TDD 91121 CR7ERS
RESISTOR &80 HY% . A $0/+604 01121 CB6B1G
RESISTOR 10K DX . - 01121 CE1OA5
REGISTOR 10K 5% ,2HW FC T 81121 LR1035

ALK 0469811344
AER 16837523
AGRI 06816815
HER4 06631035
ALRS 0683- 1035

Ao

METWORK -RES ?-GIP10.0K OHM X B 213480 1810~0055
RESISTOR 4, 99K 1% ,125W F TCe04-140 248T46 CA4--1/0-T0~4591-F
RESISTOR 7.53K 1% ,125W & TC=04-100 24546 C4~1/8-TO-9531 -F
NETWORK-RES 9-3IF1,8% OHM X @ 234940 18100076
RESIGYGR 1.0% 5% ,25W FC TC=-400/+780 1 CR1825

ALRG 181 §-00%5
ALR?Z 016983279
ALR B 167B-402D
ALRY 1810-0078
ALR1D (160%-1825

No ~ou

ALR 13 181001414
AGR14 0683-1035
ALRIS 0 &6HB3~3625
AER1EH R&B3-3625
AHRIT 1810-0229

NETUWORK-RES 4-8$IP22.0K OMM X 3 14637 CHP Q40072207
RESIBTOR 10K 5% 23W FC IC=-400/4700 hER T3] Cr1035

4% 2GW FC T 01121 OBAL2T
RES K 5% 234 FC TC=-400/+700 01121 GBAGAED
NETWORK-RES 8- SIP3I0.8 OHM X 7 91121 20aA331

Mg~

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




Replaceable Parts Replaceable Parts

Table 6-3. Replaceable Parts

Reference HP Part e Mfr
Designation | Number Description Code Mfr Part Number

AGR1E 1310 -00%Y NIZTHORK-RES ? - IL‘] H 9 OHM X 8 SEang 1Bl 0-00%5
ALRIY 0ad3-~151% : STOR 1468 94 . G TCe=-400/4600 ¢y
ALK ha8 A L : : PO BE .25 FCOTC 400/ #7050 HA )
ALR21 0693 18K 1% ‘l 258 ¥ OTE a% 2o4B0 165748

RoRAZ 1659 - 7 SIBTOR 4. 751( A% 120W F Y 2% 28480 0&s79-0107

AHR23 06835117 E. T 310 5% M F( TE B0/+407 0l
ALRE4 DHB3 5115 3TOR 510 5% 40D/ 16010 g1ia1
ABR2Y GHHI-1 03 5 10K .’ ’ -AGL /704 prial 1

ABRQEG N6E33 103 (34, 113I< BAODUN FE. TC=400/t800 1121 (uBl(iK'
ALGRE 18100136 : GIP MULT L-Yal b 284819 16100136

ALRED THL0 -0ze? 1 . “RES B-3IP3.3K Oy / 2@ 1010 ney?
AHRGI : B ESTHTOR 10K S% .25W FC TC ! 03zl
AGRGA g 515 & ISTOR G100 5% .25 FC L 4y 61121
ALRES 2 LN REGISTOR L18 D4 2 W OFD TCw=-400/44609 61121

AbEL 310110626 GHITOH ThL DIP-RIG-ASSEY 7-18 14 LUDC 28480

Akl 1M8-0702 I NMOD 32768 (32K) ROM A50-NS 3-4 elatid SYPEA3Z MABKED
ALLZ 18180703 T6 HMOS 32768 (321K ROM 430 -NG DEE7E HASKED
AHUI 1318--0734 I NHDS 32768 (32K ROM 450-ND 3-8 GHLT6 3 MABKED
AbUA 13 3-0705 T NMD3 32768 (32K} ROM  ATO-NG Sh576 ;‘KPE?: S MASKED
AnlE 18201197 ¥ IL GATE TTL LS NAND QUAD 2-INP 01293 GN74ALBOON

ALY 16168-0438 TG NMOS 40946 (4K) STAT RAM  4D0-NS 35 11296 TH 3114 -G ENL
ALL7 2 2 7 IC Fr TTL LG D-TYPE POS-DRGE-TRIG COM 01295 ¥
AGLB TC TIKER TTL HOND/ABTIRL ni2ea
ALLT 1820--1691 I MICPRDG NMOS 28400
ALLLD 1828-1758% 0 BFR 1T LS NDN-INY GCTL 27014 DBILEY 7N

-

T

IC NMOS 1024 (1) STAT RAM  SOH0-NG F435 aM?l1art
TG MMDG 1024 (1K) 1n'T RaM S90-ND AN? 112APC
IC FF TTL LS D-TYPE E-TRIG COW A GN7ALG17IN
Ic F TTL I8 D © POS-EDEE-TRIG COM SNT41.8174N
AT TNV TTL HEX Al G740 4N

AhU11 121g--0199
AR 18180199
ALLT Fa0-119%
AbUL A +11%6
ALHUILS m?n 0174

R RUNES

IC DCHR TTL LG 3-TO-B-LINT 5] 212745 GN74LG1 36N
IC DCDR TTL l G 3 TO-0-LINE 3~ 01295 GN7ALE1 39N
IC ENY TTL & HEX 1-INP 1127% HNZAG AN
IC BFR TTL LG NOR-TINV 0CTL 27p14 DEELLEFIN
TCOCNTR TTL LS BIN UP/ROWN SYNCHMRO 01295 SN7ALE1 93N

noUle WEI-1216
ALlULT7
AL B
ALULY
AeUZD

N - AN

IC CNYR TTL 1.8 BIN UP/DOWN SYNCGHRO til 25 G741 E173N
IC BFR TTL LS NON-TRV OCTL 27014 TMBILEB?TN
IC GATE TTL L& NAND GUAL 2-INV 01295 BN741.500N
IC BATE 77T L5 OR QUAD 91894 GN7ALGION
IC-BCDR TTL LS 3-TO-B-LI 41295 HN741.8138N

AsLM 1824-1154
Abli2a 1828--179%
ALLIZ3 1e2n-1197
Ao6LI24 1B320-1208
ALLIZTS 19281216

W0 g o

IC BFR TTL LB NGN-INY OCTL 27014 DMBILGPZN
IC FF TTL. L8 D-TYPE POS-EDGE~-TRIG COHM 0313295 G A]L527 3N
IC EFR TTL LS NON-INV DCTL 27014 DMBILEF N
iC SHF-RGTR TTL LS R-8 SLCRIAL-IN PRL- QUT 01295 GN7ALE1 44N
IC GATE TTL LS NaND QUAD 2-INF 01278 SNZALEDON

G

nEU2E 18201759
AnLLIZ7 18201730
ALURD 18201759
ALLZT 18320--1433
ALUJD 1820-1197

ST g

IC GATE TTL LS5 OR RUAD 2 TNP 01255 HN74LG33N
1C FF TTi. LB D-TYPE POB-EDGE~TRIG COM 011295 SN7H.817VEN
IC GATE TTL LD NAND QUAD 2- INP ] EN7ALS00N
1C FF TTh l!i D-TYPE POS-EDGE -TRIG 01295 SHN7ALB7AAN
If BFR TTL LS BUS QUAD D12PS BN7ALS120AN

A&LISL 18201208
ALUI2 1820-11%5
ALLI3Z 18201197
AHL4 1820-1112
ALLIS 19201568

@GO

[LTATS 1620--)684 ; IC IMY TTL 5 HEX 1-INP 01293 GN74500N
AHLLIZT7 1820~-1575+1 IC SN74L5165N 28480 1820-197G+D
AGLEDR 18251759 IC BFR TTh 1.5 NON-INV DCTL 27014 DMEILE:?'?N
ALLI? 1320-1144 IC GATE TTL LS NOR gUAD 2-INP #1295 GN7ALED2
ALL4N 18201197 1€ INV TTL LS HEX 1--INP 21275 BN'N!L‘";(!JIN

AbLI4T LH2E-1 204 IC GATE TTL LS NOR TPL 3-INP 01293 GN7ALE2TN
AblI42 1820-1112 IC FF TTL LE D-T1YPE POG-EDGE-TRIG B1295 SN74L57 4AN
AkLlAZ 18020-1073 IC BIFR TTL L8 INV OCTL 2-IM 27014 DMOILETBN
HElla4 168200477 IC OP AMP P B-BIP-P PKEG 81545 LP 301 AC
AbLL4E 1620-1 430 ¢ IGC TNTR TTL LS BIN SYNOCWRD POS~EDGE-TRIG 91899 GN7ALSLGLAN

Abll4b 10201197 IC GATE TTL L8 NAND BUAD 2-INP 1273 SN7Z4ALBODN
ALLIS1 19700444 d OPTG~ISOLATOR LED-PDIO/XSTR I SrA- 28480 ENLIE

ALUSA 19980577 & NPTO~IB0LATGR LED-PDIO/XETR I . 28480 ‘.ADBE 4.&m
ALLISE 1990-0577 ) GPTO-IS0LATOR LED-PRIN/XETR IF=H0MA~MAX 283480
AEDGA 1990-04561 / i OPTO-ISOLATOR LED-IC CATE IF=1D0MA-MHAX 20480

ALLTS 17900461 QPTO-ISO0LATOR LED-IC GATE IF=10MA-MAX 28400
AEUGH 1g20-n621 IC BFR OTTL MAND QUAD 2-INP G127 .)N74J5[3N

ALLET 1820-1300 It SHF-RETR TTL LS R-8 PRL~EM PRL~DUT 01295 GN7ALE1PGAN
ALUSD 1820-1340 IC BUF-RGTR T17L LS R-4 PRL-IN PRL -OUT 011295 ST ALE12TAN
ALLET 18201300 1L SHF-RGTR TTL LS R-5 PRL-IN PRL-OUT 01295 GBN74ALBIPHAN

Aablisl 18201416 i] 2 IC SCHMITT-TRIG 771 LS INV MEX i-INP 01299 BN7ALB14N
AHLGY 18201 44 IC LCH TTL 1.8 QUAD 01295 SN7ALSRTIN
ALUSE 1820-1197 IC GATE TTL L& NAND KUAD 2-INP 01295 GN7ALS 00N
AbLLIED 1820~1416 3 IC SCHMITT-TRIG TTL 1.8 INY HEX 1IN 0129C GNZ4LG14N
LIANE 18801112 IC FF TTL LS D-TYPE POS-EDGE-TRIG 01275 SH74L57 40N

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




Replaceable Parts Replaceable Parts

Table 6-3. Replaceable Parts

Reference HP Part
Designation | Number

AHLES 1886--0144
AllLE !
AOLET?
ALLIEE
AlUHD

'(‘:"'c‘:ae M#r Part Number

IC 7B4S ¥ RGLTR TO-220 PA713
IC UART TTL. AUAD 04713%
IC UART TTL QUAD 294713
IC FF TTL LS D-TYPE POS-EDGE-TRIG COM 0129%
IC EFR TTL. NAND QUAD 2-INP 01295

Description

o0

MC78050P
MCI4at AP
MCI441AP
GN7ALERT7IN
SNV 436N

Nredrs

AOUZ0 1820--1197
AGU71 B20-1204
AGLTE iN29-1197
AGLITE 201 281

IC GATE TTL LD NAND QUAD 2- TNP 01295
IC GATE TTh LS WAND DUAL A4-INP 03255
IC BATE TTL L5 NAND QUAD 2-INP 01295
IC PCDR TTL LS 2-TC-4-L.INE DUM. 2-INP niaes

GN7ALS00N
HGHNZALBEON
GN7H_B00N
SN7ALB1 39N

AGLT
ALUTT

AGVL

3133

A8
AR
ABc3
ABCH
AALTS

ANCH
anc?
ALIGE

ARG T3
o131 )
ABCIS
ARGCTG
ABCIT

ARC1B
ARG2Y

ABLRD
ADC23
ABLR

ADC 2T

ARTRY
ADNCR2
AULRY
AULRA
AULRY

ABCRS
ARCR7
ABLRE
ABCRTL
Al

ADLRTY
ADCRLA
ADLRING
ABCRLA
ABLR1Y

AT 1

ARTEN
ANT21
ABMP L
ABMP2
anhed

AT

0O g8

1906-0098

182013199

-

19700076

B360-1714
N6H24-0227
0787 -0443
1251-4484
14601334

2190-0%13
22000143
2260-0001
30558-0105
3050-0440

71206712
7121-1234

03325 -66504

DL60--2055
J160-2053
01802803
0108F-2803
01802822

b180-zb22
01682057
B160-P207
51 60-3847
B160-2244

01602244

0160~
0 140--30U58

1702-3200
14023205
19010040
1501-0040
19010040

17023200
1702 0244
19919040
1991-0040
15010048

PRV -004AD
1901 ~-0040
1%070--004%
1201--00350
137i-00%0

2110-03a3

132512967
1291--2969
TG~ 0250
12050011
D3A0-0544

V231246

DIODE-FY BRDG
I6 INV TTL LB

TURE--ELECTRON

290V 24
HEX 1 TNP

SURGE V PTCTR

TERMINAL--CTUD &
SCREM-TPG 4-40
REBIBTOR 11K 1% Sl TC=0+-100
GCONNECTOR 4-PIN M POST TYPE
WIREFORM CU BRY-TIN

-PIN PRESS-MTE

WASHER LK HLUGL N 4, 110U-IN-ID
SCREMW--MACH 4--40 ,375-~IN-LG PAN-HD- FOZI
MUT--HEX-DBL~CHAM 4-40-THD |, 094-TN-THK
WASHER-FL MTLE RO, 4 125-IN-1D
WABHER-SHLDR NO. 4 ,115-IN~1D .2-IN-OD

LABEL ~WARMNING . 5-TH-WD 1-IN-L.G MYLAR
LABEL-CAUTION 1.926-IN-WD 2.24-IN-LG

HIGH VOLTALRE OUTPUT ABSBENBLY (OPT JR2)

CAPACITOR-FXD 01UF +80-207% 100VYDL CER
CAPACLITOR-FXD . 01W7 +80-20% 100UDEC CER
CAPACTTOR~FXD 100UF+30-10% SUVDC AL
CAPACITOR-FXD 140 0% SOVDEL AL
CAPACITOR-FXH 10WUF+54-10% B9VDE Al

CAPACITUR ~FXD 1QUF +5¢~10% S0VDC AL

10PF 454 S00VDC {JER 0+-&0
1OPF +-5% JOOVRC CER Re+-63

LO1UF +106-8% SEVDBC CER
CAPACITOR-FXD 3IPF 4+~ . 2ZPF J00VDLC CER

CAPACITOR-FXD 3PF +-~, 25PF S02UDE CER
CAPACTTOR-FXD 3.3U7 «-20% 15VDC TA
CAPACTITOR-FXD 3. 3UF+-20% 13YDC Th
CAPACITOR-FXD -20% HOVDC CER
CAPARITOR-FXD T - 20% BOVDG CER

CAPACITGR--FXD B8 -10% BIVDC AL
CAPACTTOR-FXD 22 S0~16% SIVDC AL
CAPACTTGR -FXD . © o+ -20% F0VDC CER
CAPACITOR~FXE -20% GOVOC GER
CAPACITOR-FXD 1UF +-20% JOVREC (ER

CAPACITOR-FXD . 1UF +-20% 50VDC DER

9% D035 Ph=,4W TC=+,057%

4 SE DO~3T PDha, AW Ti=+ 057
SWITCHING 30V S0Ms& DNS DO-35
SWITCHING 30V T0MA 2N3Z DO-35
~SWITCHING 30V GIMA 2NG DO-39

BIDDE--ZNR 15Y 5% DO-30 PD:: 4 TC=+ 057%
LIODE--ZRR 38V 5% PD=1W IR L)

SWITCHING 30V S0MA DO-35
DIODE-SWITCGHING 30V S0Ma 2NG DO-3T
DIOPE -SWITCHING J6V TOMA NS DO-3T3

DINGE -SWITCHING 30V SOMA 2RNEG DD--35
DIDDE -GWITCHING 38V TOMA 2NG DO--310
Din ITCHING 30V 50MA BNG DO-3T
DIODE-~SWITCHING 8OV 200MHA 2NS DD-35
DYODE -GWITEHING 80V 200MA 2NS DO-35

FUSE (254 125V NTD . 281%, 6093

CONMNECTOR-PHOND SINGLE PHONG JACK; DIP
CONNECTOR~-PHOND SINGLE PHONO TACK; DIP
HEAT HINK PLETC -PWR-LH

HEAT BTNK TO-5/T0 -39-C0

INGULATOR-XGTR THRM-CNECT

CONNECTOR 3-PIN M POST TYP[

IN-LG PAN-HD-PGLT STL

94713
01295
20480

28480
oboed
245446
20480
20480

24480
28480
20480
23400
28406

28460
28480

23489

2t480
284460

20400
20480
28480
28480
7B480

20480
ne2@y
THaB?
20460
20480

ZB4g0
28480
Z0480
243480
aBai0

Anagt

28480
2430
zga81
213480
26480

20440
23430
29480
23430
2p480

2B484
BB
23480
isubitudi]
Z&a80

Q0480

“g480
pa8g

20464
28400
L0489

29

MDAZOD
BN74LS 04N
193790074

FR60-1716

ORDER BY BESCRIPTION
C4-1/8-T0~1582F
1251 4404

146013386

21200713
2E00-0143
22600081
F0530-0100
ARG0~Dash

7120-6712
7121-1234

03ZCE-6HG0H

01460--2055
1140-2055
01a¢-20803
1180--2803
01an-2822

01a0-2uaa
01602257
Bh60-

01&0-3847
Nio0-2244

0140-2244
1G0D3ITX001TA2
1EODIIEA0D 1 HA
160 -3508
0160 -3558

Niae-z2pas

B140- 338
016 0-3558

01403350

1902-H20%
1?792--3205
17261 -0040
1201-0040
1701 -0940

194R-3200
1902-0244
1901-0040
1eb1i-n040
1841~-0044
1901-9040
1201 ~00410
1201-0040
19010950
1201 -000%0
2HIC-034%
18512965

~BEvE
12050011
43400544

125148484

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




Replaceable Parts Replaceable Parts

Table 6-3. Replaceable Parts

Description gtn;:ie Mfr Part Number

Reference HP Part
Designation | Number

hBQ1 10540475
ABR2 10940215
ABQ3 1853-0036
ARRA 1953~0042
ADRS 189940213

oo

TRANSISTOR-DUAL NPN P -75ﬁﬁu 284380 1854-0475
TRANGIGTOR NPN b FT=300MHZ 44713 onEY04
TRANGISTOR PNP FT=20 A 28404 1 ~0036
TRANSISTOR PAP PD=314MU ¥ & ag4a0 1863 -0042
TRANSISTOR NPN 51 PD=3H0MW FT=30IMHZ 14713 2N3I704

- e

TRANSISTOR NPHN 8 Fi=300KHZ 04713 ANZP04
TRANSISTOR PP ¥ ZBAB0 1BGE-0 D20
TRANGISTOR PP 22480 1853~-0020
TRANSISTOR NFN v FT=300MHZ 04713 2ZN3204
TRANGISTOR PNP PD=310HW FT=280MHE 20400 18%%-0042

ABRE IS4~ D21 Y
ABN7? $853--0029
ASRB 16353~-0020
ABGE11 16%4-0215
ABRQI2 10530042

O

TRANGIBTOR NPN Ph=350MW FT«300MHZ 04713 2N3T04
TRANSISTOR MPN §I PR=1BW FT=50MHZ 04713 MIER23
TRANSISTOR PNP S5 PD=1GW FT=50MHZ 04713 MIEZ233

ABA13 18380215
ABAl14 135404692
ABRLE 18%3- 0387

[N

ABR 1 06763279
ABRZ 07570458
ABRI 1 757-0783
AGR4 175702683
AORD B6HBI-4705

RESISTOR 4,590 t% 1234 F TC=0+-180 24546 CA-1/8-TO-49%P1-F
REGISTOR H1,1K 1% ,125W ¥ TC=0+-100 245486 CA-1/8--T0-5112-F
RESISTOR 2K 17 .1':'.‘.‘.1!4 F OTC=0+-100 24546 Ca-1/8-TU-2001-F
RESISTOR 2K 1% .120W F TC=D+~100 2450 C4-1/8-T0-2901~F
RESTSTOR 47 §% .20W FO TC=-380/+580 CHaz7¢s

LR RN )

RESIGTCR 47 %% ,2TW FC TC=-4006/+500 CR4705

RF‘SISTOR 4,99K 1% 12854 F 7C=0+-1040 3 C4-1/8-T~4991~F
1,246 1% 12%W F TC=0+-100 24T C4-1/8-T0~1241-F
399 1% 1258 F TCw=@+-100 24546 C4-1/8-T0-39R~F

REESI‘»'IUR 18K 3% L 128M F TC=0+-25 AR4B0 146986360

ADRG 06834705
ALR7? 04698--3279
AGRE D&HPE- X223
ABR11 0690--4449
ABRTZ 1698-6360

ABR13 06986360
ABR1A N&69B-4453
ABRILS 06924453
ABRTS 16831015
AR 01683-101%

RESISTOR 10K 1% ,125W F TC=0+4-2% 28490 16906360
ESIGTOR 402 1% .125W F FC=0+-100 24546 G4 -1/9-T0-302R -F
REGIGTOR 402 1% 12TW F TC=04--100 24545 C4-1/8-T402R-F
RESIOTOR 100 5% (25W & 3C=-400/4500 fii2i CR1NS

RESISTOR 100 5% ,25%W FC TOs-400/+50% 11121 CELO1S

b U N - oW rom

RESIGTOR 100K 5% 25K FC TLa-400/+800 112l {1 0.4%
RESISTOR I, 81K 1% .12%W F TC=0+~100 24544 Ca-1/8-TO-3011~F
REEISTOR S3.&6K 1% A12OW F TC=0+-100 EATAG L4 -1/8~-T0-59302~F
RESISTOR 3, 01K 3% .12%W F TC=0+-100 24544 CA-1/8=-T0=-301%-F
REGIGTOR 47 9% ,25W FC TC=-480/4530 01121 CRAZ05

ABRIE 06031043
ABR2Y 0787-0872
ABR22 049E--4408
AORZI 0737-0273
ABRA 06834700

L A

RESISTOR 47 S .25% FC TC=-400/+500 01121 CRa70%
RESISTOR 33 B% 250 FO TC=-400/4500 01121 CE230G
RESIBTOR 33 &% .25W FC TC=-400/4500 81123 CRAB0G
RESISTOR 3.6 S% 20W ¥FC TC=-400/4500 01121 CEIHETH
RESISTOR 2K 1% 1298 F TC=0+-10% 24544 Ca-1/9-T0~2301~F

ABR 2D 04683~470%
ABRZ2S 16833305
ARRZ7 0683-3305
ABRRY VHU3--F36%
ABRI 0757 -028%

oMo

RESTHTOR 200K 1% .128W F TC=0+-100 245446 Ca-1/8-TG-2003-F
RESISTOR 208K 1% .128W F 7 24544 CA-1/8-T0-2003-F
RESISTOR 2K 1% ”‘U ¥ OIe 24546 F4-1/8-TO-2001F
RESISTUR 3.¢& ﬁ}‘ﬁ SW FC TC=-400/+308 91121 Cl’lﬂtrl"‘ﬁ

RUSTATOR 5.6 04 .'-“nlvl T 400/+500 CBEOE

ABRSL 1757 -3472
HBRII Q7570472
ABR34 07570263
ABR IS 0683~ 0365
HBRIL 046838565

cRoelE

HARI7 D483 0585 RESISTOR 5. & %X (20W FC T 400 /4500 11 LLTAG0
ABREEG GHB3-2R0% RESTSTOR 22 S% 254 FC TC=-400/4500 ‘ CEREOS

ABLT 19060096 DIODE-FW BRDG 280V 2ZA MDAZDE
ABU2 1824604564 IC V RELTR TO-220 METRH 1 BOP
A3 18260214 IC ¥ RGLTR TO-220 MEZRIGOT

12510400 CONNECTDR-SEL CONT PIN 1, 14-HH-BEL-G2 & 28460 1251-0600
o190-0004 LK T NO. 4 115 -IN-LID ne4d0 a190-00¢4
2200-0147 SCRE - LS IN-LG PAN-RD-POZT 20480 2200-0147
2260~0002 NUT~HEX~DEL~CHAN 4-40-THD 062~ IN-THL 28440 a22a0-0002
23600113 SEREK-MACH &-32 ,DE-IN-LS PAN-YD-POTT 0e000 ORDER BY DESLRIPTION

3050-0716 i WASHER-FL HILD N0, S ,128-IN-1T 20480 LR A
7121-1234 LABEL-CAUTION 1.926-IN-WD 2.24 IN-LG 28480 71211234

A D33RE-6HG0T 1 CRYSTAL OVEN AGEEMELY (DPTION 0619 20480 03325 -66507
AYCI 18- 0672 g CAPACLTOR -FXD Z2OUF+GI-104 3GVEC AL 010474 IEVEELZRD
ARL2 0 60-3647 CAPACITOR-FXD G1UF +100-0% SOVDC CER 28480 0160-3647
ATC3 F160-3847 CAPACTTOR-FXD LO1UF #1000 S50VLC GER 28480 01460-3847
ARLA 0180-0693 CAPACITOR-FXD 1000UF+50-40% 25VDC Al nna74 FOVOSLI000
ATCR 1701-004% DL - RECT 50V 730MA CLD-29 20480 1901-004%
AFLR2 1901~004% - RECT SOV 750MA T 9 2a480 1281-004%
APER3 1e0a-0h4y 4 DIODE-ZNR 6, 19% 5% T0-35 PD= 28480 190:2-004Y
ATE L 0RLD - B465 OSCILLATOR 10MHZ 20401 LP&a0--1 450
ARJ1R 1229867 CONNECTOR-PHDND SINGLE PHONO JACK; DIP =B480 12512269

AFHPL 12051290 HEAT SINK PLBTC-PUR-[G nas0
APMP 03403564 : INSULATOR-XGTR THRH--GHDCT 20480

AR 1351~ 46 COWNEGTOR 3-PTIN M POGT TYPE 284480 1251 -4240

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




Replaceable Parts

Table 6-3. Replaceable Parts

Replaceable Parts

Reference
Designation

HP Part
Number

oo

Description

Mfr
Code

M¥fr Part Number

nvEl
ATE2

AYRL
AYRE
AvRS
AYRA
AYRY

ARG
AIRT
ATRE
ARRY

APL Y

Al4

Al401

ATALT
Al4Cs
A14C24
AtALZ7
AtlaAC2g

A14029
A14C31
ALACT2
AT4C33
Al4l3s

ATACES
Al AC3E
A14CH7
AL ALEH
ATH4CH?

A1ACH
Al14C42
A14L43
Al4AC44
AlAC4s

A14046
ALACA7
Aa14c4n
A1 ACAY
AT1ACSD

AlAls)
AlACHE
A14063
A14CH5
Al 4ChHE

ALAC74
AL ALY
AL4AL7E
ATACIN =
Atadide
A14C103 »
AlL4CLDA
ATAC100G
A14C107
AT4ACI0B
ALACIOS

Alacito
AlLaG11s
AlACI12
ALAE113
ATACI1A

13540153
1053-0 450

0583-102%
06831035
068353325
0797-0:290
De%h--3a%n

G6968-3274
2100-3252

D4B8X-1 0145
060829725

1820-0214
332G -265

21500213
2200-0103
22000143

A260-0001
23460-0113
3050-010%
J30GE0--naa9
Ju50-p604

GRG0 0716
71211234

633

n19g-1701
1603540
01 60-3647

01604532

B1ah-1746
0183-174b
0160- 3847
01603847
01403047

01604571
21603847
41603347
01603466
01404532

01460-4571
6le0-0142
0160-9152
015038347
N160--3847

1604571
1604571
G160--4137
01400128
Dik0--012g

B160-5335
01569-~-3047
01680-9210
1180~1746
01604571

0140-5335%
0560--5335

01605304

11608-4571
31603847
01403847
01600145
11460-2201
0140-0217

$1560-35084
1160-230&
03400174
11403847
V1460-3047

0121-4105
0160-2256
0140-3847
N160-3047
1140-4532

[A R ] £

- O

Eal I = ]

LOHHUFOCNS YLD VoVpd HHeTs HuRad Irtto

-2 g b

TRANSISTOR RPN 2N2218 51 T0-5 PD=BOOMW

TRANSISTOR PNP

REBIGTOR 1K G%

RESISTOR 10K
REBIGTOLR 3J.3%K

RESISTOR 6.19K 1%

ST TO-220A8 PB=4LUW

== A0 0600

2 06/4700
8% L E a0/ +790

+-100

RESIGTOR 8.46K 1% 140

RESISTOR 10K 1% (258 F TC=0+-25
RESISTOR-TRMR 5k 10% C TOP-AD

REGIGTOR 100 5% 25w FU T
RESGTISTOR DK D% 20W FC TC

-400/+500
494 /4700

0 AMP GP 8-DIP-P PKG

PLOBD-BLK(22212)

KaAGHLR-LY HLOL MO, 4 115 -IN-ID

SOREW-MACH 4-40 .29

IN~-LG PAN-HD-POZI

SEREW-MACH 4-40 3V5-IN-LG PAN-HD-POZT

NUT-HEX-DBE -CHAN 4- 40-THD 3% 4~IN-THK

SBCREW-MACH

C29-IN-LG PAN-HD-POZY

WAGHER~FL HMTLE N,
WAGHER-GHLDR NO. 4
WASHER-FL. MTLLD 7716 TN S5 IM-1D

WAGHER-FL MTLC NO. % .i28-1N-ID
LABEL-CAUTION 1.925-IN-WD 2.244N-LG

BC AGBY-FUNCYION

CAPACITOR~FXD
CAPACTITOR-FXD
CAPACITOR-FXD

CAPACITIR-FXL

CAPACITOR-F XD
CAPACITOR-FXD
CAPACITOR-F XD
CAPACITGR-FXD
CAPACITOR -FXD

CAPACITOR-FXD
CAPACITOR-F XD
CAPACITOR-FXD
CAPACLTOR ~F XD
CAPACITOR-FXD

CAPACITOR-FXB
CAPACITOR-FXD
CAPACITUR-F XD
CAPACITOR-FXD
CAPACITOR-FXD

CAPACITAR-FXL
CAPACITOR-FXP
CAPACITOR-FXD
CAPACITOR-FXD
CAPACITOR-FXD

CAPACITOR -FXD
CaPACITAR~FXD
CAPACITOR-F XD
CAPACITOR-FXD
CHPACTTUR-F XD

CAPACITOR-FXE
CAPACITOR-FXD
CAPACTITOR~F XD
CAPACITOR-FXD
CAPACITOR-FXD

CAPACITOR-FXD
CAPACITOR~-FXD
CAPACTITOR-FXD
CAPACITOR-FXD
LAPACITOR-F XD

& . B8UFF-20% &VDC TA
wr 2% 100VDC MET-FULYC
U1 +100-0% S0VDC CER

1000PF +--20X BOVDD CER

15UF+-10% 20VDC TA
1GUF+-30% 28900 Ta
JOLUF 4150--8X BavVRC CER
COIUFE +100--0% S0VDC GER
JOAUF i D0--0% SOVDEC CER

JIUF +830-20% S0VDC CER
JOTUF +100--0% S0vDC CER
CBIUF +100-0% S0VDBE CER
100PF +-50% 1KVIC CER
1B00PF +-208% S0VDC CER

CIUF 484204 SIUDC CER
A2BUF 410X 200000 POLYE
LOZ22UF k-10% 200VDC POLYE
CUTOF +100-0% SQVDC CER
CJOLUF 4100-0% S50VRC CER

JIUF +BO0-20% SO0VEC CER
JAUF 4BO-20K BIVDL CER
L BIUF 10BVRE POLYSTY
2.2UF - 0% 38VDC CER
2.20F +-R0Z TOVBC CER

1UF #+-10% 109VDC RET-POLYE
AIGE +100-8% B0VDE CER

3, BUF+--20% 10VDBC Ta
13UF+-18X 2EYDC TA

JWUF +80-20% S0VDC CER

IUF +-10% 100YDC MET-POLYE
1UF +-108% 100¥DC HMET-POLYE
VIUE +-18% 100UDC
VAUF v-10% 100VUnE
CAUF 102 100900

ViUF 480207 S0YDC CLR
JO0TUF +100-0% SQVRT CER
,01UF +100-0% S3VDC LER
BIPF +-2X 100VDC WICA
YiPF 40X 309VDC MICA

CAPACITOR-FXD 140pF 300V

CAPACTTOR-FXD
CAPACITOR-FXD
CAPACITOR-FXD
CAPACIYOR-F XD
CAPACITOR-FXD

CAPACITOR-Y TRMR-CER ¥

CARALCITOR--FXD
CarACITOR-FXD
CAPALITOR-FXD
CAPACTTOR-FXD

AOPF +~2% S00VDC MICA
2IPF +-0E BIOUDE MICA
1S0PF +-5% B00VDC MICA
COLUF RE00-0% SOVDC CER
JO1UF +100-9% SEVPC CER

= 209V PC-HTEG
5. 1PF +- " 520VDC CER
LIV +100-0% S0VDC CER
LB1UF +100--0% SEVDC CER
100007 4204 HOVDE CER

04712
04713

91121
ol1al
01121
19701
245460

24408
28480

N1
N2y

284810
284814

213480
20480
23460

20440
20000
20480
28480
20480

283480
28480

28480

s&209
28480

28440

284680
18480
ZE4B0
28480
2RaBD

agapn
28480
#4411
28481
an4sn

78480
23480
S62h7
546209
28440

28480
204919
28480
28430
28481

20480
26480
28499
28480
20430
28480

20480
28480
732134
apagg
28480

G2763
23480
203480
P8480
23480

2NE21B
MIEZ71K

CE1 085

CHieny

CB3I2G

MF401/8-T0 -6191~F
£4-1/8-TO-B&ER-F

t650--3274
2100-3252
Ca1us
Ghadzy

1820-02186
03325 -26%50%

21900913
a200-9193
2200~0%43

2aAl--p001
DRDER BY DEGCRIPTION
F0H0-0105
BG0--0440
Futit-0s04

A0G0-0714
71211234

3 A2 66T1 4

1G0D6BSX000 A2
01693360
t160-3847

G160 4T3

15HD1%6XT0E0EE
150D156XP0 200
01693847
016063847
01603847

$160-4571
D1606-3847
41403847
01603464
1604332

1160-4571
4160-0162
0160-01462
014H0--3847
D160-3847

$160-4571
1160-4B71
BH3UK

1600128
9160-p128

01460-5335
01603847
130D335X0015AR
150D1SEXP 2GR
t160--4571

0160-533%
0160 F
0160-5306
01 60-5306
0160-5306

0140-45714
G160 3547
01160-3047
01600145
0169-2201
01400217
0160-3004
0160 -2306
THLIBFIE1JG30CWVICR
01603847
0160-3847

304324 9/3TUPF N&TO
01602250
N1&60-3047
01460-3847
1160~4532

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

oo

Description

Mfr
Code

Mfr Part Number

A14L116
Alat117
A14C1I10
Al 4CLLY
ALACTEL

Ala122
AlLaCa4S
A14C124
Alacl a7
AlLACY2E

Al4c12?
A14C130
A1ACLSEY
A1AC1I3E
A140133

AL40134
ALAC13Y
Al aC136
A1A0137
A14C130

h14C1 39
ATACLA1
ATAG1 4R
A14T143
ATAC144

A140203
A14C205
ATAC208
A14C209
nl4t211

AL4C212
al4l3
A14C214
A1AC217
R14C218

Alai2ly
Al 4229
Al4G221
ALAC2ER
A14C223

h14022A
Al14C225
ALACE2E
Alacanz
ALACEZE

Alal229
ALACZ3D
ALACZE
A140232
AL4C2ZS

A14C234
A1 AC23G
ALACE3H
h1 40230
AL4CDR?

A140240
G14524)
AlALRAZ
ALAGREAT
f1AC2A0

h1AC26D
A14C261
A14C262
fA14C263
H14CZ264

Al4LRY
ALACREA
A14CR3
AlaCR4
ATACRE

ATACRG
A1ACR7
ALALR?H
A1 4GRY 01
A14CR102

B140--3847
0160-3847
11801748
1186-1744
014603147

21603847
11460 -029%
11603847
0160-30847
01603847

01603847
¢160--22410
N160-3247
01460-3847
0160-2230

01403047
1160-2240
01603508
0160-4571
0160-4571

0160-3347
01404571
b160--01%6
0160-0301
D160-2414

0140--3047
01683466
0160-3847
0160 -3B847
01603847

n1&6e-3847
N160-4532
0160--4532
0121-3452
81604571

01601744
N140-4571
9164--3847
91602250
0140-3047

tian-3847
01460~3047
1160-2240
01503047
B160-3547

01603247
1168-3B47
41186-1746
01604571
n186-4210

014693847
G160-3847
11403466
G160-2055
0160-4571

0160~3464
011460--3047
01403847
01801744
4180-17464

11664571
168~-4571
1140 -4371
¢1906-1744
01684571

17020041
17012040
159010040
17010050
1902--3345

t701--00%0
1901-00%8
1301-0049
1901-0040
19010040

Feab s VO Od BN A0D

THV LD

PR RN )

[N s | 8wy @m0

Q0 pem VpOGU

wg@ OPeLta oo

o

e R e e

Ol N Dy e

CAPACLITOR-F XD
CAPALTTOR-FXD
CAPALTTOR ~FXI
CAPasTTO XD
CAPAGTTOR -F XD

CAPACEITOR~FXD
CAPACITOR -F X0
CAVACLTOR-FXD
CAPACLTOR-FXD
CAPALTIYOR-FXE

CAPACITOR-FXD
CAPACLITO
CAPACITC
CAPACITOR-FXD
CAPACITOR--FXD

CAPACTTOR -FXD
CAPACLITOR-FXD
CAPACTTOR-FXD
CAPACLTOR ~FXD
CAPACITOR-FXD

COPALTITOR-FAR
CAPAGITOR-FXD
CAPACTTOR -7 AD
CAPACITOR-FXD
CAPACITOR-FHD

CAPACTITOR-FXD
CAFACITOR -FRD
CAPALITOR-FAD
CAPALTTOR-FXD
CAPACITOR-FXD

CAPACITOR-FXD
CAPACITOR-FXD
CAPACTTOR -FXD

CAPATTTOR ~FXD

CAPACITOR-FXD
CAPALITOR-FXD
CAPACITOR-FXD
CAPALITOR ~F XD
CAPACITOR-FXD

CAPACITOR-FXD
CAPACITOR~-FXD
CAPACITOR-F XD
CapPACITOR-FXD
CAPACTITOR-F XD

CAPALTTOR-FXD
CAPPLITOR-FXKD
CAPACTTOR-FXD
CAPACTITOR 2D
CAPACITOR-FXD

CAPACITOR-FXD
CAPACITOR~FXD

CAPACTTOR
CAPACTITUR-FXD

CAPACITOR-FXD
CAPALITOR-FXD
LAPACLTOR-FXD
CAPACTTOR-FXD
CAPALITOR~FXD

CAPACITOR-FXD
CAPACITOR-FXD
CAPACITOR-FXD
CAPALITOR~FXD
CAPALTITOR-FXD

DIODE-ZNR 5,11V
DICDE-SWITCHING
DIODE~SWITCHING
LIODE -SWITCHING
RIODE-ZNR 81,1V

DIODE -SBWITCHING
DIODE~SWETCHING

=2
DINDE -BWITCHING

CpAUE 109 3% SUVOC CER
JULUF +106-0% S0VDE CER
1EW e -10% 2IUDE TA
1GUF+-1 B FOUDE TA
L01UF +10%--3% SEVIC CER

CBIUF #1100+ 02 S0VDC CER
13008F +-f 0% 2D0VDC POLYE
CBUFE 18003 S50UDC

LO1UF w1800 S0VEC

LOTUF +100-0% S8VDE

+1G0-0% SIVDG

I 5A0VDE CER
. AG-0% TIVDG CER
LO1UF 419483 S0VDC CER
5,1PF -, BEPF TOOUDL CER

1 OF

LOIUF +1B0-0% SOVUDC CER
&4 b 2SPF G0IVEC CER
e +B0-20% SOVDC CER

L1UF +B0-20% S0VDC CER
JAUF +B-20% SOVDE CER

LD1UF +108-0% SoVNC CER
JAUE #B0-20% SO0VEC CER
3200PF +-10% 203vDE POLYE
CTRUF 4103 BoOVDD POLYE
AR2UF e-T% 200VD0 PELYE

LBIUE +100-0% SRVBC CER
1BOPF +=-10% 1KVDE CER

LOMUF +104--04 HOVDC CER
JRIVE #10D-0% TOVRC CER
LOLUE 410002 BOVDG CER

CBIUE +100-0% BOVDC CER
1004PF +-20% SOVDC GER
100DPF +-20%4 SOVERE DER

CARALITOR~Y TRMR-AIR 1,3-5.4PF 179V

JEUR HBD-20% TBVDE CER

-19% R0VDT Th
C+B0--20% SOVIC CER
LOIUF +160-0% TOVDL CER
5,1pF +-,25PF S00VDC CER
JVIUE +100-3% S0VDE CER

BIUF 4100-0% HOVDC CER
LBIUF +100--0%4 S0VERC CER
2PF +-,25PF BOOYDC CER
LRIUF +100-0% S0VRC CER
LO1UF +100-0% BOVDC CER

L01UF +100-0% S3VRC CER
LBGUF 4100-0% B0VDC OER
15UF+~10% 20VDC TA

JAUF 4B3-20% H0VDE CER

3, 3UF+-20% 15VDC ThA

CBIUF +100--8% GOVLC CER
LOTUF #1800 SAVDE CER
100PF +~10% 1KVDC GER
JOLUF +B8--20% 100VDC CER
LU »AB-20X SOVDE CER

100PF +-10% 1KVDC CER
LDIUF +100--0% HHVBC CER
LO01UF +3100-02 SOVDE GER
15UF #-30% 20URC TA
15UFk-19% 20VDE Té

JIUF +Q0-20% SIVDC
AUF +B0-207% 50vDC
JAUF +80--20% GOVIE
15UF -13% 20VDC Th
JAUF H80-20% S0VDE

H74 DO~-35 PDm=, a4
BNV LbMA ENE D033
30V SOMA NG DO-IT
B0V ZDIMA 2NS DD-35
5% DR-3% PD=,4U

B0V 208MA 2NG DO-35
g0y 200HA 2NS DO-35
36V SOMA NG DO-3F

3 30V S0MA 2MS DO-35

JOY GhMa 2nNG DO-3T

28420
20480
6289
06287
284890

agaan

20480
Z8480
20480
anael
273480

2B40¢
22480
20480
28480
28480

22480
289480
2RABD
2e480
23480

20480
20480
28480
20480
ana80

23430
28480
20489
74970
21430

563209
284083
26460
28480
28480

26480
20480
Zeagd
ag480
2B480

28480
203480
SHAY?
2n4agn
G687

28480
zB480
26480
840D
28480

23480
23400
24480
Se2ay
56249

ZB4bD
28480
ZRABD
Hoe289
28430

29480
20480
29480
2409
28480

2[480
28480
28480
28480
284890

41603847
01663047
LBOR156XP02002
1H0DIGEXPO0ED
01603847

V1603047
4160 -0299
81663847
D160-3347
0160 -3847

01503847
A160-2250

1) &0 -3847
9160-B240
014643308
B16£0-4571
05694571

014 0-3847
41604571
0168-01%56
9160-0301
Bloh-2414

0160--3847
n160-34466
01603847
0160-3047
01603847

114603347
01604532
0140 -48532
187-010%~020
01604571

150D156XF020E2
81604571
01443847
01 60-2280
BL6G-3847

0160-3847
G1606-3847
0160-2240
0160 -3847
0lah-3847

01603847
D160-3047
15001GHXPE2 082
01604571
1H0DIE0A0215A2

1160 -3847
L14£0-3347
61685406
011 608-2095
0150--4571

11403468
3160 -3847
0814603047
150D SeXF0 2052
150D1EAXP 02D

01604571
01604571
016 0-4571
1S0D1SEXP0R0TR
01604571

19020041
19910040
i901--p040
17910030
1942 ~-3345

1901--08530
12010050
1901-0040
1901-0041
19201-0040

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




Replaceable Parts Replaceable Parts

Tabhle 6-3. Replaceable Parts

HP Part
Number

190100490
1901-0640
1901 -0040D
19°01-0048
1901 -053%5

Mfr
Code

203466
20483
28460
29409
28489

Reference
Designation

ALACRINE
ATACR 104
ATACR10G
A14CRIOY
ALACR 100

Description Mir Part Number

oG

19013040
19014040
19010040
1201-3040
19 -0HIG

DIGDE ~QUITCHING 30V H0MA ZNG
DIODE~SWITCHING 3TV S0MA NG
DIODE~-SWITCHING 30V Hika NG
DIODE~GWITCHING 30V I0MA 28
DIOME-GM 516G BCHOTTKY

O

1P01 ~453S
1901 -0040
19010040
THESE B

19813140

284810
208482
2480
14718
28480

ATALR1O%
ALACRII0
ALACRI1Y
ALACR20S
A1ACR208

19010535
12010040
1201~0640
1902--06312
19nt-0040

DIDPE-8M SIfi SCHOTTKY

DICDE-SWITCHING 20V J0MA 2NS DO-33
DIODE~SWITCHING 30V SUMA 2NS DO-3%
DINDE-ZNR 1INS3S1E 14V 5% PD=DW TO=+73%
TIODE-SWITCHING 38V S0MA 2M3 DO-3%

- T =g

1201-0040
19310040
1901-0030

ALAGR209
ATACRZ1D
AT4ACR21Y1

PP1-D040
1901 ~-0040
12010050

234810
20480
28480

DINDE-SWITCHING 30V S0MA 2NS DOD-3T
DIODE--SWEITCHING 30V F0MA ZNG DO-3H
DIODE -GWITCHING 30U 200MA 2NS DD-35

ATACR212
A1ACRD1LS

ALACRZI4

1%01-0050
1902-3149

1942-3030

PR SN

DIODE-BWITCHING
DIODE -ZNR 2. 0%V

DIOBE-ZNR 3. 01V

B0V 200MA 2NS DO-3B
BE DO-3E PD=, AW

B4 D0~7 Phe=, 44 TC=-, 067X

28480
23480

24480

19010058
1P02-%149

192423034

2020631
1201~00480
1901-0040
19201~-0040

94713
20480
28480
20480

INGIG1R

1981~0040
1901 -0440
19410040

DIDDE -ZNR 1NG3G1R 14V 5% PD=IW TC=+7%%
DIOPE-SWITOLHING 30V SOMA 2NG DO-35
DIODLE -GWITCHING 30V SH0MA 2HS DO-3F
DIDDE - SWITCHING 30V GOMA 2HG DD-33

[

ZB4Bl
284810
aBago
28480
21480

1901--0040
19010535
19010535
19610535
12010538

12010049
1901-0535
1901--0%35
1901-0535
12010535

T-SWITCHING 30V S0MA 2NS DO-3%
816G SCHOTTIRY
8I6 BCHDTTKY
DIOBE-8M SIG BCOHOTTKY
DIODE--GM GIG SCHOTTKY

20 g -

21100343
2110 0343
2110- 0343
21100301

21100343
2110 0343
21100343
21100301

FUSE . 2%5A 125Y NTD .281X.093
FUBE (254 13259 NTD .Z2B1X.40%93
FUSE |, 2%A 120V NTD .281X. 093
FUSE L125A 123V 281X, 093

28480
28480
26480
294060

b

8159 -000%;
1251 -2949

29469
12%1-2969
125164567

23480
23480
28489
28480 @3l

28480 1251 68467

REGLGTOR-ZERD OHMS 272 AWG LEAD DTA 9159-000%
CONNECTOR -FPHONO SINGLE PHOND JACK; DIP
CONNECTOR-PHONO SINGILE PHONQ JACK; DIP
CONMNECTOR-PHOND SINGLE PHONG JACK; DIP

CONNECTOR 21-PIN M POST TYPE

ad 1
2969
~a76H%
~2FhY
—BvHT

anBaBo
28480
20489
234810
20480

12918969 CONNEGCTOR-PHORG SINGLE PHONG JACK; DIF
) CONNETTOR~-PHONO SINGLE PHONO JACK; DiP
CONNECTOR-PHOND SINGLE PHONDG JaCK; DI
CONNECTOR-PHIND SINGLE PHONO JACK) DIP

CONNECTOR-PHONG SINGLE PHONG JACK; DI

AlATIZ
AL1AT1S
Aladla
AVATRS

At ad2a
AL4T2E
ALATIEN
A14131

CONNECTOR-PHOND SINGLE PHONO JACK; DIP 20480
CONNECTOR-PHOND SINGLE PHONO JACK; DIP
CONNECTOR 14-PIN M POST TYPE

JUMPER-REM

12967
31-5064
1258-0141

1251-5064
1258-0141

oe400
28480
203484
2134846
204BE

F100--1791
RI04 1791
PilD-1771
7104171
91041791

A1 424
A4 27
ALALT7Y
A14.77
ALALT7H

£1o0~-1791
Pioh 1791
21901791
F100- 1771
f10-1771

INDULTOR 270N1 20X ,23D%, 37916
INDUCTOR 270NH 204 230X, 373LE
INDUCTOR 2%8NH 20% | 23DX, 375L%
INTLGTOR 270MH 20% 230X, 37016
INBUCTOR 290MW 20% ,23DX. 37516

34an
ZR4AB0
28480
28480
28480

21001791
PL00-DSEY
DLAD-GATE
1440456
2100 -2436

INDUCTOR 290N 297 230X, 37356

INDURTOR (MISC TTEM}

INGUCTOR RF-CH-HMLD 470NH 2% .1866DX.36ILE
INDUCTCR RF-CH-MILB 4708 2% . 166DX iH
INDUCTOR RF-CH- MLD 333RE U2 166DX.

ATALTY
ALALBD
A4
ALALIOD
ALALIDE

F100-1791
®100~-0%53%
Pral- 14546
140-04%8
?100-2486

10061602
$100-10628
1401791
FITO-DE74
P170--0894

INDULTGR RF-CH-MLLE 24UM SX% . 166DX, 38616
INDUCTRR RF -UH-MLD 43UH 5% 166DX. 305LG
INDUCTOR 290NH 207 230X 3705LG

GORE GHIELDING EBEAD

CORE~GHIEL.DING BUAD

28440
7EBABD
20480
wBasn
28480

Alaldna
ATALIDN
ALAL201
ATAL2DE
ATALZR 4

10014622
71a0-1620
100-174%1
7170 b5%4
9170016074

; 264010
P-GHAN D-MODE 51 FTatd
I PeadfSW F TafRiMHe H4713
[iar D-MODE ST 353
seagn

T05%-0078
ITitg
MIE2R3
T
18%5--0410

tGT5- 0072 TRANGISZTOR
1§155-0 404 TRANSISTOR
1054 DEL92 | BT
1685350400 g 3 P
18550410 BTOR J-FET - CHAN D-WODE TO-10 81

GYRI
A1AQ2
H140G3
A1404
ALAGES

284810 1 - 04T0
23483 1 -0 0680
na713 AMIR0L
LB £AaZl 02K
13606 VLN -29 834

Al 4d2e
Alage? £
Al AN2E 18540215
AL AGR40 OG04
A4S0 1058 -0047

TRANSISTOR PNP 81 PD=300MW FT=150HH2
TRANSISTOR PP 51T P D=
TRANSIGTOR NPN i B0 OMHZ
TRANSISTUR ARRAY 14-PIN PLOTE DIP
TRANSISTOR ARRAY 1&-PIN PLUTC DIF

=H2GHW

ZE4B0
G477 13
§A713
B7263
25400

1E4-0 007
HPoH10
2AN42209
2MAT17
1E54-0404

TRANGISTOR NPN ST PD=U630M FT270MHZ
Alad1oid TRANSTISTOR NPN §1 TO-92

A1AQT 1 3 IRANGISTUGR PRP BRI PD=

AlAGLG3 2 - ! 3 R OPNY 2NAYL7 ST PO-200HW
ATAQ1L 04 575 NG TS WPN GI TO-18 Ph=36UMW

ATAQY &

ZNAYCA
Mirg ez
DMIP04
DuB3
0083

14713
04713
44713
2BAED 135
23180

ALARLDS
ALARIDEG
ATAGLOT
Alglag
At AR1IDY

1R54-021%
1054 - 60
181540215
1e53- 0083
1853-0003

IRANGTSTOR NPN ST PD=3NCHN FT=300MH7
TRANSIBIOR MPN 81 DARL P 1 3N
TRANGISTOR NPM G P SR FT=300MHE
TRANSTISTOR- BUAL PNP PRa&00MW
TRANGISTOR-DUAL PNP FD=60 MW

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




Replaceable Parts Replaceable Parts

Table 6-3. Replaceable Parts

Reference HP Part e Mfr
Designation | Number Description Code Mfr Part Number

Al4Qiiz 1854--0314 TRANSISTOR NPN SI PD=Z1DHW FT=208MHZ 23480 1854-0314
ALAQILD 10854- 0368 TRANSISTOR NPN SI DARL PD=310MY 44713 urs A1z
hi4G114 1354~0215 TRANSISTOR NPN BI PD=350WK FT=3DEMHZ 4713 ZH3R04
Al4Bl1L 18530046 TRANSIGTOR PMP GI TO-92 PD=&EUMW 23480 18538066
A14Q117 1B53-0066 TRANSISTOR PNP SI TH-%2 PD=82TMW 28480 1B53-0066

A14Q118 18550081 TRANSISTOR J-FET N-CHAM D-MODE SY 284480 189550081
plaf1L e 1054-0540 TRANGISTUR NPN GI DARL PD=310MW 04713 ¥PS Alz
Alag201 1054-0215 TRANGISTOR MPN ST PR=330MW FT=300MHZ 14713 2M3F04
A14Q203 1054~ 0233 TRANSISTOR NFN RN3B&E ST TO-3% PD=14 BLEBT BNIBSG
A14AQz204 185%4-0795 ! TRANSISTOR NFN SI TO-22 PD=620HW 14713 MPGH 10

Al4Q206 1 G%4-0215 TRANSIGTOR NPN 51 PD=3T0MW FT=300MMZ 04713 aNav04
A148207 1054-0233 TRANSISTOR HPM 2N3DG4 BI TO-39 PD=ill ot Y 2N38LHE
ATAGRID 1354~0215 TRANSISTUR NPN BY PD=3N0MW FT=300MHZ 04713 2n3V04
ALAQR0? 1053-0440 TRANGISTOR PNP §1 YO-3%7 PDwGW FT=500MHZ 04713 MM4018
ATARZ1D 1554~ 0357 ! TRANGTBTOR -DiAL WPN PD=3&60HW 20480 18540337

ATARR11 1 BTI- 0448 0 TRANSISTOR PNP 8T TO-78 PL=625MY 14713
A1Af12 B3 4 TRANSTHTOR PNP ST PD=310M0 FT=2504WZ 28400
A14d213 158 TRANSISTOR PNPF S1 TO-3% PD=SW FT=5H00MHZ 04713
A1AG214 - TRANSISTOR PNP ST PD=300MW FTai8IMRE 20480 1853-0020
ALAQZ21S 1 TRANGISTOR NPN S1 PD=350MW FT=300MHZ 64713 ERETIE

TRANGTHTOR NPN 2N33654 31 T0-39 PD=0W 34713 2NIBLOA
TRANSISTOR PNP §) TO-3% PD=5W FT=500MHZ 04713 MMAH18

Al4Q216
A149219

| ]

RESIBTUR 4,64K 12 125W T YC=0+-100 24546 417670
RESISTOR &,81K 17 ,128W F TC=04-100 A4%46 Ca-1/8-T0
REGISTOR 2.2K H% 258 FC TC=-400/1700 1121 CRI2ET

REGIGTOR-TRHR 50K 10% C TOF-ADY 1-TRM 28450 a10n-3263
RESIGTUR FH3K 1% . 2UW F TC=d+-100 aRA80 1678-4817

A14RE 1698-~3155
AlAR4 0797-0439
ALARG DHB3-EZRRD
ALARG 21003253
ATAR? 14670-4817

o

REGISTOR 9,485 14 1254 F TC=04-205 19701 MEACT/D-TH-F455R -B
RESIGYUR 351 1% 1258 F TC=04-100 24746 G431 /8-T0-201R-F
RESISTOR 3041 1% 1285W F TL=U+-100 245468 Ca-1/8-TO-30 1R~F
RESIGTGR 2.2K %% .2®5W FC TG Lo/ v700 §1121 CRz225

RESIGVTOR 2.2 54 ,2%W FC TC=-400/+700 0112 Ceazas

Al4RE &340 -78510
AT4RY N757--0410
AlAaR11 0757--9410
ATARZE 1683-2220
A14R27 0683 ~2225

RESISTOR 2.2K 5% 204 © -400/4700 1120 CERERS
RESISTOR 2,BK 5% .2GW FC -440/+700 01121 Chzaisd
RESIBTLR 10K S% .2%W FC TC=-a00/+708 41121 CB1I35
RESISTOR 10K 35X .28W FC TCrmal/+700 01121 CR1U35
RESISTUR 1K D% .2%W FC TC=-400/4600 g11a1 CB1025

A14RZD 0683-2223
Al4R27 0&83-2225
A14REL 16831933
A1ARZ2 0 683-1035
A14RI3 6031025

e N L

REGIETOR S6K 5% (BHW FGC TC=-400/+800 01121 CRTASS
REGIBTOR 22K 5% .20W FQ TC=-~400/+B800 01121 Chz2a34
RESISTOR 2.2K B4 .2%W FC TC=-400/4700 oilad CpRNzs
RESISTOR 13.3K 1% .125W F TC~=8+4-108 TR0 MFAC1/8-T0-13352
REGISTOR 10K 1% ,12%5W F TC=04-100 24546 C4--1/8-T0-100

A14R34 0683 -5635
A14R34H 0683-223%
f1ARIT7 0&605-2225
AT4R3E M7E7-0289
#1ARYY 07570442

RSN R

RESISTOR~TRMR 100K 0% C TOP-ADI 1-TRN 20480 2100-3214
RESISTOR 13.3K 1% 183W F JC=0+-100 19701 MFAL1 /8101 F32-F
RESISTOR 10.2K .1% .125W ¥ TC=0+-25 28480 16798124
RESISTOR 10K 1% .120W F TC=0+-100 PATIAH G4~ 1/8-Te~1002~F
RESISTOR B.2BK 1% .128W F TC=3+4-10D 247546 4 1 /8-TH--B25% -

ATARAD 2100-3214
Al4aRay 07570239
Al arad N679-0124
#14R43 0757 -0442
A14R44 N737-0441

@ om

A14RA4S D683 -4703
Al4R 44 D&6B3~1085
ALARA7 N6HBI--226T
Al 4RA0 B6A3-4725
A1 4AR47 0757--9438

RESTSTOR 47 5% 204 FG TC=-400/+500 giia CRAZ0G
RESISTOR 1K 9% 289 FC T 400/1600 81121 CB1 02
RESISTOR 22M 5L 254 FC TO=~-900/+1200 gilza o 65
ESISTOR 4.7K S 25W FO TC=-400/1700 0112 Cha708
STOR 5.11K 1% 1258 F YC=0+-100 24746 C4-1/8-THT111-F

RESISTOR 2.2K %% (25W FC TC=-400/4780 81121 SuEe2n

RESISTOR 3.46K 1% 1254 ¢ 7T 2A%44 C4-1/8--T8-3161~F
REBIGTOR 5. 11K 1% d 24546 G4 -1/8-T0-%111 -F
RES 1.85¢ 1% 28480
RESISTOR 156K 5% .128W F TO=N+-353 29480

AT4RGD 1633-2205
61 4R%1 07572-02279
A14R52 0757 -0430
Al 4RS3 06986347
ATARTA 06786734

MOWD M W GED

RESGISTOR 1X 1% . 129W F TC=d+-100¢ 24544 Ca-1/8-TH-1001~F
RESISIGON 20K 1% (125W F TC=0+-30D 24546 G4 -1/8-T0-2002~F
RESISTOR 2.45M 12 1234 F TC=0+-100 e ]l 04950121
RESISTOR 4, 8K .1% .128W F TL=0+-20 Zak]e]] G4L79~0)

RESISTOR 100 5% .25W FC TC=-400/+500 g ZB1915

A14ARES 07570280
AT4RDE 17570447
A1ARS? 0146590121
A14ARSE BAFY--Diza
A1A4R&0 0683-101%

Nosew

RESISTR 1Kk %% .ZS5W FC TC=-400/1£09 a1121 CRL 2%
RESGIETOR 100 W P 0B/+%500 81121 CBi0tS
RESIGTOR 1Rk BZ .2%W FC 490/+ 500 012 CBiD2E
REGLISTOR 11} 9% 20w FC T 400/ +610 1121 G125
REGIGTGR 100 5% .25W FO TC=-400/1500 f1121 CEL01%

AT4R6T DEB3-1 005
#14RGE 06833015
AlaR&3 63 -1025
AlARL4 0683-1025
ATARGLS 1683-1015

N PN D

ALAN 67 06831025
A1ARGE 06831025
AlaR&Y 0683~1013
ATART7G D&03-1 333
ALAR?Z V6HB8F-H22%

1K 5% L2064 FC TC=-400/+600 01121 CR1625
1K HE 20 FCOT 400 /4600 11121 GR1O2G
100 5% 254 FC : 031121 coi01y
RESISTOR 19K Y% .0UW FO k 411 CeinlsE
REGISTOR 2,8k SX .23W FT - 011t Guaz2s

LR I R |

ALAR7B M6B3-108% ) 3 OR 1K T 254 FOO Y 400/ +409 1121
ALARDDL B3 Y 2 228 S% 254 FC TO 0n/+L00 pi12y
ATARLOY - ; 5 IR 2.7K % (REW FC FC=-ab0/+700 a1121
ALARIDT 16038225 E, 22K DX L2HW FL TC=-400/4706 0ii1z2t
ATAR1D2 0603-4705 RESISTOR 47 S .2%W FC TC=-409/+330 11121

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




Replaceable Parts Replaceable Parts

Table 6-3. Replaceable Parts

Mfr

Reference HP Part Description Code M#fr Part Number

Designation | Number

ALART0D WeSr-0aza 4 AESIBTOR 3. 016 1% 12D ¥ TCxd4 245AL C4-1/8-Th-5011 -1
ALaR104 07 0283 RESISTOR 2K 1% . 128W F T« 24540 CA-1/8-TN-2001-F
ATAR LY U707 0398 REQIBTOR 75 1% 125W F T : 24546 Ca--1/08-TH-7300 ~F
AlARLOG 06a3- RESGISTOR 190 %% . 28W FC 7 00745600 f1121 CR61s

ALARTAT? 0¥e7 -0400 REGISTUR 90,9 1% 1BOW F TC=d+-100 245446 Ca4-1/8~TO-F0RT "

o0

SR e

AlAR108 0693 4427
ATARTD? 0757 04z
ATARILD &8

Alatiy 0483 i
ATA4RIIZ H6B3-7505

REGISTOR 1.48K 1% .12%5W F TC=0+-100 BAGAL CA4-1/8-TO~1451F
RESISTUR 750 1% 128w F T 100 2ATAE C4-1/6-T0-7591 -F

RESISTOR 2.2k 9% (25W FC TC=-400/+700 41121
RESIGICR 2.2K 5% . 25W FC TC=-4060/4700 #3121
REBISTOR 7% 5% ,28W FC TC=- 400/45040 011

Fu fuf B2 TR

ATARI1E
ATART1I A
ATARI1G 0690 -6317
ALARLL7 04%8-4123
Al4R1IB DEFU-ALES

RESTSTGR 4K 1% 12%W F TCad+-100 2454 C4-1/8-TO-1004-F
RESISTOR SR0 1% 125W F TC=0+-2% i PHESS-5 /0 TP GO0R-B
RESISTOR F00 1% .12 TC=+--25 ) PHESS -1/ B-T? -S00R -8
RESIBTOR 499 1% 127 * TC=0+~100 2ALAL C&-1/8-T0-4P9R~F
RESIGTOR 499 1% .12%W F TC=0+-100 24046 C4-1/B~T0-49%R -F

il

AT4R11Y D493 4435
ALAR1RY
AlARIZR ;s
ATAR123 D670 63320
AlARY2A Ha98-6320

RESISTOR 2.49K 1% FTC=0+-180 24046 T4-1/8-T0-2491-F
RESISTOR 2.2 9% .25 TC=-400/4700 01121 Craeed

RESISTOR 10K 1% 125W F TC=0+-20 oRAB0 0693 &340

RESISTOR SK 1% 128N ¥ TC=0+-2% iled123) PHLTS -1 /8- TP-5001-B
RESISTOR SK 1% .128W F TC=0+-23% 035688 PHESS~1/8-T%-G001-}

OO LM

ATARTE 0628 6320
ALARYIZT 36HFB-63060
ALART120 n&%0-

AlAR12Y 16983279
A1IR1ED 21003212

RESISTOR SK 1%z ,1205W F TCw0+-25 03868 PRESE-1/8-TY -G0D1-B
RESIGTOR 19K 1% 1254 F TC=0+-29 28480 BLHPE-6360

ESTSTOR P.%K 1% LIEGW F T -850 naBee FHE! 1/B-T?-3701~B
RESISTOR 4 99¢ 14 +-100 247544 Ca-1/9-Th-49F1-F
RESISTOR-IRMR 200 10% C T0P-aDJ 1 -TRAN #P480 21003218

[ I ]

AT4R131 757-027%
A14R137 NaoE-3i77
ALAR13S BH35--4705
ATAR134 n7H7 2438
A14R134 $6H98-3557

RESISTOR 3.1&6K 1% .18GW F TC=0+-100 24546 C4--3/8-T0-3141~-F
RESISTOR 2.%5K 1% .120M F 1C=04-100 24546 C4-1/8-T0-2551
RESISTOR 47 S¥% 254 FC TC=-400/+3500 01121 CLA70%

RESTHTOR 5.11K 1% 1800 ¥ - 24546 C4-1/B-TH~5411~F
RESISTOR 884 1% (1REW F TC=0+-300 24%46 C4-1/9-T6-BR&ER-F

ATAR1IE?
At AR10 Q757-0200
A1AR13Y 0757 --da280
Al4R1 41 D4HPE~A45T
Al4R142 230n-340%

RESISTOR F11 1% (129W F TOw=0 24546 C4-1/B-T0-5158-F
RESIGTOR 1K 1% 1204 F TC: 24T06 CA-1/8-TO~100%-F
RESGISTOR 1% 3% 1259 F TC#da- 24544 ca-1/8-T1-1001-F
RESIGTOR 402 1% 1254 F TC=0+-140 24%46 Ca4-1/8-TU-402R-
RESISTER-TRNMR 26 10% € TOP-ADT 1-TRN 28480 21043409

TN NS

AlAR143 06984037
Al AT 44 0a7B-327%
A1ARLAS 06$#3-4700
ALART 46 N6FP-32TP
Al4aR147 07u7-0442

RESISTOR 44,4 1% . 12%W F TC=0+-100 24546 Ca4-1/78-T0-4&RA-F
REGISTOR 4.99K 1% 128K F TC=0+-100 24548 Ca--1/8-T0-49%1 ~F
RESISTOR 47 S% .289W FL TC=~400/+500 61121 Coa705

REGIGYOR 4,99K 1% 1254 F TC=04-100 24546 24-1/8-T0-4921~F
RESISTOR 10K 1% ,12%W F TC=0+-180 24546 T4 1/8~T0-1082-F

]
0
k]
]
9

REGISTOR 15K 1% . 12GW F IC=1+-23 R3430 o9 661%
RESISTOR 10K 1% .1238W F TC=0+-23 z0400 06706360
REBISTOR 4,5 1% .128W F TC=8+4-25 28400 Bae8-8607
RESISTOR &.79K 1% ,125W F TC=0+-25 28480 04%%-0123
RESBISTOR 10K 5% .2BW L TC~-400/+700 fprizi CB103%

AL4R 1408 DLFO-HELT
A1 AR1 A% 0678-63460
AL4R1E 0743 -8687
ALARISR 16999123
ALAR1 D3 6631035

el Ll

AL 4R34 16834795
A1AR LS 160331035
fal4R157 DOBI~-470%
ALARIEB 17571447
ATARIG? GVS7-044%

RESIGTOR 47 SX .20UW FC TC=-400/+508 81121 CR4709
RESISTOR 10K 5% .28W FC T 400/+700 i1121 CEIN3Y
RESISTOR 47 SX .2%W FG TC=-400/+4500 01121 CBA70S
RESISTOR 20K 1% 123W F T + 24546 CA-1/8-T0~-2087F
RESISTOR 20K 1% 12708 F TCu=0d- 24%46 CA-1/8-TO0-2R02-F

Lol 1

ALARTED B6E3-1055 REGISTOR 1M 5% . 2%M FC TC=-800/¢700 01121 CB1BGT

ATAR1&1 N757-0273 4 RESISTOR 3.01K 1% 1294 F TC=0+-100 24546 Ca=1/B8-TO~3011-F
h1AR1 62 1670 4473 RESISTOR %.76K 1% ,1i25W & TC=R+-100 G386RE PHESS-1/B-TD-3761-F
AlLARLLS 06B3-3935 4 RESISTOR 3%K 5% 26U FC TCw-480/+800 n1121 CE3P3E

Al4R1 64 169B~4362 RESTISTOR 58.3 1% 125W F TC=0+-100 a4544 C4-1/8-To~52RS-F

= v

=

A1aR166 07570401
AT4R140 06636815
Al AR 49 8683~1013
Al4RZID 0757--04308
Al 4AR20% 075704356

RESISTOR 100 1% ,435W F Tox0e-100 2ATAL C4-1/8-T0-101-F
RESTSYOR &80 5% . 26W FC TC=-400/+600 01121 CReBLD
RESIBTOR 100 5% ,26W FC TC=-400/+500 41121 CB1016
RESISTOR S.11K 1% ,120Ww F TC=f+-1048 2ATIAG C4-1/8-T0-5111-F
RESISTOR S.%1K 1% ,12%W F TC=0+-100 246544 C4-1/8-T8~3111-F

[FIFNERNI-25]

A1AR211 1683-473%
AlARR12 N603-1025
ATARZ1A 16831025
Alala1s V6E3-1033
AT4RZ216 N6B%-2235

RESISTOR 47K % .259W ¥G TC=-400/+800 01121 CR4735
RESISTOR 1K 5% ,28W FU TC=-A00/+400 01121 CELI25
REBISTODR 1K 5% ,234W FC TC #0/+600 i1zl CE1025
RESISTOR 10K 5% .20W FC T 400/+7G0 1121 CB10SES
RESISTOR 22X %% 254 FC TC=-ADD/+BOD ni121 CBAR3G

;=09

RESYIGTOR 22K 5% ,25W FC TCw-400/+8654 91121 CHARIS

REGISTOR 22 5% . 2%W FC TC=-420/+330 01121 Ceaais

RESISTOR 100 1% .tR05W F TC 24546 C4-1/0-T0+-101-F
REBISTOR LK 1% 1ZOW F T g 13880 PHESE -1/8-T% S001-R
REGISTOR 47 5% ,P5W F& TC 01121 CEA705

AL4R217 06932235
AlaR2A1H 16603-2203
A14R220 0?%7-0401
Al4RZEL n6%e-&320
AlAR2EE 1483-4705

RESISTOR 47 S% .2%W FC TC=—-400/+500 01121 LBA705
RESISTOR £1.9 1% 125W F TC=0+-100 A4GAG Ca-1/0-T0~ &192-F
RESISTOR A4,79K 1% ,125W F TO=p+-130 24546 C4-1/8~T0-4751-F
RESISTOR 142 1% 1254 F TC=0+-180 247046 CA-1/8-Te-16L2R~F
RESIGTOR 22 5% 25W FC TC=-400/+500 01121 CE2205

ATARDZT 16834703
Al 4Rz224 0757-0274
ATARZ2SL D757 - 0437
AL4ARZAA 07570405
AlARZET 16832208

PN Q Wz gid

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

ATAR2E] A7257-0277
ALARZED 07%7-0.
HT4RZIY il

Al 4R234 BAHBI- 1399
ATARZ I 0737 -0438

Description gﬁgae Mfr Part Number

RESESTOR 4%.9 12 120W F TC=3+-100 24346 C4-1/8-T1-49%
RESISTOR 1,33 i% 1258 F TC=a+-100 DA 4G Ca4-1/9T0 133
REGIGTOR 12 &% .25W FC 7 400/+300 B1iz1 CRr120%

RESISTOR 3.9 9%, 20W FC TCw-400/+500 e1121 CRAPES

RESISTOR %.01K 1% 1280 7 =04-100 24546 C4-1/78-T0-3111-F

o

LA S ]

ATARZEY G757~ 0430
AlaRpP3R 0483 1043
ATARDE? 06834703
AL AREZAL 4HB3-4705
ALARZAZ 06874701

RATAL L4 1/E'J TO-%111-F

1121 ¢

41121
- 011

RESTSTOR 47 % oW CC g 11121

Bl om O G

Ri"}lqllJR 47 10% .5 CU TC=peqid g1i21 EB4701
1001 1% 1264 ¢ TC=0+-160 2atiae GaA-1/8-T0-1063%-F

5 22 4% 28N FC 4001500 u1izi CR2Z0S
RESIGTOR 1K 1% . F T =100 2ATIAL GA=-1/8-T0- 10061 -F
RESIGTOR 103K 1% L1200 F TE=3+-140 24544 GA-1/B-Td-1000%-F

ALARDATD &8y -4701
A14R2A4
ALARRAG
A AR24T it}

AL4RPAY 07'547 VALS

fl R it |

A14AR248 ()&8'& -220%
ﬂilin’A’)
A1A4R2
nHIR”‘
A1AR2SR 0499~ 0(!64

22 SR AWM OFCOT A00/+T0 8 #1121 CHI20S
AR A -G 4007+ 500 0ti21 GBE7RG
DR 10K 1% ikl T - 24546 CA 1/8-TO--1002-F
IJTDR 2.7 0% G4 40074500 a2l ChE7Es
RET‘.SISTGR [T A 28480 L6064

N aa

RESISTOR A7 10 . : 2 Ji12t FE4701

RESISTOR 110 1% -1 2ANAh CA-1/B-TE-111-F

R GT0R 1% 1% .1 - TO 24548 C4 - 1/8-TO-1001 ~F
STOR 1K 1% 123 | 2AG4AL Ca4--1/8-T0-100

RESIGTOR 2K 1% 120 F 24546 C4-1/8-73-2001~F

ATARETS 0687-4701
AT ARDNA 07u7-0402
AT AR RS D?’.’J? ~0239
At AR204 V70280
ALARPS? B/’:i D233

ful B R A R

RESISTOR 22 S .24W FC T 61121 CREANS
RESISTOR 10K 1% 128W F 1 = 24546 CA-L/@--T0--1902 -
RESISTOR 47 14% .SW GC TCe i (!11_’1 ER4701
RESLSTOR 10K 1% 1288 F T ELHET CA-1/8-TO-1408 -F
RESLGTOR 47 U% 205 FL TCs ¢1121 Cuazod

ATARESY V6832205
ALARZSP 0757-0447
AlARZ&D 0687-4731
AL4R2ET k737-0442
AlAR262 PoHOE~-4705

RESIGTOR 6.8 O% ,28W FC ¢ * o1tal S
6.8 5% . 2%W FC TC G (!1].'-;'1 3
63,4 1% i2EW F E g g A 1 /G T 0630 4
ES T4 324 1A 125U F : o 4 /B TH 30 4R
RESTGTGR 47 5% 25K FC Tl -5 'Jl'l.:".l CB4705

ALSRPOS
A1 ARZHA :
ALARELE ﬂn‘i?B -4388
ALARZGS 06984458
ALARZEE 15834705

Te Lty T ol gD

fH1ARDLY 07570346
ALARZ7 0 16783492
A1 4R27 07%57~0495
AL4R272 16832205
AL ARZ?3 07E7-0277

RESISTOR 10 1% .120TW F TC=id- 24546 CA - 1/9-TU-10RG-F

RESIGTOR 2.67K 1% . 12uN 3 24546 C4-1/8-T0-2671 ~
) 162 1% h_’ﬁu F T 24546 Ca-3/8-TO-1HZR

RESISTOR 22 3% .""")U FCOTE: MH)/'.J(IO 2121 CREAZ0S

REGIBTOR 49.9 1% 1235Y F TCx0+-1C00 24546 C41/8--TE-4992

REGISTOR 1,33K 1% . 1205W 7 TO=4+-1008 24546 Ca-1/8-T0~1331~
RESISTOR-TRHR 20 10% € TOP~aALJ i-TRMN 23400 23903409
RESIBTOR 3.9 OX . 23W ¥FC 0= - 01121 CR3FGH

RESISTOR 12 5% .2%5W FU TC=-400/+500 0%l csizes

RESISTOR T.62K 1% 120W F TC=04-100 24046 C4-~1/B--TN-T621-F

ALARZ2T 4 PPF7-0317
Al ARZTY 2109-3409
A14RE7E 0683-939%
A1 A4AR2Y7Y 6683-1205
ALARZTE 87370200

NNbLUNy Dob gl

A14TP18 12514022 CONNECTOR 3-PIN M POST TYPE 20480

Al4U1 1820-1194 > FF TTL LB D-TYPE POS-EDLE-TRIG GOM 11295 SN74L.5174N
AlAUZ 18201197 GATE TTL LS NAND QUAD 2-INP G1295 GN74LG00N
n1403 1626- 0476 SWITCH ANLG 8-DIP-P PKG 125 TLHOLER
Al4U4 101260476 7 SWEITCH ANLE G-DIP-P PKG 012%% TiL&01CR
Al4US 182468304 D O AMP LOW-BIAS-H-TMPD TD-99 PKE 27914 L.F3%%iH

IC GNTR TTL LY EIN UP/DOWH SYNCHRO 01898 GN7ALS194N
CNTR TTL LE DECD UP/DOWN SYNCHRO 012935 SN74L.8178N
CNTR TYL LS DECD UP/DOWN SYNCHRO 013295 GN7ALS190N
CHTR TTL LS DECD UP/DOWN SYNCHROD n1a%s SN74LE120N

> FF YT LS J-K BAR POL-EDGU-TRIG 01a9S BN741.51074AN

Alals 18201270
Al4L7 1820-127%
Al aug 1620-127%
AL4US 1B20--127%
ATAUI0 16580-1 232

ST o

FF TTL LS D-TYPE POS-EDGE-TRIG 81298 SN74LS74AN
* FF YTL LS D-TYPE POG-EDGE~TRIG 012950 BN7ALS7AAN
MY TTL LS MONOSTEL RETRIZ DUAL £ SN7AL81 23N
FF TTL & D-TYPE POS-ELGRE-TRIG 7 N7 AHT74N
TRANSISTOR ARRAY 14-PIN PLSTC DIP JLTBT CAxDab

Al4011 ig26-111g
Alall2 19201112
A14013 18201423
AlaUl A 10200453
A14U19 1821--5081

bR pEBm W

T 0P AMP LOW-BIAS-H-INPD TO-99 PREG 27014 LF 355
i UP aMP LOK -DYXAS -H-THPD TO--99 PKG 27614 LFADE!
> 0P aMP &GP 8-DIP-P PKG 27014 LMI10N
op AP GP 8-DIP-P PKS 27014 L33 0b

3 BWITOH ANLG QUAD 16-BIP-C PKE 27414 LF133381D

Alaille 18260304
Alaul? 18260304
Alalg 1826—~-0898
Alaul? 1826-0208
Aalauvzo 1826--1414

A e

Op ANP GP B3-DIP P PKG 274 L3 0N

oF AMP GP 8 -DIR-P PKE 27014 LME10M

GWITCH ANLG BUAD 16-DIP-C PXG 27014 LF133%31D
16 0P aMP GP 8-DIP-FP PG 27014 LH3E18N

FF TTL .8 D-TYPE POG-EDGE-TRIG COM BLRFG EN7ALSZ7IN

Al4U21 1826-0208
Al4U23 162460208
AlaL2a 1824:-0414
Al 4Y2S 1626-07209
ATALRE 123291730

DCOR TTL LS 3-TO-8~L INE 3TN0 012395 AN7ALG1IEN

FEOTTL LS D-TYPE POS-EDBE-TRIG COM 01295 BN741.8174N

FF TTL L% P-TYPE POS-EDGE-TRIL COM B129S GN7 4L GE7IN
C DRYR TTL LS BUS DRUR HIX 1-~INP B1295 GN7 4. 83L5AN
TOINY TTL LS HEX 1-INP 0129 SN74LGHAN

Al1ALR7 18281214
Al4LR0 1020~11%6
AlAauze 1¢2¢-1730
ALLA0 1B20-1&41
Atal3s 1820-1199

e me oL

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

oo

Description

Mfr
Code

Mfr Part Number

AL4UZ2
Al4U33
AlaU34
A1 435
Alal3s

Al ALI3T
A1aU3g
Al4u3e
A14U40
A14U41
A14lJ42
Aldlas
AlAU4E
AL4UAT
A14Ua8
A14U4%
A14U50

Azl

ARG
AR1C2
AZIC3
AICS
AZ1CE

AZ1LT
AZICR
#2109
AZIC1O
AZICH

az1c12
A1
AZ1C14
AXICIS
B21C1E

A21017
A21(18
AZICYT
A2
Ar1C2R

ia2o-1442
1820-049%
n20-1112
183200693
1820 -05674

1820--1202
1p26-0111
1826--0879
1858-0063

1826-0111

1826-0026

iB20-1112
1820-1423
i0a20-0321
1320-1199
1B20-1730
1858-0047

0360-1716
1200--07%6
1205-0011
12050018
1205-00335

12510609
1460-1336
71211234

033256452

$140-01%1
01603047
H1g0-1861
04 80-1748
$149--0191

0160~4371
016036847
01 60-3847
0160 4571
6180~-38461

D16D- 3847
01E0-2250
0140-3047
01 40-22232
0140-3847

Dib0-44461
11460-2257
01901746
91081744
#1160-5304

NSRS 2d O g R s RN |

zAgom ™ © &S

Rl Rl j N =l R )

Lo

o=

CNTR TTL L& DECDH ASYNCHRO
FF TTL § D-TYPE POS-ED
Fr TTL L3 D-TYPE POS-E

> FF TTL § D-TYPE POS-EDG
GATE TTL & EXCL-0OR QULAD

GATE TYL LG MAND TPL 3- INP
OGP AMP &P DUAL TOD-%9 PKG
TC-LINEAR
XSTR-ARRAY 14-PIN PLSTC DIP
IC OF AMP GP DUAL TO-8% PKG
IC COMPARATOR PRCN TO-99 PKG
FF TYL LS D-TYPE POS-EDGE~TRIG
MY TTL LS MONOSTR. RETRIG PUAL
: COMPARATOR &GP T0-%9% PKEG
>SNV TTL LS HEX 1-INP
IC FF TTL L5 D-TYPE POB-EDGE-TRIG COH
XSTR-ARAAY 16-PIN PLSTC DIP
TERMINAL-STUD SEL-PIN PRESBS-MTE
SOCKET-IL 8~CONT DI DIP-ELDR
HEAT SINK TO-5/T0-39-CB
HEAT SINK TO-1B-C8H
HEAT SINK TO-5/TO-39-L8

CONNECTOR- 56U CONT PIN 1.14-MM-BSC-5T 50
WIREFORM CU BRT~TIN

LABEL CAUTION 1.925.IN-WD 2.24IN-LG

PR ASHY-

CAPACITOR XD BLPF +-GHE 30JVDL HICH

CAPACITOR-FXD
CAPACITOR-FXD
CAPALITOR-FXD
CAPACITOR-FXD

CAPACITOR-FXD
CAPACITOR~FXD
CAPACTITOR-FXD
CAPACTTUR FXD
CAPACITOR--F XD

CAPACITOR--FAD
CAPALTTOR-FXD
CAPACITUR-FXD
CAPACITOR-FXD
CAPACITOR-FXD

LAPACITOR-FXD
CAPACITOR-FXD
CAPALCITOR-FXD
CAPACTITOR--FXD
CAPALTTOR-FXD

AAUF #100-0% HOVDE CER
a2FUF+-10% 19VRC TA
1SUF+-10% 20ULC T

BOHPE +-TX I00VRE MICA

LIUF +80-20% S0VPE
JBIUR +L00-0% HOVEC
LOAUF +106-0% SOVRC CER
JAUF +B0-20% S0vDC CER
27UF4--10%4 13VDC ThA

LO1 +100 3% BOVDRE CER

T.EPF 4+, 2001 S00YDC CUR

L1 #1090-0% SIVDEL CER

1HE0PF +-S% 300VDC KICH

LO1TUF 41090 -0% BO0VDC CER

1G50PF +-2 .55 160VD0 POLYP
WE BDIVDEC CER D460

20UBC TaA

¥ 20VLE Ta

CLUF 40 1 30MDE

01256
01295
91295
1295
01295

n129%
LG0T
HE4E0
0192B
3L585
01295
01295
$1295
01295
Dize%
HERE L
13606
aAq4840
20460
284810
28400
20480

z284B0
294840
28480

20400

7a136
28480
56287
SHAH?
Ta1de

28489
w489
264480
=490

LH287

20480
2400
26480
26480
26480

293400
@9480
S63289
BHEEY
28400

EN7ALSEPON
ENTA4574N
SN7AG7 46N
SN7AB7AN
BN745EEN

LN7ALB1IN
CALASHT
18260879
CA3102E
CA1458T
LM311L
BN7ALE74AN
SM7ALG12EN
SN7a7101.
GH74LB0AN
GNTALER7IN
ULN-2003A
034601718
12600796
12085-0011
12050018
12050033

1251-0608
14601534
71211284

BR2RG-BOHBR

DH1GESHDTBI00WVICR
0140 -3B4A7
1H0DE76X901 D2
13401564708 VB
DMISESH0T 0D OWVIER

01604571
N1 60-3B47
01403847
0160 -4571
150DRTEXTOIIND

$160- FH47
01602250
11603347
01&0- 2220
B160-3847

01404461
§160-2257
1HADISLXPNE0R2
1H0DT1HAXFHE0RE
G140 5306

78489
F213b
28400
2e4e10
28480

B160-2847
DHIGFAZ1T0B00WYICR
01603847

AZ1CED
AZ1C2A
AR1ICRG
AL 1027
Az1c20

5

CAPACITOR-FXD . OHAUF +100-0% GOVBC COR
GAPAGTTOR [ A70TPF +-5% 300VDC MICA
CaPACTITOR JOTUWE 490 0% S0WDE CRER
CAPACITOR: 2.7PF 4+ 2UPF ROOVDC CER
CAPACITOR -FAD J30PF +-5% A04VLHC WICA

D1&0--3847
1400147
B140--3847
0160-2243
B140-2208

PR I R al

203480
2BABD
20480
28480
TaLEL

AZ1G29
A3
ARLCIE
AZG3S
ARICTI

015603047
iaN-3847
Gl a0-A571
01403847
01400191

CAPACITOR-FXD L0108 +104--3% S0VDLT CER
CAPACITOR-FAD . 1UF +1G0--0% S04DC CER
CAPACITOR-FXD . 4UF +30-20% 30VDC CER
CAPACITOR-FXD . 01UF +100--0% FOVDC CER
CAPACITOR-FXAD S6PF +-GY F00VUDC MICA

09 om0

AF0Z0 WL ICR

28400 -3pav
73440 2 47
28400 i 71
204830 47
20480 D160-3047

AlLGY2 CAPACITOR-FXD L 01UF 4100 -0% [HOVEC (ER
CAPACITOR-FXD | p1UF +100-0% SGUDE CEW
CAPACITOR-FAD ,1UF +BE--2D% HIVRC CER
CAPACTTOR-FXD ,01UF +100-0% JOVDC COER
CAPALIIOR-FXD . GIUF #1D0-0% SOVIC LLIR

13405847
ARSC133 114603047
A210134 0140--4571
ARIC13S 016035847
ALIC136 G160~3847

G = e

25480 01&0-3047

72136 BHMISF2?IIIG00WVICR
poagl 0140

28480 B1o60-38347

BL207 150D SN ORNED

CAPACITOR-FXD ,01UF +100-0Z4 S0UDC CIIR
CAPACITOR-FXI 270PF +-SX S00VDC MICA
Ui 603947 ITOR-FXE ,01UF +140-0% J0vDC CER
016023847 CAPACITOR -FXD 01l +100 -0% HIVDG
BIiB0-1740 CAPACITOR § X0 10 147 20VDC ThA

A21C137
[rR vh it ]
ARIC139
AICLAD
Aitial

016p-3347
yi40-g208

316D 3847
0160 3847

CAPACITOR -FXD . BIUF 100 D% S0vDE OO0
TORCFXD LG1UF +100 0% S0VIC ¢
TTGR-FXD DPUF+-10% LIVBE Ta 1H0DEFEXFOINNE

CAPACTTOR-FXO 1GUF +-10% 2 L Th fitgyods 1HODISEXTOTORD

CAPACTTOR-FXD L 01UF +-20 EHAE 2160 -3979

ATICT 42
GES 14 TR

N16d- U047
1603847
ACTCLAS 01B0- 1861
ALC1 A% B180-1746
AZIC142 0160 3G79
CAPACITOR-FXD L OIUF +i00--0% S0VDC € 204080 &G -3847
CAPACITOR-FXD ,01UF #1008 0% HAVRG Ra480 01 60-3847
CAPADITOR-FXD 81U #1060~ 0% S0VDC I GiAD 3347

1D0PF 4-5% J00VRC MICA 340 Glad-2204

LBIUF 41B0-0% SOVDE COR 0160 -3847

ARILLES 180 3847
AZIG164 11403847
A21C167 01403047
ANLLT6R 0140-2234
AZICL &R 01 60-3047

See introduction te this section for ordering information
*[ndicates factory selected value




Replaceable Parts Replaceable Parts

Table 6-3. Replaceable Parts

Mfr
Code

56207

HP Part
Number

Reference

Designation Mfr Part Number

Description

o0

150D156X992002

AZICT7L
AZ101YS
AZICT74
AXICLT7A
AZ1C177

AB10178

ARIC184
AZIL18%
ARIG1BE
AR10187
AZ1G1048

ARICLT0

F180-1746
g1a0-ne28
0la0-2204
01&0-0571
81603879

01460-3047
$160-4049
G1a60-2204
F140-4441
0140-0127

G160 3847
01603847
01603847
0°140~3347
1690127

01604571

$o¥w Neorg womca

CAPACITOR-#XD
CAPACITOR-FXAD
CAPACITOR-FXD
CAPACITOR-FXD
CAPACTITOR-FXD

CAPACLITOR-FXD
CAPACITOR-F XD
CAPACITOR-FXD
CAPACITOR-FAD
CAPACITOR-FXD

CAPAGITOR-FXD
CAPALTITOR-FXD
CAPACITOR -FXD
CAPACITOR-FXD
CAPACTTOR-F XD

CAPACITOR-FXD

1SUF +1 6% 20VDE TA
22UF+-10% 1GVRC TA
100PF +--53% 300VDC MICA
470PF +--20% 100YPC CER
LDEUF e-20% 100VDE CER

LOAUF +100-0% S0VDC CER
1000PF +-%% 100VDE CTR
T00PF +-5%4 300V0C HIGA
JAZUF +-10% S0VDC CER
1UF +-20% 2BVHE CER

,GIUF +100-0% GOVDC CER
LOLUF +100-02 S0VDC CER
LB1UF +100--0K SOYDED CER
JO1UF +188-0% S0VDC CER
iUF +-20% 28VDC CER

JAUF +B0-20% S0VDC CER

56289
2p490
28480
z8480

204680
23480
28480
2B480
28480

28480
28480
25480
anapg
E“8480

28480

150DPR26XF015BE
4160 -2204
01660571
0140--307%

01603847
0140-4040
01402284
n140-3441
01&60-0327

11460-3347
011460-5847
0160-3947
01603847
M a60-0127

1604871

$160-3876
150--100-NP¢-1017
150-100-NPO-1017

28480
T15642
S1642

CAPACITOR-FXD 47°F +~20% 200VDC CER
CAPACTITOR-FXD 100PF +-5% 200YDC CER
CAPACITOR-FXD 100PF +-UK 200VDGC CER

ARl PE
AZIC196
ADLCLPT

D160-3876
3160~4283
1160 -4283

R ]

19010440
17010040
1981~0518
1701-0%518
17018040

28480
283480
28480
213480
28480

DIODE-SWITCHING 30V S9MA 2NE DO-34
DIBDE-SWITOHING 30V S0HA 2NG DO-35
DIODE~3M STG BCHOTTHY
DIQDE-GM SIG SCHOTTKY
DIODE-SWITCHING 30V S9MA ZNB DO-3D

1901--0040
1981-0040
1901 -0318
190103518
17010040

AZICRA
AR21CR3
AZLCRA
AZLICRS

D0 e

24713
14713
28480
20484
28480

1NB2S
1nNG25
19610518
12010518
1701--0040

DIDDE~ZNR INB2S & 2V G4 DO-7 Ph=. 40
DIOPE~ZNR IN825 4.2V H5% DO-7 PD=, 4
DIGDE~5M BIG BCHOTTKY

DIQRE-SM 816G SCHOTTKY
DIORE-EWITCHING 30V S0MA 2§ DPO-35

a2l 1902-0%77
p 1902-0777
1901 ~-9%13
1P0-0518
19810040

AZLC
ARICR11

-yl o

17610040
1201-004D
1701-0048
1912-3054
iP02-n064

26489
28480
20480
283480
28480

SUITCHING 30V SOMA 2NG DO-335
DIODE -SWITCHING 30V SoHa 28§ DO-35
DIODE-SWITCHING 30% SiMA 2N DO-39
DIODE-ZNR 3,65V TE DR-3F PD=. 44
DIOLE-ZNR 7. 5% 5% D035 PD=.aW TCm=+, 054

1901-00640
17914040
120i-00410
19923054
1902-0064

AZ1CR12
A21CR1TS
ARZICR1G
AR1GR17
ARICRID

T P

1982-0064
19010940
1982-3030
1901-0518
1991 -0¢40

ZB4B0
28480
28480
28481
20480

DIODE-ZNR 7.5V SX DO-35 D=, 4W TC=+,05%
DIODE-GWITCHING 30V S6MA 2NE DO-35
ZNR 3,01V 5% DB-7 PD=.AW TC=-,067%
816G SCHOTTKY
WITCHING 30V SO0KA ZNS DO-3%

19020064
190§-0040
1202--3330
19810%t8
19010040

A21CR1Y
AR1EREN
ARtER1SL
ATICR1ED
A21CR1G6E

Ty e

1961-0518
HMY13%
1701-0518
MV109

8480
04713
28480
14713

1901-0518
§122-008%
1901-0518
0122 -0087

DIODE-SM SIG SCHOTTKY
DIODE-VWIG 29PF 10% C3/025-MIN=TG BUR=30V
DIODE-SM SIG SCHITTKY
DIODE-VVWC 29PF 108% C3/7C25-nMIN=U BUR=30V

AZTCRIGE
AZTCRT &4
A2 ICR1 &%
AZICR1G4

[ZREO Ny

GONNECTOR 21-PIN M POST YYPE £i 12516367
NETWORK-RESISTOR 16 PIN DIP; REG 1810 -02%4
CONNECTOR-PHOND SINGLE PHOND JACK; DIP 12512969
CONNESTOR-PHOND SINGLE PHOND JACk; DIP 18518949
CONNECTOR-PHONG SINGLE PHONO JACK; DIP 1231 -296%

@101 12518567
) TRIG-02%4
19512969
1251 -2969
12512964

20400
28480

A LTS
CEARIES

Do po

CONNECTOR -PHOND 3INGLE PHOND JACK; DiP 28480
CONNECTOR--PHONG PHOMO JACK; DIP agane
CONNECTOR-PHOND PROND JACK; DIP 2684810 1EG )

CONNECTDR-PHONG SENGLE PHONOD JACK; DIP 1251 ~294%9

1ET1-8769
AZLIL7R 12%1-2969
AZLTIBA 12512969
AZ1T1BE 1251-296%

AZ1T17A 1-2969

7i00-1622
FLOD-1622
®EON-1771
@100-1791
@470-0B%4

INDLCTUR RF-CH-HLD B4UH BX . 166DX, 3B5LG
INDUCTOR RF--CH-MLD 24UH 5% . 166DX, 380LG
INDUCTOR RRONM 20X . 23DX,375LG

INDUCTOR 290NH BBX L 23DX ., 375LE
CORE-EHIELDING BEAD

PAD0-1622
9100-1 422
?100-1721
§ae~-179
P70 BEHA

AZILL
Az ILL
ALILE
AR1L132
A2IL1EY

@e eI BERRo

20480

1401791
140~-0460
?109-0%39
?140-0349

20480
20480
284B0
&bAno

21001791
£140--0460
$100-p559
F140--034%

INDUCTOR 290NH 204 230X, 3736
COTL- VAR 3G1NMH-42¥NH (=120 PC-MTR
ENDUGTOR (MIBEC ITEM)
INDUCTOR RF-CH-WLD 1.1UH %

NI b=

ALY 6T 1 66DX . JBTLG

MPoHa

Azl
AZLR
#2183
A2104
arlie

ATIR?

ARIRL

ARz
AZLIR1TE
AR1d1 4
AZTQRLE
ARIRIT

1053--04a8
BES- D448

141539 089
10354 3296

1893008
105402768
G296

0296

ELG)

Tl oo

DR oftam

M o® @i

TRANGIBTOR P&
TRANGISTOR PP
TRANGISTOR NPN
TRak TOR PNP
TRAMNGTSTOR PNP

TRANSTETUR PNP
TRANEISTOR PP
TRANGISETOR NN
TRANGISTOR PNP
TR AW TOR NPN

TRANGTGTOR PNP
TRANGISTOUR NPR
TRANSISTOR NOH
TRAN TUR KRN
TRANBIGTOR-TJFE

ST TD~7& PD=O25MW
61 TO-22 Ph=O2GMY
2NGL7Y &1 TO-72 Po=2G0MW
51 TO-92 PDmbLRGMK
aMAPLY G1 PD=R0GMW

EN4D1T
2NAMT
81 T0-%2 P 1 OMN
2N4PLY 81 Pln=20 8MW
81 T0-92 Ph=310MW

on 2 01 T MM
20 Gk

2N4AP17 861 PL=200MR
BI TO-%2 PD==31 (MW
SiL TO-92 P 10Mu
81 TO-?2 PD=310MW

T DUAL N-CLAN D-HODE S1

04713
04713
14713
14713
17263

07263
G7863

75463
240
484
ih}
3480

MP SIS
2nN5179
MP&IIB]
204917

2NaR17
2NAY17
18540896
2NAP1T
1854--02986

2417
18540296
AGA4-0290
-2
0308

See introduction to this section for ordering information

*Indicates factory selec

ted value




Replaceable Parts

Tabie 6-3. Replaceable Parts

Replaceable Parts

Reference
Designation

HP Part
Number

oo

Description

Mfr
Code

Mfr Part Number

AZIR1S
Arit1e
AzZlg21
A LleR
ADIR23

AR1024
AZTRES

13%%- 0081
18356081
18550032
16540215
18%4-12135

1854-0215
1053 0489

FR—.

-

TRANGISTOR -

TRANGISTOR NN
TRANSIGTOR NPN

TRANGLSTOR NPR
TRANGIGTOR PHNP

T
TRANSISTOR T-FET P~

TRANGISTOLR J-FET N-CHAN D-#ODE SI

AN D-MODE SI
HaN I -MODE 51
ST PD=EBOMN FT=300MHZ
SI PD=350MW FT=300mH7

51 PD=3R0MW FT=300MH7
2H4?17 01 PDu=200MY

=480
28480
20480
24713
04713

04713
7263

188
N304
2NIP D4

RS

AR1QR6
A1ae?
AR1R28

1854--0:215
195%5-0081
10540296

TRANSISTUR NPN ST PD=350MW FT=3008HZ
TRANGISIOR J-FET W-CHAN D-MODE 31
TRAMSISTOR NPM SY TD-92 PD=310MW

04713
28480

28400 1804 0274

ARG
A1831
AR G322
AZIRES
A7

A21038

13540296
18531089
18541830
1655-0082
1854- 0215

1853 0084

VIR IR QA

TRANGISTIR NP W
TRANSIGTOR PHP
TRARSISTOR-DUAL
TRANGISTOR J-F10
TRANBIHTOR WPN

TRANSISTOR PHP

SI TO-22 PD=31 G0l
2NA917 6L PD=200MW
MPN PD=30 il

T P-CHAN T-MODE 51

GI PO=350ME FT=300MHZ

G PDe31GMW FT=40MHZ

04713

@714

18740294
aN4P17
LME74
18551082
2NER04

2NE0R7

AR1G3Y
A1a41
AT1R42
A10Q43

1055 -00R1
16)54-0298
10354--02%6
18053~-0009

TRANEISTOR J-FET N-CHAN D-MODE 51
TRANGISTOR NPH 81 TO-92
TRANSISTOR NP

TRANGIGTOR PNP

zB430
28480
2e400
07Re3

1B55~0081
180540296
1654 -02%6
ENAYLT

[LE=E-- oy

AZ1TRA4

AR 1A131
ALIQI3R
A218161
ACIRI 62

1053~ DOBY
19530448
1854- 0071
10530448
1654 - 1343

284717
MP GG
18540071
HeGHS
2HG17%

07263
04713
2430
04713
04713

TRANGISTOR PNP 2N4?17 GI PD=200Md
TRANGLSGTOR PNY SI TO-972 PD=L25HW
IRANSISTOR NP ST PD=300MW FT=230MHZ
TRANSGISTUR PNP ST TO-92 PR=H2GMHUW
TRANGISTOR NPN ZNSt7% GBI TD-72 PD=200nd

meNo !

44713
ra713 2
04713 MY

04713 MPSHE

ARLO163
A2TRLHA
AR1R145
ARTRLLE

183540345 TRANGISTOR NPN ZHTHT7Y 91 TO 72 PD=200MW
TRANSIGTOR WPN 2ZNS179 ST TO-72 PD=Z00KW
TRANTGISTOR NPN ING1L7% S1 T0-72 PD=200MW
TRANGISTOR PRP 51 TO-%2 Ph=&R5hnk

o @

A2IR1
AN
ALIRY
AZIR4
AR IRE

0757 -639%
0757- 0419
07570419
D6EE-47 45
0757-0423

2485
24346
24546
01123
24546

C4 1/8-TO-S6RE-F
C4-1/8-T) -6B1R ~F
C4-1/8-T8~GH1R~F
CRA7IS

L4~ 1/8-TE-BR5R~F

BEL2 LW 1208 T
&B1 1% W ¥ T
REGIETOR &Gl 17
RESIGTOR 47 0%
RESISTOR 825 1%

JCOW FC TC=--408/4+508
»18%W F TC=0+-100

B S e

AZIRY
A2 1REB
AZIRY
AZ1RY
A2iR1Z

VEBE-4715
04834705
BHPB-F440
0683-2200
07570438

01121
1121
ZATAL
piiz
24544

LE4715
LRA705
C4-1/0-T0-196R - F
CE2205
CA~1/8-TA-St11-F

RESISTOR 47D 5%
RESIGTOR 47
RESISTOR 176 1%
RESISTOR 22 5%

REGIBTOR

TN FE TC=-480/4600
Hx .20 FCOTE 40/+500
CAESY F TC=04-100
L20Y FC O TCx=-400/7+7100
B.11K A% 128 F O TCR0+-100

AZIRTS
AZIR14
ARTR1 G
A21IR17
AIRLB

G757~ 4438
12570418
0257-0440
265783152
07E7-0A444

REGTETOR S.11K 1% ,128W F TC=8v-180
RESIBTOR £1%9 14 ,1#GW F JC=04-109
RESISTOR 7.0K 1% 185W F TC=0+-100
REGIBTOR 3, 40K 1% ,12%W ¢ TC=0+-100
RESIGBTOR 12.1K 1% 1284 F TC=0+-108

24546
24548
24546
24546
20546

CA~1/B=T0~5111-F
£a-1/B-T 06190 ~F
C4-1/8-TU~7501~F
C4-1/8-TD-3481 F
CA-1/B-T0~1218~F

=g g WL o

24546
0121
01121
11121
12

C4-1/8-10-1781-F
L4705
CR152S
CE6815
CELBRS

AZIR1%
AR IR2Y
AZIR2E
AR1R23
AZ1IR24

47570278
G683-470%
T4a3-1525
06834815
16831825

REGISTOR
RESISTOR
RESISTOR
RESTETOR
REGISTOR

1,78K 1% 128 F TO=0+-100
47 5% PBW FC TC=
1,0K %% 20

680 9% .25 FOOT
1.8k %% 200 FC

$0/+600
404/470%

N R @

24548
24544
24%546
niizi
t1121

C4- 1/8-TU-56R2-F
4 -1/8-T0~1331~F
C4~1/8-T0~1331F
CBA7DS
CBA32s

AZ1R26
AZIRET
ADTREB
AZ1R2Y
AR

0757-039%
Vre7-0317
2570317
0533 -4705
016834328

RES1STOR
RESIBTOR
RESISTOR
RESTSTOR
RESTSTOR

G6.2 1% J120W F T +-100
1,33K 1% 1234 F TC=0+-~100
1,336 1% 120W F TC=91-104
47 5% (25W FC TO=-400/+300
3.3K S% .25W FC TC=-400/+700

SomN g

n1121
61121
24546
24546
Fa%4b

CBA7IS
CEA70S

CA-1/B-TH-5111~F
C4-1/8-Tl-1001~F
C4-5/8-T0-3831~F

AZTIR3R
LESLER]
ARIRI4
ARIL
ARIRA7

06H3-4715
06834703
07570438
B757--4280
B&626-3 153

RESISTOR
RESISTOR
RESISTOR
RESISTOR
REGISTOR

470 5% ,2%M FL T6=-400/+600
47 Th 2TW FC T g0/+S0d
5.11K 1% L1858 F T0=0+-130
1K 1% 12548 F TC=Q+-100

3.8IK 1% L 120W F TO=04-i00

U D e

24044
24746
01121
24546
2A5AG

C4-1/B-TO-1561~F
CA-1/8~T0~101-F
CHOB1S
CA-1/8-T0-3B31~F
C4-1/8-T0-3031-F

ARTR3B
AZIRSY
AZ1R4Y
A21R42
A21RAT

046%8--00835
D757-0401
8683-6815
14626-~-3153
J6%8-3193

196K 12 ARTW F TC=g+-100¢
100 1% 1256 F TC=04-1048
680 G 23W FC TCe-408 /4600
F.BIK 1L L I2UN T OTC=d+--100
3,83K 1% 1230W F TC=0+-109

RESIGTOR

RES
RESIGTOR
RESIGTOR

24546
81121
pi121
01121
24546

6a-1/8-T0~1961 ~F
CELB1S
CHIING
CELP1G
C4-1/8-TO-2HYR~F

RESTISTOR
RESIGTOR
REGISTOR
RESIGSTOR
RESIHTOR

1.96K 1% L1254 F TC=0+~-100
140 5% .2%W FC TC=-

F.3K DX .28W FGC T 4007700
100 S%4 25W FG TC=-400/4500
A87 14 1258W F TC=0+-101

AZ1RA4
R21R4E
A21R47
AR 1R40
AZIR AP

06980083

1407
0683-101%
N6H8--3443

aNgNE Cgtod

24544
24546
24544
24548
24046

ATIRT
AR21RB2
AZIRSR
ARTRSA
AZIRSE

07570410
07570444
07570280
D7S7--0280
0698-0083

RESGISTOR
REBISTOR
REBZISTOR
REBISTOR
REGISTOR

619 1% 1238 F TC=g+-1040
201K 1% L1290 F TC=04-100
1K 1% 125W F TC=0+-160
1K 1% 125W F TC=0+-100
1.96K 1% ,1239W F TC=0+-100

C4-1/8-T0 6L 9%~
CA -1 /8~T 011 2t
£4-1/8-T0-1R01~F
Ch~1/B-TI-1001~F
€4 1/8-TO-1941~F

D=0

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




Replaceable Parts Replaceable Parts

Table 6-3. Replaceable Parts

Reference HP Part L Mfr
Designation | Number Description Code Mfr Part Number

AZIRG? 16835185 1 TOR %1 5% L E5W FC TC=-400/4500 2121 CES105
AZ1REd 06834715 R OR 4 PN FOOT 400/ +5600 81121 CLA715
ADIRGY DeBI-1015 i : i - 40407 ¥ 11121 CR101E
A2TR BEBE- 1035 k28 C T A4006/47040 41121 CRLEES
ATIRGE 06831015 SGIBTOR 108 X . i EREDEFLti]] 21121 CH1D1S

ATOR 481 1% .12 T T0=02=101 2AGAL 041 /8-T0--681R-F
TOR 219K 1% D100 24548 C4 -1/8-TU-21351-F
LSTOR 100 1% . 120W F-104 BATAH G4~ 1 /8-TC-101-F
SIETOR 47 D% 25w FC 10w -490/4500 31121 cRazis
STOR 1.96K 1% 1858 F TO=0+-100 FAGHE LA-1/8-T0- 1961 -F

ARLRAT 0757 ~0419
AZIRGLA H67B--00B4
07570401
ARTR&S 16834705
AN LRET BA&YES-N08%

maoaose

RESISTOR 14.7K 1% 125w 7 TC=0+—199 240546 CA-1/8-T8 1472 -F
RESISTOR 14.7K 1% 1254 F TC=0+-100 24546 T4/ 8-T0-1472~F
RESISTOR 100 1% 1R25W § TR=0+—500 24546 CA-1/8~TA~101% +F
RESISTOR 44.2K 1% 1280 F TC=0+-100 ERE LA-1/8-T0-4422-F
RESISTOR 1K 3% ,2LW FC TC=-400/160D d1121 CRANES

g

AZIRGE avy i

A1RGY 065831506
AZIRZD n2L2--0401
ARIRZL 0 698-4207
AZIRT7Z N6B3-1 025

[GTOR 47 %% . 26W FC TC=-400/+5008 niia CRA70Y

STOR-TRMR 1K 10% € TOP-ADY 1-TRAN 20480 21003211
RESTETOR 10K 1% 128W F TC=04-180 ! CA-1/8-TH-1802-F
RESIBTOR-TRMR H0K 18% & TOP -ADT 17-TRN A 3292W 1003
RESISTOR 104 5% .25W CL TC=-200/41100 2 CH1065

H2INTT 1 683-4705
ARIRTA 21003211
CEALY 0757 ~ 3442
A2IR7 6 2100--309&
ADIRYY 168311635

NpONE W o

AZIR7EB §7E7 - 1453
A2IR7Y 07370401
AZIREI 06631 03%
A2 iRB2 16835625
ARIRED F6E% 20230

RESISTOR 207K 1% .125W F TC= 1 ZB4B0 07H7-B408
RESLEYTOR 100 1% A : 2444 CA-1/8-TO-181-F
RESISTOR 10K 5% .2 AV - izl
RESISTOR 5 6K 5% 206w FC TC=-400/2700 07121 ™
RESIHTOR 2K S% ,#4W FC TC=-400/4700 d1ia1 CE232%

D g

RESISTOR 13,3K L% .12% TG0 b 19741 ME4C1/8-T0~13832-F
FTOR 6. 81K 1% TG 245486 Ca-1/8-T3--6811F
1R 47 S .20W FC TU=-and/e500 61121 CeA70D
TOR-TRMR 50 10% © TUP-ADT 1-TRN 23400 219093383
GTOR 47 9% .20W FL TC=-A00/+500 a1zl GCEAYDS

AP IRBA 1757~ 0209
ATIREE 0757~ H43T
Al iREY 94834705
ARIRERB 20083383
AR IRBY 16834705

LGTOR 1, 26K L% 10U FOTC=D+--1300 24546 CA-1/8-T0-19861~F
R STOR 1K 94 250 FC TC=-400/4606 41l CIL RS
RESIHIOR 109 5% .26 FC TC=-400/+500 niiai CR101S
RESISTOR 100 5% 2UGW FC TO=-400/+500 t11:21 CR101%5
RESTHTOR ARG 1% .12%W F TCs0+4-100 SR G4 -1 /8- T1-820R 17

AZIRT D67 8--00B3
ADIRPR
ATIRRY
ALIRT4
AZIRZE

BNMYD GaT sl

RESISTOR 2,.PK SX 254 FC T L 11t
RESISTOR 2. 2K 9%  RSW FC 1 01t
RESISTOR 4,22K 1% ,120W F 7 - 2ATI4H
RESISTOR 1K S% .2BMW ¥FC 1C= 400/ +a00 11zl
RESISTOR 2,21 %% ,28%W FU TO=-400/+7C00 01121

ARTR?Y?
AZIRTE
AZIRGY 0698

AZIRT DL 1683-1025
ARI1BR B HB3-202G

REGIGTOR 47 X BWOFC TCw-400/+500 01 Cea70%

RESTSTOR 22K 5% ,RSW £ TC=-400/+800 01121 CrE3Y

RESISTOR 10K S% 254 FC 7 nas¥739 11121 CE1D35
REGISTOR-TRMR 2K 10% € TOP-aADJ 1-TENM 28480 21600567
RESISTUOR 1.96K 1% .125W F TC=0+-100 245446 Ca-1/B-TO~1961-F

AZIRTIOD
ARIR104
AZIRNLDE N&RAT :
ARIRIB? #100--0547
A21R10g 01698-9063

RESISTOR 100 5% ,R4W FC TCw—-400/+500 61i21 GrIels
RESIBTOR 100 3% 284 FC TC 60/ +500 n1121 CRL01E
RESISTOR 823 14 .125W F TO=0+-100 24546 Ca-1/8-T6--8250-F
REGIBTOR S11 4% . 1E0W F TC=04~100 24546 C4-1/8-TD~S1IR--F
RESISTOR 511 1% 128K F TC=0+-100 24544 C4-1/78-T0-S1iR-F

AZ1IRIL09
a21R111
AZIIRYLR 07%7-0421
ARTRLLS 07570414
ARIRI14 0757~04146

REBISTOR 47 5% .20k FC TC=-400/+500 01121 LRA705
RESISTOR &.81K 1% 1854 F TC=0+-100 24546 C4-1/8-T0-46611-F
RESTSZTOR 1K 5%  25W FC TO=-400/v600 11121 cu1o25
RESISTOR 18K S 260 FC TC=-400/+8040 0121 CE1835
REGISTOR 1K %  28W FC TC=—400/4600 03121 CR1O2%

AZIRLLE 06B3-470%
AT1R117 7570439
ARIR114G 01683-102%5
AR1RILY 0683-1830
AZIR121 16831024

SLObW WA SO tm Moo st

AZIR122 BeFu-31462
AZIRT23 D7E7-046%5
A2IR124 N683-152%
ARIR1 24 0683-10%

AZ1IR13D B OB3~-2200

RESISTOR 46.4K 14 ,125W F TC=0+-100 24540 41 /8T8 A6 A2-F
RESISTOR 100K 1% I2%5W F TC=+-100 2AT46 CA-1/8-TH~1003 -F
RESISTOR 1.5K 5% 2% FC TU=-400/+700 g1121 LR1525
RESIETOR 1K 5% 25W FO TG=-480/+600 03121 CRLDEY
REBISTOR 2.2K 5% .2Nk FG TC=-400/+700 61121 CRaRas

RESTSTOR 7% 1X 12849 F TC=0+-100 24546 Ca~1/8-1T0-75R0F
RESISTOR 26.1 1% 1283W F TC=4+~-100 13388 PMERS-t /- TU-26R1-F
RESISTOR 10K 3% ,20W FC 10 n9/+7019 pi121 CRIDES

RESISTOR 22 UL ,2UW FC TC 09/+380 01121 CREReS

REGISTOR 1% S% (2BW FC TO=-30074600 1121 CB10

A21R132 17570398
AR1RIZY 06783432
AZIR134 06831935
AZIR13G $H83-2205
ARIR134 b&EBI-1025

QO hy Rohero

RESISTOR 10K 5% .25W FL TC=—-a00/+780 01121 CRI U35
REGTISTOR 4.53K 1% . 125W F TC=0+-130 RATAL £4-1/8-10--4531 -F
REGISTOR 10W 5% ,BGW FC TCw-400/+700 ¢11:a1 CE1g3%
RESIBTOR 1.27K 1% 1254 F TC=N4+--100 24046 CA-1/8-TE-1271~F
RESISTOR 1K 5% .2%W FC TC=-400/+608 g11a1 cuinas

AZ1R137 V68351035
ALIR 13} B&TB- 4443
ARIRLAD 06831933
ARIRLAY tHFA-4422
AR1R1 41 16831025

F Ry

A21R143 16B3-1015 REGISTOR 1984 5% ,25W FC TC=-400/+500 81421 CRLIL
AR IRI 44 DLBE~332% RESTHTOR 3.3K 5% ,28W FC T 01121
ANIR145 1683~102% : RESISTOR 1K 5% .25W F€ TC 01121 CE1dRY
AR IRY 44 16831935 RESISTOR 10¥ 5% ,26W FC TC=-480/+708 01121 COIu3%
A21R147 06833-1035 RESISTOR 10K 9% 254 FC TC=-400/+700 01121 CEY B35

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




Replaceable Parts Replaceable Parts

Table 6-3. Replaceable Parts

HP Part
Number

16B3-7315
0683-1035
06833320
01683~103%
Pogd-1035

Reference
Designation

AZIR140
ARIR149
AZIRIGD
AZIRLHEY

AZIR152

Mfr
Code Mfr Part Number

REGISTOR 750 5% .20M FC TC=-400/4680 01121 Ceriis
RESISTOR 10K 55X ,R2GW FC TCw 2 a1 CE10Y
RESIBTOR 3.3K 5% 20W FOO T : 1129 CB3
RESISTOR 10K 5% .2%W FC TG k 01121 tm
RESISTOR 10K 5% .&%W FC TC - giial [ ]

Description

o

—- e g

ARIR161 06832415
AZIR1ER FO03-4705
AZIR163 0683-144%
ATIR1GA 06834735
ALER1 65 16B3-1045

REGIGTOR 248 5% (2GW FC TC g g1t Cr41s
RESISTOR 47 &% .20W FC 1 -400/+¢%00 01321 CEA7IG
REGTSTOR 100K S% 254 FC TC=-408/+800 rita1 Cul1045
REGISTUR 47K &4 . 28W FC TC=-400/+3010 n1iz21 CBA73G
RESISTOR 100K SX . 2%W FC TC=-400/+000 11 CR1045
A21R166 16834730
ALTR167 16834725
AZ1IR16B Fa33-1035
HIR1AY 0698-3%518
AZ1RI7D 0403 -2425

REBISTOR 47K SX 2GW FOC TC=-400/+30D 0121 CE473%
RESTETOR 4,74 &2 ,28W FC TO=-40G/+700 61121 CHA72%9
REGIBTOR 10K 3% 23k FC TC=-400/+700 01121 CB1833
RESTOGTOR 7.32K 14 JEGW F T +-104 24046 CA-1/9-T0-7 3021 -F
RESISTOR 2. 4K W74 .25% FC TC=-400/+700 01121 Ga242%

WMo =N s LR I )

ARINI7L
ARIRL 7S
A7
AZIRI74
AZIR178

0757 —-1094
N6B3--1025
06H33+1045
1533-512%
GHA3-ATA5

REGISTOR 1,47 1% 12%W F TE=0+-108 74T Ca- 1/9-Th-1471-F
RESTISTOR 1K S% 284 FC TC=-400/+600 N1zl CElL02G
RCSIBYOR 100K 54 284 FC TC ges+300 91121 CEL(0A9
REZIBIOR 51K &% 256k e 400/+709 11 CBS12%
REGISTOR 47 GX . 20W FC T A00/+500 g1121 Co470%

ARIRLZY
AZ1IR178
ALIRL7S
AIR181
A21R1A2 T&63-1527

A7E7--0417 RESISTOR 362 1% 12854 F 1C oAG46 C4-t/8-TO~56RR~F
RESISTOR 100 1% 125W F T 24546 Ca4-1/9-T0-101F
RESISTOR 270 %% 20W ¥C 10 ¢ HE B ¥:3] CB391%5

RESIBTOR 398 T4 .20 b 0121 CB3AP1S

RESISTOR 1,0K 5% 254 FC 4007700 21121 CB1GREY

PP OoOE@m 03K GD

AZLIR1B]S 06831025
AZIR1B4 0757 9280
AR1IR184 N757-416
ALIRIEBY Na%0-4123
AZTR1ESE 075702689

1K S 28 FU TC=-400/+400 01121 CELO2%

Ko1K J125W F T +-100 24546 Ca-1/78-T0-1001F

J11 1% 120W F O TC=04-150 24548 Ca-1/8-T0- 81 IR-F
REBIGTOR 429 1% ,12%W F TC0+-100 24546 Ca 1/8-T0-499R
RESISTOR 1K 1¥% .12%W F TC=d+-100 24044 ~148-TOH- 1061 -F

N W

A21R 107
AZTR{91
AZIRLYY
A21R17
A21R1%4

n757-0491
2574280
07671442
04933279
07&87--0401

REBIBTOR 100 1% 1254 F YC=0+-100 24546 Ca- 176 -Th=101 F
RESICTOR 1K 1% 128U F T 09 24544 =1 AR-T0-1001--F
RESISTOR 18K 1% ,128W F 2 R 24546 A /B-TD-1002-F
RESTIBTOR 4.991K 1% 1254 [ T * 24046 A/B-TO- 490 -F
RESTSTOR 100 17 128 F -1 24546 1/8-T0-101

o g o

AZIRL%6 Q757 04%2

HIR1Y7 D&78-3440
AZLIRISD N4L78-4474
ARIR1YR
AZIRZ00

RESISTOR 27.4% 14 1204 ' TC=l+- o 1/ TH-R74R-F
RESIBTOLR 196 1% L120W F 70 245 A/8-TH- L96R -F
RIZGISYOR 8 451 3% 1 3 1/8-TH B451-F
REGTGTOR &.81K 1% # ~1AB-TH-6811 -F
RESIHTOR B1.1 1% 187 1/8=-TO-TU1R1-F

k]
7
e
3
4

A8~ Th-10001F
A /ETO- 18

- 4/8- 04991 -F
A /9-TO-1RORF
A/B-TO-BO04-F

AZIRZ01
AZIR202
A2IRI03Z

C1R204
ADTREDS

oYs7-02680
07579401
N6TR- 3279
0757-0442
DG 7--0283

RESISTOR 1K 1% .125W ¥ . 24546
RESISTOR 104 1% 12054 F TG - TATAL
RESIGTOR 4,9PK 14 .320W TC=04- 24046
REBISTOR 10K 1% 1250 F DAGAG

cBIETOR 2K 14 J12BW F Y 24046

0D

AZIRZ06 07%7-02a0
A1RZNT 1683--3315

SIR208 D AO%-AR2S
A2IREND 16033715
AZIRZLD 04H03~4709

RESISTOR 1K 1% 1276 F = ()b £AT4L G4 1/8-T0=1001~F
RESISTOR 330 9% .20H #C : hE R ¥ L3318
RESIGTOR 43K 5% b -AGL 1700 01121 Lo47

BIBTOR 390 9% W FC 400/ 4600 011 CB3715
RESISTOR 47 % 25 N k 05121 Cia7 05
A2IR212 RESISTOR &4.B1K 1% 120W F TC=0+4-100 24546 Ca-1/8-TO=-6811F
RESISTOR 106 1% 128 F TC=0+-100 Z24T4AL C4-1/8-T0-101-F
ALSISTOR 104 1% 1z25%W F 1C=0+-100 24546 Ca 1/8-To-1002 F
REJISTOR 22 5% .070W FC T 400743500 011321 CREZED
RESTIGTOR J3.146K 14 1234 F TC=d+-1130 24546 CA-1/8-TH-3161 -F

0737-043%
A21IR213 0757-0401
A2IRZ14 A757- 0442
ARIRZ2LTG 06H3-22035
ARIRZ216 B757-027%

g s oD s

(SN
Chdlas
GN74ALG174N
BNVALB74AN
LM31 0w

AC1H 16200817
AZ1UZ 1021--0001
A2104 1820-11%6
AZTLS 1REb-1112
A21Us 1825002

TE FF ECL D-M/5 DUAL 04713
TRANGISTOR ARARAY 14-PIN PLLGTC DIP F1EHE
T OFF TTL LS D-YYPE POS-ERDGC-TRIG COM 01295
IC FF TTL LS D-TYPE POS-EDGE~TRIG N1ERS
IC OF aAMP GP TD-99 PKG 27414

DaWsm

ARTU7 1820-042% I FF TTL 8 J-K MNER -EDGE-TRIG BN7481 12N

AZIUB
ARTUY
ATLULO
GHARISRY

A21t2

2107173
fh2iuta
AZTULS
CEAU

AZIUTE
aZIULY
AZILIC]
AR iU22
A2

18200697
1n20-127%
161260043
18201277

1BR0 -0491
T82N- 0629
1H20-11%24
THAD 1198
1820--1302

iR -0629
192-2004
LER0 -NAE3
1820-0601
1G20 et

DTS

i
e
ic

DRVR TTL 8 NAND LIME DUAL 4- TNP
CNTR TTL LS DECD UP/DGWN HYNCHRO
OF aMP GP TO-?97 PHG

CNTR TTU LS DECH WP/BOWH GYRCHRO

GATLE TTL 8 NAND QUAD 2 T
FOTTL OB T NEG - TRIG

FIoOTTL LS D-TYPE P -TRIG COM

GATE TTL 8 NOR GUAD 2 ToP

L HIGEH NMOS
TRV TTL 5 1K 1-LINP

FFOITL LE B-1YPE PO%-EDGE-TRIG CEM

VEOTHL G T-K MEG-EDGE- TRIG

COGATE TTL § NAND QUAD 2 -TNP
BATE TTL § NAMD GUaD 7 1NP

11295
W25
DLE7%
0129%

11295
20480
11295
0129%

LM7A%140M
SNF4LS120N
CAst?T
GN7ALGT 70N

GN74600N
SN745112N
SN7N.GL7 AN
ANTALG1LTAN
GMFAGEIN

AN7A811EN

GRZAGNIN

See introduction to this section for ordering information

*Indicates factory sclected value




Replaceable Parts Replaceable Parts

Table 6-3. Replaceable Parts

Reference HP Part _— Mfr
Designation | Number Description Code Mfr Part Number

AZ1U24 18208--D627 FF TTL & J-K NEG-EDGE-TRIG 01295 SN748112N
ARIURG 1020-0493 FF TTL. 8 D-TYPE PUS-EDGE-TRIEG 51295 SN74874N
AZIU26 1820 -0673 FF TTL 8 D~TYPE POS-EDGE~TRIG 01295 BN7467 4N
AlTu27 18200629 FF TTL § J-K NEG-EDGE-TRIG 61295 GN74B112M
A2 Itze 18201441 DRYR TTL LB EUS DRVR HEX 1-INP 91295 SN74L.5F6TAN

Az1U2Y 1820--062% D FF TTL § J-~K NEG-EDGE-TRIG 01295 SN7aB112N
AZIUI0 10200629 FIFTTL 8 T-i NEG-EDGE-TRIG 01293 BN748112N
AU 18320-1144 GATE TTL L5 NOR qual 2 61295 GN741.502N
AZiuI2 1820-0629 FF TTL & J-K HEG TRIG niavs BN745112N
AZIU33 1824~08111 1C OF AMP GP DUAL TD-7% PKE 317583 CA1AG8T

ARTL3A 1Az0-0802 I BATE ECL NGR QUAD 2-INP 04713 MC10102F
03601716 TERMINAL-GTUD SEL-PIN PREGS-MTE 20400 0354601716

1460-1326 WIREFORM CU EBRT-TIN B8 1460~1336
71211234 LABEL CAUTION 1.925 IN-WD 2.24-IN-LG 28480 71211234

ATTENUATOR ABLEMBLY o84BR 1332506523

B

3325 -646523

CAPACITOR-FXD 1UF +80-20% 50VDC SER REAB0 Q1604371
CAPACITOR-FXD .1UF +Q80-20% BEVDL CER 28480 0160-4571
CAPACITOR-FXD AUF +-20% S0VDC CER o3480 41603558
CAPACLITDR-FXKD . 1UF +-20% 50VDL CER ZB4ED 01&649-3508
CAPACTTOR-FXDL , 1UF +-207% S0VDC CER 28480 4160-3558

$160-4571
91604371
$1&0-355%3
2160--3558
b140-3508

0@

CAPACLTOR-FXD ,1UF +-20% S0VDC CER 20400 01160-3358
CAPACITOR~FXD . 1UF +-20% SOVDC CER 28480 01603558
CAPACITOR~FXD ,1UF +-20% SIVDC CER RBARD b140-3538
CAPACITOR-FXD ,IUF +-2Q% SHVDC CER 2DA80 01403558
CAPACYITOR-FXD L 1UF +-20% TOVDE CER 23480 B1560-3558

S160--3558
0% £0~355158
1140-3%50
0169~
#1460

~g

CAPACITOR-FXD . 1UF +-20% S0VDC CER 20480 61603558
CAPAGITOR-FXD ,1UF vBO-20% FOVDL CER 23480 B1b60-4571
CAPACTTOR-FXD . 1UF +80-20% S3VDC CER 28480 01404571
CAPACITOR-FXD ,1UF +80-20% 50VRC CER 23480 N160-4571

11460 ~3558
81460-4%71
91 60-4U71
AIC17 01604971

QP oa Bl iR

CONNESTOR 14-PIN M POST TYPE 28480 1851 ~5664

=

A23J30 1251 ~5064

AZAT 12%1--2947
AZZI2 12912849
AZATI 1251 - 2969
ARET4 12%1-296%9

COMNECTGR-PHOND SINGLE PHONG JACK; DIP 20430 1861-2%69
CONNESTOR-PHONG STNGILE PHOMO JACK; DIP AB400 X

CONNECTGR-PHOND SINGLE PHONO JACK) DIP 2B480
CONNECTOR -PHONG GINGLE PHONG JACK; DIP 20408

[ =%

RELAY 40 12VC-COIL 12VLE 23480 Fars-1141
RELAY 40 12V(C-CDIL 12UD0 28480 04901141
SELAY 40 12VC-COTH 12VRC 28489 A490-1141
RELAY 4C 12VC-LOLL 12VDC 28400 04%9-1141

34781141
14991141
1490-~1141
045%9-1141

e

RESISTOR 51,91 .2%Z ,5W F TC=6+-%0 28450 06990065
RESISTOR ©1.01 ,285% 54 F TCm0+-50 28481 06590065
RESISTOR 2.1%K .1% 12%H F TC=0+- 25 F84B9 PHP-0273
RESISTOR 386 1% 125W F TC=0+-2% 23480 FO9? 0274
REGIGTOR 247.5 1% EBEW F TO=04-20 19701 MEGRC1/4-T2-247RS-B

N6I9--0 065
05699 -0065
T&59-D273
16990274
06702258

M= oo

RESIGYOR &1.1 (4% ,5W F TC= 28460 1698--7904
RESISTOR &1.1 1% .0W F TG 283480 067637704
RESISTOR &6.7 .26% .20 F TC 28480 1a79 0004
RESISTOR 100 1% 2854 F 1T 19701 WFS2C1/4-T2100R-K
RESISTOR 100 1% . 25W ¢ TCw04 19761 HFSACL/4- T2 100R~B

ARARS Ha53-~-7984
ASSERT 16787934
AEIRB 86H99-0068
AZIR? 1678--7448
A23R1D 0490--7448

w0 0 TS

7121-1234 LABEL CAUTION 1.925 IN-WD 2.24-IN-LG 28480 71211234

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

Description

Mfr Part Number

MP 2
HP S
MP4
MP 5

[ Y
NP7
MPS
Mp g
MPi0

Mr1l
MPi2
ME13
MP 14
MP 13

MP 17
ME 1B
MP19
Mp 20
[Xiktr )

Mpan
MPE3
MR 24
MAZE
M6
MP27
HPrze
M 2%
P 3a
M
MP 14

R1

T1

W1
wa

Wa

3160-0209

03325-61812
1332%-66502
AT~ 66E0 3

AGE 6
HER 66514
(3325-66508
7

[l b &t
03325-66509
01se-n01z
21590012
f156-0012
1130-0012

21100001
2110-0012

1850-1058
10501958
12501 %58
12441558

38

1250-1556

1250-1558
12501558

12501558
1260--1508

0332504381
50404928
(3325-2930)
03325-00201
S5020-3003

S40-7202
H0R20-8937
Ak6D-7880
n040-7219
DI60--7R04

G040--7220
S160--7035
H3325-00202
Hi2l-Be04
1332506408

W01 -nady
50608-7047
Hh40--7201
14460-134%5
03325-211101

S2150--0220
31500227
F166-0201
1400-122%
50410--68%0
00310-48801
Ae30-0604

13400564
0332500601

04831015
?100--40%%

0332561602
1332561617
/0 03325-61601
B120-2565
/10 0332041601
G120-258%

Li el G G ] IR S RAN I I o
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LN = RS

=hsmeo o e SNodD R L R WO a
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CHASSTE AND MISCELLANEQUS PARTS

BHLD- TOP
SHLD--BOTTOM
COVER NO 2

FAN-TBAX 45-CFM 118V 50/60-Hz 1.5-THK
{(WITHOUT CABLE)

FAN {WITH CABLE)}

PLR LPLY

PG ASGY-CONTROL

Pi. AS3Y-FUNCTIDN

PC ASSY-HI VOLT {OPT. 002)

PL OARSY-FFEG D/A

Pl ABLY-ATTEN

PC-ASSY OVEN {OPT. 001)
CAPACITOR-FXD . G1UF +-247 1KVDOC
CAPACTITOR-FXD ., 1UF +-20% IKVDC
CAPACTITOR-FXD Q1UF +-28% 1KVDC
CAPACITOR-FXD . 01UF +-20% 1KYDC

FUSE 14 230V NTD 1, 20X.25 UL
FUSE 3A 250V NTD 1.2%X.25 UL

ADAPTER-COAX BTR F-BNC F-RCA-PHOND
ADAPTER-COAX STR F-BNC F-RCA-PHOND
ADAPTER-COAX STR F-REA-PHOND
ADAPTER-COAX BTR F-RCA-PHOND
ADAPTER-COAX STR F--RCA-PHONO

ADAPTER-COAX BTR
ADAPTER-CDAN BTR
ARAPTER-COAX GTR F-RCA-PHONO
ADARTER-COAX BTR F-RECA~PHOND
ADAPTER-COAX STR F-ERC F -RCA-PHOND

F -RCA-PHOND
F~RCA~-PHONO

ADAPTER-COAX STR F-BNG F-REA~PHOND
ADAPTER-COAX BTR F-BHNC F -RCA-PHOND

PHL-DRESGS
DIVIDER STRIP
WINDOW

SUB PNL-FRT
FRONT FRAME

[P

TRIM TOP

CORNER STRUT
SIDE COVER

STRAP HDL CAP-FR
STRAP KDL 1B1N

P3P PG B~

BTRAP HOL CAP-R
TOP COVER

Pl -REAR
REAR-CABTING
FRAME--MAIN

Y

SIDE TRIHW
BOTTOW COVER
FooT

TILT STAND S8BT
HEAT STNK

e e

FILFER SCREEN STEEL 3,44-WD 3,.44~LG
INSULATION-POLYE ,25-THK

FAN GRILLE

CLAMP-CARLE .375-DIA 1-WD NYL

LITE PIPE

WASHER, SHOULDERED

WASHER-FL WTLC 7716 IM S-TIN-ID

L83
[=3 A ERTe

INSULATOR-XBTR THRM-CNDCT
GHIELD -RF

RESISTOR 100 5% .25W FL TCr—4G0/+500

CHi. ABBY-SITNAL

CEL ABSY-HTNC .

CABLE ASSY - 2¢-60 REAR
UNMARKED W3

CADBLE ASSY - 0-20 REAR
UNHARKED W4

TERMINAL~SLDR LUG PI-MTG FOR--#1/2-8CR
THREADED INSERT-NUT &-32 ,§58-IN-LG SST

TRANSIFORMER -POWER 100/120/220/240 VAL

28480

28480

268400
28480
8460
28480
BRARD
28480

294840
2B4B0
28480

56289
56289
56289
56269

7415
£8480

2B480
20400
203480
2480
28460

23480
28480
204080
20430
20400

28480
20480

28440
Z8480
28480
28480

284810

ZE4810
28480
£8480
28480
zesno

204810
28480
28480
ZB480
28489

ZB4pd
28400
28489
20480
28480

28480
28480
20489
20480
28480
28480

20480
284310
28480
28480
28480

01121
28480

28480
28480
28480
20400
28481
2834080

3160-0200

03325-61612

933

03325-66508

03325 -64501

F33eH-66523

(3325-66509

CO23AT02T10TME38
AAT02T103M330

COE3ALIRT] 03HS3Y

Coz2latp2rioansas

200
211n-6012

12501558

RH0-1958

1

0332504301
30406928
03325-29301
03325-00201
5020-8903

SoAH-7208
S5020-8637
59607089
anan-7ae
S060-7804

Th40--7220
S060-9835
6332500203
G220 -804
0E3AT-06602

50481-0437%
GlLE-9847
G040-7201
14601345
03325-21101

FLE0-0801
14001229
S040~-6898
00310-48801
3050-0404
0340-108%
0510-0153
034005564
0332500601

CEL015
?100--4499

4332561642
1332561617
P/O 03IEG-61611
B12G-2083

P/0 0332561611
Br20-258%5

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

o

Description

Mfr
Code

Mfr Part Number

Wi

W
uz

Wi
We

Wi

Wil

W13

0 03ARE-51601
120 - D565

PIEZGH-614619
F3ARS- 1620

1332561604
4332561607
1332561608
01332561609
G3ARG-HIO10

D332 G- H1G

013325 -61611
1222561603
0532561618

21203108

B120-3108
di12g-3108
£120--1348
N3325-61601

33325~414622
CR32G-61623
0332561623

211005435
23160543

20310-48801
93328004105
03325-90 002
13325-90013
034601610

8341-0011
0EBI-0%11
03800644
0460~1336
NuFg--0167

N5EP0-0543
0146240208
10L24-0207
08200912
§399~-0870

12050356
1400-0249
14000717
2190-0020
21980034

2190-04073
219400675
2190-0918
2E04-0101
2A00-0103

2ENR-H1E3
2E60-0113
SEb0-0114
2340-0114
2361-0113

2360-0123
23660201
2430-0302
2618~0192
2580-0004

BO oo

-l e

N el hp R

G e Bl @ e il

¢
?
]
v

o 43 LN b

2miao

= b=

oo o B g 4

Mo IR

[eal Wl e ER AR

CABLE ABSY-REAR SYNC
UNMARKED WS

CABLE ASHY 24AWG 24-CNDCT
CABLE ADSY-AMPTD MOD
LIBHARKED W7

CADLE ASTSY - 1068KHZ
UNMARKED B

CARLE ASHY-2 MHL
UNMARKED Wi

CABLE ABHY - 1MMZ
UNMARKED W13

CABLE ASSY-EXTREF
UNMARKED W11

CBEL ASSY~Z BLX
CEL. ASRY-BKR

TRl ASSY

CEL ASBY-VTOD

CBL AS5Y-oM

CBL ASSY-PHASE DET
CRL ASSY-S&
CABLE ABHY-OVEN

CARBLE ABSY -~ HI V1
GABLE ABSY - HI V&
ORL ASSY-FWR COM
LEL ABBY-FLC

CHL AGSY-MXR

51, ABSY-FAN

CBL ASSY~-HPIE

CEL ABBY-KEYRD

CAOLE ASSY-HIGH AMP POWER (OF 0020
CABLE ASHY-OVEN POWER (O 401»
FlAT RIDDON ASSY R8-aWl 14- COND

CARLE AS5Y 1DAWE 3-GNDOT BLK-JCT
8, 9, 10, 11
CALLE ASSY  +18V

LABLE ASSY +15Y UNREG
CRL ASSY-CUTPUT

_- e

FUSEMDLDER BODY EXTR PBT; BAYDRET;

WASHER SHLDR
COVER

0P /GV0 MANL-&
0P HANL -A

ek

s

RIVET -SEMI--TUBULAR
GTANDOFF~RYT-ON RS- IN-LG &-B2THD
STANDOFF-HEX . 327~IN-LG &-32THD

NUT-THUNME 6-32-THD HRS

=] e R

SEREW--TPES 4-40

-

HEAT SINK

WASHER-LK HLEL NO. § . 128-IN-ID
WASHER-LK HLEL ND, 10 ,1%4~IN-ID

HLECL NO. 8 . 168-IN-ID
INTL T 1/2 IN &4~ IN~ID
= HLEL ND. & 141-IN-TID
SOREN-MACH &

FLAT RIDEON ASSY 28-AWE 21-LOKD S-TIHN-LG

FLAT RIBEON AGSY 28-AWG 21-COND 5-IN-LE
FLAT RIBEON ASSY 29-AWG 21-CORD S-TN-LG

CBL ABSY-COMPLETE INCLUDES W3, 4, 5, 7,

FUSEHULDER CAP BAYONET; 6,34, 2950V HAX

TERMIMAL-GLDR LUG PL-MTG FOR-&&4-80R

TAPE-INDL ,5-IN-W ,003%~IN-T POLYE-FLN

THREADED INSERT-NUT 4-40 . G&Ha--IN-L&G
SCREW-TPG 6-32 H5-TH-LG PAN-HD-FOZI §TL
L 25-IN-LG PAN-HL-POZY STL
SLEEVING -FLEX . 04-ID NEMA-3 ,0116-WALL
TURING-HE 093D/ . 046~-REVD , D2-WALL

CABLE TIE ,062-.62%9-BIa 091D NYL
CARLE TIE . 0aR-1.125-DI4 .14-WD NYL

9 L 188-IN-LG PAN-HD-POZI

SCREW-MACH 4-4

SCREMW~MACH 4-4
BOREW-MALH &
SLREW -HALH
BLRTW~MACH
SCREW -HACH

GEREUW--MALH
SCREW--HACY

0 25-IN-LG PAN-AR-POZY

1,25-IN-1.E PAN-HD-POZI
.25 IN~-LE PAN-HD-POZI
.25-IN~LG 82 DEG
L25-IN-LG 82 DEG
. 312- IN-LE PAN-HD-POZT

7% -IN-LG PAN-HD-~POLI
LB IN-LE PAN-HD -POZT

NUT--HEX-DBL~CHAN 6-32-THD . 149 -IN+THK
SCREW-MACH €-32 ,25-IN-LC 100 DEG
NUT-HEX-DBL~CHAN 8~32+THD 125 -IN-THK

23489
28480
20400
28480
nBABY

28490
2640810
28480
23380
28480
2e489

08480
29460
2684890
20430
2834010

28430
28490

apado
28480
2i480
20480
2B400
za480
28480

2049

20480

20480
28480

28400
28480
23400

28480
28460

28480
28480
28480
2e480
28480

2n4a9
neoge
18900
ZRA0H
234040

25480
29480
neoo
28480
pgnoe

2a480
86353
284480
28401
28480

25480
28480
Pa4a00
Fonno
2H4B

Gonog
ngoco
o009
[ E
g0000

;31 EH)
son0g
28480
209000
ngone

P/ DIITG-
gradn g

S-Hi60
G-b1610

—~Hth]12
~h1613
13325-61614
P00 214904099
PFAAG
120 F2hdH
g12h-3508

B120-3108

13%25~-61622
1332561623
0332561623

2116 0545
2110-0343

BOE10-40001
03ILS-04105
03325 ~-20002
N3Z2T-90013
134016110

BILI-001d
ORDER BY DESCRIPTION
DRPER BY DESCRIPTION
44601336
n%20-0167

05900343
NH24-N208
QRIER BY DEGCRIPTION
Gg%9--0n12
ORDER BY DESCRIPTION

12050354
PLT1M-8

1400-071%
25940020
21700034

21900073
2190--0575
2190-0918
ORDER BY DEBCRIPTION
22090103

ODRDER BY DESCRIPTION
ORDER BY DESCRIPTION
DRNER Y DESCRIPTION
NRDER BY DESCRIPTION
GRUGER BY DESCRIPTION

DESCRIPTION
CEGCRIPTION

ORDER
CRDER
24R4-0002
FROBY DEGCRIPTION
GRPER BY LESTRIPTION

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




Replaceable Parts

Tahle 6-3. Beplaceable Parts

Replaceable Parts

Reference
Designation

HP Part
Number

aga

Description

Mfr
Code

Mfr Part Number

3950-0027
30500066
2050-0716
30500835
£260-D927

7120-6482
7120-8539
9E11- 2257
FaB2-0906
JUMPER

LUG-JUMPER

ORI

S-S

-

WASHER~FL. MTLC NO, 18 .203-IN~TD

WAGHER -FL. MTLL RO, & 147 -IR-1D
WASHER-FL. MTLE NO. 9 .1 IN-ID
WABHER-FI, MM 2/%6 IN .6F-IN-ID 75-1IN-0D
PLUG-HOLE ,&2%

LAREL-INFORMATION .B73-IN-WD 1,.720-IN-LG
LABEL-WARNING 1.3-IN~WD 1.6-IM-LG VINYL
CARTON-CORR RGC 26.75~IN-L.G 24 75-IN-UWD
CHANMEL W/ELASTIC GRIP \S-1N-WD

CUT JUMPER

CUT JUMPER

20420
20480
29481
“iRagn
2a48l

213480
28409
22480
204010
28480

@B48d

306500027
4500068
F0E0-6710
39500035
H9en-0027

7120-64882
T1E0--88%Y
PR11-2057
PRER-1906
JUMPER

UG- TUMPER

See introduction to this section for ordering information

*Indicates factory selected value
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Figure 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. Earlier versions of this instrument, however,
differ in design and appearance from those currently being produced. The information in this section
documents the earlier instrument configurations and associated servicing procedures. Also included
is information on recommended modifications for improvements to earlier instruments,

The following backdating information is organized by service group with an 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 delta in the text or on a schematic corresponds to the numbered delta shown in the
heading that precedes the backdating information for that particular service gronp. When a delta symbol
is cncountered, the technician should first refer to the corresponding service group in this section.
Once there, locate the page number where the delta symbol was found and determine if the change
applies by checking the instrument’s serial number against the range given.

1-5. Change Sheets and Service Notes.

7-6. As HP continues to improve the performance of the 3325A, corrections and modifications to
the manual may be required. These changes are documented in a vellow “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 HP Sales and Service Office.

7-7. The instrument 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 your nearest
HP Sales and Service Office listed at the back of this manual.
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Model 3325A

Table 7-1. 3325A Circuit Boards Revigions.

Assambly

Referenca
Designator

Service
Group(s) Revision

03325-66502
03325-66503
03325-66505
03325-66506
03325-66508 *
03325-66509 *
03325-66514 **
03325-66521 ***

03325-66523 ****

A2
A3
Ab
AB
A

A9

Q F
D.GH
A
B.C
M

M

O o o o 0O 0 0

03325-66504 (A4).

03325-66501 (A1),

03325-66507 (A7),

* D3325-66608 is the High Valtage Qutput Option (Opt. Q02)
" (13325-66509 s the High Stability Frequency Reference Option {Opt. Q01}

% |0 3325A's with serial number 174BA01900 or below, the part number for this assembly was

4% 0 3325As with serial number 1748402475 or below, the part numbar for this assembiy was

*++e 0 3325A% with serial number 1748A00700 or below, the part number for this assembly was

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 A5

to its current revision.

Table 7-2. Ab Board Revisions.

Board
Revision

Instrumants Shippad
With This Revigion®

Board
Changes

A5 . Rev A

- Rev B

1748A00101 - 174BA0Z2T1

1748A02912 - 1748A03725

1748A03726 - Present

weant Rev B when board was
rodified te sitplify manuf. proce-
dura. Ne circuit or layout changes,

went Rev C when PC traces were
moved., No cireudit or comp. layout
changas.

* Note that all serial numbar ranges are approximate,




Maodel 3325A Service

7-11. All A5 board revisions are identical in design and component layout.
7-12. Service Group B - HP-JB Gircuits (P/0 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. AG Board Revisions.

Board Inztrumants Shippad Board
Raovision With This Revision* Changes

AB - Rev A 1748A00101 - 1748A00130 -

- Rav B 1748A00131 - 1748A00230 went Rev B when test points wera
added. ’

-Rev C 1748A00231 - Present went Rev C whan design changes
were made to improve pP interrupt
ckiy. See Service Graup C.

* Note that all serial number ranges are approximate.

7-14, There have been no design or component layout changes to the HP-IB section of the Aé assembly.

If the A6 assembly (03325-66506) 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.

1-15. Service Group C - Control Circuits (P/0 03325-66506) A2.

7-16. A6 - Past to Present. Table 7-4 briefly summarizes the engineering effort that has brought Aé
to its current revision.

Tahle 7-4. AG Board Revisions.

Board Instrements Shipped Board
Revision With Thiz Revision®* Changes

AG - Rev A 1748A00101 - 1748A00130 -

-Rev 8 1748A00131 - 1748A00230 want Rev B when test points were
added.

- Rav C 1748A00231 - Present went Rev C when design changes
ware mads to improve xP interrupt
ckty.

* Note that all serial number ranges are approximate.

7-17. The following backdating information pertains to the Control Circuits portion of the A6 assembly.
A2 - Page 8-C-37, Figure 8-36.

Affected instruments: serial numbers 1748A00230 and below.
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The above range of instruments do not have R2 (7.5k2 p/n 0683-7525), CR2 (p/n 1901-0040), or

C7 (0.01uF p/n 0160-3847). These instruments also contain the following processor interrupt circuitry w
involving U42 and U34. )

Wom 1 - e

14 o HPRS
fe .. HELw
liz____4poT

ue
PROCE 5SSO R

IF U9 1S RERLACED S€E
SERVICING tNFO.

13
<

L

EATA

PROGEA
a0 wRCE Gate

ey,
ToURlT.E)

P s | TR PT
25 Pl Laekwonenes 3

TURL O

o]u BLPT
BISTRET ¢

5w,
1

T
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.[:_ ——— ROM DusAnee
] [pFEN B isABLEY
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ity

L LIS
14 MU CHOC K
Feor IS}

|

12 MHZ CLtK o a2
= KACHIE 10 DROC €880%, FROMUISW) ] s
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Bl ADDRESS  mmemm—me————,

R 0%

Figure 7-1. Processor Interrupt Gircuitry (Serial Numbers 1748A00230 and Below*).

* 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.

oS LRAR

bt neF®

21 7 1%
prl e TE R

I WRATE CONTROL =
Sy

e

T ater wo
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1 Lt
[
o bALED e e ~Ri3—

—CR1—
pd b Bs Tﬁ)ua?E ! : —RE—
Bl it .,7_,1> — $ —f7—
ouge n

b? thee® iy

wrl?
b7 b

B [ |

Figure 7-2. Schematic and Board Location of R11 and R12 {Serial Numbers 1748A02600 and below).
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A2 - Page 8-B-11, 8-C-37, Figure §-32, 8-36.

Affected instruments: serial numbers 1748A04250 and below.

Instruments in the above range may have an A6 board which contains connectors J2, I3, J4, (p/n
1251-4494) for use with cables W31, W32, W33 (p/n 8120-2577). These older (black) connectors and
(whitc) cables have been replaced on newer boards by more reliable connectors (orange - p/n 1251-6567)
and cables (gray - 8120-3108). The newer connectors are incompatible with the older cables as are
the newer cables incompatible with the older connectors. If the A6 board in the above instraments
is replaced, the connectors on the older destination assemblies (A3, A14(4), A21(1)) will have to be
changed also. See paragraph 8-113 in Section VIII for more information.

Note also that on the older A6 boards used in the above instruments, cable W36 (p/n 03325-61622)
was used to carry supply current to the Al4(4) board in parallel with W33, With the newer cables
on the newer boards, W36 is not needed. However, if one chooses to modify the newer board to usc
the older (1251-4494) connectors and cables (8120-2577), W36 is required.

A2 - Page 8-C-37, Figure B-36.
Affected instruments: All

Due to earlier fabrication processes, it was necessary to pad the value of A6RS in order to set the
nanoprocessor’s (A6U9) backgate voltage (V) to the voltapge stamped on the processor. Briefly,
processors stamped with the following voltages require the corresponding padded values for A6RS:

Ve, AGRE* -hp- Part Number

- 2.0V 34.8k 0757-0123
—2.5V 26.7k 0698-4438
=-3.0V 21.5k 0757-0199
- 3.5V 17.4k 0698-4482
—4.0V 14,7k 0698-3156
-4.5V 12.7k 0698-3359
- 3.0V 9.53k 0698-4020

Note that the nanoprocessor’s fabrication process has been controlled to the extent that V. on all
processors is now — 5.0V. Therefore, if A6U9 is replaced (p/n 1820-16%91), insure that A6RE i5 9.33k{).

7-18, Service Group O - Voltage GControlled Oscillator Shield (P/0 03325-66521) A3.

7-19. A21 - Past to Present. Table 7-5 summarizes the engingering changes that have brought A21
to its current revision.
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Table 7-5. A21(A1) Board Revisions.

Board instruments Shipped Board II!
Revision With This Revision* Changes

Al - Rev A 1748A00101 - 1748A00230

- Rev B 1748A00231 - 1748A02475 went Rev B when U25 and assoc.

ckty were added to reclock HINV
to the Frac. N IC. See Svc. Grp. E.

A21 - Rev A 1748A02476 - 1748A02600 went A21 Rev A following rede-

sign and layout of the VCO, plus
mod. to the S/H ckty. See Svc.
Grps. D, E, F.

1748A02601 - 1748A07390 Rev B boards are identical to Rev

A, with the exception of PC trace
location.

1748A07391 - Present went Rev C following mod. to
VCO ckty. See Svc. Grp. D.

* Note that all serial number ranges are approximate.

7-20. The following backdating information pertains to the VCO portion of the A21(A1) assembly.

A3 - Page 8-D-7/8-D-8, Figure 8-37.

Affected instruments: serial numbers 1748A02475 and below.

The above range of instruments contain an 03325-66501 assembly with the VCO design and layout Q

shown in Figure 7-3. Note that in instruments with serial numbers 1748A00231 to 1748A02475, A1C177
is tied to + 35V,
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Figure 7-3. VCO 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 Circuitry - Seriai Numbers 1748A013226 to 1748A07390.

For instruments with serial numbers 1748A02476 to 1748A04675, refer to Service Note 3325A-9 if
necessary for a modification procedure to prevent oscillator failures.

A3 - Page 8-D-7/8-D-8, Figure 8-37.
Affected instruments:; serial numbers 1748A04250 and below.

Instruments in the preceding range may have an A21(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.

7.21. Service Group E - + M.F Counter (P/0 03325.66521) A3.

7-22. A21 Past To Present. Table 7-6 summarizes the engineering changes that have brought A21
to its current revision.
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Table 7-6. A21{A1) Board Revisions.

Board Instrumants Shipped Board 0
Ravision With This Revision* Changes

Al - Rev A 1748A00101 - 1748A00230 -

-Rev B 1748A00231 - 174BA02475 went Rev B when U25 and assoc,
ckty were added to reclock HINV
to the Frac. N IC. See Sve. Grp. E.

A21 - Rev A 1748A02476 - 1748A02600 went AZ21 Rev A following rede-
sign and layout of the VCO, plus
mod, to the $/H ckty. See Svc.
Grps. D, E, F.

1748BA02601 - 1748A07390 Rev B boards are identical 1o Rev
A, with the exception of PC trace
location.

1748A07391 - Present went Rev C following mod. to
VCO ckty. See Sve. Grp. D,

*Note that all serial number ranges are approximate.

7-23. The following backdating information pertains to the + N.F Counter portion of the A21(Al)
assembly.

A3 - Page 8-E-3/8-E-4, Figure 8-38.
Affected instruments: serial numbers 1748A0230 and below.
The above range of instruments contain the HINV clocking circuitry shown in Figure 7-5.

Note — the -hp- part number for U5 is 1820-1112.
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Figure 7-5. HINV Clocking Circuitry - Serial Numbers 1748A00230 And Below.
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Q A3 - Pape 8-E-3/8-E-4, Figure 8-38.
i Affected instruments: serial numbers 1748A01200 and below,

The preceding range of instruments do not have R146.

A3 - Page 8-E-3/8-E-4, Figure 8-38.

Affected instruments serial numbers 1748A02475 and below.

The preceding range of instruments contain the U8 gating circuitry shown in Figure 7-6.
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Figure 7-6. A21U8 Gating Circuitry - Serial Numbers 1748A02475 and Below,

@ A3 - Page 8-E-3/8-E-4, Figure 8-38,

Affected instruments: serial numbers 1748A02476 to 1748A07390.

The above range of instruments contain the U8 gating circuitry shown in Figure 7-7.
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Figure 7-7. A21U8 Gating Circuitry - Serial Numhers 1748A02476 to 1748A07390.
A3 - Page 8-E-3/8-E-4, Figure 8-38.
Affected instruments: serial numbers 1748A04250 and below.

Instruments in the preceding range may have an A21{A1} board which contains connector J1 (p/n
1251-4494) for use with cable W31 (p/n 8120-2577). The older (black) connector and (white) cable
have been replaced on newer boards by a more reliable connector (orange - p/n 1251-6567) and cable
(gray - p/n 8120-3108). The newer connectors are incompatible with the older cables as are the newer
cables incompatible with the older connectors. If the A21(A1) assembly is replaced in one of the above
instruments, refer to paragraph 8-113 in Section VIII for additional information on connector/cable

compatibility.
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7-24. Service Group F - Fractional N Analog Circuits (P/0 03325-66521) A3.

7-25. A21 Past To Present, Table 7-7 summarizes the engineering changes that have brought A21

to its current revision.

Table 7-7. A21{A1) Board Revisions.

Board
Revision

Instruments Shipped
With This Revision*

Board
Changes

Al - Rev A

- Rev B

A21 - Rev A

1748A00101 - 1748A00230

1748A00231 - 1748A02475

1748A02476 - 1748A02600

1748A02601 - 1748A07320

1748A07391 - Present

went Rev B when U25 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 VCO, pius
mod. to the S/H ckty. See Svc.
Grps. D, E, F.

Rev B boards are identical to Rev
A, with the exception of PC trace
location.

went Rev C following mod. to
VCO ckty. See Svc. 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(A1) 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.

S

e PHASE “CDULATION e, \?

Figure 7-B. Integrator and Phase Modulation Circuitry - Serial Numbers 1748A02475 and Below.
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@ This same range of instruments contain the Sample/Hold circuitry shown in Figure 7-9.
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Figure 7-9. Sample/Hold Circuitry (Serial Numbers 1748A02475 and Below).

In the Sample/Hold Circuitry of Figure 7-9, R107 may be one of the following padded values:

7508 0757-0420
3741 0698-4452
13308 0757-0317
20009 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 1748A04250 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 boards 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 cables incompatible
with the older connectors. If the A21(Al) assembly is replaced in one of the above instruments, refer
to paragraph 8-113 in Section VIII for additional information on connector/cable compatibility.
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7-27. Service Groups D and G - VCO Buffer (P[0 03325-66503), 30MHz Reference and Dividers
(PI0 03325-66503) Ad. @

7-28. A3 - Past to Present. Table 7-8 briefly summarizes the engineering changes that have brought
A3 to its current revision.

Table 7-8. A3 Board Revisions.

Board Instrumants Shippoed Board
Revision With This Revision” Changes

A3 - Rev A 1748A00101 - 1748A00470 —

- Rev B 1748A00471 - 174BA04675 went Rev B with modification to
20MHz LPF. See Svc. Grp. H.

-Rev C 1748A04676 - Present went Rev C when modifications
were made to the mixer driver and
multiplier ckty.

* Note that all serial 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 U14 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. Ul4 Biasing Circuitry (Serial Numbers 1748A00620 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 C20.

A4 - 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 (Senal 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 A3J7.
Oscilloscope (-hp- Model 1740A)

10:1 Oscilloscope Probe (-hp- Model 10041A)
DC Power Supply (-hp- Model 6214A)
Oscillator (-hp- Model 204C)

AC Digital Voltmeter (-hp- Model 3466A)

CAUTION

Do not allow disconnected cable con-
nectors to contact the printed circuit
board or components, or circuits may
a. Set the 3325A as follows: be damaged.

¢. Adjust the dc power supply output to approx-
imately +3V and comnnect between the center
contact of A3J7 and ground.

Function

Frequency
Amplitude
DC Offset

Amplitude Modulation d. Disconnect cable W23 from A3J23,

Service




Service

e. Meagure the oseillator (-hp- 204C) ourput with
the ac digital voltmeter and adjust the output lev-

Model 3325A

i. Adjust Offset Out (AIRGB) to return the os-
cillogeope trace to the center line (0Vdc).

el to 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
null 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 volimeter
reading of 0.707Vrms,

h. Ground the oscilloscope input and zero the
trace on the center line. Set the input to d¢
coupled.

0. Repeat steps m and n until the output voltage
of 0.707Vrms does not change when the AMPTD
CAL key is pressed.

A4 - Page 8-G-3/8-G-4, Figure 8-40.
Affected instruments: serial numbers 1748A04250 and below.

Instruments in the preceding range may have an A3 assembly which containg connector 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 8120-3108). The newer connectors are incompatible with the older cables as are the newer
cables incompatible with the older connectors. If the A3 assembly is replaced in one of the above
instruments, refer to paragraph 8-113 in Section VIII for additional information on connector/cable
compatibility.

7-31. Service Group H - Mixer {P/0 03325-66503) Ad.

7-32. A3 - Past to Present. Table 7-9 briefly summarizes the engineering changes that have brought
A3 to it current revision.

Tahle 7-9. A3 Board Revisiens.

Board Instruments Shippad Board
Revision With Thiz Ravision* Changes

A3 - Rev A 1748A00107 - 174BA00470 -

-Rev B 1748A00471 - 1748A04675 went Rev B with modification to
20MHz LPF.

-~ Rev C 1748A04676 - Prasent went Rev C when modifications
were made to the mixer driver and
multiplier ckty.

* Note that all serial number ranges are approximate.
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7-33. The following backdating information pertains to the mixer portion of the A3 assembly.

“ A4 - Page 8-H-3/8-H-4, Figure 8-41.

Affected instruments: serial numbers 1748A00470 and below.
Instruments in this range do not have A3R126 or A3C120.
A4 - Page 8-H-3/8-H-4, Figure 8-41.

Affected instruments: serial numbers 1748A04675 and below,

These instruments contain the mixer driver circuitry shown in Figure 7-12. Note that the part number
for A3U16 in this earlier design was 1858-0015.
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Figure 7-12. Mixer Driver Circuitry (Serial Numbers 1748A04675 and Below).

If reliability problems with 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 U16’s reliability. Note that the performance test steps and
adjustments referred to in this service note may not correspond directly with the steps currently found
in Sections IV and V.

If status byte problems are encountered in instruments with serial number 1748A01300 and below,
change C8 to a 22uF capacitor (p/n 0180-0228).

7-34. Service Group | - D/A Converter And Sample/Hold (P/0 03325-66514) AD.

7.35. Al4 - Past To Present. Table 7-10 briefly summarizes the engineering and manufacturing changes
that have brought Al14{A4) to its current revision.
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Tahle 7-10. A14{Ad} Board Revisions.

Board Instruments Shipped Board w
Ravizion With This Revision® Changes

A4 - Rev B** 1748A00101 - 1748A00180 -

- Rev C 1748A00191 - 1748400470 went Rev C following PC trace
and many. mogg.

- Rav D 174BA00471 - 1748A01075 went Rev [ following manu.
changes and the addition of
CR108, CR108, and R55.

1748A01076 - 1748A01900 went Rev E following mode. to the
relay driver and dc offset control
portion of Ad.

Al4 - Rav A 1748A01901 - 1748A08730 went A14 Rev A when gutput
amp (Svec. Grp. K) was re-
dasignad. R142 was also added.

1748A08791 - 174BA145637 wont A4 Rav B with ¢hangas to
dc offset and amptd. control cir-
cuitry.

1748A14538 - Present went A14 Rev C following PC
trace mod. to laval comp. (U42)
cikty,

* Note that all serial number ranges are approxirmate,

** No A4 Rov A boards were ever produced,

7-36. The following backdating information pertains to the DAC and Sample/Hold portion of A14(A4).

A3 - Page §-1-5/8-1-6, 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 R55.
A5 - Page B-1-5/8-1-6, Figure 8-42.

Affected instruments: serial numbers 1748A01900 and below,

For instruments in this serizl number range, R40 is 20k$} p/n 2100-0558.

Affected instruments: serial numbers 1748A04250 and below.

Instrurnents in this range may contain an A14(A4) board which contains connector J1 (p/n 1251-4494)

for use with cable W32 (p/n 8120-2577). The older (black) connector and (white) cable have been

replaced on newer boards by a more reliable connector (orange - p/n 1251-6567) and cable (gray -

p/n 8120-3108). The newer 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 in- J
struments, refer to paragraph 8-113 in Section VIII for additional replacement information.
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Note aiso that on the older AI4(A4) boards, cable W36 was used to carry supply current from the

m Ab assembly to Al4(A4). With the newer cables on the newer boards, W36 is not needed. However,

if onc chooses to modify a newer board to use the older (1251-4494) connectors and cables (3120-2577),
W36 is required.

1-37. Service Group J - Function Circuits (P{0 03325-66514) AS.

7-38. A14 - Past To Present. Table 7-11 briefly summarizes the engineering and manufacturing changes
that have brought A14(A4) to its current revision.

Tahle 7-11. A14{A4}) Board Revisions.

Board Instrumants Shippod Board
Revision With Thiz Revision® Changes

A4 - Rov B** 1748A00101 - 1748A00190 -

« Rav C 1748A00181 - 1748A00470 went Rev C following PC trace
and rmanufagturing modifications.

-Rev D 1748A00471 - 1748A01075 went Rav D following manuf.
changes and the addition of
CR108, CR109, and R55,

1748A01076 - 1748A01200 went Rev E following mod. to the
relay driver and de¢ offset control
portion of A4,

1748A01901 - 1748A08790 went A14 Raev A whan output
amp {8vc. Grp. K) was re-
designed, R142 was glso added.

1748BA0B791 - 1748A14537 want Rev B with changes 1o dc
offset and amptd. control circuitry.

1748A14538 - Present went Rev C following PC trace
mod. 1o level comparator {(U42)
ckty.

* Note that all serial number ranges are approximate.

** No A4 Rev A hoards were ever produced.

7-39. The following backdating information pertains to the function circunits portion of Al4(4)
A5 - Page 8-J-7/8-1-8, Figure 8-43,

Affected instruments: serial numbers 1748A00190 and below.

These instruments do not have R220. R220 was added to increase the usefulness of the Amp-In test
peint by providing a load for current sources feeding the output amplifier. Voltages can then be meas-
ured across this resistor.

A5 - Page 8-J-7/8-1-8, Figure 3-43,

Affected instruments: serial numbers 1748A01075 and below,

These instruments contain the de offset control circuitry shown in Figure 7-13.
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Figure 7-13. DC Offset Control (Serial Numbers 1748A01075 and Below),

Affected instruments: serial numbers 1748A08790 to 1748A01076.

These instruments contain the dc offset control circuitry shown in Figure 7-14.
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Figure 7-14. DC Offset Control (Serial Numhers 1748A08790 to 1748A01076).

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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Refer to paragraph 8-113if board replacement is necessary.
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Affected instruments: serial numbers 1748A05826 to 1748A08790.

These instruments contain the amplitude control circuitry shown in Figure 7-16. ‘

AMPLITUDE R2BO R2BI

FROM U23(6) ' ok o 47
lmza

1]
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1.

o

Figure 7-16. Amplitude Control Circuitry {Serial Numbers 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.

AS - Page 8-1-7/8-J-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-7/8-1-8, Figure 8-43.

Affected instruments: serial numbers 1748A04250 and below.

These instruments may have an A14(A4) board which contains connector J1 (p/n 1251-4494} for use
with cable W32 (p/n 8120-2577). The older (black) connector and (white) cable have been replaced
on newer boards by a more reliable connector (orange - p/n 1251-6567) and cable (gray - p/n 8120-3108).
The new connectors are incompatible with the older cables as are the newer cables incompatible with
the older connectors. If the 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. Service Group K - Output Amplifier (P/0 083325-66514) AS.

7-41. A14 - Past To Present. Table 7-12 briefly surnmarizes the engineering and manufacturing changes
that have brought Al4 fo its current revision,

7-42. The following backdating information pertains to the Output 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 (A4) Board Revisions.

m Board Instruments Shipped Board
Revision With This Revisian* Changes

A4 - Rev B** 1748A00101 - 1748A00190 -

-Rev C 1748A00191 - 1748A00470 went Rev C following PC trace
and manufacturing modificaticns.

-Rev D 1748A00471 - 1748A01075 went Rev D following manuf.
changes and the addition of

CR108, CR109, and RBb.

1748A01076 - 1748A01900 went Rev E following mod. to the
retay driver and dc offset control

portion of A4,

Al4 - Rev A 1748A018017 - 1748A08790 went A14 Rev A when output
amp (Sve. Grp. K} was re-
designed. R142 was also added.

1748A08791 - 1748A14637 went Rev B with changes to dc
offset and amptd. control circuitry.

1748A14538 - Present went Rev C following PC trace
mod. to level comparator (U42)

ckty.

* Note that all serial number ranges are approximate.

** No A4 Rev A boards were ever produced.
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Figure 7-17. Output Amplifier {Serial Numbers 1748A0%300 anrd below).
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Affected instruments: serial numbers 1748A01900 to 1748A00190.

Refer to Figure 7-17. Instruments in this range contain diodes CR222 and CR223 connected between
pins 4 and 1 of A4U46, Note that the anode end of CR223 is connected to pin 4 and the anode end
of CR222 is connected to pin 1. Referring again to Figure 7-17, these instruments also contain diodes
CR224 and CR225. CR224 (cathode) is connected from the base of Q211 to the collector of Q211.
CR225 (anode} is connected from the base of Q204 to the collector of Q204. Modify Figure 7-17 as
necessary to show these components.

A5 - Page 8-K-5/8-K-6, Figure 8-44.
Affected instruments: serial numbers 1748A04250 and below.

Instruments in this range may contain an Al4{A4) board which has connector JI (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 A14(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 - Attenuatar (03325-66523) and Relay Drivers (P/0 03325-66514) Ab, Af.

7-44. A23 - Past to Present. Table 7-13 briefly summarizes the engineering and manufacturing changes
that have brought A23(A7) to its current revision. Refer to Tables 7-10, 7-11, 7-12, or 7-14 for revi-
sion information on Al4(A4).

Tahlas 7-13. A23(A7) Board Revizions.

Board Instrumants Shippad Board
Revision With Thiz Revision® Changes

A7 - Rev A 1748A00101 - 1748A00540 -

A23 - Rev A 1748A00541 - 1748A00850 went A23 Rev A following design
ehanges to improve the R/F perfor
manea of the attan.

1748A00957 - Present want A23 Rav E following PC
trace layout medification.

* Note that all serial number ranges are approximate.

7-45. The following backdating information pertains to the Attenuator assembly (03325-66523(07)).
A6 - Page 8-1-3/8-1.-4, Figure 8-45.

Affected instruments: serial numbers 1748A00540 and below.

Instruments in this serial number range do not have C15, Cl6, or C17.
A6 - Page 8-1-3/8-L-4, Figure 8-45.

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(A7) 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 AI4(A4).

AS - Page 8-1.-3/8-1.-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.

=0
C arpw—id Yy
el

I FROM U9

K TROSR OUTRY
AMPLEER

Figure 7-18. Relay Drive Circuitry (Serial Numbers 1748A01075 and Below).

AS - Page 8-1.-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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Al4(Ad) assembly in one of the above instruments become necessary, refer to paragraph 8-113 in
Section VIII for additional replacement information. Note that cable/connector changes for part num-
bers 1251-6567 and 8120-3108 occured beginning with instrument serial number 1748A04250.

7-41. Service Group M - Options: High Voltage Output (Opt.002) (03325-66508) and High
Stability Reference {Opt. 001) (03325-66509) A7.

7-48. There have been no engineering or manufacturing changes to the 03325-66508 or 03325-66509
assemblies.,

7-49. Service Group N - Sweep Drive Circuits (PJ0 03325-66514) AS.

7-50. Al4 - Past to Present. Table 7-14 briefly summarizes the engineering and manufacturing changes
that have brought Al4(Ad) to its current revision.

Table 7-14. A14(A4) Board Revisians.

Board Instruments Shippad Board
Revision With This Revision* Changax

A4 - Rev B** 1748400101 - 1748A00190 -

- Rev C 1748A001381 - 1748400470 went Rev C following PC trace
end manufacturing madifications.

-Rev D 1748A00471 - 1748A01075 went Rev D following manuf.
changes and the addition of
CR108, CR109, and REG.

17483A01076 - 1748A01800 went Rev E following mod. to the
relay driver and de offset gontrol
portion of A4,

174BA01T307 - 174BA08790 went A14 Rev A when output
amp (Sve, Grp. K) was re-
designed. R142 was also added.

1748BA08791 - 1748A14537 went Rev B with changes to dc
offset and amptd. control circuitry,

1748A14538 - Present went Rev C following PC trace
mad. to level comparator (U42)
ckty.

* Note that all serial number renges are approximate.

** Mo A4 Rev A boards were ever produced.

7-51. The following backdating information pertains to the sweep drive portion of Al4(A4).
A - Page 8-N-3/8-N-4, Figure 8-48,
Affected instruments: serial numbers 1748A00470 and below.

For instruments in this range, R6 is 20kQ, part number 2100-0558. If U5 is replaced in any of these
instruments, it may be necessary to replace R6 with part number 2100-3253 (50kQ) in order to per-
form the X-Drive adjustment.

A - Page 8-W-3/8-N-4, Figure 8-48.
Affected instruments: serial numbers 1748A01900 and below,

Instruments in this serial number range do not have Q4.
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A5 - Page 8-N-3/8-N-4, Figure 8-48.
Affected instruments: serial numbers 1743A04250 and below,

These instruments may have an A 14(A4) board which contains connector J1 (p/n 1251-4494) for use
with cable W32 (p/n 8120-2577). The older (black) connector and (white) cable have been replaced
on newer boards by a maore 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 A14(A4) assembly is replaced in one of the above instruments, refer
to paragraph 8-113 in Section VIII for additional replacement information.

7-62. Service Group D - Power Supplies {03325-66502) A8,

7-53. A2 - Past to Present, Table 7-15 briefly summarizes the engineering and manufacturing changes
that have broughr A2 to its current revision.

Table 7-15. AZ Board Revisions.

Board Instrumants Shipped Board
Ravigion With This Revision® Changas

A2 - Rav A 174BA00101 - 174BAQQ15ED —

- Rav B 174BA00151 - 1748A01075 went Rev B when PC trace maodifir
cations weara made,

-Rev C 1748A01076 - 1748BA06825 went Rev C with the addition of
R34, R35, Q&, and F2.

-Rev D 174BA06826 - 1748A07339 went Rev D when the relay cur-
rent limiter gircuitry of Q13 and
012 were added.

1748A07340 - 1748A15073 went Rev E following PC trace
mod. te eliminate 8 potential
shock hazard, See Sarvice Note
3325A-11B-5.

1748A15074 - Present went Rev F following mods, to
widen PC trace spacings.

* Note that all serial number ranges are approxirmate,

7-54. The following backdating information pertains to the power supply assembly 03325-66502.
A8 - Page 8-0-3/8-0-4, Figurc 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.

Service
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+/- 15 VOLTS REGLLATOR

==
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.)

+/- B VOLTE REGULATOR

RL>
rax

s +5 VOLT REGWLATOR, l

Figura 7-20. +15V Reguilator {Serial Numbers 1748A01075 and Below),




Model 3325A Service

A8 - 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 thas range do not have
CR18.

AR - Page 8-0-3/8-0-4, Figure 8-49.
Affected instruments: serial numbers 1748A07339 and below,

Note thar for instrumenis 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-5 for additional information and corrective procedures.

7-27/7-28




WARNING

These servicing instructions are for use by
trained service personnel only. To avoid elec-
trical shack, do not perfarm any servicing other
than that contained in the operating instruc-
tions unless yvou are qualified to do s0.
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SECTION VI
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 arc identified alphabetically. Each service
group contains the schematic diagram, troubleshooting,
and other pertinent information for a specific area of the
instrument. A foldout functional block diagram follows
Service Group Q. The following circuits are included in
the service groups:

Service
Group

Assembly Circuit

AZ] Yoltage Controlled Oscillator
A2l » NLF Counter

A2l Fractignal N Analog Circuits
A2 Power Supplies

Al VCO Buffer

Al 30 MHz Refercnee and
Dividers

A3 Mixer

Al4 D/A Converter and Sample/
Hold

Ald Function Circuits

Ald Output Amplifier and Level
Comparator

Al4 Retay Drivers

Al4 Sweep Drive Circuits

AS Keyboard and Display

Ab HP-IB Circuits

Ab Control Cireuits

A23
or Altenuator
AT
A8 High Yoltage Qutput Option
002

A9 High Stability Frequency
Reference Option 001
Signature analysis information begins with paragraph
8-128.

8-3. BASIC THEORY.

3-4. A simplified block diagram of the 3325A circuits is
shown in Figure 8-1. In response to programming inputs
from the Keyboard or the HP-IB, 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 i applied to the Fune-
tion circuits where both the gutput 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 determine if a level correction is needed,
thus providing an automatic amplitude calibration. If am-

D
E
F
o
D
G
H
I

Z Z - OmPpZr o me=

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 parameter data stored in Control is
trangferred to the display when that parameter entry pre-
fix key is pressed or the parameter prefix mnemonic is
programmed on the HP-IB.

8-5. THEORY OF OPERATION.

8-6. The following theory is a general description of each
of the circuit blocks in the 3325A.. A foldout functional
block diagram of the 3325A follows Service Group O,
Additional information on individual circuits may be
found within the service groups. Figure 8-2 iz a bagic
block diagram of the logic circuits, which interface with
the progessor (and with cach other through the proces-
sor} to control the operation of the instrument. The
Machine Data Bus, which consists of eight parallel lines
labeled HMDO through HMDY7, 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).

8-8. Keyboard Scan. Figure 8-3 is a block diagram of the
Keyboard and Display circuits. To determine if a key has
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 clock 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 @ high level from the same key
before the same action can be repeated. In other words, if
the 5 key has been pressed, only one 5 will be processed
even though the key is held through more than one
keyboard sean cycle,

§-9. Numeric Display. The same high bit that is shifted
through the 16-bit shift register to scan the keyboard
enables one of the eleven numeric display digits in each of
the first eleven positions of the register. When a digit is
enabled, eight bits of data (parallel) from the Machine
Data Bus are entered in the &-bit lateh by a Write
Keyboard Display Data clock signal. Each low bit in this
data enables one of the eight current sources, which
supplies current to the proper segment {or decimal point)
of the enabled digit.
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OUTPUT

AMPL FF | ER
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FREQUENCY »  AND oUTPUT
SYNTHES IS LEVEL TTENUATOR SIGNAL
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»

KEYBOARD VEL
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CONTROL

HP-18
CIRCUITS

Figure 8-1. Simplified Block Diagram.

PROCESSOR
| SERVICE GROUP C)

KEYBOARD RANDOM
AND HP-18 il ACCESS INTERRUPT i

DISPLAY { SERV1CE MEMORY (SERV ICE { SERV | CE
{ SERV1CE GROUP B) éggﬁ;'g? { SERV I CE GROUP C) GROUP E)
GROUP A) GROUP C)

3I25A-2

Figure 8-2. Basic Block Diagram, Logic Circuits.
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WRITE KEYBOARD
D1SPLAY DATA

+
[— Gten .

SEGMENT SELECT

il DIBIT
NUMERIC DISPLAY

DIGIT ENABLE

(11 LINES)

L N
MWACH |NE © Likes)

DATA BUS
18 LINES)

ANNUNC IATOR

REBISTER

CLOCK SHIFT
REGISTER

12
BUFFERS

112 LINES)

. 4 14 LINES]
¢ TRI_STATE KEYBOMD
> BUFF

14 LINES) |

WMATRIX

{8 LINES?

SCAN CYCLE EVENTS
SHIFT
recisTerl 2 [31a]s [e]7[a] o ili2idi4igig

SCAN TWELVE
KEYBOARD MATRIX LINES

ENABLE ELEVEN ENABLE FIVE
NUMERIC DISPLAY ANNUNG | ATOR
DIGITS SETS

Figure 8-3. Keyboard and Display Block Diagram.

8-10. Annunciator Matrix. In each of the last five
positions of the 16-bit shift register, the high bit that is
being shifted through enables one of five sets of
annunciators. Then another set of eight data bits is
entered into the 8-bit latch. Each low bit in this data set
also turns on one of the eight current sources, which
supplies current to the proper annunciator,

8-11. Scan 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 DIO
lines is inverted to high true in the Bus Receivers. It is
then loaded into the last eight positions of the 12-bit
parallel-in/serial-out shift register when the Load Data
Input signal is low. The data loaded into the first four bits
of this register is information concerning the ATN, REN,

and IFC management lines. Data is then shifted serially
across the isolation barrier 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 Output. The output data path, shown in
Figure 8-5, is essentially the reverse of the input data
path. Parallel data from the Machine Data Bus is loaded
into a parallel-in/serial-out shift register by the Write Bus
Data signal. 1t 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 Out signal, where it is
available to the Bus Drivers. When the Bus Drivers are
enabled by the Data Out Enable signal, the data is
inverted and placed on the HP—IB DIO 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 8-5. HP—IB Data Output Path.
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Flgure 8-6. HP—IB Management and Handshake.

(EOD signal to the bus if the 3325A is addressed to talk
and ATN is false.

8-15. Acceptor Handshake, The Listen circuits (shown
near the upper center of Figure 8-6) enable the Aceeptor
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
order to detect its listen or talk address or the untalk
command. After the 3325A has been addressed to listen it
accepts programming data when ATN is false and looks
for its talk address or the unlisten command when ATN is
true, When the HP—IB DAYV (Data Valid) signal
indicates that data is ready on the bus, the Acceptor
Handshake circuits output New Data Ready, which
becomes a Bus Interrupt signal to the processor. The
Acceptor cireuits also set NREFD (Not Ready For Data)
to 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 resets the NDAC (Data
Accepted) line to high.

8-16. Source Handshake. The Talk circuits enable the
Source Handshake block only when the 3325A is
addressed to talk and ATN is 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 byte of data has been accepted by

the listener(s), indicated by NDAC going high, the
Acceptor circuits output a New Data Needed signal
which becomes a Bus Interrupt to the processor.

8-17. Management Lines. The ATN (Attention), REN
(Remote Enable), and IFC (Interface Clear) lines provide
inputs to the 12-bit shift register and are used as HP—IB
status information inputs to the control circuits. A direct
¢ontrol output from the processor provides a Service
Request (SRQ) signal to the HP—IB system controller.

8-18. Control Circuits (Service Group C).

8-19. The Control circuits include all the blocks in
Figure 8-2 labeled Service Group C, plus other circuits
such as Read and Write Control and the 1.2 MHz ¢on-
trod elock oscillator. Figure 8-7 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 Memory issues a
predetermined set of data in response to a
given set of input data, called an address.
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RAM: A Random Access Memory, or
Read/ Write Memory, accepts data (data can
be written into it) which can then be read out
at a later time. Data location is determined by
the address input,

8-20. Read Only Memory. The 3325A Read Only
Memory {ROM) consists of four units, which are selected
by signals from the ROM Control Register. Designed
into the ROM are the fixed routines or responses
required in the 3325A operation. One of these routines,
for example, reads the present output frequency data
from the RAM and places it in the display when the
FREQ entry key is pressed. The keyboard and display
sean 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 Memory
{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 1s also
retained in the RAM memory location.

8-22, Fractional N Control IC. The Fractional N
Control 1C (sce Service Group E)} performs several
functions vital to control of the 3325A.

a. It calculates 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 #-24). This information is updated every
10 microseconds.

b. It increments or decrements the output frequency
during a sweep function and outputs a Sweep Limit Flag
when the start or stop frequency is reached. It also
outputs a Sweep Limit Flag at the marker frequency
Juring a sweep up.

¢, Under control of algorithms performed by the
processor, it performs arithmetic lunctions —for
example, the arithmetic for conversion of amplitude in V
p-p to V rms or dBm.

vCo
40 MHz

DC VOLTAGE

Figure 8-8. Phase Lock Loop.




Lervice

8-23. Processor. The Processor coordinates the
operation of all the other control logic cireudits. Deviee
seleet outputs from the processor are decoded into read,
write, and cnable commands to varions logic elements
such as the RAM, control registers, and buffers. Direct
Control input/output lines provide information to and
{raom the HP-—IB circuits. Interrupt capability allows the
Processor to be interrupted by the HP-—1LB or by a Sweep
1.imit Flag,

8-24. Frequency Synthesls,

8-25 The Frequency Synthesis eireunits are found in
Service Group D, Voltage Controlled Oscillator; Service
Group E, Fractional N Counter; and Service Group F,
Fractional N Analog.

8-26, How does the 3325A gencrate a given frequency?
Assume that the output desired is an even 10 MHz. A
method for obtaining this frequency is illustrated in
Figure §-8, Basically, the 3325A uses this method.

8-27. The frequency of the VCO (Valtage Controlled
Oscillator), in Figure 8-8, is controlled by the de voltage
out of the phase detector. This de voltage reflects any
phase change between the two detector input signals.
Consequently, if the VCO frequency changes, the phase
detector output changes to correet the VCO. This is
known as a phase loek loop (PLL).

8-28. If we want to change the output from 10 MHz to 20
MHz, it is necessary merely to change the + N number
from 400 to 500. This obviously changes the divided VCO
input to the phase detector to 80 kHz, The phase detector

Model 3325A

then uses the phase difference between its two inputs to
change the VCO frequency to 5¢ MHz. This returns the
phase 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 cssentially
from 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 500
{ + N can be only three digits inthe 3325A). Forexample,
if + N is 398, the VCO frequency is adjusted to 39.8 MH»
(398 x 100 kHz) and the output is 9.8 MHz.

§-30. Now let us look at a more detailed diagram of the
phase detector block (Figure 5-9). The contrel voltage to
the VCO is the output of a Sample/ Hold amplifier which
samples the integrator output at the proper time and at
regular intervals. Edeally, this voltage would be exactly
the same at each sampling time and the YCO frequency
would remain constant. Let us assume that this is true,
and that the = N number is 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 causes
a given amount of charge to be placed on the integrator,
At a specified time this voltage is stored on the
Sample/Hold amplifier capacitor (Figure §-9). The
integrator output is illustrated in Figure 8-10. The charge
slope is much greater than the discharge slope because the
phase eomparator current source has about ten times the
magnitude of the bias current source.
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Figure 8-10. Integrator Qutpul.

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 signal to the phase

Service

comparator equal to 100 kHz. Two of these circuits are
the Digital-to-Analog (D/ A) converter and pulse remove
blocks added in Figure 8-11.

§-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 1C 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 continueto
increase beyond practical limits. To prevent this, a “pulse
remove” technique is used. In effect, the accumulated
phase difference (in the Control IC) causes the +N
counter to count one extra cycle (+401) each time the
phase accumulator passes through unity. This has the
effect of “removing” a cycle of VCO frequency, and the
divided signal to the phase comparator is now an average
of 100 kHz.

8-35. To accumulate the phase difference, the twelve
least significant digits in a “frequency register”
(contained in the Fractional N control IC) are added to
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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 812 illustrates this process for
the example we are using.

8-36. This example has used a fractional N of .4. If the
output frequency were 10.004 MHz instead of 10.04
MHz, the fractional part would be .04, and both the
phase comparator 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 pulse remove
command would be required for 9 out of every 10
reference cycles.

8-37. Fractional N Counter. The + N (Fractional N)
counter consists basically of three presettable counters in
series, shown in Figure 8-13. The counters for the two
most significant digits (of the 3-digit N number) are
decade counters. The least significant digit counter
consists of a + 5 counterand a + 2 prescaler which can be
made to divide by three as necessary. Presettable
counters are used because + N must be variable, as
explained below.

8-38. The preset number that is loaded into the counter

Model 3325A

Example 1 Example 2

10 000 000.0 Hz
30 000 000.0 Hz

100 000.0 Hz
30000 000.0 Hz

Sine wave ouiput
Reference freguency

VCO frequency 40 000 000.0 Hz 30 100 000.0 Hz
+N 400 30t

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
1ssued by the fractional N control IC. To provide the
proper stable phase relationship to the VCO signal, this

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.

Programmed += N Frequency Register

VCO Frequency

Phase Accumulator

|

000000000000}
——————
API Control

0000000QG0G0000Q
Q400400000000000

Accumulator (Initial)
VCO Frequency

400000000000 Sum (returned to accumulator)

0400400000000000 vCo

800000000000 sum

0400400000000000 VCO

(1200000000000 sum + carry

0400400000000000 vCO

600000000000 sum

0400400000000000 VCO

(1Mo0000000000O0 sum + carry

Each carry initiates a pulse remove command.

Figure 8-12. Phase Accumulation.
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pulse is clocked first by VCO + 10, then VCO = 2, and
finally by VCO.

8-40. Inexample 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 is even, asis 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 output (Figure 8-13) is the
prescaler output divided by five. The Q output from this
counter goes to the fractional N control IC and is 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 cycle start flip-
flop.

8-42. The cycle start flip-flop is set by the Q output from
the preload flip-flop and is cleared by the next trailing
edge of the chip 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 fractional N control IC. It is
also used to set the pulse remove circuit when + N is an
odd number.

8-43. Reference Circuits (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 subharmonic of 10 MHz (minimum 1 MHz).

8-45. External Reference Phase Lock Loop. Figure 8-14
is a block diagram of the External Reference Phase Lock
Loop. The external reference input is sent thorugh a
squaring circuit, amplified, and then differentiated to
provide a narrow positive pulse to the gate of a FET
switch, This turns the switch on momentarily, sampling
the instantaneous 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 dc
output voltage from the S/H amplifier is applied to a
varactor in the 30 MHz oscillator circuit to adjust the
oscillator frequency.

8-46. When the 30 MHz oscillator is in phase with the
external reference, the FET switch will sample the sine
wave at exactly the same point each time and the S/H
amplifier output voltage will remain constant. But if
there is a change in phase relationship, the amplifier
output voltage will change, correcting the oscillator
frequency and restoring phase lock.

8-47. External Reference Detector. Whenever an
external reference input is present, a detector circuit
provides a logical “1” signal to the control circuits. This
causes the front panel EXT REF indicator to light.

8-48. Unlock Detector. When the external reference
loop is phase locked, the Sample/ Hold amplifier cutput
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 Amplitude. Sine wave output
amplitude and amplitude modulation are controlled by
varying the amplitude of the 30 MHz Reference. Figure
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Figure 8-14. External Reference Phase Lock Loop
Block Diagram.
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Figure 8-15. Level Control and Amplitude
Modulation.

8-15 is a simplified diagram of the level control and
amplitude modulation circuits. The reference signal
amplhitude 15 varied by controlling the current available
from the current source {Figure 8-15), which in turn is
controlied by the Sine Amplitude signal and/or the
Amplitude Modulation input signal. When the AM
Control switch is OFF, the X input to the voltage
multiplier is constant, and the cutput level is controlled
by the Sine Amplitude only. When the AM switch is
ONM, however, both the X and Y inputs influence the
output. The output of the multiplier (V) is normally
equal to .1XY, but becausc the multiplier output is con-
nected to an operational amplifier input, this voliage
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
maodulation, or to change the percent of modulation
without affecting the carrier Jevel, The output of the
Level Control and Amplitude Modulation circuit goes
to the Mixer, covered in Service Group H.

8-50. Reference Dividers. The 30 MHz Reference
frequency is teduced through a series of dividers to
provide the following signals:

10 MHz to the External Reference PLL

2 MHz to 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 output is clocked first by
I MHz, then by the 30 MHz reference signal. The
100 kHz signal is then differentiated to provide a narrow
pulse to the Fractional N Phase Comparator,

8-51. Mixer (Service Group H).

8-52. The Mixer circuits are diagrammed in Figure 5-16.
The 30 MHz reference is passed through a low pass filter
and mixed with the 30-50 MHz signal from the VCOina
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 Function circuits (Paragraph
8-59).

8-53. D/A Converter (Service Group 1).

8-54. The Digital-to-Analog (I}/ A) Converter supplies
the analog voltages which control signal amplitude, de
offset, level comparator reference voltage, sweep X drive
output, and correct for de offset error. In addition, it
supplies an auto zero voltage to its own current sources.

8-53. Preset Counters. Each of the four Preset Counters
is a BCD counter that can be pre-loaded with a d-digit
binary number and then enazbled to count from that
point. In this application, they are set to count down. The
counters are connected in two pairs, as illustrated by the
least significant pair in Figure 8-17. Both counters are
loaded at the same time, then the Least Significant Digit
(L3D)) Counter is enabled by the Counter and Current
Source Enable Flip-Flop; and at the same time, the LSD
Current Souree is enabled to supply current to the DAC
Integrator (see Figure 5-18). When the LSD Counter
reaches zero, its Ripple Clock output enables the 3rd
Digit Counter to count one clock pulse. If the preset
number in the 3rd Digit Counter was greater than one,
the LSD 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 /A Converter is shown in Figure 8-18. The D/A
Converter (DAC) Integrator output voltage is
proportional to the four digits of BCD information that
is loaded into the Preset Counters. The two current
sources are enabled to supply constant current to the
DAC Integrator for the length of time required for the
Preset Counters 1o count down from the preset number
te 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/Held Circuits, After the Preset
Counterg have finished counting and the current sources
are disabled, the DAC Integrator output voltage must be
transferred to the proper Sample/Hold Amplifier,
Figure B8-19 is a simplified diagram of the DAC
Sample/ Hold circuits. The data that designates one of
the six Sample/ Hold Amplifiers is clocked into the lateh
by the 5/H Strobe pulse. The 5/H Strobe puise also
triggers a switch timing one-shot which enables the
switches to close long enough to transfer the DAC
Integrator voltage to the capacitor at the input to the S/ H
Amplifier,

8-58. DAC Reset. After the integrator output voltage
has been transferred to the proper Sample/Hold
Amplifier, the integrator is reset to zero by closinga FET
switch across the integrator capacitor. The closing of this
switch is timed by a one-shot which is triggered by the
3/ H Strabe 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 sine wave. Function switching is
accomplished by the enable signals shown in the block
diagram, Figure §-20,

8-61. Sine Wave. In sine function, the sine wave from the
mixer passes through a current amplifier to the output
amplifier. Sine wave amplitude is actually controlled in
the level control circuit (see Paragraph §-69), but the level
control current is supplied from the amplitude control
current source in this section.

8-62. Square Wave. The sine wave input is sentthrougha
squaring circuit and then divided by twe to produce the
square wave output. Consequently, in the square wave
function, the sine wave must be twice the output
frequency, and the maximum cutput frequency is
16 MHz.

8-63. Triangle. To generate a triangle wave, the sine
wave input is first put through the squaring eireuit, then

8-16
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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 | MHz
reference in an exclusive OR, gate. Beeaunse 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 §-21 is a simplified illustration of
this. The gate output drives a current amplifier (which
inverts the signal) and the resulting current pulse signal is
sent through a filter which shapes the triangle.

8-64, The triangle output frequency is the difference
between the 1 MHz reference and the input frequency
{(from the mixer) divided by twenty. Consequently, the
input frequency must be 20 MHz + (20 x output). To
produce the maximum triangle output frequency of
10 kHz, for example, the input must be 20.2 MHz.

10 000 Hz
1 000 000 Hz

QOutput frequency
Reference

1 010 000 Hz
20

Input frequency 20 200 000 Hz

8-65. Positive and Negative Ramp. A ramp output is
generated in the same manner as the triangle, 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 eircuits (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:

Output frequency 10 000 Hz
+2 5000 Hz
Reference 1 000 000 H=

1005 000 Hz
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 the
output of the ramp reset gate,
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B-67. Ramp polarity is determined by the ramp polarity
gate. If negative ramp is programmed, the reference
signal 1s inverted by this gate.

3-68. Function Integrity Flag. If the ramp is being reset
by the digital Phase Detector, the detector output sets the
Function Integrity Flip-Flop, and the Function Integrity
Flag (HMD2) to the processor is high. If the ramp is
being reset by the analog Level Comparator at the
amplifier cutput (see Paragraph 8-74}, 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 output Level

5-18

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,

§-69. Amplitude and Offset Control. The voltage output
of the output amplifier is proportional to the current into
its input summing junction. Consequently, signal
amplitude can be controlled by varying the amount of
current available from the current source which supplies
the various functions. The amplitude control signal is a
de analog voltage from a D' A converter (see 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 on and off, the entire signal is
above ground. These signals are centered about ground
by a compensating current equal to one-half the signal
amplitude. This current is shown 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 a dec analog voltage from the
I3/ 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, Qutput Amplitier (Service Group K).

#-73, The Qutput Amplificr i5 an inverting operational
amplifier that 1s designed for wide frequency response
and low distortion. [ts output stage is protected against
excessive current by 2 0.125 A fuse and against excessive
voltage by diodes connected to the + and - 15 V sup-
plies, Qutput resistance 15 50 ohms.

8-74, Levet 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 sets 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 to § V p-p (with full attenuation) and proceeds
to determine both the positive and negative peak voltages
in a similar manner, From this information it computes
the gain error, which is used for subsequent amplitude
calculations for any rangc seleeted. This error
information is retained and used by the processor until
the next amplitude calibration, which may occur because
of the change inthe function programmed, or because the
operator or HP—IB system controller programmed
AMPTD CAL,

§-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. When the ramp
and “Level” voltages are equal, a Ramp Reset pulse is
generated by a one-shot and used to togglea Ramp Reset
flip-flop (see schematic in Service Group J). The ramp is
then reset as explained in Paragraph 8-65, If the #Level”
voltage is set incorrectly, the digital phase detector causes
the ramp to be reset, and the Function Integrity Flag to
the processor to be high (see Paragraph 8-68), The
processor then adjusts the “Level” voltage until the Level
Comparator output 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
enabled,

Service

8-76. Sync Comparator and Driver. The amplifier
output waveform is ane input to the Sync Comparator
and the other input is the DC Offset voltage level. 1M no de
offset has been programmed, the DC Offset voltage is
zero and the comparator output changes at zere vols,
This results in a Sync square wave whose transition
oceurs at zero volts crossing of the output signal It
follows, then, that the Sync signal transition oecurs
whenever the output signal crosses the DC Offset voltage,
when an offset has been programmed. The Sync signal is
the passed through inverter circuits to both the front

and rear panels.
8-77. Attenuator (Service Group L).

£-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 A14U49. This information is obtained from the
Machine Data Bus through A14U29 (see Service Group
). Seven of the relay driver circuits are contained in one
integrated circuit package, and the cighth is a discrete
transistor circuit. Current through the relay coils is limited
by the Q77, )78 circuit. Because latching relays are used,
continuous current is not required. Therefore, after a
relay has been switched, the driver can be turned off by
the KO-K7 information. The D flip-flops are clocked at
the proper time by a signal that is also decoded in A14U27
from the Machine Bus data.

8-79. Attenuator Relays and Pads. Relays K1, K2, and
K3 control the output signal attenuation. Table 8-1
shows the voltage ranges, both with and without de offset
and the relays and attenuation factors involved. The
output relay, K4, switches the output to the front or rear
panel in a standard instrument and switches the High
Voltage amplifier in or out in Option 002 instruments,

8-80. High Voltage Output Option 002 (Service
Group M).

8-8]. The High Voltage Cutput Amplifier is non-
inverting and has a gain of two. It is designed for
operation over a bandwidth of 0 to ] MHz. The output is
current-protected by a 0.25 A fuse, and voltage-protected
by diodes to the + and - 30 V supplies. Output 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 are on at any time ac power
is connected to the instrument.

8-82. Sweep Drive Circuits (Service Group N).

#-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,

%-84. Z Blank. The Z Blank output voltage levels are
TTL compatible. This signal goes low at the start of a

819




Table 8-1. Attenuation and Voltage Ranges.

Model 3325A

Attenuation
Factor

Attenuator
Relay
In

Amplitude {Peak-to-Peak, 50 {1}

AC Only {No Offset)

AC {With Offset)

Maximum
Offzet
(+ or =)

Minimum
Offset
{+ or =)

DC
Only
{+ ar =)

None

1000V
to
3.000 V

9998V
to
1.000V

0.001 Vv
ta
4,500V

1.000 mV

4.500 V
o
1.600 V

2898V
1o
1.000V

9892.9 mv
to
333.4 mV

1.166 V
1o
1.498 YV

0.100 mv

1,433V
to
0.500V

298.9 mV
ta
300.0 mVv

333.3 mVv
1o
100.0 mV

3322.3 mV
to
450.0 mV

0.100 mV

489.9 mv
L 1+]
150.0 mV

299.9 mv
1o
100.0 mV

9. 99 mv
to
33.34 mV

116.6 mV
to
149.2 mv

0.010 mv

149,89 mV
to
50.00 mv

99.99 mV
to
30,00 mV

33.33mv
to
10.00 mv

33.33 mV
io
45.00 mV

0.010 mv

49,93 mv
to
15.00 mV

K1, K3

28,98 mV
to
10.00 mV

5,898 mV
1o
3.334 mV

11.66 mV
io
14.98 mV

0.001 mV

14.98 mV
to
5.000 mV

K1, K2

2,298 mV
1o
2.000 mv

3.333 mv
o
1.000 mV

3.333 mV
to
4.500 mV

0.001 mVv

4.999 mV
to
1.500 mV

K1,K2,K3

2,899 mv
o
1.000 mV

1.488 mV
{a]
0.0071 mV

MARKER
FLIP-FLOP

MKR RESET ——

(LOW TRUE) MARKER

QUTRUT

MARKER
RESET

SWEEF
LIMIT FLAG

X DRIVE
START/ETOP

ST FLIP-FLOP

LEMIT
FLAG
(LOW TRUE) e

START ']_”_r

TO SWEER
RANGE SWITCHES

STAR
(LOW TRUE)

gygsa—o3

Figure 8-23. Marker and X Drive Start-Stop Flip-
Flops.
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linear 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 output circuit is
capable of sinking current through a relay or other
deviee. The maximum ratings are:

Maximum current sink: 200 mA, fused at .25 A
Allowable voltage range: 0 V to +45 V de
Maximum power (voltage at output x current): 1 W

8-85. Marker Qutput. A Marker output pulse occurs
only during linear sweep up, either single ar continuous
sweep. The NAND gate {lip-flop that produces this
output is shown in Figure 8-23. The output is high at the
start of a sweep up, then the Sweep Limit Flaginput goes
low at the Marker frequency, changing the flip-flop
output to low, Immediately following a sweep up, the
Marker Reset input goes low, resetting the flip-flop
output to high,

8-86. X Drive. The output of the X Drive Start/Stop
flip-flop (Figure 8-24) is set high by the low true Start
signal and is returned to low by the Sweep Limit Flag
pulse that oceurs at the end of the sweep. The Start signal
remains low until just before the end of sweep to prevent
the Sweep Limit Flag pulse that sets the Marker flip-flop
from also changing the X Drive flip-flop. The marker
frequency and stop frequency points must be separated
“ by approximately 400 microseconds to allow time

Service

between the two Sweep Limit Flags for the control
cireuits 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 0.0] second t0 0,999 second, and Range 2
is high for times of | 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 Dirive ramp. The
value of the current to the integrator depends upenthe X
Drive analog voltage and the resistance in the integrator
input circuit. The resistances are fixed at 10 kilohms for
Range | and | megohm for Range 2, The value of the X
Dirive voltage is supplied from the DD/ A Converter and
Sample/Hold circuits (see Paragraph 28-33) and 1is
calculated by the control circuits to provide the proper
current to increase the X Drive Output Ramp from 0 Vto
+10 V during the sweep time selected.

8-8%. Following a single sweep, the X Drive ramp
remaing egsentially at +10V until reset prior to the start of
another sweep, (This voltage will drift downward less
than 10 mV/sec.) During continuous sweep, the ramp is
reset at the start of sweep down. The reset switchisa FET
connected across the integrator capacitor. The Ramp
Reset pulse is initiated at the proper time by the control
cireuits.

INFUT
ANALOG SWITCHES
SWITCHES

RANGE |
(HIGH TRUE!

START
(HIGH TRUE)

RANGE 2
IHIGH TRUE)

X DRIVE
{DC VOLTAGE)

INTEGRATOR

RAMP
RESET
|

—AAA—— 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
vi}.

8-90). AC power for the Crystal Oven is supplied by a
separate winding on the instrument power transformer.
Consequently, power is supplied to this assembly at any
time ac power is applied to the instrument. A +15 V
regulator provides de power to the Crystal Oven. The
oven output frequency is 10 MHz. It is capacitively
coupled to the rear panel output connector.

8-21. Power Supplies (Service Group 0).

3-92. All three regulators, + 5V, +15V, and -15V (shown
in the schematic diagram in Service Group 0) are voltage
and current controlled. Each regulator hag a voltage sense
connection. If the voltage at the load is 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 circuirt,
for example) the voltage drop acrosgs the current sensing
resistance causes the active device in the current sensing
circuit to limit the current through the series pass
regulator,

£-93. When the front panel POWER switch is in the
STBY (standby) position, the three main power supply
regulators are disabled. However, power is still applied to
the HP-1B input/output cireuits, the Oven Assembly
(Option 001), and the High Voltage Qutput Amplifier
{Option 002). These circuits have their own regulators,
which are active at any time ac power is connected to the
ingtrument.

Model 3325A

§-94. When the POWER switch is in the STBY position,
as shown in the simplified schematic of Figure 8-25, a
positive voltage is applied through K1 relay coil to the
emitter of Q11, bhiasing this trapsistor into conduction.
The current is limited by resistors R30 and R32 so that
the relay 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, R4. This causes the series pass
regulator, ()2, to be turned off, disabling the -13 V
regulator. Because the +5 V and +15 V regulators are
referenced to the -15 V supply, they are also disabled.

8-95. When the POWER switch 15 set to ON, the emitter
of Ql1 is grounded, turning this transistor off,
Consequently it has no effect on the -15 V regulator
circuits, Relay K1 is activated, tarning on the blower.

8-86. 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 circuit
consists of an SCR (A2CR10) which is triggered if the
voltage across A2R14 becomes too great. (Refer to the
Power Supply schematic, Service Group O.) When the
8CR 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.

8-97. The only voltage adjusiment is A2R22 in the-15V
regulator, This control adjusts the +5 V and +15 V
outputs also because they are referenced to the -I3 V

supply.

J

=15y | Q%égfg -8V

(UNREGULATED! e
R4

0.56

{REGULATED)

+5
{ UNREGULATED)

TO {—0—
BLOWER| —4
f @T-
A/ ¢

AT2DALZH

STBY $ ON

Figure 8-25. Power Supply Standby/On Circult,
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8-98. SINE AMPLITUDE CONTROL PATH.

8-99. Amplitude Control Gircuitry.

8-100. The control of sine output amplitude involves a
large amount of circuitry. The circuitry used is shown in
Figure 8-26. Each block in this figure indicates the cir-
cuit board and schematic appropriate to that function.
The process begins with the processor loading a number
into the preset counters. For the length of time that it
takes for these counters 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 Output Amplifier and com-
pensate for errors by loading adjusted numbers into the
Preset Counters.

8-102. Auto Calibration Disable (AGD).

8-103. When servicing the amplitude control path, it is
imperative that the feedback path be eliminated before
troubleshooting begins. This is performed by tying the
ACD test point (on Al4) to ground. This breaks the
loop by preventing the processor from performing
subsequent Auto Calibrations. After tying ACD fo
ground, cyvcle power off, then on, to erase from RAM
all previous Auto Cal information.

PRESET

CURRENT

COUNTER SOURCE

DAC
Ald-1

MULTIPLIER
A3-§

Al4-1
X

Ala-1

FROCESSOR

A6-T FUNCTION
i CIRCUITS

The Amplitude Calibration Disable, ACD, is used to break the
feedback path during traubleshooting of amplitude problems
Cennact ACD to Gnd and cycle power off and on.

Al4-J

—0O PK

h'

MIXER
A3-H

PEAK QUTPUT

ATTENUATOR

HIGH VOLTAGE
OPTION 002

AZ3-L

|
DETECTGR
1Ak ;AHPLIFIER

number followed by the schematic number.

ACD

l Each box contains a code such as A14-1. This lists first the board l

Ag-M

35U3A-6-TE

ouT

Figure 8-26. Sine Amplitude Control Path.
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8-104. SERVIGCING INFORMATION.
8-105. Power Line Voltage Selection.

B-106. Instructions for setting your instrument to the
proper power line voltage are contained in Paragraph
2-8 and Figore 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 alr through the instrument. To clean the filter,
remove the four nuts that secure the filter retainer,
remave the filter and flush with soapy water, rinse
clean, and air dry.

Service

8-109. Adapter Cable.

8-110. An adapter cable may be made as shown in Figure
§-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. Access to Reverse Side of A21, A3, A14, and AG.

8-112. The square slotted fasteners used to secure one
edge of printed circuit assemblies AZ1, A3, Al4, and Ab
can be used to support the board in a vertical position,

Table 8-2. Assemhbly/Cahie Compatibility for Serial Numbers

1748A04250 and Below.

Assembly To Be
Replaced

Affectad Destination
Assambly{ies)

Cable/ Part Numbars For

Connector

Dastination Assy
Modification

AB
03325-86508

A3
All Rev A and Rev
B Boards

Ald (Ad)
All Ad Revigigns
and A14 Rev A

AZ1 (A1)
All A1 Ravigsions
and AZ1 Rev A

W3a3/A3N

W32/A14.1

W31/AZ1IN

8120-3108 (Cbh**
1251-6567 (Conn)

£120-3108 (Cbhy**
1251-8587 (Cann)

8120-3108 (Cbh**
1251-6567 (Conn)

Al4 {A4)
(13325-66514(04)

AB
All Rev A, Rev B
and some Rev C

A23 (AT
All A7 Revisions
and AZ23
RevA/RevB

W32/A642

W30/AZ3J30

2120-3108 (Chh "™
1251-6567 {Conn)

8120-3216 (Cbh* ™~
1251-6064 (Conn)

A3
03325-66503

A
All Rev A, Rev B
and some Rev C

W33/ABJ3

8120-3108 (Chiy**
1251-6567 {Conn)

AZ1 (A1)
03325-68521(01)

AB
All Rev A, Rev B
and someg Rav C

W31/A604

3120-3108 (Coh**
1251-6587 (Conn)

AZ3 (A7)
03325-66523(07)

Al4 (Ad)
All A4 Ravisions
and Al14 Rev A

W30/A14030

B8120-3216 (CbD ™"
1251-5064 (Cann)

*+ Assarmblies ordered for replacement contain the new connectars, however, the na\_-var_(gray) cablgs ara
not included. They must be ordered separately along with the connectors for the destination assernblies,

Mate - Because of the increased raliability, all cables and connactors should be c:h_anged regardless of th_a
assembly and destination assemblies invelved. Cable and connegtor raplacement is recommended even if
hoard replacement is not required.

Nete - If necessary (although not recommended), 8 newar replacement assembly may be f!tted with the
older conreatars (PN 12571-4484, 21 pin/ 1251-4390, 14 pin) for use with the older (white) cabtes (F/N
B120Q-2577, 5in/8120-2676, 2.3in).
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permitting access to both sides of the assembly for ser-
vicing. All cables may be left in place and the instrument
may be operated with a board in the vertical position.
After releasing the printed circuit board by removing all
sorews, 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 thege standoffs installed.

Make sure that the fasteners do not contact
any circuiiry other than the ground plane.

8-113. A6, A14, A3, A21, A23 Connector Compatibility.

8-114. 3325A’s with senial number 1748A04250 or below*
contain PC assemblies with certain cables and connec-
tors which are not compatible with later revision boards.
When replacing A6, Al4, A3, AZl, or A23 In a 3323A
in the range identified above, the connector(s) on the
older destination assembly must be changed in order 10
be compatible with the cables used with the newer boards.

Model 3325A

For example, if the A6 Controller assembly is replaced
ina 3325A containing the older boards and cables (white),
connectors Al4J1, A3J1, and A21J1 on the destination
assemblies must be replaced also. The new connectors
which can be mounted in the same holes as the old ones,
were implemented because of their greater reliability.

Table 8-2 identifies the assemblies, cables, and connec-
tors affected when board replacement is necessary.

B-115. TROUBLESHOODTING INFGRMATION.

8-116. Service information is organized into service
groups, which include schematic diagrams, block dia-
grams and troubleshooting information for specific areas
of the instrument. Paragraph 8-2 contains an index of
the circuits and the service groups in which they can be
found,

8-117. Test Equipment Required.

8-118. Table 8-3 lists the test equipment needed to
troubleshoot the 3325A. Any equipment that meets or
exceeds the critical specifications may be substituted for
the recommended model.

Table 8-3. Test Equipment for Troubleshcoting.

Instrument Critical Specifications

Recommended Model Use

Signature Analyzer Sighature: 4-digit hexadecimal
Charaatars: O thru8,AC.F,H.P.U
Threshold:

Logic1: + 2.2V

LegicO: +0.5V

Clogk Frequency: = 1.5 MHz

-hp- 5004 A Logic Circuit Troubleshooting

Pulze Rate: 500 kHz
Pulse Width: =1 us
DC Offset: 1V

Pulse Genarator

-hp-3312A Logic Circuit Troubleshoating

DC Function
Ranges: . 110 100V
Accuracy: £0.2%

AC Fungtign
Ranges:.1to 100V
Accuracy: £0.5%

Ohmmeter
Hanges: 10010 1 M2
Accuracy: = 1%

Digital Multimeter
4 Digit

rhp- 3466A General Troubleshooting

Verticat
Bandwidth: de to 100 MHz
Deflection: 5mV to 10 V/div
Horzontal
Main Sweep: B0 ns to 2 s/div
Delayed Sweep: 50 nz to 20 ms/div

Oscilloscope
2 channel

-hp- 1740A General Troubleshooting

Frequency Measurement: tg 20 MHz
Accuracy: £ 2 counts
Resolution; 8 digits

Electronic Countar

-hp- 53284 + N Counter Troubleshooting
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COAXIAL CABLE = 1
METER -hp- PART NO,
B120-0144,

NUT -hp- PART NOQ,
1250-0050,

BNC BODY -hp- PART NO. e ' !
1250-00B2. o 3 FPHONO PLUG -hp
: NO. 1261.-0688.

BNC PIN -hp- PART NO.
1250-00E9,

Figure 8-27. Adapter Cable.

Figure B-2B(al. Access to Reverse Side of Assemblies.
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8-119. Adjustments Required After Repair.

8-120. Following repair of some circnits, certain adjust-
ment procedures must be performed to assure proper
operation of the instrument. These adjustments are
shown in Table 8-4.

8-121. Basic Troubleshooting Proceduyes.

8-122. Make sure all cables and connectors are firmly
scated and that the flat cables from A6 to A21, A3, and
Ald 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-
Lifiable from the display, outputs, or response to inputs
or entries are given in Table 85, along with suggested
areas to begin troubleshooting,

8-124. Qrientation 0f Components.

B-125. A squarc pad is used on the printed circuit board
to aid in orientation of certain components for replace-
ment and in identification of connections.

Component Square Pad Identifies

Integrated Circuit
Transistor

FET Transistor
Diode

Electrolytic Capacitor

Emitter

source

Cathode

Positive Connection

Model 3325A

8-126. Mnemonic Dictionary.

8-127. Most of the logic and data signals in the 3325A
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
3325A.

8-128. Logic Troubleshooting by Signature Analysis.

8-129. Because of the increased complexity of the logic
cirguits 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 a 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 measurement 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.

8-130. The flowchart of Figure 8-28(b) and the symptoms
listed in Table 8-5 may direct you fo a Signature Analy-
sis Test in Service Group A, B, or C. Basically, the vari-
ous tests apply to the following circuits:

Tahle 8-4. Adjustments Required After Repair.

Gircuit Repaired

Service
Graup

Adjustments Required

kKeyboard

HP-1B

Control

Voltage Controllad Oseillator

VCO Buffer

+N.FCounter

Fractional N Analog

30 MHz Qgcillator

Sine Amplitude & Amplitude
Med.

Mixer

D/A Converter and Sample/Hold

Ramp Gating Circuits

Qutput Amplifier

Sweep Range Cirguits
X Drive Integratar

High Stabitity Reference
Power Supply

Ao —T QOmmOoUome

o==27

Nane

None

Nane

VO Freguency

Nene

Nane

Analog Phase Interpolation
30 MHz Reference Osgillator
Amplitude Gain

[+)]
3
[{e]

LLL
[ARE -]

—

Mixer Spurs

/A Converter Offset
Ramp Stability
Amplifier Bias
Amplituda Flatness

X Drive

X Drive

HMigh Stability Reference
Power Supply

D/A Converter Offset

I 9 b b ek w3 = )
BN ppwo® P

e A - B
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Service
Test Page

Cireuits Tested

ROM B-C-2

ROM’s (A6UL-4), Processor
(A6UD), and Buffer (A6U1L0).
Linless these circueits  are
operating properly, nonc of
the other tests will work.

This test is 2 point-by-point
signature analysis of all IC's
on the A6 assembly.

Tests the ROM/RAM address
registers and buffer circuits.

Checks the ability of the RAM
address register to count up
and down. Checks RAM out-
put data,

Service

Checks the HP-1B data path
from the processor to the
HP-IB connector and back. It
does not check the handshake
circuits.

Checks the ability of the pro-
cessor to identify front panel
switch closures. Also checks
A5 LED drivers, current
sources, and digital circuits.

Checks the data path from the
processor to the fractional N
control IC (A21U19), and
checks several operations of the
fractional N control.

Table 8-5. Trouble Symptoms.

Symptoms

Troublashooting Procedures

Symptams

Troubleshooting Procedures

No front panel display or
ANNUNCIATOrS.

Abnormal display char-
actors (partial characters
or all segments stay onj,
nao response to front panel
entries,

Display appears normatl,
but no response to front
nanel gntries.

Instrumant gccepts en-
trieg but has no signal or
5ynG outputs.

No signal output; sync
output correct,

Will not sweep frequency.

X Drive, Z Blank, or Mark-
er signalsincorrect.

When External Reference
or Option 001 is cons
nected to rear panel REF
IN, front panel EXT REF
annunciator does not light
ar flashes on and off,

Qutput frequency incor-
rect.

If power supply voltages are correct
(see Service Group O) go to Service
Group C; if not, troubleshoot powet
supply, Service Group 0.

Service Groug C

Service Group C

Service Group K

Service Group L

Service Group E

Service Group N

Servige Group G

Service Group G

No AUX output or incor-
rect frequency (sine func-
tion 21-60 MHz); front
panel sutput normal,

Amplitude Maodulation
does not respond proper-
ly.

Phase Modulation does
not respond properly.

Display reads O5C FAIL.

Qutput amplitude incor-
rect far all functions,

Ingtrument accepts front
panel entries but will nat
program from HP-IB, Fails
HP-1B Performanca Test.

QOS5C. FAIL display indica-
tion but oscillator cirguits
check good.

Display or keyboard
switch problems,

Control problems, or in-
strument “locks up’ and
will not accept entries,

Cannot perform Signatura
Analysis Tests 1,2, or 3,

Above tests do not locate
the defective gomponant.

Sarvice Group D

Setvice Group G

Sarvice Group F

Service Group D
Service Group L

Sarvice Group B,
Sighature Analysis Test 3

Service Group C,
Signature Analysis Test b

Service Group A,
Signature Analysis Test 4

Service Group C

Signature Analysis Tests 1, 2

Service Group C

ROM Signature Analysis Test

Servige Group C
Signature Analysis TestD

8-29




Service Model 33235A

Table 8-6. Mnemonic Dictionary.

Mnemonic Definition Mnemonic Definition

HATL Addressed to Listen HMBLO
HATN Attention thru Machine Bus Latch@~-7
HATT Addressed to Talk HMBL7
HMC Main Ciock
HBBCL Bus Clock on HP - IB side of isolation HMDQ
LBCL Bus Clock to HP-1B thru Machine Datz Bus @ -7
HBDCQ® HMD7
thru Direct Control @ - 1 on HP-1B side of
HBDC1 isolation HNBAA New Byte Accepted by Acceptor
HBDS1 Handshake
thru HP-18 Data Serial 1-2 HNBAS New Byte Available to Source Handshake
HBDS2 H NBMB Enable Machine Bus Latchto
H Bi Bus Interrupt Machine Bus
HBIG Bus Interrupt Gated L NDR New Data Ready
LBOR Borrow (from RAR Low) LNMBP Enable Machine Bus to Processor Bus
HBPID1 L NRAB Enable RAM Address to Machine Bus
thru HP-18 Parallzl Input Data 1 -8 HNRCA Enable Reset Code A
HBPIDSB LNRCB Enable RCR to Maching Bus
HBPOD LNRD Enakle ROM Data
thru HP-IB Paraliel Cutput Data 1-8 LNSLF Enable Sweep Limit Flag
HBPODS
HBSID HP-1B Serial Input Data LODV Qutput Data Valid
HB850D HP- 1B Serial Qutput Data
HFPD®
LCAR Carry (from RAR Low) thru Processor DataBus @7
HCDN Count Down Enable HPD7
L CHK Check HPIDQ
HCODA Code A thru Parallel Input Data (from HP - [B,
HCoDB CodeB HPID7 Processor side of Isolation)
HCS50 L.LPRS Preset
thru Chip Select@-2 HPSG Program Source Gate
HCS2
HCS@D HRAQ
thru Chip Select @ -2 Delayed thru ROM Address @-11
HCS2D HRA11
HCS10D LRAD Read Arithmetic Data ifrom N.F Chip)
thru Chip Select 1-2 Doubly Delayed LRAN RAM A Enable
HCS2DD L RBA Read Bus Address
LCSR Clock Shift Register (Kevboard & Display! L RBD Read HP-1B Date
LCSRZ Clear Select ROM Zaro LRBN RAM 8 Enable
HCUN Count Up Enable LRCA Reset Code A
LRCB Reset Code B
LDAC Data Accepted LRCN RAM C Enable
HDCQ HREN Remote Enahle
thru Direct Control @ - 6 L.RFD Ready for Data
HDC& LRFF Read Function Flags
L RFND Reset Fetch New Data
LCOE Data Out Enable LRIR Read Interrupt Register
HDSO LRKB Read Keyboard Data
thru Device Select0-3 HRMAQ
HDS3 thru RAM ADDRESS 0-9
LEC External Clock {to N.F Chip) HRMAS
HEOQI End or Identify LROVD Reset Qutput Data Valid
LRSS Read Signal Source Data
HFND Fetch New Data L RWN RAM Write Enable

HiAK Interrupt Acknowiedge L SAR Select RAM Address Register

H1B! Inhibit Bus Interrupt HSATL Set Addressed 1o Listen

H1{EN Interrupt Enable HSATT Set Addressed to Talk

LIFC Interface Clear LSCA Set Code A

LIFC™ Interface Clear Latched LSCB SetCode B

HH Interrupt Inhibit LSCR Selact ROM/RAM Control Register
L IMBP Inhibit Machine Bus to Processor Bus L SFND Set Fetch New Data

LINV Instruction Valid {ta N.F Chip) HSLC Sweep limit Control

HSLF Sweep Limit Flag

HKCI Kilohertz Clock Interrupt HSLI Swaeaep Limit Interrupt

LSM Select Monitor

LLCN Load RCR Enable LSMB Select Machine Bus {from Decoder)
LLDI Load Data In L SMBL Select Machine Bus Latch

LLDO Load Data Qut LSQD Serial Qutput Data to HP-IB, Pracessor
LLMBL L.oad Machine Bus Latch side of Isolation

HING Listening LSOvVD Set Qutput Data Valid

LLRAR Load RAM Address Register HSP Spare

HSRA Select RAM A

LLRCR Load RAM/ROM Control Register HSRB Select RAM B

LLAP Load RAM Page Register {from Decoder) HSRC Select RAMC

HSRM Select RAM (from Decoue.;
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Service

o e
Set POWER Switch From
STBY ToON

Does
Fan Stan?

Does
Frant Panet
Display Indicate:
Function Sine
Frequency -~ 1000.0 Hz

Are
Any Fromt
PaneiLED's
on?

Iy
Rear Panel
Fuse Good?

Chack A2K1 And Fan. Sae Serv-
ice Group 0.

Check Powar Supplias. Service
Group 0.

Is
Display Blank?

Ara
Power Supply
\Woltages Carrect?:?
Service Group
1]

Prass:
BlueKey
SELF TEST

Check Powar Silpplias Service
Group 0.

Did
Display
Maomentarily
Aead:

Are
Display
Characters
Abnormal?

Determina Reason For Bad Fuse
And Replace. See Service Group
0.

Does
Display Read
OSCFAIL?

Go To vCo
Troubleshooting. Service
GroupD.

Go Te Legic Trouble-
shooting. Service Group
A

Go To Logic Trouble-
! shooting. Service Group
C.

Did
Display
Momentarily
Read:

FAiL 2

Did
Display
Momentarily
Read:

PASS 3

Go To Sine Wave Trouble-
shoating, Service Group J

Go To Square Wave Trou-
bleshooting, Service
Group J

Go To Triangle Trouble-
shooting, Service Group J

Go To Symptom
8-5

Figure 8-28{b). Basic Troubleshooting Procedure.
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GENERAL SCHEMATIC NOTES J

. PARTIAL REFERENCE DESIGNATIONS ARE SHOWNM.
FREFIX WITH ASSEMBLY OR SUBASSEMBLY DESIG- H H L .
NATION{(S) QR BOTH FOR COMPLETE DESIGNATION.

- COMPONENT VALWES ARE SHOWN AS FOLLOWS UN-
LESS OTHERWISE NQTELD. DENOTES BUFFER
RESISTANCE IN OHMS

CAPACITANCE IN MICRGFARADS
INDUCTANCE IN MILLIHENRYS H L L H
3. DENOTES EARTH GROLIND,

— WSED FOR TERMINALS WITH NO LESS THAN A

T ONO. 1B GAUGBE WIRE CONNECTED BETWEEN DENOTES INVERTER
TERMINAL AND EARTH GROUND TERMINAL OR
AC POWER RECEPTACLE.

A ~—
4. I DENOTES FRAME GROUND. B —— a
USED FOR TERMINALS WHICH ARE PERMA. c—

NENTLY CONNECTED WITHIN APPROXIMATELY
0.1 HM COF EARTH GROQUND. POSITIVE AND

A
5. DENOTES GROUWND ON PRINTED CIRCULT B Q
ASSEMBLY. (PERMANENTLY CONNECTED TO Cc

FRAME GROUND). NEGATIVE OR

m
)

I T T I - |x
I T rr-r IITr
I rTrITr-HITrC |0
I rrrrrrrrr

DENOTES ASSEMBLY.

DENOTEE MAIN SIGNAL a
FPATH,

DENOTES FEEODBACK
FATH. POSITIVE NAND

A
[ ] ©ENGTES FRONT PANEL MARKING, B @ a
c

r—=—= NEGATIVE NOR
| | DENOTES REAR PANEL MARKING.

)=
o
¥

I T rxrxTrrr—r
I T rrr I
Irr Ir Ir xTr
F I I XTI I I IT|D

-'P DENQTES SCREWDRIVER ADJUST.

¥ AVERAGE VALUE SHOWN, OPTIMUM VALUE SE- 8

LECTEDR AT FACTQRY, THE VALUE QF THESE
COMPONENTS MAY VARY FROM ONE INSTRU- NEGATIVE NAND
MENT TO AMOTHER. THE METHOQD CF SELECTING

THESE COMPONENTS IS DESCRIBED INSECTION V

OF THIS MANUAL,

LYY
14, =3 »— DENOTES SECOND APPEARANGE OF A CON- FOSITIVE NOR
L NECTOR PIN.

I T I IrrErrrr-jie
I Irr I I M- |m
IrIrTrre|lo
rrerrec - ITIi0

15.y 9524 f DENOTES WIRE COLOR: COLOR CODE SAME A3
RESISTOR COLOR CODE. FIRST NUMBER IDEN-
TIFIES BASE COLOR, SECOND NUMBER IDEN-
TIFIES WIDER STRIP, THIRD NUMBER IDENTIFIES
MARROWER STRIP. {eq \22% =WHITE, BED,
YELLOW)) EXCLUSIVE OR GATE

. ALL RELAYS ARE SHOWN DEENERGIZED,

rIrxrre|»
T rITr|w
rTxXTejp
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REFERENCE DESIGNATIONS

ASSEMBLY ASSEMBLY
REFERENCE ASSEMBLY PART NUMBER
DESIGNATION NAME  (INCLUDES A2A! SUBASSEMBLY)

A A A

A2 | POWER SUPPLY (OOXXX-66501)

PLUG PI 1S MOUNTED ON ASSEMBLY OR I8 PAR
KV OF THE ASSEMBLY BOARD [COMPLETE DESIGNATOR 15 AZPI}

JACK XAZ 1S MOUNTED ON
CHASS8I5S OR ANCTHER ASSEMESLY

FERRITE
BEAD
Pi 15 NOT MOUNTED gR3 TEST VOLTAGE

{COMPLETE DESIGNATOR 15 Pi)

ON A2 ASSEMBLY . 422920 £ N
na w2-COMPLETE DESIGNATOR 15 AZR4 4

SUBASSEMEBLY OF A, DENOTES SCHEMATIC
({COMPLETE DESJGNATOR 15 A2A1) ON WHICH CONNECTION

¢
NUMBER worcarsg Al '
PIN OF XA2 AND Pl [LUATOTCHOPPER 0SC |

I

Om

WIRE COLOR COLOR CODE 1S THE SAME I | h;AbECg;zgg?gg /‘l‘KFEM‘ALE PIN

I CONNECTOR ON
AS THE RESISTOR COLOR CODE. FIRST EYELET OR STAND- | | R MAY A WHT/RED WIRE
NUMBER INDICATES BASE COLOR, SECOND | OFF TERMINAL, MAY OR |

MAY O
NUMBER INDENTIFIES WIDER STAIP, AND | MAY NOT BE NUMBERED COMPLETE NOT BE NUMBERED
GESIGNATOR
E’#ﬁr;’?ﬁ'”n’?ﬁﬁswﬁ:’rﬁn?’é’ﬁ?‘f"ﬁﬁﬁal / N | s azaiRi | \‘\/ i
PARTIAL REFERENCE DESIGNATIONS ARE SHOWN: PREFIX WITH ASSEMBLY OR SUBASSEMBLY
DESIGNATION({S) OR BOTH FOR COMPLETE DESIGNATION

STD-B-2192

8-33/8-34
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SERVICE GROUP A - KEYBOARD AND DISPLAY.

Troublazhooting Information.

The most common problem with the A5 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 due to a malfunctioning key or
a component failure,

1. Check the 1kHz clock signal at TP1, TP2, and TP3. The 1kHz clock is the rate at
which a logic **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 U8, A negative going pulse on one
of these inputs occurs when & front panel key is pressed. A negative pulse that is present
when no keys have been pressed indicates a stuck key.

4, Check the machine data bus lines at the input and output of U9 for logic level transi-
tions. The same level present at the input and its corresponding output 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 Assemhbiy AB.

Disconnect the flat gray cable to the keyboard assembly from A6, and disconnect the signal and sync
output cables from the front panel.

Remove the plastic trim strip from the top of the front frame by prying up with a small screwdriver
or similar tool in one of the slots near cither end of the strip.

Remove the two screws from the top of the front frame (beneath the trim strip) and two correspond-
ing screws from the bottom side of the front frame.

Push the printed circuit board and front panel assembly forward to remove from the front frame.

Remove the ten screws that hold the printed circuit board to the front panel assembly.

Replacement of Keyboard Switches.

The keyboard switches (except the power switch) may be removed by using a hot soldering iron to
melt the plastic tabs on the back of the printed circuit board that hold the switch to the board,
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The keycap is press-fitted to the switch and may be pulled off.

To install a new switch, make sure the switch is oriented properly, hold it firmly against the
printed circuit board, and ““rivet’ the plastic tabs with a flat soldering iron tip. Be careful
not to apply so much heat that the tabs are completely melted.

SIGNATURE ANALYS3IS TEST 4.

This test checks the ability of the processor (A6U9) to identify front panel switch closures. It
alzo 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 sighature.

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, A5. Use the following procedure to gain access to the front of this board:

a. Disconnect the internal cables from the Signal and Sync output connectors.

b. Remove the plastic trim strip from the top of the front frame by prying up with a smail
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 assembly to prevent damage to the relays.
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¢. Connect the signature analyzer as follows:

M

SA CLK (at left of A6UD)

Start and Stop SA 5/5 (at right of A6U15)
Ground 3325A ground
(stiffener channel on deck between A6

and A2l or any Ground test point)

d. Sct the signature analyzer controls as follows:

€. Make sure the C50, C51, & C52 shorting connectors {near right front corner of A6) are
in the center position.

f. Connect A6TP3 and A6TP6to ground.

g. Sct all bus address switches (A651) to the OFF position. See switch drawing below.

Address Switches

(AR I B RO

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

h. Sct 3325A POWER switch to ON.
i. Disconnect ground from A6TP3, then A6TP6.
j. Set bus address switch 4 to ON.

k. Place the signature analyzer probe on +5 V (logic 1). The large plated area near the
center of A6is +5V.

1. Follow the flow diagram from START. If no stable or valid signatures are obtained,
the processor (A6UD) or the ROM’s (A6U1-4) may be defective. Use the ROM Signature
Analysis Test to check these components,

NOTE

Aftet completion of the test, be sure to replace all cables, jumpers,
and switches to the normal position.

8-A-3/8-A-4




( Srart )

/js g7
Sht /%3

= 4F21

YES

Are All Leds On

Place Signature Analyzer
Probe on + 5V. Press and
hold each key and read
the signature, If any
signature is incorrect,
take the *NO’' exit from
this biock. Al LEDS
should be ON except
while a key is pressed,

If the signature is not
4F21, indentify the faulty
circuit by finding the ac-
sl signature in the key
signature list. Then place
the probe on the point
shown below opposite the
signature. |f the signature
observed at this point is
the same as the previous
signature, take the “YES''
exit from this block. If not,
take the '"NO'" exit, If the
signature does not corfes-
pond to any on the list, go
to the ROM Signature
Analysis Test.

Key Signature List

Sig-
Key nature
Local HOFH
Stant Cont 6475
Start Freg F431

Stap Freg 10F4
Reset’Start 991H

Marker Freq CF40
Sweep Time CHPU
Freguency 4310
Amplitude C433
Phase AU7C

DC Offset 6HOF
Blue Prefix U7CP
Store 5991
Recall 6647
Ciear 76U5

Minus HHCH
FHO1
3406
HG16
4058

67A7
9P9H
TATT
POHU
C875

P1H4
Period C76U
Sec HCHS
MHz FHH2
kHz 3374

Hz FFRH
DEG 374A
Up Arrow BZCP
Down Arrow DALY
Left Arrow 2CP7

Right Arrow AUYH
Sine HA2P
Square 68CC
Triangte AZ2PF
Ramp Up 8CC3
Ramp Down Q23H

Amptd Cal 23HC
Sigral Output sUBP

W ook WN—=O

ASUB Pin

5
2
12
9
5
2
8
5
9
12
12
5
12
9
5
9

-
l\JU"{ON

- s
MU’\(DN

-
(.OU'II\)N(.Q N

- -

.
Ut NGO N D (N,

YES NO

=
o

Check Appropriate Switch

NO

Faulty Device Select
{ABUY) or Bad AB-To-AB
Connection.

Troubleshoot
ABUS

B

ABUDO-2
ABUS-5
AS5UQ-6
ABUS-9
ASUS-12
ABUZ-15
A5US-16
ABUS-19

U ]

o

2
(=]

NO

Dewvice Select Frotlem

ABU1B-1 c362
ABU16-2 = CIUB
ABU16-3 = 8PCB
ABU16-4 = C36A

NO

Troubleshoot
ABUS




Are All Leds On Press and Hold the designated key
and read the signature at the IC pin
NG - NO indicated,

Key IC Pin Sig.

Faulty Device Select ) S 2232; I?E?JT
{ABUS) or Bad AB-To-AS Minus  ABUS-5 = 76U5
Connection. Sine A5U5-9 = HA2P
Ramp Down  ABUSB-11 = 23KHC
Up Arrow ASUS = B2CF

g ABU1 C875

-1

-1
Phase A5U1-3 = AUTC
Store ABU1-B = 5991
-9
A
1

Locat A5 6HOF
Freq ASBU1 F431
MHz A5 FFHH

1
3

Troubleshoot
ABUS

NO

Troubleshoot
ABU3, UG C2

Troubleshoot
ASBUS, UB, or Switch

NO

B Troubleshoot
ABU16 or AB-To-AE Con-
nections

=

A5U9-2 ‘ Troubleshoot
ASU9-5 ABUG
A5US-6
ABUS-9
ABUY-12
ABU9.15
A5U9-186
ABUS-19

Test Passes

=
(&)

Troubleshoat
ug

NO

Device Select Problem
1=
el s g e < ron e
ABU16-3 = 8PCS8 N
AGU1G-4 C36A 0
NO

9.1 = Troubieshoot
ABUS-16 ABU1S

Troubleshoot
ABUS NO

Troubleshoot
ABLIS
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“Eij‘;{'.}-jﬁﬁ?

Are All Leds On

YES

NO

Press and Hold the designated key
and read the signature at the |C pin

ingicated.

Key

4
o]
Minus
Sine
Aamp Down
Un Arrow

8
Phase
Store
Local

IC Pin Sig.
ASUSB-1 = 9P9H

ASUS-3
A5U5-5
A5US-9
ASUS5-11
ABUS-13
ABU1-1

ABUT-3
ASU1I-5

ASUT-9 =

FHC
761/5
HA2P
= 23HC
= B2CF

c8758
AU7C
5991
6HOF

ASTP3 = FU1B

Freq AsSUT-11
MhHz AsU1-13

F431
FFHH

NG

Troubleshoot

ASUS, UB, or Switch

A5U9-2

NQ

Troubleshoot
ABU16 or AB-To-AB Con-
ngctions

Troubleshoot
ABU1S

Troubleshoot
ABU1S

A5U9-5
A5US-6
A5U8-9
ASUS 12
ABU9-15
A5US-18

W

A5U9-19 = UZC3

NO

Troubleshoot

nections

ABU25 or AG-Te-AS Con-

NO

Troubleshoot
A5US

Troubleshoot
ug

Are Many Leds Off

NO

Check For Defective Leds

Troubleshoot
3521-28 or ASUZ, U4 or
7

Figure 8-29, Signature Analysis Test 4.
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WRITE KEYBCARD
DISPLAY DATA
!
¥

8 SEGMENT SELECT
CURRENT [7 SEG. AND DECIMALb 1} DIGIT
SOURCES NUMARIC DISPLAY

DIGIT ENABLE
: {11 LINES}

18

CURRENT
l SINKS I8 LINES!

16=-8I1T
SERIAL IN
MACH | NE
PARALLEL
DATA BUS
8 LINESI<:::::Z: out
SHIFT ANNUNC [ ATOR
REG1STER 5 Lings MATR' X

{18 LINES

CLOCK SHIFT
REGISTER — “SCAN CYCLE EVENTS
SHIFT
- BUFFERS reG1sTERL 2 3 ]4]5]6]7[8{afioftifiz13i415]ig
KEYBOARD
SCAN TWELVE
i H2 LiNes KEYBCARD MATIX LINES

“— tri-trare e NES) | xevmoamD ENABLE ELEVEN ENABLE FIVE
< MATRIX :

. BUFFER NUMERIC DISPLAY ANNUNG | ATOR
.4 LINES| DIGITS SETS

332543

Keyhoard and Display Block Diagram




Designator Board Location Designator Board Location

c1
cz
c3
C4
Cs
Cé
c7
cs
Cco
c10
CR1
CR2
CR3
CR4
CRB

R20
R21
R22
R23

oMo

51
52
53
S4
S5
S6
87
58
59
§10
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—RI0— —RI4—
—RI2— —RIE—

540 —cyp- S4F
CcR3T
—RY—~ —~RI[3—

CRE g1
CR7 812
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827
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839
$40
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S43
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CR22
CR23
CR24
CR26

B

[ NeRel--Nol

CR26
CR27
CR28
CR2g
CR30
CR31
CR32
CR33
. CR34
CR34
CRas
CR36

Uls

IPPrPPPPOOOO00000MMmMOG
unl

HiHH BiH
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1]

Test Points
1
2
3

J1

11

L1

Qa1
Q2
Q3
Q4

£}

PEPPF0 O PPRPEPBPPRPPPWODOO

[Is)
H

Qe
Qe
a7
Qg

R4

CR3
E1E]

Rr1
R2
R3
R4
RS

»>>r>r BPD

CR2
=1

R6
R7
RB
R9
R10

&

OQUOCTOMMM DT TMDODOOTMMGEE QraTo

R11
R12
R13
R14
R15
R16

03325-88505

PerPrp>>» PPPEPD

*Revisian A, Revisian B, and Revision C 03325-66505 boards are identical regarding component layout and values. The revisions reflect manufacturing
changes only.
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Figure 8-30. Keyboard and Display, AS.
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SERVICE GROUP B - HP-IB CIRCUITS.

Trouhleshooting Information.

The most common failure on the HP-IB portion of the A6 board are the optical isolators. The optical
isolators are used because of the electrical isolation of the HP-1B circuitry from the rest of the assem-
bly. The following hints suggest various procedures for troubleshooting this section of the assembly.

1. The HP-IB circuitry has its own + 3V power supply (U65/U74). 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 isolators for legitimate TTL
levels. The oscilloscope and probe can also be used to check the data path between the processor and
the HP-IB connector.

3. The continuity of the data path from the processor to the HP-1B connector and back is also
checked by running signature analysis test #3.

4. A check of the handshake circuitry is made by running signature analysis test #0 (Service Group
). This test writes signatures to every point on the Aé 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 signature, If the input signature
is incorrect, then the output signature of the preceding chip should be checked. By troubleshooting
in this manner (backwards), one can then identify the chip where the incorrect signature originated.

* This test does not check those gates whose data comes directly from the HP-1B connector.
If the 03325-66506 assembly is to be replaced in a 3325A with serial number 1748A04230 or below,

or in one that contains a revision A or revision B A6 assembly, see paragraph 8-113 in the Servic-
ing/Troubleshooting Information section.

SIGNATURE ANALYSIS TEST 3.

This test checks the HP-IB data path from the processor (U9) to the HP-IB connector and
back. It does not check the handshake 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
sighature.
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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:

SA CLK (at left of A6LI9)

SA 5/5 (at right of A6LI15)

3325A ground

(stiffener channel on deck between A6
and A2l1, or any Ground test point)

d. Set the signature analyzer controls as follows:

e. Place CS@, CS1 and CS2 shorting connectors (near right front corner of A6) in the O
position to select ROM 1.

f. Set the ROM Disable switch (A651) to ON (1). Set ail other switches on A651 to OFF(0).

Addrass Switches

LON — Listan Only
ROM — ROM Disable (For Test Only)

Pttt ittt

2. Connect A6TP3 (between UlS 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 plated area near the center of
A6 is +5V.

If the signature is not 5159, troubleshoot A6U9 processor, AGU 10 (buffer), the processor data lines
HPDO through 7, and associated circuits, Refer to the ROM Signature Analysis Test.
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k. Set bus address bit 3 switch to ON (1) (see drawing above). Note the signature obtained with
the analyzer probe on + 5V,

The correct + 5V signature is 78CU.

Most of the signatures taken in this test are on the 1/0 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:

I. Set 3325A POWER to STBY.
m. Disconnect the signature analyzer from the SA CLE.

n. Unsolder the end of the SA CLK jumper nearest the left edge of the board (away from U9).
o. Apply a pulse train with the following charactenistics to the SA CLK jumper:

Amplitude
DC Offset
Pulse Width . ... . =1pus

Connect the pulse generator ground to A6 ground (jumper in right front corner of the board). The
-hp- Model 3312A may be used as the pulse generator.

p. Connect a clip lead across A6V (left rear corner of A6) to short the isolated ground to circuit
ground.

q. Connect the signature analyzer clock lead to the raised SA CLK jumper (along with the
pulse generator).

r. 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 9SHUH = 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
9P9H - Illegal ATN recognized
9HUH - Illegal REN recognized
ATIU - Illegal 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 (o the normal position.




( Start )

YES

Data Paths Good

Groundg ATMNIUGO-5).

+ 5V = 9PoOH

Unground ATN
Ground REN {U60-11)

+ 5V = GHUH

ATN Disabling Bus
Drivers. Troubieshoot
us?

NO

NO

ATN Npt Recognized
+5V = 3102

NO

REN Not Recognized

U&E0-11 = Q000

UBD-10 = 78CU

Troubleshoot
uesQ

NO

NO

HP.IB Connastor or Cable
Faulty

Troubleshoot
ued




f_"sg ~3la

YES YES
UeQ-10 = 78CU U&1-11 = 8798 Ugi-12 = 78CU JES Us6:6 = 78V <YES
NGO NO NO
Troubleshoot
uago Trouglégﬁham
N YE.
YES] U732 = 43uH U56-4 = 7BCU < U75-11 = 78CU z
U73-3 = 7U78
YES NG
NG
YES YES
UG6-5 = 5384 U36-3 = 78CU
Traublashoot
U773 NO NG
Troubleshoot Treubleshoot Control
UsE Lines From Processor
YES
U74-3 = 43UH
NOQ
NO U38-11 » 43UH YES
U36-13 = 7U76 Troublashoot
Troublesheot Control NO V36-10 = 3C42 YES
Lines From Processor U3e-12 = Q7F9
Troualéaghoot NO UT7E-1 = O7FS YES
U76-13 = 3Caz2
Troubleshoot Troubleshaot
U5z

U748




Troubileshaot
Us?

Unground REN
Ground IFC (UG0-2)

+ BV = FBHU

Traubleshoot
us7, Ué1

NO

Test 3 Passes

Troubleshoot
U775

Troubleshgot
w3g, usa

IEC* True But Mot IFC
Troubleshoot
us7

IFC Mot Recognized
by Processor

Us7-7 = OO0

Troubleshont
U7

NO

Troubigshoot
U63, U64

NQ

Troublesnpot
ued

Interface connection Bad

Figure 8-31(a). Signature Analysis Test 3.

8-B-5/8-B-6




+ 5V = 9P8H
YES

IHegal ATN Regognized ”
US7-10 = 793H Us7-4 = Q000 U67-8 = EH73
NO NO

Troubleshoost
Troul&)lﬁeghoot LE™"

Troublteshoot U36-11 = BPFP
Us4 U3B-13 = C2PA

NO

Troubleshoot
U36

Troublashoot
LI36, us2, V76

NO

= Troubleshoot

~ U40
NO Control Paths Bad From
FProcessor

Troublashoot .
U186 aor Clock We0-5 = 0000

Troubleshopt Troubleshoot
RS UéaQ




_..

Troubiegshoot
us7-

Troubleshoot
U3s, U2, U7b

9HUH

YES

lHlagal REN Recognized

us7-6 = 0000

NO

9

= 3HCC

YES

Data Lostin
u37-7

Shift Register

= 41A4

Troubleshoot
57

Troubleshoot
us1

UB0-11 = 9HUH

Traubleshoot
ueo

Intarface Connection Bad.

Treubleshoaot

NO

Troubleshoot
Uae

u37-z

= 12HU

Troubleshoot
us4

NO

No

Clock

U37-1 = 77K

NC

CCCC
Smo
Fapa —
[T P
LaRin) PN
0 T T

Troubleghoot
ule, ug




ug4-6 = C2HE

NO

U57-12 = CPPB

Troubleshaot
us4

NO

U31-11 = 8353

NO

Troubleshoot
U

NO

Troubleshoot
Usg

NO

US7-8 = 3HCC

Troubleshoot
ush

No Clock Ta
us7

MO

Troubleshoot
U73

Troubleshoot
w3z

Troubleshoot
uleé

Troublashoot
U116

Troubleshoot
U6, ug

Troublashoopt
Clogk

Troubleshoot
Us7

NO

Troubleshoot
[43:}=}

Troublashoot
a8




i

=

U29-8 = 2UG4

Jleshoot
57

teshoot
58

U3s-1 = 35A0

NG

Troubleshoot
uaa

U25.6 = Q81F

NOQ

NG

Troubleshoot
25

Treubleshoot
u2s

Troubleshopt
Uze

NO

Troubleshoot
Uis

Troubleshoot

Figure 8-31(b). Signature Analysis Test 3.
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Board Board
Designator Location Designator Locatien Designator Designator Location
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SERVICE GROUP C - CONTROL CIRCUATS.

Troubleshooting Information.

The majority of problems which are isolated to the A6 board ¢an be pinpointed through Signature
Analysis. There are, however, a series of troubleshooting ¢hecks that can be made prior to runming
the SA tests. The checks, common failures, and brief descriptions of the SA tests are presented below.

1. Begin troubleshooting by checking the 1.2MHz oscillator circuitry for the correct frequency.

2. Should the instrument not turn on properly or respond to inputs, the problem could be with
the processor. A check of the nanoprocessor (U9) can be made by disconnecting the A6 board from
the A21 (A1) Frequency Synthesis board (W31, A6J4 - A2171). If “A - CAL FAIL" and “O3C FAIL”
are then displayed, a significant portion of the processor circuitry is working,

3. A further check of the nanoprocessor is to first disable the buffer (LJ10) by opening switch 51G.
This enables & + 5V level to be present on each of the lines in the data bus. When the processor sam-
ples cach data line, the + 5V is interpreted as a “‘no operation’’ instruction. The processor then incre-
ments the ROM address and the process repeats. Using an oscilloscope, monitor the ROM address
lines. Note that the 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 coming from A6Q1 and U41 pin 6. This interrupt should also appear at U35 pin 2.

5. AGU1S and A6U19 because of marginal conditions, arc a common cause of ““OSC FAIL" and
“A - CAL FAIL".

6. Check the position of ROM select switches CS0-C52. During normal operation (when 5A is not
being performed), the switches must be in their center position. Note also that the ““Normal/Test”
jumper used during SA sould be returned to the “Normal™ position following the tests.

7. Jumper W1 is in place in standard instruments. W1 is clipped when the High Voltage option
is installed. If the instrument is configurcd with the option but will not accept inputs greater than
10Vp-p, check that W1 was not resoldered.

8. The nanoprocessor U9, though often replaced, is not always at fault. Because U9 (1820-1691)
is a MOS device, care should be taken when handling so as not to create punch-through damage due
to static electricity. If U9 is replaced, insure that AGRS is 5.53kQ. 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 U8 being an analog device. Any signatures, therefore, should be disregarded.

10. The following SA tests are available for checking the A6 assembly. Note that when running
the tests and using the bus address switch pack on the A6 board, use the logic levels and switch num-
bers printed on the PC assembly. Disregard the numbers printed on the pack itseif.

ROM Test: Checks the ROMs, processor, and buffer.
SA Test 1: Checks the data path from the processor to the machine data bus and back.

SA Test 2: Checks the RAM address counter and the RAMs.

SA Test 3: Checks the HP-1B path from the processor to the HP-1B connector and back. (See Service
Group B.)
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8A 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 lmit flag path, VCO lines, and the turn on cirenit.

SA Test 0: Used after all other tests have failed to isolate the problem. During this test, the processor
sends digital signals to all points on the A6 board so that signatures ¢an 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 try to make
the symptom 2 hard failure through heat, cold, vibration or mild shock. If the symptom remains in-
termittent and one is certain that it is 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 (A6U1-4), the processor (A6U9), and the buffer (A6UU10). If these components are
not operating properly, the remaining Signature Analysis tests will not work.

Procedure.
a. Set3325A POWER switch to STBY.

b. Setall five bus address switches (A681) to OFF (Q).

These numbers are printed on thiz PC Boatd itself. Ignore any
| numbers printed on the switch,

Addrass Switches

LON — Listen Only
ROM — ROM Disalyle (For Test Only)

A2 S I I

¢. Set ROM Disable switch (A651) to OFF (O).

d. Move N/T (Normal/Test) shorting connector {located between U7 and 13) to T posi-
tion.

¢. C50 through €S2 shorting connectors should be in the center position. (These are
located near the right front corner of A6.)




Maodel 3325A Service

f. Connect the signature analvzer as follows:

(Test point next to CS52 shorting connector)

3325A ground

(stiffener channel on deck between
A6 and A2l or any Ground test point)

g. Setsignature analyzer controls as follows:

h. Connect TP7 to ground.
1. 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 A6U1 and compare
signatures to those below.

Correct
Signature Data Line

6C1F
P326
5975
4533
5H79
83HU
U2FF
P2CC

1L B W= D

If all of these signatures are correct, the ROM’s have passed this test. Signature analysis tests
“ @ through 5 may now be performed.

If these signatures are not all correct, test each ROM individually as follows:
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ROM 1 (U1) Test.

1. Move the CS1 and CS52 shorting connectors to the @ position (toward edge of
board).

Place the signature analyzer probe on the following points and compare the
signatures.

Correct
A6U1 Pin Signature Data Line

9 63F2
10 oU43
11 F6OP
13 3854
14 3FFH
15 323F
16 4P71
17 OHA43

~1 0 L e B B e D

ROM 2 (U2) Test.
1, Move CS 1 shorting connector to the 1 position and C52 to the # position.

2. Place the signature analyzer probe on the following points and compare the
signatures.

Correct
AG6U2 Pin Signature Data Line

9 4567
10 PCUC
11 PC2C
13 883F
14 6U72
15 H89H
16 02C6
17 9474

NI VI TR SR,

ROM 3 (U3) Test.

1. Move CS1 shorting connector to Oand CS52to 1.
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2. Place the signature analyzer probe on the following points and compare the
sighatures,

Correct
A6U3 Pin Signature Data Line

9 C3P4
10 P948
1 1145
13 €348
14 07uC
15 C602
16 05HF
17 23UP

~1Sh WA Bl R e O

ROM 4 {U4) Test.
1. Move CS1 and C82 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 2968

10 694H
11 HUJ38
13 0A4C
14 377C
15 22UP
16 8266

17 2CH2

R - RV I Sy LR 0 R ]

After completion of these tests, replace CS1 through CS2 shorting connectors to the center
position.

Replace the N/T shorting connector to the N position. Set the ROM disable switch to 1.

1, If the signature in Step j is not 755U, check the voltage level of A6U42 pin 6 with the
signature analyzer probe. It should be high, If not, momentarily ground 142 pin 3 to force
pin 6 high. If it is still not high, troubleshoot A6US, Ul4, and U42,

m. If the signature is still not 755U, examine the ROM address lines.

Set 3325A POWER to STBY.

2. Movesignature analyzer Start and Stop leads to A6TP1 (in front of U9).




Service Model 3325A

3.  Placesignature analyzer probe on + 5V (logic 1).

4. Set3325APOWER 10 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 HRAI10 at
A6UL.

Address
A6UI1 Pin Line

HRA®
HRAI1
HRA2
HRA3
HRA4
HRAS
HRAG
HRA7
HRAS
HRAS
HRAIO

The frequency of the signal at HRAI1 should be one-half that of HRA@. HRAZ2 should be
one-half of HRAI, etc., through HRA10. None of the address lines should be a constant
level, and no two lines should be the same.

After completion of the test, replace the N/T shorting connector to the N position.

After completion of all signature analysis tests, make sure the ROM Disable switch (A651) is
set to the ON (1) position.

SIGNATURE ANALY3IS TEST 0.

Use of this test is recommended after the ROM test or tests 1 through 5 have failed to isolate
the faulty circuit. This test reads all the signatures on the A6 assembly, which are presented
in tabular form. Close attention should be paid to the schematic diagrams in Service Groups
B and € while using this test.

Procedure.
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 carefully 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 A6U9)

SAS/5 (atright of A6U135)

3325A ground

(stiffener channel on deck between
A6 and A2\, or any Ground test point)

d. Set the signature analyzer controls as follows:

e. Place C50, C81, and CS2 shorting connectors (near right front corner of A6) in the ¢
position to select ROM 1.

f. Setthe ROM Disable switch (A651) to ON (1). {See switch drawing below.)

These numbers are printed on the PC Board itself, Ignore any
nurmbers printed on the switgh.

Address Switches

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

-
£
_——
-—
i
-—
-

g. Connect A6TP3 (between Ul5 and U18) to ground. Do not disconnect this ground
during this test.

h. Set 3325A POWER to ON.

i. Place the signature analyzer probe on +35 V (logic 1). The large plated area near the
center of A6is + 5V,

If the signature is FF32, proceed to Step j.

If the signature is not FF32, troubleshoot A6U9 and U10, the processor data lines
HPD@-7 and associated circuits. Refer to the ROM Signature Analysis Test,

j. Set all five Bus Address switches to OFF (O).

k. Place the signature analyzer probe on the points indicated in the tables and compare
the signatures. If no stable or valid signatures are obtained, the ROM’s (A6U1-4) or the pro-
cessor (A6U9) may be at fault. Refer to the ROM Signature Analyzer Test.




Service Model 3325A

Integrated circuits with designators greater than US55 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 W
necessary to supply an external clock. Use the following procedure;

a. Set3325APOWER to STBY.
b. Disconnect the signature analyzer from the SA CLK.

¢. Unsolder the end of the SA CLK jumper nearest the left edge of the board (away from
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 A6 ground (jumper in right front cormer of the
board). The -hp- Model 3312A may be used as the pulse generator,

¢. Connect a clip lead across A6V1 to short the isolated ground to circuit ground.

f. Make sure A6TP3 remains grounded.

g. Connect the signature analyzer Clock lead to the raised SA CLK jumper (along with
the pulse generator).

h. Set 3325A POWER to QN,

i. Adjust the pulse generator frequency until a stable, gated signature is obtained, in-
dicating that the signature analyzer is triggering on the external clock signal. (The GATE in-
dicator should be flashing and the UNSTABLE SIGNATURE indicator should be off.)

j. Place the signature analyzer probe on the points indicated in the table for IC’s with
designators U56 and greater. Compare the signatures to the correct signatures in the table,

NOTE

After completion of tests, be sure to replace all cables, switches,
connectors, and jumpers to the normal position,
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“ Signature Analysis Test 0.

u1
through
u4

OHCO
H52C
3HAL
2F5H
169U

FH4P
2H70
68CC
1C2P
PC97

G6BAF
€000
1€71
1P24
P4AH

467F
A12C
0000
FF32
0000
{U1 and U3}
FF32
(U2 and U4)

QOO0
FF32
FF32
FF32




Service Model 3325A

-
Dwo~d A B k=




Model 3325A Service

—
fo g iallv RN ao) ARk —




Service Model 3325A

=

[l (ol BEN a0 ) Pk —

"FF32 W/0O Jumper, 0000 W/ Jumper
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NOTE

“ For signatures on US 1 and above, circuritry is HP-IB8. Refer to test zerg pro-

cedure.

u46

ue

us2

usa

ub4

uss

FF32
Q000
FF32

0675
3F37

71HE

0000
FF32

Qo000
FF32

0000

Qoo0o

Q00C
FF32

FF32
FF32
B3UP
0000
0000

830UP
0000
FF32

FF32

AFHF
3A67
FF32
Q000

3A67
AFHF
FFa2

FF32
0334
FF3z
FF32
000

FF32
0334
FF32

FF32
09P9
1387
FF32
0000

1387
Qap2
FF32

FF32
14UH
BAUH
FF32
0000

14UH
5AUH
FF32

Service
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0o~ ; o W —

No signatures for UG5

10

11
12
13
14
15
18

No Signatures far U7 4
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SIGNATURE ANALYSIS TEST 1.

This test checks the data paths between the processor and machine data bus through A6U13,
20, U21, 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 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:

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;

SA CLK (at left of A6U9)

SA 5/5 (at right of A6UL35)

3325A zround

(stiffener channel on deck betwecn A6
and A2, or any Ground test point}

d. Set the signature analyzer controls as follows:

e. Place CS0 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 (A6S1) to ON (1). (See switch drawing below.)

OFF ON
o) 1 These numbers are printed on the PC board itself.

lgnore any numbers printed on the switch,

Address Switches

LON — Listen Only
ROM — ROM Disable (For Test Qniy)

tht bttt

g. Connect AGTP3 (between U15 and Ul6) to ground.
h. Set 3325A POWER to ON.
i. Remove ground from A6TP3.

j. Place the signature analyzer probe on +35 V (logic 1), The large plated area near the
center of A6 is +5 V.

If the signature is 5159, proceed to Step k.

If the signature is not 5139, troubleshoot A6U9 (processor), A6U10Q (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.

I. The signature should be HCHS as indicated at the START of the flow diagram. If it is
not HCHS, 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 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 (LU28). It also tests
J13 and 145,

- This signature indicates a failure of the machine data bus. A 1010 data signal
is sent from the processor on the bus through U27, U28, and U26, and read
back into the processor. This test checks data paths, clocks, and enabling
signals.

- This test is identical to that for signature 6PCP except that a different data
structure is used (0101). Since 6PCP was not displayed, the clocks and enabling
signals are assumed to be correct.

- This test reads data through U20 and U21 to the address lines of U19. Data
from U192 is then sent via U26 back to the processor, U9, This test also checks
the enable signals to U20, U21, and U19, 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
m (1010 as opposed to 0101) is sent to U19.

3JAHH - This test sends data through U13 and U22 and tests the enable signals to these
1C’s.

T60A - This test is identical to 3AHH 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
HE2C did not cause a 760A signature.

m. When incorrect signatures are encountered, troubleshoot the circuits indicated on the
flow diagram.

n. Following a repair indicated by this test, repeat the test beginning at START to deter-
mine if there are any other problems that could be detected by this test,

NOTE

After completion of tests, be sure to replace all cables, switches,
connectors, and jumpers to the normal position.

NOTES
1. A constant interrupt (low) at TP5 may be circumvented by:

a. Set POWER to STBY.

b. Unsolder one end af TP3.

¢ Set POWER fo ON.

d. Momentarily short across TP35.

2. To isolate the control board (AG) from the other assemblies,
disconnect the long flat cable going to the kevboard, and the three
short flat cables to the other assemblies. The following conditions
should then be observed:

U119 pin I should be high
U22 pin I should be high
U335 pin I should be high
U43 pin I — signature should be 5320

After completion of the test, be sure to replace the cables careful-
lv, making sure that the contacts are aligned properly.

B-C-17/8-C-18




+ 5V = HCHE 6H13

No

Troubleshoot
ul4

Troubleshoot
Y17, U42

Turn-On  Problem. Clock
and Interrups.
See Mote 1

[

+5V = 6PCP

Yes

Machine Bus Failure. Check U28 Outputs
Check 28 Inputs, U28-3 = HF22
u28-2 ' U28-5 = C28F
uz28-4 BP8H
L28-6 . A4aug
uz8-8 HB13
uz28-12 APFU
u28-14 C5U0
U28-16 7864
u28-18

nnun

No

u28-1 = 3H8P G Somethiing Interfering
uz28-18 = 3H8P With Data Bus
See Note 2

No ] u33

Troubleshoot Uz2g. I

Troubles

127-11

Troublashoot
U27 Then U428 = U30-1 = 3F53

Yes

Froubleshoat
U3e

U8 Mot Giving Troubleshoot T
HWR Signal U15,U16.U23.U24,U39 roubleshoot

No

Device Select
Faulty




U14-19
U14-12 = 0OC6
U14-15 = P350
ui4-1 = HCH5

HC63

Test
Passes

lNo

u42-3 = HCHY

L U15-13

Troubleshoot
ui4, Ua

| Turn-On Problem. Clock
| and Interrupt.
See Note 1

No

Interrupts Active

Troubleshoot
U1

If +5V signature is HCHS, UZ22 signatures

should be:

BHSF
816P
CEE59
5ACC
8H43
H83C
8067
3968

H0owmnan

PP2Q
6P29
8FASB
2C38
P1AB
9PHA
sU7U
1H33

AU I

[ B B}

U26-1 = 5B34
Uz26-19 = 5634

Troubleshoot
uz2é

No

U33-6 = 1918

Troubleshoot
33

U3g-9 = 5C34

Yas

Machine 8us Failure

Chack UZ28 Inputs

U28-2 = THPS
uz2s8-4 = C032
uzg-6 = 8403
U28-8 = 1351
U28-12 = AA35
V28-14 = 79P4
U2B-16 = US3A
U2B-18 = BAB4

No

Troubleshoot
U27 Then U28

U8 Not Giving
HWR Signal

Check U28 Qutputs

PCO8
46H3
FBB1
P5CO
UC67
BUQS
A4BGB
7FCS

oo

No

Troubleshoot UZ8.
See Note 2

Troubleshoot

U1s, U23, U24, U39

Troubleshoot
U3g

No

Device Select
Faulty

Troubleshoot
U7, U3z

Troubleshoot
w30




: 15 HCHS5, U22 signatures

U22-11
u22-12
U22-13
uz2z2-14
u22-16
Uz2z-16
uzz-v
uzz-18

PPOC
6P29
BFAB
2C38
PiAG
BPHA

o

o

Check 428 Outputs Check RAM Address Bus

UZ8-3 = PCOB .

U28-5 = 46H3 47 Lban

U28-7 = F561 PRty
PSCO

2y 756H U18-1 = 8UF4 U2B-19 = 47H7

uce7 . OF45

AGEE : 330 No No

TFCH 7028

. P6F1

No No

Troublesh .
rnuse:sNg‘oé 5128 Troubleshoot U24-4 = PHCE
U20, U21 Then
UE, U171, Lt2, u18 No

U9-16 = PHC6

Yes

Eaoann

L9 Not Givin
HWR 5ignalg TrouSl_leghoot No

Device Select
Lines Rad




Check RAM Address Bus

164A
CaKF
1099
756H
OF45
33AA
7028

Wonou

U18-1 = UF4

No

Troubleshoot
U20,U21 Then
UB, U1, yt2, u19

No

Uzg-19 = 47H7

No

Troubleshaot
U199 Then U22, UZ28

U24-4 = PHCB

No

Troubleshoot
u24

Yas

U9 Not Giving
HWR Signal

Troubleshoot
u1le

Troubleshoot
ui17, u2s

No

Device Select
Lines Bad

Figure 8-33(a). Signature Analysis Test 1.

8-C-19/8-C-20




~—

= HHCH = 3AHH

YES YES

RAM Address Reg Data

h RAM Control Register
Path Failure. Check U19 Failure. U24-11 = OUOH

w

C6EF6
6C7C
FBA1
7064
3714
25FC
FUGH
CPFP

Troubleshoot
18, uze

wnwn

mOJ-PM" o

NO Troubleshoot

U13, U2z, ua23

Troubleshoot
U220, U2y, U6
U11,u12, U718

YES
-+-

If +5V Signature is 3AHH check the
following signatures:

NO[

l U24-13 = 2593

Troubieshoot
uz24




+ 5V = 3AHH +5V = 760A

YES YES

M Control Register . RAM Control Register
e U24-11 = OUOH ailure

Troubleshoot
u22

NC

Troubleshoot

13, U22, U23 U24-3 = 104A +

Troubleshoot +5v = PC76
U13 Then U30 Then U22
1 YES VES

] ."' Troubleshoot
uz2

Rom Page Reg Failure

993F
PSEU
0504
quoz

U22-2
uzz2-4
uz24-13 = 25983 8%%2

Troubieshoot
Troubleshoot Usé

uz4

NO

Troubleshoot Troubleshoat
U1s, U24, U25 U4b Then U4

NO

U9 Not Sending
HWR Signal
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+5V = 760A -5V = HE82C ?gs;l‘g Signature Analysis

YES YES

RAM Control Register )
Failure RAM Page Reg Failure

uz22-2
uzz-4
U22-6
uz2.-8

CBAZ Troubleshoot
8643 U2z

7P37
coP8

NO NO
v

Troubleshoot +5V = PC786 Troubleshoopt
U13 Then U3Q Then U22 U45 Then U14

YES

Rom Page Reg Failure

U22-2
U22-4
U22-6
u22-8

993F Troubleshoot
P5EU U2

0504
guo2

b

bleshoot
u24

NO

bleshoot Troubleshoot
U224, U2s U45 Then U14

Figure 8-33(b). Signature Analysis Test 1.
8-C-21/8-C-22
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SIGNATURE ANALYSIS TEST 2.

This test checks the ability of the RAM address register to count up and down, and checks
the RAM 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 (+35 V) for several periods of time, which are deter-
mined by the 3325A processor in response to the errors it has sensed or the test

routine that has been programmed. Each situation produces a unique stable
signature,

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:

SA CLK (at left of A6U9)

Start and Stop SA 5/5 (at right of A6U1S)
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. Place C58 through C52 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 (A681) to ON (1). Set all other switches to OFF (0).

These nurmbers are printed on the PC Board itseH. ignore any w
numbers printed on the switch,

Address Switches

LON — Listen Only
ROM —~ ROM Disable (For Test Only)

g. Connect A6TP3 (between U15 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 A6is +5 V.

If the signature is 5159, proceed to Step k.

If the signature is not 5159, troubleshoot A6U9 (processor), A6U10 (buffer), the
processor data lines HPD@-7, and associated circuits. Refer to the ROM
Signature Analysis Test.

k. Set bus address bit 2 switch to ON (1), and set switch 1 and switches 3 through 5 to
OFF. (See switch drawing above.)

[. The signature should be 7C97 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 U2l count up and down correctly.

FF71C - This signature indicates that U20 and U21 do not count up correctly. The test
also checks enable signals.

279A - This signature indicates that U20 and U21 do not count down correctly.
TO9A - This signature indicates that RAM A or its enable signals are not correct.

F6C - This signature indicates that RAM B or its enable signals are not correct.

57C9 - This signature indicates that RAM C or its enable signals are not correct.

NOTE

After completion of tests, be sure to replace all cables, switches,
connectors, and jumpers to the normal position.




Test Passes

NQ

Possible U7 Failure

FE7C

YES

RAM Count Up Failure

UHPA
PC16
72HG
2867
AAFS
B810
4P10
14HO

Ll idaembrg
om ka
RN

cCCcCcCCCoCo
g
0 2 5 (D 0 WD

Troubleshoot
u1e

NO

U20-4 = FF7C

NO

NC

U235 = 0000

Troubleshoot
13, u22

Troubleshoot
U2z

Troubleshoot
U330




Troubleshoot
u1s

U20-4 = FF7C

ND

NG

U23-5 = 0000

Troubleshoot

20, U1

Troubleshoot
U113, w2z

Traubleshoaot
w20, U2l

u24-9 = 205A

NO

Device Select Failure. U9

10561
2cou
2H338
EF73

NO

YES

Troubleshoot

Troubleshoot
U1z




Troubleshaot
uzo, uzt

- 1053
= 200U

- 2438

+ FF73

279A

YES

RAM Count Down Failure

CCCooCCC

il

Troubleshaoc,
18

NO

Troubleshoat
W13 Then U22, U23

Uz4-9 = 206A

NO

Troubleshoot
u24

NO

Troubleshaot
uls

YES

Troubleshoot
vy

nhleshoot
U7

v

NC

Troubleshoo!

30




+BY = 279A

YES

RAM Count Dawn Failure
EL

H4 7F
HoU8
AEQ9Y

Troubleshoot
uie

HOO4
98A1
BUAT
4100

O G = P2
nnonn

NG

NO

Troubieshoot
U173 Then U22, U223

'

uz23-3 = 0485

NG

Troubleshaot
Uz, U2

Troubleshoot

U13 Then U22, U23

yza-4 = 2521

NG

Troublsshoot
u23

Troubleshaot
u3Q

ppssible RAM Address
Bus Failure, Troubleshoot
wag, vzl

Figure 8-34(a). Signature Analysis Test 2.
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708A

YES

Bad RAM A Data
U23-13 = 2608

NO

U30-5 = 5C83

V1214 = 5263

NO

NO

Troubleshoot
ug

Troubleshoot
Uzs

1

Us3-13 = 4P23

NO

NO

Troubleshoot
(B3]

NO

Troubleshoot
U3

Troubleshoot
U13 Then UZ22




We-& = 708A

NO

Troublashoot
u12

NO

Troubleshoot
uz2s

Troublashoot
11

Troubleshoot
J7

Troubleshoot
uz23

Trouhleshoot
U115

Troubleshoot
ag

U23-10 = 8P4

Uz23-8 = F2CE

Troubieshoot
U113 Then U22

il

Troubleshoot
30

NG

Troubleshoot
U9 or Data Bus

Troubleshoot
U7

Troubleshoot
LUz23




= Go To Signature Analysis
F260 = 5768 . Fast 8

YES

YES

Bad RAM B Data Bad RAM C Data
U11-13 = AF27 uz?-9 = 3727

NO

. Troubieshoot
Ttoubleshoot , U25 or Device Select

Failure

Trout{jﬁ;‘shom Ua6.6 = 7983

YES

subleshoot
a6 U4s-5 = 330C

-1 6P4F
V210 = Troubleshaot
u7

Troubleshaot
U2z

u4e-4 = K136

U238 = F2C8B

Eno0t Troubleshant .
o L2 a3 - Read/Write
Control Problem

ulleshoot
U3g

huhleshoot
U137




Fy o

Skt 77

= 5769

YES

Bad RAM C Data

Go To Signatura Analysis
Test O

u7r.-8 = 3727

Troubleshpot

U4at-5 = 7983

U46G-5 = 33UC

YES

Troubleshaot

Us-10 =

Troubleshoot
uz3

u4g-4 = 136

Read/Write
Control Problem

Troubleshaot:

Uas

Troubleshoot

Figure 8-34(b). Signature Analysis Test 2.

8-C-27/8-C-28
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SIGNATURE 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 (A6U8), 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
methods is:

Method 1 tests a repetitive data stream for a fixed period of time and generates a
single stable signature.

Method 2 tests a logical 1 (+5 V) for several periods of time, which are deter-
mined by the 3325A processor in response to the errors it has sensed or the test

routing that has been programmed. Each situation produces a unique stable
signature.

Use the following procedure for Signature Analysis Test 4:
a. Setthe 3325A POWER switch to STBY.,
b. Disconnect the flat cable to the attenuator assemnbly to prevent damage to the relays.
¢. Connect the signature analyzer as follows:
SA CLK (at left of A6T9)
SAS/S(atrightof AGUILS)
3325A ground

(stiffener channel on deck between A6
and A2l, or any Ground test point)

d. Set the signature analyzer controls as follows:

Self Test

e. Make surc the CS@ through CS2 shorting connectors (near right front corner of A6) are
in the center position.

@ f. Connect A6TP3 and A6TP6to ground.
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2. Set all bus address switches (A651) 1o the OFF position. See switch drawing below.

These numbers ara printed on the PC Board itzelf. lgnore any
numbers printed on the switch,

Address Switches

LON — Listen Only
ROM - ROM Disable {(For Tast Only)

h. Set3325A POWER switch to ON.

i. Disconnect ground from A6TP3 then A6TP6.

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,

l. Follow the flow diagram from START. If no stable or valid signatures are obtained,
the processor (A6U9) or the ROM’s (A6UU1-4) may be defective. Use the ROM Signature
Analysis Test to check these components.

NOTE

After completion of the test, be sure to replace all cables, jumpers,
and switches to the normal position.

The signature taken in Step k should be FC6A as indicated at the START of the flow

diagram.
observed.

FC6A
CAUH
PCUS5
AUHé
CuUsC
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 Datalost.

- Invalid Sweep Limit Flag

- No Sweep Limit Flag,




232C - Processor receiving a VCO High signal.

8FAF - Processor receiving a VCO Low signal,

AFC6 - Missed Sweep Limit Interrupt.

C2HA  -Missed 1 ms Clock,

NOTE

Unless otherwise identified, all IC’s in this test gre on the A6
assembly.




RN &

( Start )

FCBA p—ep

YES

Test Passes +5Y = CAUH

Turn-On Circuit may be YES
tested by unsoldering
ABTFH and shorting
AERZ;\./ \é\{ith S.A. irobe Turn-0n Circuit Preblem UB5-1 FRBC
an + 5V, Signature should . s
be CAULL U33-11 = Q000
The 1ms Pulse from - NO NO
ABUSB-3 may be checkad
with an Oscilloscope,

Troubleshaot
ua

U8-16 = FFC3

Troubleshoot Tfoualfghbat

U33-13 = CAUH U33-9 = CAUH Troultjfg;hoot
NO

a0-3 = DOOO

Troubleshoot
uz

Troublashoot Troubleshoot NO

ail, uaa U0

Troubleshoot
ua




Troubleshoot
Was

NO

Troubleshoot
us

ibleshoat
AR

y

PCUS

YES

Errpnecus Bus Interrupt.

WE6.10 = PCUS

US6-9 w PCUS

NO

Troubleshoot
W70

Troubleshoot
uz2s

Troubleshaot
U333

Troubleshoot
U7

Troubleshoot
U3

Erroneous Atn Signal

NO

Traubleshoot
ue4

Troubleshoot
Us7. Go To S.A. Test 3

U72:.12 = PCUS

JB4-12 = 0000

YES

Troubleshoot

US7. Go To 5.A. Test 3

Troubleshoot
Usa




UES-7 = 0000

u40-2 = PCUS

NO

NO

Troubleshoot
u40

Troubleshoot
Uss, UBE

Flag

NQ

Troubleshoot Fractional N
Control IC AZT1U19

NO

Troubleshoot
U3g, uan

Troubleshaot
32

5

unleshoot
54

U72-13 = PCUS

62.5 = 0000

Ug2-6 = PCUS

NO

Erronecus Atn Signal. Go
To &.A. Test 3

NO

NG

Erraneous DAV Signal

NG

Troubleshaot
U7z

Erroneo




P

AUHC
YES

Erroneous Sweaep Limit
Flag Troubleshoot

U3g, U4l
U39-1 = AUHE

Troubteshoot
= U38-2 = AUHS U3e

NG NO

Troubleshoot.

i N
Troubleshoot Fractional 32

Contral IC A21LH19

Trowtbleshoot
U39, U4l

NO

Troubleshoot
u3z2

UE2-6 = PCUS Handshake Error

NO

Troubleshoot
uez

NO

Troubleshgot
u72

Figure 8-35(a). Signature Analysis Test 5.
8-C-31/8-C-32
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cuscC

YES

tlsa A Dual Trace
Osdilloscope To Observe
Signals At L35 Pins 1 and
12. Pin 12 Shouwid Be Low
When Pin 1 Goes Low.

U31.-6 = CUSC

NO

Troubleshoot
u3s Circuits With
Oseillascope

NO

Troublashoot
ui3g

Troubleshoot
U334

Troubleshaot
ua

. 3270

NO

Troubleshoot
ug

Troubleshoot
U3

Troubieshoot
w7




£ g - 25h
bk ;aj‘/

1

+ 5%V = 4525

YES

Connect one input of a
dual-trace oscilloscope 1o
AZT1UZE pin 1 and trigger
on this input. Use other
Input to observe ping 20
through 23 of AZ21U1 9. pin
20 should be at the tima
U2B-1 i low, and the othar
ping (21-23) should be low
at this time,

Fractional N IC Data Last,

U1B-12 = 15A21

NO

(‘igﬁck Cabie From A21 To

NO

NQ

U18:11 = 94U5

U25-11 = POCC

Troubieshoot
uig

[ AT |

NO

NC

Traubleshoot
ug

Troubleshoot
ua

U16-8 = F166

Ug:-16 = F165

Troubleshogt
ule

NO

Trouvbleshoot
ua




T

+ 5V = 5307

YES

Eractional N IC Data Lost.

Connect one input of a dugl trace oscilloscope
10 A211)28 pin 1. This is the LRAD signal. Trig-
ger on this input. Adjust sweep to observe two
LEAD pulzes. Use the other input to obsarve
signals levets concurrent with the LRAD pulses
at the points listed below:

L2811 = POCC

NO

Troubleshaot
AZ1U18, A21U28

NO

Troubleshoot

P
3
13
11
g

ArUz8

First
LRAD
Pulse

High
"Low

Law

Low

Second
LRAD
Puise

Low
Low
High
Low

Check Cable
From A21 To A6

Ug-16 « F165

Troubleshoot

NO

Troubleshoot
us

u1s

Troubleshoot
AZ1U18, ATU28

7112

YES

A1U28
Pin

First
LRAD
Pulse

High

Low

Low

Low

Fractional N IC Data Lost.

Connact one input of & dual trace osc
to A21U28 pin 1. This is the LRAD sig
ger on this input, Adjust sweep to obsg
LRAD pulses. Use the other input to
signal lavels concurrant with the LRA
at the points listed below:

Second
LRAD
Pulse
Low
Low
High
Low

Check Cable
From AZ21 To A

Figure 8-35(b




1

+ BV a 5307

YES

Fracuonal N 1C Data Lost.
Connact ona input of a dual trace oscilloscope
to AZ211J28 pin 1. This is the LRAD signal. Trig-
ger on this input. Adjust sweep to observe two
LRAD pulses. Use the other input to obsetve
signals lavals coneurrent with the LRAD pulses
at the points listed below:

First Second

LRAD LRAD

Pulse Pulse

High Low

“Low Low

Low High

Low Low

Trouhkleshaot
AZ1018, A11)28

Check Cabla
From A21 To AG

7112

YES

Fractional N IC Qata Lost. .
Connect ona input of a dual trace oscilloscope
to A21U28 pin 1. Thig is tha LRAD signal, Trig-
ger on this input. Adjust sweep to ghsarve three
LRAD pulses. Use the other input to obsearve
signal levels concurrent with the LRAD pulses
at the pointz listed below:
First Second Third
AlU28 LRAD LRAD LRAD
Pir Puise Pulse Pulsa
3 High Low Low
13 Low Low High
11 Low High Low
Troubleshoor 9 Low Low High
uls

Check Cabla Treublashoot
From A21 To AB A21U19, AZ1Uz28

Figure 8-35(b). Signature Analysis Test 5.
8-C-33/8-C-34




ﬁfhﬁ ¥ 3¢
it fg s

)—T —ip—ap- P
+BY = 1123 +5V = 232C +BV = A
YES YES ki
jnvaiid Sweep Limit Flag mgﬁﬂgﬁare“wmg vee ﬂﬁ?te?n?e
Trace Signal Through Trace VCO High Signal
Us32-3 =
AZ1U18, AZ21Q132, Thorugh AZ1U28 And 323
ABUS And Cable AZIU33 N
+8BY = 1232 + 5V = BFAF
YES YES
No Sweep Limit Flag Processor Recelving VCO
Trowbleshoot Low Signat Us2-1 s U
AZ1U19 Trace VCO Low Signal
Through A21U28 And
AZTU33
Troubles)

W17



ﬁ} g 35T

<L ;%J—

T C2HA Go To ROM S.A. Test 0;41

g.A. Test Q
~ 8BV = AFCO

YES

YES

Missed 1ms Clock Troubleshaot

E;Tf?ntsavr\:‘.a;? Check U35-12 For 1ms ‘ uzs
Pulse

.3 = 1
U32.3 = UGG -
NO

Troubleshoot
u3d

NOQ

Troubleshoot
u25

Ino

Troyblashoot
Troublashoat ¥
U35

U31 -5 = OHOA

Troubleshoot
uz2

lashoot
Troubleshoat T“:’”BS,L

Data Bus

Troubleshoot
ui?

Figure 8-35(c). Signature Analysis Test 3.
g-C-35
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Board Board Board
Deasignator Location Dasignator Location Designator Location Designator L.ocation

ua3
Ua4
uas
U486
us1
us2
us3
usa
U5
Us6

c1 G P52 A TiN
c2 G Cso
ca 03] Ccs1
C4 Q2 cs2
C5
Cé
c7

[oRrEnRn]

R1
R2
A3
R4
R&
R8s
R7
R8
RY

u1
uz
u3
U4
us
us
uz
ua
us

c20
jova]
c22
C23
Cc24
C25
Cc26
c27
c28
Cc29
Cc30
N
c32
C33
c34
C335
Cc38
caz7
cas
C39
(o 4]
c41

DOD0OO0GIIO0

us7
uss
UB9
Uee
u61
62
UB3
ué4
UEs
uee
ua7
uBe
pela1:]
u7o0
u7i
u72
u73
u74
u7s

uiQ
U1
U2
ui3
Uu14
uis
e
Uiz
uis
u1g
20
uz1
uz22
uz23
uz24
uz2s

MATWT T TN AIITTINAOOODD OOEIIIIII

V1
W1

Ccs2
CE3
Ccs4
o1

W DPPPPPFPPPPrORTORODROD

uze
U2z -
uzs
uz29
uae

OOPPO0&NOOCOCO0MPOO0O0O00OTTOTOOOG

$1

(e

Tast Points

uas
uza

CEOOOPPPFPEPEFND OFPMOIIOQDNODMMMMOTTOOIIII OGO

u37
U38
U39

DoCoOQoODODODOMmMMmMMMmMMmMmM

OOIm
IQPrFrrrQOOTMOG

N6 »PO00GC™
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Refer to paragraph 8-113if board replacement is necessary.
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SERVICE GROUP D - VOLTAGE CONTROLLED OSCILLATOR SHIELD.

The VCO circuit is covered by a shield consisting of a flat cover and an extrusion. Always set
the POWER switch to STBY before removing or replacing the shield. When replacing the

shield, make sure the key on the bottom edge of the shield is aligned with the hole in the
printed circuit board.

Voltage Controlled Oscillator Troubleshooting.

“0SC FAIL" Display Indication.

a. With an oscilloscope, check the reference pulse signal at A21U1 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.

LDg not allow disconnected cable connectors to contact the printed
circuit boards or components, or circuits may be damaged.

b. Check the +5V, +15V, and -15V power supply voltages at the following points:
+3V C33 (Service Group F)
+15V C10 (Service Group F)
=15V C26 (Service Group F)

Moreover, when the problem has been isolated to the functional block, the first step should be a check
of the power supply voltage into the functional block.




Service Model 3325A

¢. Make sure the VCO oscillates at the top and bottom of its frequency range. Disconnect the cable
from A21J18A (cable marked 18 $-H). This is the VCO control voltage. Measure the frequency of
the signal at A21U34 pin 14 and at A21Q161 collector. The frequency 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
+5V 42 6MHz
+ 10V 30MHz

If the VCO frequency is not correct, disconnect the external DC power supply and measure the DC
voltages noted on the VCO schematic diagram. Voltages should be within + 10%. (Voltages are meas-

ured with A21Y18A 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 1 and 7. The volt-

age at one of these pins may be at approximately + 13V, and the other at a negativé voltage. (If the
frequency synthesis circuits are operating correctly, both pins will be negative.

f. Connect an oscilloscope to A21TPS,

If pin 1 of A21U33 is positive, and the signal at TP9 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 TPY is mostly negative, the trouble is probably in
the + N.F Counter circuits, Service Group E, or the Phase Comparator, Scrvice Group F.

If pin 7 of A21U33 is positive, and the signal at TP9 is always positive, the trouble 15 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 TP9 is mostly negative, the trouble is probably in
the Integrator, Bias, or Sample/Hold circuits, Go to Service Group F.
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No Rear Panel AUX Qutput, or Incorrect AUX Fregquency
{Either One-Half or Two Times the Programmed Frequency).

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, go to Step g.

c. Set frequency to 21 MHz. Voltage level at A3U1S pin 9 should be TTL low
(= +0.4 V). Voltage at A3UI18 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 ¢.

¢. Set frequency to 30 MHz. Voltage at A3U18 pin 6 should be low, pin 9 should be low,

f. If all of the above levels are correct, the trouble is probably in A3U18, U19, C152, or
R158.

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.
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Board Board Board Board Board
Designator Location Designator Location Designator Location Designator Location Designator Location m
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Model 3325A Service

SERVICE GROUP E - +N.F COUNTER,

*N.F Counter Troubleshooting.

Do not allow disconnected cable connectors to contact the printed
circuit boards or components, or circuits may be damaged.

a. To check 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 at 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 control voltage is varied.

If the frequency does not approach 100kHz, troubleshoot the + N circuitry (step ¢). Note that the
frequency will approach 100kHz for every N number programmed into the 3325 and with the ap-
propriate DC level at the VCO input.

If the frequency at Ul pin 6 approaches 100kHz and the problem appears to be digitally related, check
that the API current sources are getting the correct signals and that the FETs are not leaking (see
Service Group F).

¢. Disconnect the external power supply. Leave cable W18 disconnected at A21J18A.,

d. Measurc and note the frequency of the VCO signal at jumper W3. This signal should be approxi-
mately 45MHz.

e. Connect test points A21TP6 and A21TPS to ground, This disables the + N Shift Register and
the Pulsc Remove circuits.

f, Measure the frequency at cach of the following points in order, and determine the relationship
to the VCO frequency at W3 (step d). Replace any defective components.

A21TPI should be VCO + 2. If not correct, check A21U32 and A21U27 for signal transitions at
the input and output pins.

AZ1TP2 should be VCO + 10, If not correct, check A21U13 and AZ11J18.
A21U21 pin 8 should be VCO « 100. If not, check AZI1U9.
A21TP3 should be VCO « 1000, if not correct, check A21U9, A21U11, A21U21, and A21U22,

AZ]1TP4 should be VCO + 1000. If not, check A21U12 and A21U22.

AITPS5 should be VCO + 10, If not, check A21024,

AZITP7 should be VCO + 1000. 1f not, check A21U29,




Service Model 3325A

A21Q131 collector should be VCO =+ 1000 (very narrow pulse at approximately 2Vp-p). If not, check
A21U26, A21U27, A21Q131, and A21C131. m

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 A21U15. If pulses
appear at the input pins and clock inputs and the level at the clear inputs (pin 1) is high, replace the
defective latch IC. If pulses are also present at the outputs, the gates in the + 5 Counter circuit (A21U12,
A21U17, A21U23) may be defective.
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SERVICE GROUP F - FRACTIONAL N ANALOG CIRCUITS.
“ Fractional N Analeg Troubleshooting.

If pin 1 of A21U33 is positive {(in Service Group D Troubleshooting) and the signal at TP9 i5 always
positive, or if pin 7 of A21U33 is positive and the signal at TP9 is mostly negative, the trouble is
probably in the Integrator, Bias, or Sample/Hold circuits,

The following waveformms may be observed at the points indicated. If the Bias/API waveforms are
correct, but the Integrator output is not correct, 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. If 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 Sample and Held output to the VCO

input.

A INTEGRATOR TP10

rrransane OV

B BIAS/ARPIQ19 50URCE

smmrkamunn - 2Y

C BIAS Q6,07 EMITTERS

b, If the waveform at TP10 is rounded or slightly distorted, make sure the Sample/Hold FETs

are not leaking.

¢, If the waveform at TP10 is bad, test the integrator and Sample/Hold circuitry. Heat sink and
remove A21CR4 and A21CR8 to open the phase locked loop at the integrator input. These diodes
dre a prime noise source especially when averheated. Install jumper W2. This jumper places a 1kQ2
resistor in parallel with C17, changing the integrator to a transconductance amplifier (Eout = -1000
x lin). While monitoring the integrator output at TP1( and the Sample/Hold output at TP1I, inject
m various currents from -12mA to +5mA into the integrator input. An easy way 1o accomplish this
: is to use a d¢ power supply with a 1k resistor in scries with its output. Every volt from the power
supply will inject ImA into the integrator. The voltage at TP10 and TP11 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 veltage at TP11 should be +5V. If not, replace U6,
If the voltage at TP11 is correct, momentarily short across A21C24, then apply the + 5V at the junc-
tion of A21Q27 (drain) and A21Q39 (source). The voltage at TP11 should be +5V. If not, check
for the presence of the Sample/Hold Control signal from the base of A21Q44 through to the gates
of Q27 and Q39. This signal should be a (0.3 to 0.6xs TTL pulse at 100kHz. The pulse width is derived
from the VCO frequency (VCQ/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 output 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 R41 and R39. The voltage should be -8V.

3. Check the outpauts of U4 and U5 for the presence of the bias and API signals. These signals
should be toggling while the 33254 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.

APl Troubleshooting.

Exercise care when troubleshooting the API/Bias circuitry. The signals are small currents that are
difficult to detect, Note that if the VCO [ocks but there are large spurious signals present at the out-
put, diodes AZICR3, CR4, CRE, and CRY should be checked.

f. Connect cable W18 back to the sample/hold ourput at J18A if not already done so.

The following steps determine if the digital programming portion or the analog portion of the A2l
board is at fault.

g. Enter a frequency on the 3325A front panel of 5 000 001Hz.

For this frequency, the fractional-N counter is trying to correct the phase detector error for the 1Hz
offset. Hence, the programming pattern for API | will repeat at a 1.0s rate, API 2 will repeat at
0.1 second rate, API 3 at 2 0.01s rate, API 4 at a 0.001s rate, and API 5 at a 0.0001s rate.

h. Using an oscilloscope, check for each programming pulse at the following outputs:

API 1 U5(9)
API 2 U4(15)
API 3 U4(12)
API 4 U4(10)
API 5 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 Troubleshoating.

j. Conneet a spectrum analyzer through a 1k series resistor to A2ITP11.
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« k. Select the sine function on the 3325A and set the frequency to 5 000 000Hz.

[, Set the spectrum analyzer as follows to measure the signal at TP11:

Start Frequency

Bandwidth. .. ... ... ... .. e e I0Hz
Frequency Span

Sweep Time/Div

Input Sensitivity

Sweep Mode

Vertical Scale

The analyzer should measurc a level of < -70dB. If the signal at TP11 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 outpur signals may be bad.

m. Sct the 3325A frequency to 5 001 000Hz,

n. The spectrum analyzer should read < -70dB aL TP11. If this signal is incorrect, troubleshoot
the API 1 sub-block and the U19 programming signals. If the signal is good, the problem is probably
not in the APl 1 sub-block. Proceed to step o.

0. Sct the 3325A frequency to 5 000 100Hz.

n. The spectrum analyzer should read = -70dB. This frequency tests the API 2 eireuir. If the signal
is incorrect, troubleshoot the API 2 sub-block and the U19 programming signals. If the signal is good,
proceed to step g.

q. Set the 3325A frequency to 5 000 010Hz,

r. The spectrum analyzer should read < -70dB. This frequency tests the API 3 circuit. If the signal
is incorrect, troubleshoot the API 3 sub-block and the U19 programiming signals. If the signal is good,
proceed to step s.

. Set the 3325A frequency to 5 000 O01Hz.

(. The spectrumn analyzer should read < -70dB at TP11. This frequency tests the API 4 circuit.
If the signal is incorreet, troubleshoot the API 4 gub-block and the U19 programming signals. 1f the
signul is good, proceed to step u.

u. Set the 3325A frequency to 5 000 000.1Hz,

v. The spectrum analyzer should read < -70dB. This frequency tests the API 5 circuitry. 1f the
level is incorrect, troubleshoot the API 5 sub-block and the UI9 programming signals.

Phase Modulation Troubleshooting

If the output does not respond properly to a phase modulation input, measure dc voltages within
the Phase Modulation circuit (A1Q37 and Q38) with:

Phase Modulation
Phase Modulation Input

Phase Modulation linearity problems can often be traced to A21CR18 and A21CRI19.
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HP3325 Set Up

Measurement Set Up

Important
Parameters

Waveform

Freq 1.1 MHz
Fanction Sine
Amplitude 10Vp-p

Oscilloscope

Chl Coupling dc

Chl Volts/Div 1V/div
Time Div. 3.00usec
Trigger Chl

Pulse Height
and Width

CH1 CPLG=DC
CH1= 1 VrDiw

MTe=CHL
Main= 3 us~sDivwv

Freq 19.9MHz
Function Sine
Amplitude 10Vp-p

Oscilloscope

Chl Coupling de

Chl Volts/Div 1V/div
Time Div. 3.00usec
Trigger Chl

Pulse Height
and Width

CH1 CPLCG=DOC
CHim 1 ¥rDiwv

MT=CH1
Main= 3 uss/Div

Freq 1.1 MHz
Funcion Sine
Amplitude 10Vp-p

Oscilloscope

Chl Coupling de
Chl Volts/div 3.0V
Time Div 3.0usec
Trigger Chl

Pulse Height
and Width

CH! CPLG=DC
CHl= 3 VvrDiwv

MT=CH i
Main= 3 wus- /D0iw

Freq 19.9MH:z
Function Sine
Amplitude 10Vp-p

Oscilloscope

Chl Coupling dc
Chl Volts/div 3.0V
Time Div 3.0usec
Trigger Cht

Pulse Height
and Width

CH1 CPLG=DC
CHl= 3 VsOiw

MT=CH 1
Maim= 3 us-Diwv

Figure 8-F-1. TP9 & TP10 Waveforms
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Model 3325A Service

SERVICE GROUP G - 30MHz REFERENCE AND DIVIDERS.

30MHz Reterence Troubleshooting.

"08C 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
A3U2pins5and 6 10 MHz

A3Ul pin3 1 MHz

A3UI pin 6 2MHz

A3J10 1 MHz

A3Ul pin 13 100 kHz

A3U5pin 8 100kHz

A3Q1 collector 100 kHz (narrow puise)

I the 30MHz Oscillator s failing it could be due to heavy loading by the multiplier (A3U11}, This
¢an be checked by lifting A3R73. Oscillator failures have also been linked to A3Q6, A3YT1, and A3CRSE.

Do not allow disconnected cable conneciors 1o contact the printed
circuit boards or components, or circuits may be damaged.

Amplitude Trouhleshooting.

bh. The most common cause of problems in the Sine Amplitude Control and Amplitude Modulation
cireuitry is the multiplier (A3U11). Problems with U1) are usually detected by incorrect voltages at
A3TP4. The voltage at TP4 should be pure dc and on a working instrument (or a malfunctioning
on¢ with Auto Calibration Disabled* - ACD) will be the following levels:

* Ree Figure 8-44 (Service Group K) for ACD test point location.

Programmed
Amplitude TP4

3Vp-p 2Vde
10Vp-p 6Vde

Using the modify key to increase the programmed voltage by one volt at 4 time should cause the volt-
age at TP4 to increase linearily as well. Pulling cable W23 at cither end should cause TP4 to reach
approximately 6-8V,
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¢. If the voltage at TP4 is correct but the output amplitude is still incorrect, check the ac voltages
on U14 pins 6 and 7. With 10Vp-p programmed, both voltage levels should be approximately 0.6Vp-p. Q
If not and with W23 disconnected at A3J23, measure the voltage at the following points:

A3TP4 6-8Vde

A3UL1(9)  4.8Vdc

Note also that U4 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 A3U11 and/or A3U14 have been replaced and incorrect voltages are measured at TP4,
the amplitude problem may be isolated via Service Groups C, J, or 1.

e. If the voltages at TP4 are correct and the output amplitude is incorrect, troubleshoot the problem
via Service Groups H or J.

PRESET CURRENT
U
COUNTER SOURCE ﬁ?ﬁfl " LzéﬁtlﬁF
AL4-1 A14-1

The Amplitude Cahbration Disable, ACD. 15 used 1o break the
toedback path during troubleshooting of amplitude problems
Connert AGD to Gnd and cyrle power off and on.

PROCESSOR I_ i
AE-C
A FUNCTION HIXER " 30MHz
CIRCUITS Pegin ] SWITCH
Al14-J A3-C

PEAK : HIGH YDOLTAGE
QUTPUT ATTENUATOR OPTION 007

DETECTOR | g
' AMPLIFIER A23-L ABM

Ald-x
Ezch box contains & code such as Al4-1. This ists first the board l 152 5A-6-2 0
nurmber followed by the schematic number. UU T L

ACD

Figure 8-G-1. Sine Amplitude Control Path.
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Figure 8-40. 30 MHz Reference and Dividers, A3.
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SERVICE GROUP H - MIXER.

Mixer Shields.

The Mixer circuits are covered by two shields, each consisting of a flat cover and an extru-
sion. Always set the POWER switch to STBY before removing or replacing the shields.
When replacing a shield, make sure the key on the bottom edge of the shield is aligned with

the hole in the printed circuit board. Also, make sure the hole in the cover nearest the front
of the instrument is over the mixer adjustment resistor.

Mixer Troubleshooting.

Failures on this portion of the A3 board are usually linked to A3CR101, A3U16, and sometimes A3ULS,
A3U16 often fails because of metalization.

a. Ground the Auto Calibration Disable (ACD) test point (Service Group K - Figure 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. If the voltage is still
incorrect, the fault lies prior to TP6.

b. To check for a A3CRI0! failure, turn the instrument off and measure the resistance from TP6
to ground. An chmmeter with = ImA of current (3455A for example) is needed. The resistance should
range from 1980 to 2029. If the resistance measures less than 1984, one of the diodes in CR101 Is
leaky. CR101 can also be responsible for poor harmonic distortion and spurs.

¢. When replacing CR101, a good technique is to use four round toothpicks to position each of
the four leads into place. This enables the new CR101 to be checked for satisfactory operation before
it is soldered in place. Since the orientation of CR101 often affects harmonics and spurs, rotating
it 90, 180, or 270 degrees can often improve these specifications. Use care when replacing CRI101.
Because of its small size, it is often damaged when being soldered.

d. The waveform on the secondary windings of T1 (side closest to CR10] on schematic) can be
abserved 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). It this is the case, A3UILS
is probably zood.
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f. The mixer output signal leaves the A3 board and enters the Al4 board as a current via cable
W24, A check of this current is made as follows:

. Connect the ACD test point (Service Group K) to ground and cycle instrument power.
. Move the Norm/Test jumper on A3 (Service Group H) to the test position.

. Program the front panel for a sine function at 10Vp-p.

. Remove cable W24 from connector J24 on A3 (Service Group H).

. Place an oscilloscope probe on J24°s center connector. The signal should be close to 2.00Vp-p
with 2.2Vdc.

. Program an instrument sweep from 1kHz to 20MHz while monitoring the signal at the center
connector of J24. Note that the voltages should remain the same. If they do not, check the
multiplier (U11) and the differential amplifier (U14) in Service Group G.

PRESET CURRENT
COUNTER SOURCE R MUL;éftIEF
AL4-1 AL4-T

The Ampliude Calibraticn Disable, ACD, 15 used to break the
feedback path during troubleshooting of amplitude problems
Connect ACD to Gnd and cyzle power off and an

PROCESSAR

Ab-C FUNCTION
CIRCUITS
AL4-J

— PK

PEAK : HIGH YOLTAGE
o OUTPUT ATTENUATOR APTION 062

DETECTOR !
hia-k | PMPLIFIER A23-L AN

Each box contains a code such as A14-1. This lists first the board l
number lollowed by the schematic number ouT

33E5A-8-20

Figure 8-H-1. Sine Amplitude Control Path.
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SERVICE GROUP - D/A CONVERTER AND SAMPLE HOLD.

D/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 Out'’ pulse train 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 instrument turn-cn and with the ACD test point grounded (schematic
K - Service Group K). MNote 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 DACINTEGRATOROUT

= DAC Auto Zero (No TP) 0.0Vde
Amplitude Calibration Level (TP +LVL) -10.2Vdc
Output Amplitude (TP AMPL) -4.0Vdc
DC Offset (TP 0O82) 0.0Vde

= DC Offset Correction (TP QS81) 0.0Vdc
X Drive (TP XDR) 0.0Vdc
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If the level at each Sample/Hold test point is not the same as its corresponding pulse at the DAC
test point, suspect problems with the analog switch, the op amp, or the Sample/Hold capacitor. The
following information can also help one determine if the Sample/Hold output is good.

The DAC Auto Zero pulse is approximately 0V and the voltage out of A14U17 will vary slightly around
-4.2V.

+LVL: This voltage is used during 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 is -4.0V
to + 10V,

Programmed Sine Amplitude ‘ TP AMPL

2.99Vp-p +7V

3.00Vp-p —4Y

10.00Vp-p + 10V
Sine function off - 10V

082: This voltage controls the D.C. offset of the output waveform.
With Sine function off:
Programmed D.C. Offset

+5Vde
—4Vdce

OS51: This is the DC offset error correction voltage and is calculated during a self-calibration. This
voltage should always be close to OV,

XDR: X Drive is zero when not sweeping. It’s -10V for a one second sweep and -0.1V for a 99 second
FWeeD.

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 nearcst 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
pulses 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 MSD, and S/H Strobe pulses should occur at a 1 kHz rate. The 2 MHz Reference (at
the 2 MHz test point) is divided by 2 in U14 to provide a clock signal to the DAC circuits.

PRESET CURRENT
COUNTER SOURCE DAC MULTIPLIE

I Al4-1 ALd—1 Ald-1 A3-G

The Amplitude Calibration Disable, ACD, is used to break the
feedback path during troubleshaating ¢f amplitude problems.
Connert ACD to Gnd and cycle power off and on.

PROCESSOR
AG-C
3

FUNCTION
CIRCUITS
Atq-J

MIXER
A3-H

—0 PK

PEAK i HIGH YDLTAGE
. QUTPUT ATTENUATOR
Di&ﬁﬁl?R | AMPLIFIER A23-L DPTION 002

AB-M

Each box contains a code such as A14-1. This lists first the beard l

number followed by the schematic number.

ouT

Figure 8-1-1. Sine Amplitude Control Path.
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SERVICE GROUP .J - FUNLCTION CIRCUITS.
Functian Circuits Troubleshooting.

The A14Q112 amplifier circuit supplies sine wave current to the output amplifier. Disconnect the cabie
(marked *‘23 ALC™) from AI4J23 to permit maximum signal amplitude at Al4 test point 5IN.

Do not allow disconnected cable connector to contact the printed
circuit boards or components, or circuits may be damaged.

The sine wave signal at test point SIN should be approximately 200 mV p-p at the selected
frequency.

If this signal is not correct, the trouble is ahead of the SIN test point. If the sine
function is the only one not operating correctly, check the diode CR101 and the
filter components in the 112 emitter circuit.

If there is a signal at the SIN test point, check the Sine Enable voltage at U28 pin
10. This should be at a TTL high level. If not, check input and clock signals to
1J28 and U27. The inputs to U28 can be traced to U29, Service Group 1.

Be sure to reconnect cable 23 to Al14J23.

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 U3l inverters. Also check for the correct
enable signals from UU28. The table next to U28 on the schematic relates the functions to the
enable signal levels, The trouble may also be in the Offset and Amplitude Control circuits.

Square Function Only.

If the square wave function only is not operating properly, observe the signal at the SQR test
point on Al4. This should be a TTL level square wave at the selected frequency.

If this signal is not present, check the Square Enable voltage level at U33 pin 4,
which should be TTL high. If correct, check the clock input at U33 pin 3, then the
U31 inverter circuits and 101, 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 U40 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.
8-1-1
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Triangle and Ramp Functions.

If the sine and square functions are correct, but the triangle and ramp functions are not
pperating properly, use the following procedure.

a. Connect oscilloscope to the TRI test point (on Ald). Set controls as follows:

Vertical. ..o e 0.2 V/div (+ 10 probe)
WD . . i 0.1 us/div
Trigger Int/ + slope

b. Setthe 3325A as follows:

Function
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 a TTL square wave, fre-
quency ! MHz (actually 1.000 001 MHz). If not, go to Step f.

¢. The signal at pin 10 of U36 should be a TTL square wave at 1 MHz. If not, go to the
2 MHz test point and trace the signal through to U336 pin 10. Ul4 divides the 2 MHz
reference by two. If Ul4 is not operating, check for a TTL high Triangle Enable at Ul4 pin
10.

f. If the proper signal is not present at U36 pin 9, trace the signal back through U332,
whichisa + 10 counter. Also check for 2 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 140 output at pin 13, Measure
voltages in the Q114-Q118 circuits.

Ramp Functions Only.

If only the ramp functions are not operating properly, the trouble is probably in the ramp
reset circuits.

a. Connect an oscilloscope to the TRI test point {on Al4}. Set the controls as follows:

Vertical .. ....ooi i s 0.2 V/div (= 10 probe)
7= o 2 0.1 ps/div
Trigger Int/ + slope
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M b. Setthe3325A as follows:

Funciion
Frequency
Amplitudc

¢. 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 §, 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.

g. At frequencies of 100 Hz and higher, ramps are reset by the + Ramp Reset pulses
generated by the Ramp Reset one-shots (U45, Service Group K) which are triggered by the
Level Comparator output, U42 pin 7. These are also negative-going pulses, approximately
10 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, U39, and
U40 failures. If the amplitude level from the DAC (see AMPL test point - Service Grouvp I} 1% 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 circuits.

If the square, triangle, and ramp functions are inoperative, or if the DC Offset (no ac func-
tion) is one-half the programmed level, the problem may be in Offset Control circuits U38B,
Q106, U4lB, 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 BAC
COUNTER SOURCE Ald-1
Ald-1 A14-1

' om0

MULTIPLIER

: Ald-J v A3-G
L——J

Tha Amplitude Calibration Disable, ACD, is used to break the
feedback path dwing treubleshooting of amplitude problems,
Connect ACD to Gnd and cycle power off and on.

PROCESSOGR
AG-C

FUNCTION
CIRCUITS MIXER
A4

—0 PK

|
DE?E??DR 5 OUTPUT ATTENUATOR HIGH VOLTAGE

OPTION 002
a1a-k 1 AMPLIFIER A23-L AB-M

Each box contains a code such as A14-1. This lists first the board J) -
number foilowed by the schematic number. 3323A-8-28

ACD ouT

Figure B-J-1. Sine Amplitude Control Path.
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+ 16V
-16V
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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 TkHz, and
with Auto Calibration Disable (ACD) grounded.

Programmed TP TP
Amplitude (Vp-p) AMP IN OV dc offset) AMP IN {2V dc offset)

Vp-p DC Level Vp-p DC Level
0.16 5.17 C.06 .
0.28 5.17 0.1 .
0.16 B.17 0.14

0.20 5.17 0.18

0.24 5.17 0.22

0.28 5.17 0.26

Q.32 5,17

0.38 5.17

0.44 5.17

0.48 5.17

1
2
3
a4
5
8
7
8
9
0

—_
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SERVICE GROUP K - OUTPUT AMPLIFIER AND LEVEL COMPARATOR.

Output Amplifier and Level Comparator Troubleshooting.

If the instrument accepts and displays entries, but there is neither a signal nor syne output, the trou-
ble may be in the Output Amplifier circuit. Note that when troubleshooting amplitude problems, the
Auto Calibration Disable (ACD) test point must be grounded and the power cycled (Figure §-44).
This procedure breaks the amplitude loop and makes it possible to troubleshoot the amplitude con-
trol path (see Figure 8-K-1).

a. Move the small shorting connector marked AMP IN (on A14) from the NORM to the opposite
position.

b. Disconnect any external equipment from the signal output.

c. Measure the dc voltage at the AMP OUT 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 applied to the 3325As signal port. It, therefore,
blows fairly often and should be replaced as necessary (0.25A, -hp- Part No. 2110-0343).

If the amplifier output voltage is not correct, troubleshoot the amplifier circuit 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 A14Q213 to the AMP QUT test point is
a voltage follower. Therefore, the waveform at the node and at the test point should be the same.
When troubleshooting the circuit from A14Q210 to A14Q209, it is helpful to check the forward and
backward resistance of each transistor.

Be sure to replace the shorting connector to the NORM position after troubleshooting.

If the 3325A does not meet accuracy specifications at 20MHz after repair of the output amplifier,
and the flatness cannot be adjusted properly with the FLT adjustment (Section V, Amplitude Flat-
ness Adjustment), it may be necessary to select a different value for A14C103 (Service Group 1). In-
creasing the value increases the output amplitude at higher frequencies, and vice versa. Note that the
20MHz flatness adjustment (FLT) affects square wave overshoot,
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No Sync Output, Signal Output Normal.

If the signal output is normal but there is no sync output, check for a square wave at both
ends of the fuse, F4. With no external equipment connected to the sync output, this should
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-half the voltage at the AMP OUT test
point).

Be sure to return the shorting connector to the NORM position after troubleshooting.

Level Comparator, Level Data, and Ramp Reset Troubleshooting.

The Level Comparator output level (at PK test point) changes each time the amplifier output
equals the ““Level”’ voltage at U42 pin 3. These changes should be easily observed when the

AMPTD CAL key is pressed.

The Level Comparator outputs preset the Level Data Flip-Flops, which are reset as necessary
by the controller.

The Ramp Reset one-shots are triggered by the Level Comparator outputs when the Ramp
Enable signal is high. The level of the Ramp Polarity signal at U45 pins 2 and 9 determines
whether the + Ramp or - Ramp reset one-shot is triggered.

PRESET CURRENT MULTIPLIER
CGUNTER SOURCE Al A3-G

A14-1 A14-1
B

The Amplitude Calibration Disable. ACD, is used to break the
teedback path during troubleshooting of amplitude problems.
Cannert ACD to Gnd and cycle power off and on.

PROCESSOR

AG-C FUNCTION
3 CIREUITS ] ﬂﬂ;ﬁf
AL4-J

0 PK

r—c_——dwj
HIGH VOLTAGE

PEAK |
LoouTPUT | ATTENUATGR
DETECTOR  awpL1FIER [T AZ3-L DPTigTMODZ

Ald-K

I-_Lf____l l

fach box contans a code such as A14.i. This lists first the board

gD
number fellowed by the schematic number. auT FILS5A-u-CY

ALCD

Figure 8-X-1. Sine Amplitude Control Path.
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] SERVICE GROUP L - ATTENUATOR.

Troubleshooting Attenuator Relays and Drivers.

Set output to:

Function DC Offset only (no AC function)
DC Offset

Press AMPTD CAL Key.

Measure the 3325A output voltage with a dc digital volumeter. Do not usc a 50-ohm load.
The output level should be +10.000 V =0.4%. If the output voltage is incorrect by a large
amount (a factor of 3, 10, or 100 for example) one of the attenuator relays may be latched in
the wrong position. With the DC Offset set to 5V, none of the attenuator pads should be in.

No Load Qutput voltage will be
If =100 pad (K1}isIN 0.100V
If +10pad (K2}isIN 1.000 v
If +3pad(K3)isIN 3.333v
If +100and + 10 pads are IN 0.010V
If +100and + 3 pads are IN 0.033V
If +10and = 3 pads are IN 0.333V
If K4isin the IN position
Instrument with High Voltage
Option 002 20,00V
Instrument without Option 002
(front panel output) oV
(rear panel output) 10.00V

Operation of the latching relays may be checked by momentarily grounding each gutput of
A4US50, and A4Q76 collector, as follows:

Pin No. Relay

10 Front output or H. V. OFF
16 Rearoutputor H.V, ON

15 ouT
14 IN

13 OouT
12 IN

11 ouT
Q76 Coll. IN




Service Model 3325A

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 Pads In

5.000t01.500V MNone

1.499100.500V K3
499.9t0 150.0mV K2
149.9t0 50.00 mV K2, K3
49,9910 15.00mV K1
14.99t0 5.000mV K1, K3
4.99910 1,500 mV K1, K2
1.499t0 1.000mV Kl1,K2,K3

S =1 O Lh b e T

Relay drive pulses at A14U49 outputs and Al4U50 and A14Q76 occur only in conjunction with a
range change. Changing the output level from 5V to 1ImV results in pulses to K1, K2, and K3 which
place them in the ““pad in’* position. Changing from !mV to 5V causes all three relays to change
to the “*pad out”’ position. Pulses may be observed at the proper points by observing an oscilloscope
set 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 U49 inputs continually.

A23 Attenunator 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 (¢ach 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 (¢.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.




F3 345
Procedure: =244 fij

a. After the relays have been removed from the board as instructed above, blow clean the relay
contacts and armature with low pressure dry gas (e.g., CO,, N,, or air). Do not blow with your
mouth.

b. Spray no-noise silicon lubricant (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.

c. Clean the printed circuit board where the relays sit with isopropyl alcohol (‘‘2-Propanof”” P/N
8500-0755). Apply the alcohol with a soft brush (P/N 8520-0007). Avoid circular brush strokes and
maintain a minimum amount of application pressure. Avoid using anything else (such as erasers) on
the board. Blow dry the board and store in a dust-free area until the relays are ready to be reattached.

d. When the relays have cure dried, reattach them to the board. Check to insure that the relays
are functioning properly by following the procedures described in the troubleshooting section.

A23 Alg
03325-56523 03325-66514
Rev B Rev C
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“
the,

SERVICE GROUP M - OPTIONS: HIGH VOLTAGE OUTPUT (OPT. 002) AND HIGH STABILITY REFER-
ENCE (OPT. 001).

High Voltage Output Amplifier Trouhleshooting.

Before servicing the A8 assembly, be sure that it is being uscd within its limits of operation:

Frequency Range: 0 - IMHz
Output Load: 5000 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 A8F1. This voltage should be approx-
imately + 15 V., :

If voltage is present at only one end of A8F1, replace the fuse (.25 A, -hp- Part
No. 2110-0343).

[f the fuse is good, return the shorting connector to the NORM position. Discon-
ncct the cable (marked 20 HI V1) from A8J20. Measure dc voltages with the cir-
cuit as shown on the schematic. Voltages should be within + 10%,

Check that jumper A6W1 is clipped or missing. The absence of this jumper indicates 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 power supply.

Be sure to reconnect the cable to U8J20 after troubleshooting.

REAR PANEL OUTPUT WITH OPTION 002.

Normally, instruments having the High Voltage Output Option 002 are shipped from the
factory with the signal output at the front panel. The signal output can be changed to the

rear panel by reconnecting Cables 1 and 4.

a. Disconnect Cable 1 (to the front panel signal output) from the attenuator assembly J1
OUT.

b. Disconnect Cable 4 (to 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 J1.

¢. Connect Cable 1tothe 4 DUMMY’’ connector.

d. The standard and high voltage outputs will now appear at the rear panel SIGNAL con-
nector,




Service Model 3325A

:
C13 C14

s

LracnuT
il

o
i = :

c3
CeElD
c7

J30

BTSN
mET T
TGN Ry e
==

-{gze~"

CHANGING OPTION 002 TO STANDARD (FRONT/REAR) OUTPUT.

Use the following procedure to change an instrument with High Voltage Output Option 002
to the standard instrument Front/Rear signal output configuration. The High Voltage out-
put will then not be available at ¢ither 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 Cable 20to the ‘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 A651,
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 output is available at the front or rear
panel (switchable}.
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m SERVICE GROUP N - SWEEP DRIVE CIRCUITS.

Troubleshooting The Sweep Drive Circuits.

To determine whether only one or both X Drive ranges are bad, monitor the X Drive output
with an oscilloscope.

a. Set sweep time to .999 sec. Press START CONT key. X Drive output should go from
0 Vto > +10V during sweep up, and remain at 0 V during sweep down.

b. Set sweep time to I sec. The oscilloscope display should be as described in Step a.

¢. Check the voltage at the XDR test point (on Al4). This voltage should change from
—10.0 V to —=0.1 V when the sweep time is changed from 1 sec to .999 sec,

d. If neither output is correct in Steps a and b, first troubleshoot the X Drive Integrator
circuit. The ramp reset pulse at the gate of A14Q1 should be as indicated on the schematic,
with the negative-going edge of the pulse occurring at the end of a sweep up (in continuous
sweep). Also check for the Ramp Reset pulse at A14U1 pin 12. If no pulse is present, go to
the Logic troubleshooting, Service Group C,

e. Setting the sweep time to .999 sec checks Range 1, while a time of 1 sec checks Range 2.
If only one range is inoperative, compare the voltage at U4 pin 4 (Range 1) or U3 pin 6
(Range 2) to the voltage at the XDR test point,

999 sec = 0.1V
lsec = —100V

If these voltages are correct, the Sweep Range Switches are working, and the trouble is pro-
bably in the X Drive Integrator,

f. If either of the voitages in Step e is not correct, check for the Range 1 level at U4 pin 2,
or the Range 2 level at U3 pin 2 and 3. One of these should be TTL high and the other low,
depending upon the range of the sweep time selected.

g. The Start output from the X Drive Start/Stop Flip-Flop should be high during a sweep
up and low during sweep down, The L Start level at U2 pin 2 and U1 pin 15 should go low at
the beginning of a sweep up and high just before the end of sweep up.

Z Blank Output.

With the 3325A in continuous sweep (linear mode) the Z Blank output should be at a TTL low level
during sweep up, high during sweep down. Check for this signal at both ends of A14F1. If the fuse
is bad, replace with -hp- P/N 2110-0343, 0.25A. The signal should be inverted at the base of Q3.
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Model 3325A

Marker Output.

The Marker output operates only during a linear sweep up, It is high at the start of a sweep
up, goes low at the selected marker frequency, then high again at the stop frequency, Check
for this signal at both ends of A14F2. If the fuse is bad, replace with -hp- Part MNo.
2110-0343, .25 A.

If the fuse is good, check for the presence of the Sweep Limit Flag at U2 pin 5,
and the Marker Reset pulse at U2 pin 1. Both should be negative-going pulses.
Sweep Limit Flag should occur at the selected marker frequency and at the end of
sweep up. The Marker Reset pulse should occur immediately after the end of
sweep up.
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SERVICE GROUP 0 - POWER SUPPLIES.

Power Supply Troubleshooting.

The Power Supply printed circuil board mounting screws must be
tightened securely or the regulators will not operate praperly. The
line fuse may be destroyed,

To determine if the trouble is in the regulators or if some other circuit is pulling down a
power supply voltage, disconnect the cable (W22) from A2P3. This breaks the connector to
the power switch; ground A2P5 pin 10 to enable the power supplies.

The three power supply voltages (£ 15V, +5V) are routed from A2P5 through the cable W22 to AGPS,
and from A6 are connected to the other assemblies through the flat cables at the side of A6 and the
gray or blue cable to the keyboard assemnbly. In addition to the flat cables, + 15V are routed to Al4
through either a 2-wire cable which has a connector at each end, or through individual wires connect-
ing to square pins at either end. When replacing either the 2-wire cable or the individual wires, make
sure the connection is correct. The red wire goes to + 15V and the black wire to -15V.

If the power supply voltages are not within = 1V of the correct value with the cable removed,
troubleshoot the regulator cireuits, using the dc voltages noted on the schematic. Note that all sup-
plies are referenced to -15V. Therefore, if this supply is bad, the +5V and + 15V supplies will be
off as well.

If the power supply voltages are correct with the cable disconnected, 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 A6 connected and the other assemblies discon-
nected, replace the cables one at a time to locate the problem, then troubleshoot the ap-
prapriate assembly.

The flat cables must be removed and reinserted carefully to pre-
vent damage. Make sure that the cable contacts are aligned proper-
ly with the connector contacts.
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NOTES

1. When replacing Q1, Q2, or O3, make sure the insulaior is in
place correctly. Use a heat transfer compound between the tran-
sistor, insulator, and heat sink. Be sure to use the proper length
screw for replacement.

2. If the heat sink is removed from the side frame, be sure 1o use
the proper length screws to replace it. If the screws are too long, or
if the washer is omitted, the screws may short the transistors to the
frame.
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