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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 KOT 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.

>

||[—
G,

|f|—

7 on L.

1

d

l WARNING '

NOTE:;

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 bath 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:

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

Frequency may be selected with up to eleven 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 gingle 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-].
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.5. 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 ourput amplitude capabilities of the Model
3325A.

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:

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

1-1



General Information Model 3325A

Table 1-1. Specifications.

AMPLITUDE
Amplitude Accuracy with no Attenuation {Attenuator

FUNCTIONS AND FREQUENCIES

Sine Wave:
Signal Cutput (Front or Rear Panel):
0.000 001 Hz to 20 999 299.999 Hz
Auxiliary Output (Rear Panel):
21 000 000.000 Hz to 60 999 999.993 Hz
Underrange to 19 000 000.001 Hz
Square Wave: 0.000 001 Hz to 10 999 299.999 Hz
Triangie: 0.000 001 Hz to 10 999.999 999 Hz

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

FREQUENCY RESOLUTION

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

FREQUENCY ACCURACY (Standard Instrument)
+£5 x 10 of selected value (20° to 30°C)
FREGUENCY STABILITY (Standard Instrument)
+5 x 10 per year (20° to 30°C)
SIGNAL CHARACTERISTICS
Sine Wave:

Harmonic Distortion relative to the amplitude of the
fundamental frequency at full output on each range

Fundamental No Harmonic
Frequency Greater Than
0.1 Hz to 50 kHz -65dB
50 kHz to 200 kHz -60dB
200 kHz to 2 MHz —-40 dB
2 MHz to 15 MHz -30dB
15 MMz to 20 MHz -256 dB

Spurious: All non-harmonically related output signals will
be more than 70dB below the carrier {-60dB with DC off-
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).

Square Wave:

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

Symmetry: < .02% of peried + 3 nanoseconds
Overshoot: = 5% of peak to peak amplitude at full output
Triangle:
Linearity, 10% to 20%, best fit straight line:
+ 0.05% of full p-p output for each range
Ramps (Positive or Negative Slope):

Linearity, 10% to 90%, best fit straight line: £ 0.06%
of full p-p output for each range

Retrace Time: = 3 microseconds, 90% to 10%

Ramp Period Variation: < + 1% of period, maximum

range 1) into 50 ohm Load. (No D.C. offset)

Function and
frequency range

Tolerance retative to
programmed amplitude

Sine Wave
001 Hz to 100 kHz

+ 0.1dB

Square Wave
.00%1 Hz 10 100 kHz

+ 1.0%

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

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

+ 1.5%
+ 10%

Flatness with no attenuation
{Attenuator Range 1) into

Tolerance relative to
programmed amplitude at

a 50 Ohm load 1 kHz
Sine Wave

100 kHz to 20 MHz + 0.3 d8
Square Wave

100 kHz to 10 MHz + 10%

Amplitude accuracy with
D.C. offset and no
attenuation {Range 1} into

Tolerance relative to
programmed amplitude.

a 50 ohrmn load.

Sine Wave

.001 Hz to 100 kHz + 0.3 dB
Square

.001 Hz to 100 kHz + 3%
Triangle

.001 Hz to 2 kHz + 4%
2 kHz to 10 kHz + 6%
Ramps

.001 Hz to 500 Hz + 4%
500 Hz to 10 kHz + 11%

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

Tolerance relative to
programmed amplitude.

.001 Hz to 20 kHz
Attenuator Range 1

No Error

.001 Hz to 100 kHz
Attenuator ranges
2 through 8

+ 0.1dB

100 kHz to 10 MHz
Attenuator ranges
2 through 8

+ 0.2dB

10 MHz to 20 MHz

Attenuator ranges
2 through 4

Attenuator ranges
5 through 8

+ 0.2dB

+ 0.5 dB
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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 QUTPUT

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 Mo Harmonic
Frequency Greater Than
10 Hz to 50 kHz - 65 dB
50 kHz to 200 kHz - 60 dB
200 kHz to 1 MMz -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 Amplitude
No. Factor {Peak-to-Peak)
1 1 10.00 V to 3.000 V
2 3 2999V 1tc 1.000V
3 10 999.9 mV to 300.0 mV

4 30 299.9 mVY to 100.0 mV
5 100 99.99 mV to 30.00 mV
6 300 29.99 mVY to 10.00 mV
7 1000 9.999 mV to 3.000 mV
8 3000 2.999 mV to 1.000 mV

DC Offset Only:

Range Attenuation Amplitude

No. Factor [Peak-to-Peak}

1 1 5.000 V 10 1.500 V
2 3 1.49% V to 500.0 mV
3 10 499.9 mV to 150.0 mV
4 30 149.9 mV to 50.00 mV
5 100 49.99 mV to 15.00 mV
6 300 14.99 mV to 5.000 mV
7 1000 4,999 mV to 1.500 mV
8 3000 1.499 mV to 1.000 mV




General Information

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

Model 3323A

AC Function with DC Offset:

Range Attenuation AC Function Maximum DC Min. BC
No. Factor Amplitude {p-p) {+ or —) {+ or =}
1 1 9.998 V10 1.000 V 1.000 mV to 4,500 V 1.000 mv
2 3 999.9 mV to 333.4 mV 1.166 Vto 1.499 V 0.100 mV
3 10 333.3mV to 100.0 mV 333.3 mV to 4560.0 mV 0.100 mVv
4 30 99.99 mV t0 33.34 mV 116.6 mV to 149.9 mV 0.010 mv
5 100 33.33 mV to 10.00 mV 33.33 mV to 45.00 mV 0.010 mv
6 300 9.999 mV 10 3.334 mV 11.66 mV to 14.99 mV 0.001 mv
7 1000 3.333 mV to 1.000 mV 3.333 mV to 4.500 mV 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 Sweep Time
Function 0.01 second { 992.99 seconds
Sine 0.1 mHz 999.9 mHz
Square 0.05 mHz 499,5 mHz
Triangle 0.005 mHz 49.95 mHz
Ramps 0.01 mHz 99.99 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 860°
Square 425¢°
Triangle 42.6°
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 Front Handle Assembly

Option 908 Rack Mount Flange Kit

Option 909 Rack Mount Flange Kit/Front
Handle Assembly

Option 910 Additional Operating and Service

Manual

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 Ground Isolator

03325-80001 Oven Board Assy. (Converts 3325A to
Option 001)

03325-80002 High Voitage Option (Converts 3325A
to Option 002)

5061-0077 Rack Mount Flange Kit (Option 908)

5061-0083 Rack Mount Flange/Front Handle Kit
(Option 909)

5061-0089 Front Handle Kit (Option 907)
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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,

1-6
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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
3R1 Service Reguest capability
RL1 Rernote/Local capability
PP No parallel poll capability
DC1 Device Clear capability
(a3 No device trigger capehility
co No controller capability
ET Open collacter bug 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

Input Data Deviga Output Data
Function Mnemaonic Transtfer Time Time Transfar Time
Function (Waveform) FU 450-500 pus 1600 ms 450-50Q us
1 Digit 225-280 us 2.8 ms 225-260 ps
Frequenay FR 450-500 us 7.0 ms 450-500 ps
= 11 Digitz + Decimal 225-250Q ps each | 2.8 ms each | 225-230 ps each
Delimiters HZ, KH, or MH 450-5Q0 us 12.5 ms 450-500 xs
Amphtude AM 450-500 us 6.8 ms 450-500 us
=4 Digits + Decimal 225-250 us aach 2.8 ms each 225-250 us each
Delimitars VO or MV 450-500 ps 90 ms 450-500 us
VR or MR 450-500 p2 130 ms 450-50Q ps
DB A450-500 us 250 ms 450-600 ps
DC Offset QF 480-500 ps 6.8 mg 450 .500 ps
=4 Digits + Decimal 225-250 us each 2.8 ms each 225-250 ps each
Delimiters VO or MV 460-500 us 82 ms 450-500 ps
Phase PH 450-500 us 5 ms 450-500 us
= 4 Digits + Decimal 225-250Q ps sach 2.B ms each 225-2580 ps each
Delimiter DE 450-500 ps 28 ms 450-500 us
Sweep Start Frequency 8T 4850.500 ps 7.0 ms 480500 us
=11 Digits + Decimal 225-280 ps each 2.8 ms each 225-280 us cach
Delimiters HZ, KH, or MH 450-500 pus 10.3 ms 450-500 pus
Swaep Stop Frequency SP 480-500 ps 7.0 mg 450..500 us
= 11 Digits + Dacimal 225-250 us sach 2.8 ms each 225-280 us each
Delimiters HZ, KH or MH 450-500 ps_ 10.3 ms 450-500 ps
Sweep Marker Frequency MF 450-500 us 7.0 ms 4650-500 us
= 11 Digits + Decimal 226-260 us each 2.8 ms sach 2265-250 us each
Delirniters HZ, KH or MH 450.. 500 us 10,3 ms 450-500 us
Swaep Time T 460-500 ps 5.5 ms 450-500 us
=4 Digits + Decimal 225.-280 us each 2.8 ms gach 225-250 us each
Delimiter SE 450-500 ps 7.0 ms 450--8500 ps
Store SR A4B0-500 us 11 ms
Recall RE 480500 ps 1700 ms
Assigh Zero Phase AP 460-500 ps 5.2 ms
Amptd Cal AC 450-500 ps 1600 ms
Start Single Sweep 55 450-500 ps 300 ms
Start Continuous Sweep 5C 450~-500 us 300 ms
Interrogate | 228-280 us 2 ms
{Add Paramater
Mngmonic Time)
Mask Service Request MS 450-500 ps 4.5 ms
High Voltage Qutput HV 450-500 ps 48 ms
Rear/Frant Qutput RF 450-500 us 44.5 ms
Saif Test TE 450-500 ps 10,000 ms
Sweap Mode 5M 450-500 ps 4.5 ms
Data Transfer Mode MD 450-500 ps 4.5 ms
Interrogate Function IFU 675-750 us 1603 ms
Interrogate Error IER 675-750 us 11.5 ms
Universal Cormmands ~ 225 us per byte
Amplitude Modulation M A 480~600 us 7.0 ms
FPhage Modulation MP 450-500 us 7.0 ms

1-7



General Information Model 3325A
Tabie 1-5. Recommended Test Equipment.
Required For w
Oper. Perl. | Adjust- Troubla-
Instrumsnt Critical Spocifications Ver. Tests | ments shnoting Recommeandad Modsl
Oscilloscope Vartical X X X X -hp- 1740A

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

Electronic Counter Frequency Measurement X X X -hp- B328A with Opt 01
Frequency Range: to 20 MHz and Q40 or 041
Resolution: B digits
Accuracy: £ 2 counts

Tirme Interval Average Ato B
Resolution: 0.1 ng

Digital Voltrmetar DC Function X X -hp- 3466A
Ranges: .1V, 1V, 10V,
100V

Accuracy: *.2%
Resalution: 4% digits

AC Function

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

0OC Funetion X X X -hp- 3455A
Ranges: .1V, 1V, 10V,
100 V

Accuracy: = .05%
Resalution: 6 digits

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

Crast Faotor: 4:1

50-ohm Load Acouracy: +.2% X X X X -hp- 11048C
Power Rating: 1 W
High Frequency Frequency Range: 1 kHz to X X X -hp- 141T/BS52B/B553B/
Spectrum Analyzer 100 MHz B566A/8B568A
Amplitude Accuracy: +.5 dB
Low Fraguency Freguency Range: X X X -hp- 368B0A/35856A
Spectrum Analyzer 20Hz-50kHz

Amplitude Acouracy: +.5 dB
Spurious Responses:
B0 dB balow refarance

Sime Wave Signal Source Frequency: 1 kHz X -hp- 204C
Ampiitude; 1 V rams inte 20 ki
Frequency Range: X -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

fundamentsgl
Double Balanced Mixer Impedange; 508} X -hp- 10534A
Frequency: 10 20 MHz or 10514A
1 MHz Low Pass Filter Cut-off Frequengy: 1 MHz X F8EZ 1MHz Low Pass
Stopband Atten: Filter, Impedance 500,
50 4B by 4 MHz C Shape Factor, Metal Can,

Stopband Freg: 4 MHz-BO MHz BNC’s Allen Avienics, Inc.

224 E, Second St. Minaola, w

NY 11501
15 kHz Noise Equtvalant Conszisting of: X
Filter Resistor: 10 kit +1% -hp- 0757-0340
Capacitor; 1600 pF £ 5% -hp- 0160-2223
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Table 1-5, Recommended Test Equipment (Cont'd).

General Information

Raguired For

Qper. Perf. | Adjust- Troubla-
Instrument Critical Specifications Var, Taste | ments shooting Racommendad Modal
AC Volimatar Ranges: 0.1 Vito 1V X -hp- 400 FL.
Frequency Range:20 Hz-1 MMz
Input Impedance: =1 Mil
Mater: Log scala
Acc (100 Hz to 10 kHz): £1%
Resistor 1 ki +5% X -hp- 0883-1025
Qscilloscope Probe Division Ratio: 10 to 1 X X =hp- 10041 A
Impedance: 1 M2, 12 pF
DC Power Supply Volts: 0-10 V X X -hp- G214A
Amps: 10 mA
Floating output
Frequency Standard Frequency: 5 MHz X -hp- 1058
(Required for Option Accuracy: T = 108
001 Qnly)
Caleulatar HP.IB Control Capability X X -hp- 8825A with
(Required for 28034A Imterface,
automatic tasting) General I/Q ROM,
Extended /0 ROM
System Voltmeter DC Voltage: 0 to £ 10V X -hp- 3437A
Sample/Hold Measurement
External Trigger: Low True TTL
Edge Trigger
Trigger Delay; selactahle, 10 g5
to 140 us
“ BNC Taa Male-female-female X X X -hp- 1260-0781
Adapter BNC-to-dual banana plug X X X -hp- 1250-2277
BNC-to-Triax Adapter Famale BNC-to-Male Triax X, -hp- 1250.0595
Signetura Analyzer Signature: 4-digit hexadecimal X -hp- G004A
Characters:Othru 9,A,C,F,H,P,L
Thrazhald
Lagic 1: +2.2V
Logic O: +0.5 V
Clock Frequency: = 1.5 MHz
Pulge Genarator Pulse Rate: 500 kHz X -hp- 3312A
Pulse Width: =1 ps3
DC Offset: 1V
Resigtor 56.20 1% 1/8W X X -hp- 0757-0395
Thermal Converter Input Impedance: 75 & X x -hp- 11050A
Input Voltage: Q.5 V rms
Fraquency: 2 kHz to 20 MHz
Frequency Respongze: +(0.05dB
2 kHz to 20 MHz
Resistive Divider Consisting of: X
Resistor: 36.5 0 1% % W -hp- 0757-0996
Resgistor: 13.7 21% % W -hp- 069B-4898
Resistive Divider Coensisting of: X
Resistor: 40.2 2 1% X W -hp- 0698-5022
Registor; 101 1% ¥ W -bp- D7657-0984
Rasistive Divider Consisting of: X
Rasistor: 302 1% %W W -hp- 0688-75633
Resistor: 208 1% % W -hp- QGA8-6296
Resistive Divider Consisting of; X
Resistor: 100 ki2 1% 1/8 W -hp- Q757-0466
Resistor: 162 k2 1% 1/8 W -hp- 0767-0470
m Tarmination 50 ohm Feedthrough 1% X -hp- 11048C
. Thermatl Convertar BNC Connecters X -hp- 11060A
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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 electrical performance are given
in Section IV, If there is mechanical damage or defect or
if the instrument does not pass the electrical performance
test, notify the nearest 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 lo 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 100V
120 120 vV
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:

10631A I meter
L0631B 2 meters
10631C 4 meters

2-1
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A
% Sl
B LINE
100V c 82 o»p VOLTAGE 51 52
OOV A D
L1 120v | B | D
220V A C
240V B C
A
% S|
B
| 20V c 82 D
(M
A
% Sl CAUT ION
B
WHEN CHANGING THE LINE VOLTAGE
220V c 82 o SELECTION, MAKE SURE THE CORRECT
FUSE IS INSTALLED FOR FOR THE
M VOLTAGE SELECTED.
L INE VDLTAGE' FUSE | —hp~PART NO.
100/ 120V I A 21 10=0001
% A 220/240V .BA 2110-0012
S1
B AFTER CHANGING LINE VOLTAGE SELECTION,
BE SURE TO INDICATE ON THE REAR
240V c $2 0 PANEL THE NEW VOLTAGE SELECTED.
111/
3325A-E9
SWITCHES VIEWED FROM
REAR OF [INSTRUMENT

Flgure 2-1. Line Voltage Selection,
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81201361

8120-1348 '}\h\ 8120--0688
510-8-419%

*UL LISTED FCA USE IN THE UNITED STATES OF AMERICA

Figure 2-2. Power Cables.

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

Section [l

CAUTION of Figure 2-3,

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

2-15. 3325A Listen/Talk Address.

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

) ©

PIN | LINE
1 D01

2 DIG2

3 DI03

4 DI04

13 DI

14 DI0G

15 DIO?

18 DI08

5 £0I

17 REN

B8 DAV

¥ NRFD

g NDAC

9 IFC

10 SRQO

11 ATN

12 | SHIELD—CHASSIS GROUND

18 | P/O TWISTED PAIR WITH PIN &

19 | P/O TWISTED PAIR WITH PIN 7

20 P/O TWISTED PAIR WITH PIN 8 T“Eggg"‘*s
21 P/O TWISTED PAIRWITHPINS > |\TERNALLY
22 | P/O TWISTED PAIR WITHPIN 10 { GROUNDED
23 | P/O TWISTED PAIR WITH PIN 11

24 ISOLATED DIGITAL GROUND

5TD- B - 4090

;CAUTION;

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 biack. DO NOT mate silver
and black fasteners to each other or the threads of either or
both will be destroyed. Metric threaded HP-18 cable hard-
ware illustrations and part numbers follow.

SHORT MOUNTING STUD
0580-0644

LONG MOUNTING STUD
0380~-0643

LOCKSCREW
1330-0360

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-1B 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 eriteria 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 environiment must be
within the following limits:

Temperature 0to +35°C
Relative Humidity 95% at 40°C
Altitude 4600 meters

(15,000 feet)
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 Iinstrument
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
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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. 5061-0089
(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 lmitations
apply to both storage and shipment:

Temperature -40°C to +75¢C
Relative Humidity 050 at 40°C
Alritude 15,300 meters

(50,000 feet)

m




Model 3325A Installation

Table 2.1, HP—IB Addresses.

ASCHl Characters Address Equivalent Codes
Switches (To 5-Bit Binary Switches)
Listen Talk (Binary Code)
Address | Address [ 5 4 3 2 1 | Octal | Decimal | Hexadecimal
&P @ 0000 0| 00 Q0 0o
| A 0 0 0 o1 o o1
" B o001 0| 02 02 02
# c a0 01 03 03 03
5 D Oa 1 00 04 04 04
Y% E 001 01 05 08 0B
& F o011 0| 08 06 06
’ G o0 1 11 07 07 a7
{ H 1000 10 Q8 08
) | a1 0 0 11 09 0%
. J 01010 12 10 0A
+ K o1 0 1 1 13 11 0B
L o1 100 14 12 oc
M o1 1 01 15 13 oD
. N 01 110 16 14 0OE
I 0 01 1 11 17 15 OF
Factory @ P 100 0 0 20 16 10
Selacted i | Q 100 01 21 17 11
Address 2 R 1001 0 22 18 12
3 5 1001 1 3 15 13
4 T 10100 24 20 14
m 5 U 1010 1] 25 29 15
b, & Y 161 1 05 28 22 16
7 W 1 01 11 27 23 17
8 X 11 000 30 24 18
9 Y Tt 1 001 31 25 19
; Z 11 010 32 26 1A
; [ 11 0 1 1 33 27 iB
= ) 111 00 34 28 1C
1 117 1 01 35 28 1D
I ~ 111 10 36 30 1E
0 1
Tl 8
o
—i1| 3 Addrass Switches
 ——
T
T | LON - Listan Only
LI | ROM - ROM Disable (For Tast Qnly)
NOTE: The Equivalent Codes shown correspond enly to the 5-bit binary switch
code. These bits are the zame for both listen and talk addresses, and the sixth
m and seventh bits detarmine whether the address is listen (01} or talk (10). Some
contrallers distinguish betwaan listan 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

2-6

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

terface Bus) programming. The HP-IB information in-

3-1. INTRODUCTION,

3-2. This section of the manual contains instructions
for manual operation and HP-IB (Hewlett-Fackard In-

Table 3-1. Operating Information,

Operation

cludes the basic concepts of the interface bus operation,
with which you may already be familiar. Use Table 3-1
to locate the information you need for your particular

situation.

98254 CALCULATOR

Paragraph Content Paragraph Content
3-2 FAMNEL FEATURES {Figure 1-1) 3100 3325A REMOTE PROGRAMMING
3-5 POWER/WARMUP 3101 3326A HP-IB Capabilities
3-8 INITIAL CONDITIONS Table 3-8, Intarfaca Functions
310 SELF TEST 3-103 Develaping an HP-18 Program
312 FRONT/REAR SIGNAL QUTRUT 3-107 Universal and Addressed Commands
314 SYNC QUTPUT 3-109 Plaging the 33254 in Remote
. 3186 EXTERNAL REFERENCE INPUT 3-111 The 3325A Address
'3-18 10 MHz OVEN OFTION 001 Table 3-8, Summary of 3325A Programming,
3.20 MANUAL PROGRAMMING ASCI Characters
3-22 Clear Digplay Tehle 3-10, Programming Codes
324 Entry Errors 3113 3325A Data Message Formats
3-28 Function Selection 3-118 Data Transfer Mods
3-28 Frequency Entry 3-118 Frograrnming Data Transfer Modse
3-30 Frequency Limits 3.120 Programiming Entry Parameters
3.32 Frequency Display and Resgiution Frequency
3-34 Auxiliary Qutput {Sine Function Only) Amplitude
3-36 Amplitude Entry Offset
Table 3.2, Ampiitude Limits of AC Funcrions Phase
3.329 Amplitude Calibration Sweep Start Frequency
3-41 High Voltage Qutput Option 002 Sweaap Stop Fraguenoy
Table 2-3, High Voltage Output Amplitudes Sweep Marker Frequency
3-43 0C Offset Sweap Time
Table 3-4 and Figure 3-2, Maximum DC 122 Programming Waveform Function
Cffsar -124 Prograrntming Binary (ON or OFF) Function
3-46 Phase Entry High Voltage Qutput {Option Q02)
3.48 Frequangy Sweep Amplitude Medulation
3-55 Sweep Marker Phase Madulation
3-58 Sweep X Drive Output 3-126€ Programming Selection Funstions
3-80 Sweep Z Blank Qutput Rear Quiput/Front Quiput
3-682 Amplitude Modulation Linear Sweep/Logarithmic Sweep
3-66 Phaze Modulation Data Trangsfer Mode
3-68 Maodify Keys 3-128 Pragrarmming Execution Functions
370 Store and Recall Assign Zerp Phase Refarence
3-72 OPERATOR'S CHECKS Ferfarm Amplitude Calibration
3-74 Self Test Start Single Sweep
3.76 Output Checks Start Continuous Sweep
3-78 QPERATOR'S MAINTENANCE Perform Salf Tast
3-81 HF-IB OPERATION 3130 Pragramming Amplitude Units Conversion
3-83 General HP-IB Description 3-132 Programming Storege Ragistars
Figure 3-3, Interfage Connections and Bus 3-134 Service Requests
Structure 3-136 Serjal Foll
Table 3-5, General Interface Management 3-138 Btatus Byte
Lines 3140 Busy Fiag
3-88 Definition of HP-IB Terms and Concepts 3-142 Sweep Flag
3-89 Basic Device Communication Capability 3-144 Masking or Enabling Sarvice Raquests
3-91 Message Deafinitions Tabie 3-11, S3RQ Mask/Enable Data
Table 3-8, Definition of Meta Massages 3-148 Interrogating Program Errars
3-23 2325A Response 1o Messages 3-148 Interrogating Entry Parameters
Table 3-7, Implementation of Messages 3-150 Interrogating Function (Waveformi
3.95 HP-1B Work Shest 3-152 Interrogating Miscellaneous Paramaters
3-27 HP-]B Addrassing 2.164 Using the Interrogate Capability
3-156 3328A Programming Procedure
Appendices
A-3 META MESSAGES BLOCK DIAGRAMMED
B-3 PROGRAMMING THE MODEL 33258A with the
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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 to 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

P\t mon
75y

@ 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 Q001 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.

S-Ra

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 3325A 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 nat ter-
minated by an external 50-0hm load (a high im-
pedance load, for example) undesirable distortion
may result, particularly at higher frequencies.
Simifar conditions may result if the High Voltage
OCutput (Option 002} is terminated by less than
500 ohms.

@ BLOWER, B1.

@

® ®

®@e ® 6 @

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 signatl 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

reference frequency to within + 1 x 1077 of final value.
3-8. INITIAL CONDITIONS.

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

Function ............... ... at. Sine
Frequency................... 1000 Hz
Amplitude. .. ......_. vers o I mVp-p
Phase............. ..ot 0 deg
DCOffset..............co it ov
Front Signal Cutput
Sweep.. ... ... ... .. Linear
Start Frequeney. ... ... 1 MHz
Stop Frequency............ 10 MHz
Marker Frequency........... 5 MHz
Time. . .o 1 sec
NOTES

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

2. If A-CAL FAIL appears in the display
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.

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 sine 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.

NOTE

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

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 outpur signal, with the
sYnc transition oceurring at the signal zero crossing, or
when the signal crosses the dc offset volitage. 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:

Low Level = = 0.2V
High level = = 1.2V
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 at 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.

12501499, 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 —
ot an T LR
[e] [ [ [e]
20MH2 | iz 10k14z 10kM7 Dkl
DCDEFSET

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

ASCII
Numetic Errer
1 Entry parameter out of bounds (for example, Freg = 61
MHz)
2 Invalid delimiter
3 Frequency too large for function (for example, Function' w
Triangle, Freq = 11 kHz)
Sweep time too small or top large
3 Offset incompatible with amplitude, or amplitude incom-
patible with offset
6 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)
7 Unrecognizable mnemonic received
8 Unrecognizable data character received
9 Option does not exist (High Voltage or Rear/Front)

AT )
(o) 5] [Ce]) =)
) (2] () ()

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 setect key on the front
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Table 3-2. Amplitude Limits of AC Functions.

Peak-to-Peak rms dBm (B0 ()
Fungtion Max, Min, Max. Min. Max. Min,
Sine 10V 1 mV X836V 0.354 mv +23.28 -56,02
Squarg 10V T myv 5,000V 0.5 mv +26.99 -63.01
Triangle 10V 1 mV 2.888 YV 0.289 mv +22.22 -57.78
+ Ramp 10V 1Tmy 2888 Vv 0.289 mV +22.22 -£7.78

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

3-36. Amplitude Entry,

ENTRY DatA oo

Sine wave 20 999 999,999 Hyz ARl ENF
Sguare wave 10 999 999,999 Hx
Triangle 10 999.999 999 Hz

10 999.99% 999 Hx
10 999,999 999 Hz

Positive slope ramp
Negalive slope ramp

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 owtput 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 belween 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,

wr ) n 0 1} ﬂ 1] ﬂ mﬂ [@]

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

SELF TEST

O EXT REF

2 MDA T 0N

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 (0
qualified service personnel for repair.

3-3
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3-41. High Veltage Output Option 002,

SYNC QUT

©-.
L

\ |

I |

—S1eAL—— AUX

40Vp-p, 40mA T1-S0MHI
— o]
mr:; 01 MHz REAR
L

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-
guencies. 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 Dffset.

3-6
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Tahle 3-3. High Voltage Output Amplitudes (Option 002).

Peak-to-Peak rms
Function Max. Min. Max. Min.
Sine 40 vV 4 my 14.14 V t.42 mV
Square 40 vV 4 mv 200 V 2.0 mv
Triangle 40 V 4 mv 11.55V 1.16 mV
+ Ramp 40 V 4 my 11.66V 1.16 mV

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 increused 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,

i
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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.

DATA

d

A ER] Y]
2 ) (5] [Ce)
U
Lo%[uj ]

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

Operation

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

3-48. After entering a phase shift, the new phase may
be assigned the zero phase position, and subsequent
changes in phase referenced to that point. To assign
zero phase, press the blue entry prefix key, then press
ASGN ZERO 8 (PHASE) key.

3-49. Frequency Sweep.

— ZSWEEP LIMNEAR/LOG ::ﬂ A
Cos v s
Falals
R AT e

| SIMGLE  MRK-eCF e — 0

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.......... 5000 000.0 Hz
Time. ... 1.0 sec

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

AC Amplitude

Entry Maximum DC Minimum DC Attenuation
{peak-to-peak) Offset [+ or =) Offset Entry Range Factor
1.000 mV with 4.500 mV

to 0.001 mVv 7 A = 1000
3.333 mv with 3.333 mVv
3.334 mV with 14.99 mV

to 0.001 mVv 6 A = 300
9,999 mv with 11.66 mV
10.00 mv with 45.00 mv

to 0.010 mv 5 A = 100
33.33 mVv with 33.33 mv
33.34 mv with 149.9 mV

to 0.010 mv 4 A = 30
29.92 mV with 116.6 mV
100.0 mV with 450.0 mV

to 0.100 mv 3 A =10
333.3mv with 333.3 mV
333.4 mv with 1.499 V

to 0.100 mv 2 A=3
998.9 mv with 1.166 V
1.000V with 4.500 V

to 1.000 mV 1 A=
3.988 vV with 0.001 V

3.7
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DC OFFSET DC OFFSET

DC OFFSET

.
l‘\‘\‘\"‘-..
““‘““"‘\.
-““1“‘“‘."“-
Tl
AC VOLTAGE 1.000 | | "
TO 9.998V. MIN IMJM
OFFSET= I Omy .
\M"“x
s
Tia
0 | 2 3 4 5 = 7 a 8 10
PEAK-TO-PEAK AC VOLTAGE
AC VOLTAGE | MINIMUM QFFSET
333, 4mv TO 999.9mV 0. Imy
33,34mv TO 99.99mV 0.01my
3.334my TO 9.998mY 0.00 lmy
0 | 2 3 4 5 3 7 8 8 10
PEAK-TO-PEAK AC VOLTAGE
]
]
AC VOLTAGE MINIMUM OFFSET
100.0mv TO 333.3mv 0. Imy
10.00my TO 33.33mV 0.0lmy
1.000mv TO 3.333mV 0.00 Imy
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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.

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.

RESET/ M
SETA T Fi

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-

Operation

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.............. ... .o 0 2,000 s
Continuous. .. .........ovvvennn. 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 start frequency

stop frequency )

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

Sine............ (10 mHz/s) x (sweep time})
Square........., (5 mHz/s) x (sweep time)
Triangle....... (0.5 mHz/s) x (sweep time)
Ramps.......... (I 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 rcar pancl 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 ‘M
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 {0 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.

Operation

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-
iional. 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 instrument 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 ......... . ... ... ... Sine
FREQUENCY............. ... ..., 2 kHz
AMPLITUDE. ............... ... 10V pp

b. Set the oscilloscope controls as follows:

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

c. Adjust oscilloscope controls for a stable display,
which should show a sine wave approximately two divi-
sions peak-to-peak and one cycle per division.

3-11
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d. Sclect square wave, triangle, positive slope ramp,
and negative slope ramp and verily that exch function
indicates  the same frequency and  peak-to-peak
amplitude,

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

FUNCTIOMN ., .. ... L. Square
FREQUENCY . ..., ... 2 kHz
AMPLITUDE. ........ooeeee . 0V p-p
. Set the oscilloscope controls as follows:
Vertical . ... 2 V/div
Hortzomal, .. 0o 0.5 ms/div
Trigeer . oo Aulo

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 « MO 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.

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

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

5 ¥V ooffset 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 . ..o i Sine
FREQUENCY. ................... 100 Hz
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 . ..., Sine
FREQUENCY ... . .. 2 kHz
AMPLITUDE. .....oooeeenn ... 40V p-p

Vertical ..o 10 V/div
Horizomtal, oo 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.

2110-0001

2110-0012

100/120 v 1 A
2207240 V 0.5A

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

Operation

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

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

3-87. The remaining five general interface management
lines form the third set and are used in such ways as ac-
tivating all the connected devices at once, 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 1o 1alk and
listen

Dats Bus
18 signal Tines}

{e.g., digital vortmeter]

DEVICE C

QOnly sble 1o listen

{9.g.. signal generator)

DEVICE D

Data Byte Transter
Control

Eyp— {(HANDSHAKE} Lines

:{ General Interface

L] Munwgwrent Management (CONTROL) Lines

Only sbie to talk

{e.g., tape reader)

{6 signai lines)

SR

T o0, .8

DAY
NRFD
NDAC

1FC
ATN

e sRO:

REN
EOI

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

Name Mnemonic I Description

Attention ATN Enables a device to interpret
data on the bus as a controller
command {command maode) or
data transfer (Data Mode).

Interface IFC Initializes the HP-1B system to an

Clear idle state (no activity on the
bus.)

Service 5SRO Alerts the controller to a need

Request for communigation.

Romote BEN Places instrumems under re-

Enable mote program cantrol.

End Qr EQI Indicates last data transmission

dentify during a data transfer sequence;
wsed 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 HP-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.
Mussage Definition Message Definition
Dawa The actual information (hinary Stetus Byte A byte that repregents the status

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

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

Clear A clear message will cause a
devigels) to return 0 8 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 subscqguently ad-
dressed 1o listen will go into
rernote gperation.

Local 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 t local.
It will also clear the remote 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 clearad by the de-
vice's status byte message if it
no longer requires service.

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,

Abort 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
Iomay be necessary iy orefer 10 Some -
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.

Interface Functions** Q

Message Implementation™ Sender Receiver 3325A Response

Data SR T, SH L", AH Will send or receive as
instrutted

Trigger NA

Clear R ID-LIST C, SH DC", L, AH Device Clear sets 3325HA

ALL C, SH DC, AR to initial turn-on condi-
tions. See Para. 3-8.
Remote R Remote Enable RL", L, AH Goes to Remote. Can be
ID-LIST,C,,SH RL, AH set to Local by LOCAL
key,

Local R C,, SH RL", AH Goes to Local.

Local Lockout R C, SH RL, AH Goes to Remote. Cannot
be set to Locat by LOCAL
key.

Clear Lockout and R C, SH RL Goes to Local from Local

Set Local Cy Lockout.

Require Service S C Sets SRQ True.

Status Byte S SR" L", AH Sends byte which indi-
cates if service reguired
and reason.

Status Bit NA

Pass Control NA

Abort R C, Unaddress

*S = Send Only * *SH = Source Handshake

R = Receive Only AH = Acceptor Handshake

SR = Send and Receive T = Talker (includes TE = Extended Talker)

NA = Not Applicable 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, Cgl
C,=The System Controller
X" =Indicates replication n times

Status Byte Table 3-8. Interface Functions.

*Status Bit
*Pass Control

Abort Code Function
*Not implemented by the 3325A SH1 Source handshake capability
p y AH1 Acceptor handshake capability
T6 Basic talker; Serial Poll; Unaddressed to talk if
NOTE addressed to listen
L3 Basic listener; Listen Only; Unaddressed to
The meta message in itself is not a program listen if addressed to talk
code or an HP-IB command. It is only in- SR1 § Service Request capability
ded RL1 Remote/Local capability
tended as a tool o rfansfate a prograr’n PPO | No parallel poll capability
written as arn algorithm into the controfler’s DC1 Device clear capability
code. DTO § No device trigger capability
co No controller capability
El Open collector bus drivers

3-16
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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 1/0O 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 are sent 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:

ASCII 5-Bil {5-Bit Octal Equivalcnt)

Character Octal Decimal Hexadeeimal
Listen 1 2l i7 11
Talk Q 2t i7 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 praogramming
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 I is the ASCIE character [ and EOS 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
317
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Table 3-8. Summary of 3326A Programming {ASCil Characters).”"

Mnamonics
Parameter or ASCIH ASCI _
Opearation Code Data Code Delimiters Approximate Prograrnming Time™*
Data Transfer Mode NA
Data Mode 1 =MD 1 MD=4.56 ms
Daia Made 2 =MD 2
Function =FUJ 0=0DC Only NA FU=1500 ms
1 =5%ins
2 =5quare
3=Triangle
4 =Paositive Ramp
5 =Negativea Ramp
Frgquancy =FR = 11 Digits HZ =Hertz FR=7.0ms
and Decimal KH = Kilohertz Each digit or decimal = 2.8 ms
MH = Magahertz HZ, KH, or MH=12.% ms
Amplitude =AM = & Digits VO =Volts (p-p) AM=6.8 ms
and Decimal. Also MY = Millivelts {p-p) Each digit, decimal or degimal=2.8 ms
— sign if negative | VR=Volts rms VO ar MV =20 ms
dBrm. + sign is val- | MR= Millivalts rms VR or MR=130 ms
id but not required. | DB=dBm DE=250 ms
DC Offset =0F = 4 Digits and VO =Voits OF=6.8 ms
Decimal. Also — MV = Millivolts Each digit, decimal, or — sign=2.8 ms
sign if negative dc VO or MV=82 ms
offset. + sign is
valid but not
required.
Phase =PH = 4 Digite DE = Degrecs PH=8§ mxs: DE=28 ms
— minus sign Each digit and — sign=2.8 ms
Sweep Start Frequency = 5T = 11 Digits HZ = Hertz ST, P, or ME=7.0 ms
Sweep Stop Frequancy =58P and Decimal KH = Kilohertz Each digit or decimal=2.8 ms
Sweep Marker Frequency =MF MH = Megahartz HZ, KH, or MH=10Q.3 ms
Sweep Time =TI = 4 Digits SE=Seconds TI=5.6 ms; SE=7.0 ms
and Decimal Each digit and deg¢imal=2.8 ms
Sweap Mada =8M NA EM=4.6 ms
Linear 1
Logarithmic 2
Rear or Front Panel Quiput =RF NA RF=44.5 ms
Front Panal 1
Rear Panal 2
Store Program =35R 1 Digit, 0-9 NA SR=11 ms;
Recall Program = RE RE=1700 ms
Execution Functions NA NA
Asgzign Zara Phase =AP AP=5.2 ms
Perform Auto-Cal =AC AC= 1500 ms
Start Single Sweep =55 E5=300 ms
Start Continuous Sweep =5C §C =300 ms
Perform Self-Test =TE NA NA TE=10,000 ms
interrogate Program Error w {ER NA NA IER=11.5 ms
Interrogate Entry Parameters NA NA
Fraquaney =|FR IFR=10 m=s
Amplitude =AM 1AM =9 8 mxs
Offset =|0F IOF=9.8 ms
Fhase =IPH IPH =8 mzs
Swaaep Start Frequency =I8T I5T=10 ms
Sweep Stop Frequency =I5P 1P =10 ms
Swaap Marker Fraguency =IMF IMF=10 ms
Sweep Time =17l ITI= 8.5 ms
Interrogate Function =|Fl NA NA IFU=1603 ms
Mask Service Requests =MS See Para, NA ME=4.5 ms
3-144
Binary {QN/QFF} Functions NA HY =48 ms
High Veltage Output =HvV OFF=0 MA=7.0ms
Amplitude Modulation =MA ON=1 MP=7.0 ms
Phaze Modulation =MP
3.18 *Program times are it addition to the data transfer time of 225 ta 250 us per byte.

**SZee Note 2 follpwing Paragraph 3-112,
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Table 3-10. Programming Codes,

o

ASCII Binary Qgtal Decimal Maexadegimal
Instruction Characters Code Code Code Code
Entry
Frequency F 100110 108 70 a6
R 1010010 122 82 52
Amplitude A 1000001 109 65 41
M 1001101 115 77 4D
Offset O 1001111 117 79 4F
F 1000110 106 70 A8
Phase P 1010000 120 BO 50
H 1001000 10 732 48
Sweep
Start Frequency ] 1010011 123 83 53
T T310100 124 84 54
Stop Frequengy = 1010011 123 83 53
P 1019°00 | 12° 8o 5e
Markar Frequency M 1001101 115 77 40
F 1000110 106 70 46
Time T 1010100 124 84 54
i 1001001 111 73 49
Start Continuous g 1010011 123 B3 53
c 1000011 103 67 43
Start Single (must be sent twice) 5 10100171 123 83 53
5 1010011 123 B3 53
Sweep Mode =1 1010011 123 83 53
M 1001101 115 77 4D
Numerical Data
4] 0 Q110000 080 48 30
1 1 0110001 Q61 49 31
“ 2 2 0110010 062 50 32
w 3 3 Q110011 063 51 33
4 4 0110100 064 52 34
5 2] 0110101 065 53 35
B 5] 0110110 al:1 54 386
7 7 D1T10111 067 55 37
a B 0111000 070 5& 38
8 9 L111001 071 57 39
(decimal} 0101110 056 46 2E
- {minusg) - 0101101 065 45 2D

Data Suffix (Delimiter)

Hertz H 1001000 110 72 48
Z 1011010 132 90 HA

Kilohertz K 1001011 113 75 4B
H 1001000 110 72 43

Megahartz M 10071101 116 77 4D
H 1001000 110 72 44,

Valts (p-p ar de) v TQ10110 126 86 56
Q 1001111 117 79 4F

Millivolts {p-p or de) M 1001101 118 77 4D
v 1010110 126 86 715

Volts rms v 1010110 126 86 56
R 1010010 122 g2 52

Millivalts rms M 10011017 116 77 4D
R 1010010 122 82 52

dBm s} 1000100 104 68 44
B 1000010 102 6é 42

Dagrees D 1000100 104 68 44
E 1000101 1056 69 45

Seconds 5 1010011 123 B3 53
E 1000101 106 65 45

“ Stote ] 1010011 123 83 53
" R 1010010 122 82 52
Recall R ToT0010 122 82 52
E 1000101 1086 69 45
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Table 3-10. Programming Codes (Cont'd).

Model 33254

ASCI Binary Qcral Decimal Hexadacsimat
Instruction Characters Code Code Cods Code
High Valtage Qutput H 1001000 110 72 48
\ 1010110 126 g6 656
Modulation-Amplitude M 1001101 1158 77 4D
A 1000001 101 B5 a1
Medulation-Phase M 1001101 116 77 aD
P 1010000 120 80 [30]
Rear ar Front Output R 1010010 122 82 52
F 1000110 1086 70 46
Data Transfer Mode M 10017101 116 77 4D
D 1000100 104 G8 44
Assign Zero Phase Reference A 1000001 101 1] 41
P 1010000 120 80 50
Perform Auto Cal, A TQO0Q001 T4 6h 47
C 1000011 103 67 43
Ferform Self Test T 1010100 124 g4 B4
E 10001701 105 69 45
Mask SRO M 1001101 115 77 4D
5 1010011 123 83 53
Interrogate (Parameter) | 1001001 111 73 49
Interrogate Errar | 1001001 111 73 49
E 1000101 105 [=32] 45
R 1910010 122 32 52
EOS {End of String)
Line Feed LF Q001010 12 10 A
Asterisk * 01010140 52 42 Zh

All spaces (40 octal), carriage returns (15 octal), com-
mas (34 octal), and all lower case alphabetics are ig-
nored by the 3325A.

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

NOTE

A program string may program one para-
meter or all parameters. For example, the
string “FU2FRIOKHAM3VO' programs the
Joliowing:

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

FU2 = Square wave function
FRIOKH = 10 kHz
AMIVE = 3 V pp

The EOS character should follow the com-
plete string, or a maximum of 48 characters
(see Paragraphs 3-115 through 3-1158).

3.115. Data Transfer Mede.

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

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

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

l.“\J\..Lu!hL.LI. Ll LI ARl endll

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

1 11 4 lldoas

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:

Hertz

Kilohertz

MH = Megahertz

Volts (peak-to-peak or d¢)
Millivolts {peak-to-peak or dc)
VR = Volts rms

HZ

<
]
n

MR = Millivolts rms
DB = dBm

DE = Degrees

SE = Seconds

NOTE

When operating in Data Mode !, 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
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Valid data:

Function off (de only)
Sine

Square

Triangle

Positive Slope Ramp
MNegative Slope Ramp

Lh e L B T

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 Output (If the 3325A receives
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 signal 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 is madle between ftwo muiually ex-
clusive operations.
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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 Sclf Test

The programming syntax for execution functions is:
Mnemonic, EOS

Yalid mnemonics:
AP = Assign Zero Phase Reference

AC = Perform Amplitude Calibration
5% = Start Single Sweep
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sC
TE

Start Continugus Sweep
Perform Self Test

I

NOTES

1. The 3Start 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 {f 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:

Munermonic, 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 i 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
DIO1-8 (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 Qsc Unlocked

Sweep Flag. 1==5Sweep 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
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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)

2 Invalid delimiter

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

4 Sweep time too small or too large

5 Offset incompatible with amplitude, or
amplitude incompatible with offset

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

7 Unrecognizable mnemonic received

g Unrecognizable data character received

9 Option does not exist (High Voltage or
Rear/Front)
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Table 3-11. SR Mask/Enable Data.

®

System Sweep Sweep Program
ABCH Bits Fail Start Stop Error
Character 3 thru O Bit 3 Bit 2 Bit 1 Bit O
@ *0000 Mask, Mask Mask Mask
A 0001 Mask Mask Mask Enahle
B Qa0 Mask Mask Enable Magh
C 0011 Mazsk Mask, Enable Enable
[} Q100 Mask Enable Mask Mask
E 0101 Mask Enable Mask Enable
F Q110 Mask Enable Enable Mask
G 0111 Mask Enable Enable Enable
H 1000 Enable Mask Masgk Mask
| 1001 Enable Mask Mask Enable
J 010 Enable Mask Enable Masgk
K 1011 Enable Mask Enable Enable
L 1100 Enable Erable Mask Maghk
M 1101 Enable Enable Mask Enable
N 1110 Enable Enabla Enable Mask
Q 1111 Enable Enable Enable Enable
*Initial turn-on gonditions
The programming syntax for interrogating error is: PH = Phase

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 8. 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 oceurs.

3-148. Interrogating Entry Parameters.

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

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
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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

2 = Square

3 = Triangle

4 = Positive Slope Ramp

5 = Megative Slope Ramp

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

3-26
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*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.

Example 1:

Address Controllar To
Talk, 3325A To Listen

Address controller to talk,
3325A to listen

Scnd Program Data

Send Program Data

Example 2:
Address controller to talk,

Address Controller To
Talk, 3325A To Listen

3325A to listen
Send Program Data

m Check for Require Service

message

If yes, determine reason
from 33235A Status Byie

Take corrective action if
NECCs5Ary

Send Program Data

Require
Service
7

YES

Operation

Determine
SRQ {Status Byte)

Reagon for

NO

Cantinue

15
Corrective
Action
Na%dad

YES

Corrective Action
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“ 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 - ATHN UNLISTEN CONTROLLER TALK DATA MODE
MESSAGE | wwes (TRUE) i DEVICE LISTEN
077g
OR ATN oIQ 1-8
\FALSE) PEVICE DEFENDENT
DATA
REVIGE TALK
]  CONTROLLER LISTEN
OR
DEVICE TALK
] 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.

e GOMMAND MODE =—
TRIGGER DO 18 BIO 1.8
— ATH UNLISTEN GROUP EXECUTE
MESSAGE (TRUE} p LISTEN ADDRESS 1 TRiGGER
{GROUF EXECUTE) o775 0105

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

ELEAR
MESEAGE — ATN DG 1-8
— {TRUE} DEVICE SLEAR
{ALL DEVICES! 02dg

A-l
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COMMAND MODE ‘

CLEAR oIg1-8 oo 1-3
MESSAGE = ek UNLISTEN UISTENER aDDRESS  [—] SELECTED DEVIGE
(SELECTED DEVICE| TRUE ?
077y o0dg

b ADDAESSING ]

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

REMATE Do 1-8
MESSAGE I ATN UNLISTEN
REN —_— LISTEN ADDRESS
(FOA SELECTED — {TRUE) ?
DEVICE} 0775
\ I ADDRESSING e
AY
REMQTE MESEAGE - REN
(ENABLE ONLY) -_— [TRUE)

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 —_ DID 1-8
MESSAGE ATN UNLISTEN 013 1-8
{TRUE) B LISTEN ADDRESS GO TO LOCAL
0775 GTL-00%g
L appRESsING —]

A-2
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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 — AT 010 1-8
LOCKOUT (TRUE) 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 — REN
LOCKDUT/LOGAL — FALSE
MESSAGE

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 b SRO
messace | —— f T

*REFER TQ THE STATUS BYTE MES—
SAGE FQR THE SPECIFICATIONS
REQUIRED TO FORCE SRO FALSE.

A3
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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
0Io 1-8 DI 1-8
STATUS BYTE | = ATN UNLISTEN SERIAL POLL
- TALK ADBRESS
MESSAGE | ~w {TRUE) ? LISTEN ADDRESS ENABLE [ §
077 0305
DATA MODE
€D p-¢ %;Qc
EaLSE STATUS BYTE (FALSE]
.

*THE $R0 LINE WILL NOT GO FALSE
LUNLESS THE DEVICE NGO LONGER
REQUIRES SERVICE.

COMMAND MODE
DIO 1-8
ATN SERIAL POLL
(TRUE] 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 level and bit (on the bus data lines) for a poll response.
During polling, each device responds on its assigned data line with the appropriate logic
level. In Unconfiguring, the controller negates the bit and level assignments for all or
selected devices, Several devices may be assigned to the same bit and level, causing their
response bits to be logically ORed or ANDed. ‘
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CONTROLLER TO DEVICE
X PARALLEL
D10 1-8 e D PAEQI'_“I'_-E'- PaLL
TATUS : :
ME?E 'AGLE BIT ATH UNLISTEN LISTEN CONFIGURE P‘E.Q“‘,i;*
RS —_ (TRUE! ! ADHRESS FPE (058) g
[EONFIGURE! 077y THRU T57g
ATN
(FALSE]
DEVICE TO GONTROLLER
STATUS PARALLEL POLL RESPONSE
8IT - ATN EOI PR oR
MESSAGE} {TRUE} ITRUE! STATUS BIT
POLLING
f FROM DEVICES
EQ1
{FALSE)
CONTROLLER TO DEVIGE
— PARALLEL PARALLEL
STATUS i— ATN u[:.l'angN c-o FOLL FOLL
“ MESSAGE BIT [FRUE} 7 LISTEN CONFIGURE DASABLE
' {UNGCONFIGURE) | = 0774 ADDRESS PR (04, PPD (160,
OR PPE ASSIGNS THE LOGIC LEVEL AND DATA LINE OF
A DEVICE(S) RESPONSE, 140g THRU 147g AZSIGN
THE LOW (TRUE} LEVEL AND 150y THRY 1807g
ASSIGNS THE HIGH (FALSE) LEVEL, 140y AND 150g
ASSIGNS BIT 2° (DATA LINE 1), 1215 AND 167
WHICH ASSIGN BIT 27 AND % THE LASY POSSIBLE
PARALLEL ABSIGNMENT.
—_— ATN POLL
R (TRUE) UNCONFIGURE
PPL {025g)

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 MORE
I 1-8 ®
PASS 01 1-8
i ATN UNLISTEN TALK ADDRESEING OF ATN
NESTAGE —_ {TRUE} ? | RECEIVING CONTROLLER TAKE;‘%’;’TROL {FALSE)
0774

*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.

IFE

ABORT — TRUE
MESFSAGE — (LUNARDRESSES
ALL DEVICES)

AB
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“ APPENDIX B
SECTION 11l

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
Amplitude be capitals
Offset
——— e —— ——— ———
Browrt FL7 s "FULIFRSEMAMIVONED, BV0"

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”,

B-1
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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

P e, e e, et et il — i e e
Bleowet FLV CFUIAMAVRESTIHHER IOKHMFSEHT T 25E 585"
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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.

S AN IR
di daw "FROC :
HITH PROCE calculator variable **5"’.

5 5 If bit & of the status byte = 1, the 3325A did request

service. Go to subroutine to determing the reason.

it &y 5

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

_ % 4. Read status byte from the 3325A and place in the
P ®

"oy

[N S
ad B
TaoLE Ee,
Clewmlid Delind

tey
() i 6 E=3iprt

Fraea ton lorse

For Furetion”
Wioif Emdippt

“Swewn Time

Trovalio”
1dés iFf E=Figpet

T st Flengt o

Frv o

hible
e a4 & l R R ; G)

Chuggn P
- Errop”
TEw 1
e

e pom 1
oy i¥ EmfSimrt
"Urrsooapimab s

oo Dhar”
Tdr if E=ed

St Lo

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’’,

&. Determine the nature of the program error.

CagE L E

TRt

Theabkle

B-3




Model 3325A

Appendix B
bgt o l } ] 9. Determine other reason for service request and if ‘
HiEE R “Sweeping’’ or ‘‘Busy’’ flags were true.
Ltlas 10. Return from subroutine.
Sue g

11. Printer records the results of the serial poll.

-y

T4 Ilf Gvate qb

12. If the program string were corrected to make all

Py, data valid, this printout would result from the above
"BuEep prograrm.
[
"Buzy " |

Feauest Tgruwioe
Progeam Breor
Sweep FPorameter
Errnor

Feagesl Seryvice
Started (D)

SR iy

iy e
N aT

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

Line @ Write statement interrogates Function; read
statement addresses 3325A to talk, calculator to

@y owry LV CIFLY listen, and places data in variable W; ““fxd 6”’ fixes six
sred FLTsWs f i decimal p]aceg_
i
Lt wrt "Funciion Line 1 Because only numerical data can be placed in O
="y U the variables, print statements may include in quotes

the parameter interrogated.
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TR S noy g Lines 2 - 7 Other parameters are interrogated.
m s FIT Amplitude data acquired by this program does not in-
Shoprt CFreausng dicate the units programmed. Frequency is always

returned in Hz and DC Offset in Volts.

IR
R RER:

!. f! i.: "

First o
1.
B Ay

TORAG,

|| -
i

Fppp ] it e 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).

Ao

R 1. Dimension a string variable for each parameter
FELEOAT . HE

you want to interrogate., The dimension number (in
v r T IL brackets) is the number of spaces assigned to the
u L o | 1.

ST variable.
[ I

S Erl i T, UIERY 2. This printout results when string variables are

T1FaF§3 used.

1T TR

e VLV e FES
[0 SR = I
oyt FLVLTIOFT

e FLY e ES
gt D

FREBEGIOEE, DA
MMEGEEREn22, 3180
MW E SR, BT REaN 0
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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,

Bt ALV UEULF
RAIEHOFEYOHEYET
13 For I=3 to
0 by W liwrt
L B T
20 omewt 1
A for =18 Lo
Aoy b
P T D
dioment g
R R

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

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

Line 2 The calculator returns to Line 1 until [ = 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.

B-6




Model 3325A Appendix B

MODEL 3325A
Q. SYNTHESIZER/FUNCTION GENERATOR
HP-1B PROGRAMMING CODE
{ASCIl Characters)

FUnction
T DC only a High Voltage Output
Sine 1 On 1
Square 2 Ooff 8
Triangle 3
Positive Ramp 4 Amplitude Modulation — MA
Negative Ramp 5 On 1
Off @
FRequency
T H=z HZ Phase Moduiation — MP
kHz KH On ]
MH:z MH Off 2
AMplitude Data
T Volts pp VO g @
mVp-p MV ) 1
Vrms VR 2 2
mVrms MR 3 3
dBm DB 4 4
5 5
DC QFfset 6 6
Volts VO 7 7
mV MV 8 8
9 9
PHase - -
m T Deprees DE (Decimal)
Sweep STart Frequency Interrogate Qperalions
- Function IFU
Sweep StoP Frequency Frequency IFR
- = Amplitude TAM
Sweep Marker Frequency Offset 101
— - Phase IPH
Sweep Time Swp Start Freg IST
Seconds SE Swp Stop Freg 15p
Swp Mkr Freg IMF
Sweep Mode Sweep Time ITi
" Linear ) Sweep Mode 15M
Logarithmic 2 Rear/Front Qui IRF
High Volt Out IHV
StoRe Program Error 1ER
g -9 Program Mode IMD
Amptd Mode IMA
REcall Program Phase Mode IMP
0-9 Error Codes (See Paragraph 3-146)
KRear or Eront Panel Output 1. Entry parameter out of bounds
Front l 2. lovalid detimiter
Rear 2 3. Frequeney too large Tor function
Execution Functions 4. Sweep time too small or too large
Assign Zero Phase 5. Offset and amplitude incompatible
FPerform Amptd Cal 6. Sweep frequency or bandwidih error
"Start Single* 7. Unrecognizable mnemonic
Start Continuous &, Unrecognizable data character
M Perform Sell TEst 4. Option does not exist

*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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g3 LIN3IW3I NI

1ON=N

A 13034 ANV ON3S=YS

ATING 3A13334=Y

ATINC ONIS=S*

1809y

JOYLNOD 55vd

118 SNIVLS

rig sSnivis

J01A¥3S F41N03Y

9307 L3S dNY
1NOXA30TT &v¥3 1o

AN0OX30TT W0

4103

a0

q4Y3710

439914l

VivQa

¥NQO | LVINIWI 1

32143

FOVSSIW

VN 230

ATWL |SS34aaY

NILS |

NOI1LW3 141 LN3IdI
321A30

L3FHSHIOM NOILVINIAWITHANI 81-dH
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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 instrument 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 Self 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 QOutput 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 ar¢ 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 sguare
WAVE
PASS or FAJL 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)..... Off

Function .........ovevvnvnnnnnnnnn. Sine
Frequency. ..........o.viiinnn. 20 MHz
Amplitude. ... ... oL 10V p-p

4.1
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Table 4-1. Test Equipment Required for Operational Verification,

Instrumant Critical Specifications Recommended Model

Vertical: -hp- 1740A
Bandwidth: de te 100 MHz
Deflection: 1 V to 5 V/div
Horizontal:

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

Oscilloscope

Electronic Counter -hp- 53284

with Opt. 040 ar 041

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

DC Digital Voltmeter Ranges: 0.1 V to 100 V ~hp- 3455A
Resolution: B digits
Accuracy: £0.1%

50-0hm load Accuracy; £0.2% -hp- 11048C

Pawer Rating: 1 W

High Frequengy Fraguency Range: 1 MHz to 80 MHz -bp- 1417/8552B/8553B/

Spactrurn Analyzer

Amplitude Accuracy: +0.5 dB
Noisa: =70 dB balow reference

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 56,200 1/8W 1.0% -hp- 0767-0395
Adapter BNC fermnale-to-dual banana plug -hp- 1260-2277
Calculator HP-1B Control Capability -hp- 9825A with
98034A Interface,
General /0 ROM,
Extended I/0 ROM
Resistor 4708 2W 5% -hp- 0698-3634

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-ochm 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) ..... Off
Function ,....... ... ... ... ..... Square
Frequency .......covvivivnnnnnes- 1 MHz
Amplitude ...............0vat 10V p-p

c. Set the oscilloscope vertical contrel 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
1G% 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) ..... Off
Function ... ... ... ... Triangle
Frequency.......ovvvrnvvooaiinnn 10 kHz
Amplitude ..................... 10V p-p

¢. 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,
harizontal 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 Valtage Qutput (Option 002) ... .. Off
Function ........... ..o Sine
Frequency . ... oo ooiiiiiiniiannnns 2kHz
Amplitude ........ ... ... ... 10V p-p
Sweep StartFreq .......... ... ..., #Hz
SweepStopFreq................. 20MH:z
SweepMarkerFreq ............... 5MHz
Sweep TIME ... ...t iiin i n s 01 sec

¢. 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:

| BT o) -8 AvsB

Channel A Sensitivity ....... ... iiivnnns 1V/div
{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



Performance Tests

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 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 ......_ ... ... ............ Sine
Frequency ... iiinnne 20 MH=z
Ampltude ................... 0.9V P-P
DCOffset ... ov

¢. 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

Model 3325A

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 QFFSET 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
+1,499V +1.49300 to 1.50499 V
+499.9 mV +0.49790 to 0.50190 V
+149.9 mV +£0.14930 to 0.15050 V
+49.99 mV +0.04979 to 0.05019 V
+14.99 mV +0.01493 to 0.01505 V
+4.999 mV £ 0.004979 to 0005019 V
+1.499 mV £0.001479 to 0.001519 V

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)

Fundarmental No Harmonic
Frequency Greater Than
(0.1 Hz to 50 kHz - 65 dB
50 kHz to 200 kHz - 60 dB
200 kHz 1o 2 MHz — 40 dB
2 MHz to 15 MHz —30 dB
15 MHz to 20 MHz - 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) . .. .. Off
Function ........... .. .. ciiiivany Sine
Frequency ......o.ovvvinnnnnnn-s 20 MHz
Amplitude.. . .................. 999mVp-p

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 -30dB
2MH:z —-40dB
200 kHz -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 spectrummn 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.

I | e N
- ' '

=
il

LOW FREQUENCY
SPECTRUM ANALYZER

— o

o A

/

4700

s 2W
AAN

56,28
T/BW

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/

Bi66A/BI6BA)
a. Set the 3325 as follows:
High Voltage Qutput (Cption 002) ..... Off
Function ... ........ccccieeiiivnnnnn Sine

Model 3325A
Frequency......ovovvivnvenss 20.000MHz
Amplitude ............. ... ... -2.994Bm
DCOffset ..ot i iiir e ov

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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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

Tast 7 — Test Remote Circuits

Performance Tests

PROGRAM FLOWCHART

Enter 33254 Bus Address

Perfarm Self Test

Freq = 1000 Hz? ERRCR
Program:
Freq = 1234.56789 Hz
AMPTD = 50 mV
Is NO
Frequency ERROR
Correct
Is NO
Amplitude ERROR
Correct
Program Sweep:
1 kHz to 10 kHz
10 sec, Enable Mask
SRQ
ERROR
ERROR
Listen
Light On ERROR
M
RE ERROR

Light On

Print Results

{ End )
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Clear the 3325A to Turn-on State

Set HP-IB Remote Enable (Select Code 7)

Perform Self Test
interrogate Frequency

Read 3325A Frequency

FiFES AN "

=—SetFreqto 1234.567890 Hz, Amptd to 50mV

Compare Frequency to 1000 Hz

Store Settings in Register 3

Clear the 3326A

Wrh B . TFR"

Recall Settings in Register 3

Interrogate Frequency

e Fl G

Read Frequency

i GHland, Befdio v

Compare to Fregquency Stored

s 1AM
Fia H

Interrogate Amplitude
Read Amplitude

Compare to Amplitude Stored

PAE LSS e

4-§




Model 3325A Performance Tests

TR SR AR Sy T Ly i Llin Sweep 1= 10kHz, Enable SRQ Mask
' Clear Interface, Interface to Local
LIGHT GRS L=k s i d eee—eeeee——Died 3325 A Initiate SRQY

Read Status into Variable 5

Set Remote Enable

Read from the 332BA

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

LY Write to the 3325A, Interface to Local
LIETEM LIGHT Op% s b=M0" s pis ——Did 3325A respond to Listen Command?

Remote Interface, Write 1o 3325A,
- Clear Interface
"y ¥ ————Did the 3325A Respond to Remote?

e Print Results of Tests
FETL

aoegnr O~ Ty LT
ae 2x Br == =& =%

5

7 U RRD

St wipe "y Ty if Cuiyaro B Seif Contained Program may be
moe Linked or Used as a Subroutine
g
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Variables used in this Test Program:

A Address of 3325A (defaults to 717)

F  Frequency read from 3325A in test #1

G Frequency read from 3325A in test #2

H Amplitude read from 3325A in test #3

| Counter used to print test results
r1-r7 Test results (O=Pass, 1 =Fail)

S Status read from 3325A in test #5

Samples of Program Printouts:

EEEREE R E RS FREEEFELE LA AR RS

HF-IB TESTY - =

EhEEEEEEBLELY EEEEETLETEE L .

B R P EERERLEEE N EEF

TEST RESULTE: TEST RESULTS:

TEST t TE=T !
FASE FARZS
PRSS FRSG

TEGT £ TEST )
FRSE FRZS

TEST 4 TEET 4

FRIL RIS

TEST 3 TRET 5
FRGs PHSE

TEST £ TEST £
FRZE FRZS

TEST 7 TEST 7
FRCC FRSS

4-10



Model 3325A

Performance Tests

4-32. PERFORMANCE TESTS. 4-43 Amplitude Modulation Envelope Distor
tion
4-33, The following procedures compare the instrument 4-45 Square Wave Rise Time and Aberrations
operation to its specifications, listed in Table 1-1. A 4-47 Ramp Retrace Time
Performance Test Record is located at the end of this 4-49 Syne Qutput
section. This Test Record lists all of the tested specifica- 4-51  Bquare Wave Symmetry
tions and the acceptable limits. For ease of recording 4-53 Frequency Accuracy
data at various times, copies of the blank Performance 4-55 Phase Increment Accuracy
Test Record may be made without written permission 4-57 Phase Modulation Linearity
from Hewiett-Packard. 4-59 Amplitude Accuracy
4-61 DC Offset Accuracy (DC Only)
4-34. The Performance Tests include the following: 4-63 DC Offset Accuracy with AC Functions
4-65 Triangle Linearity
Par No. Test 4-67 X Drive Linearity
N . 4-69 Ramp Period Vanation

4-37 Harmonic Distortion

439 Spurious Signal Tests 4-71 HP-IB Interface Test

4-41 Integrated Phase Noise

Table 4-2. Test Equipment Required For Performance Tests.
Instromant Critical Specifications Racammendad Madel

High Frequency
Spectrum Analyzer

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

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

50-chm Load Agcuracy; £0.2% shp- Model 1104B8C
Power Rating: 1 W
Resistor 56.22 1/8W 1.0% -hp- 0757-0385

Low Frequancy
Spectrum Analyzer

Frequency Range: 20Hz to BOkH:
Amplitude Acouragy: £ 0,5dB

Spurious Responses: BOJE below reference

-hp-35B0A/3BB5A

Sine Wave Signal Frequency Range: 1 MHz to 21 MHz -hp- 3338A
Source Amplitude Range: to + 13.01 dBm
Output Impedanca: 500
Phase Noise (Integrated):
9.9 MHz: <« —63 dB
20 MHz: < -70 dB
Spurious: > 75 dB below fundamental
Double Balanced Mixer Impedance: 50 -hp- 10634A
Frequency Range: 1 MHz-20 MHz
AC/DC Digital AC funetion (Trua AMS) -hp- 34554
Voltmater 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

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

Source

156 kMz Filter Congisting of:
Resistor: 10 kil 1% -hp- 0757-0340
Capacitor; 1600 pF 5% hp- 0160.-2223
Resistor 4708 2W 5% -hp- O69B-3634
AC Voltmeter Rangos: 0.1 Vto 1V -hp- 400FL,
Frequency Range: 2] Hz-1 MHz
Input Impedance: = 1 MQ
Meter: Log scale
Ace (100 Hz 10 10 kHz); £ 1%
Sine Wave Signal Frequency: 10 kHz -hp- 2040

Ampiitude: 1 V rmz intg 20 ki
Distortion: — 60 dB
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Table 4-2. Test Equipment Required For Performance Tests {Cont'd).
tnstrumant Critical Spacifications Recommended Model
Osgcillaseope Vertical: -hp- 1740A
Bandwidth: de to 100 MHz
Deflaction: 1 V to 5 V/div
Horizental:
Sweep: 0.06 us to 1 g/div
¥ 10 magnifigation
Electronic Counter Frequency maasurement -hp- 65328A

Frequency Range: to 20 MHz
Resolution: 8 digits
Accuracy: + 2 counts

Time Interval Average A to B
Resolution: 0.01 ns

With Option 040 or 041

0OC Power Supply Volts: Oto £5 V -hp- B214A
Amps: 10 mA
Eloating Qutput

Thermal Canverter Input Impedance: 50 & -hp- 11050A

Input Voltage: 1 V rms

Frequency: 2 kHz to 20 Mtz

Frequenay Response: +0.05 dB 2 kHz to
20 MHz

Resistive Divider

Congisting of:
2 Resictors: 61,118 .1% 1/4 W
2 Resistors; 36.55 2.1% 1/8 W

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

Resistive Divider

Capacitor: 300 pF 5%

Consisting of:
3 Resistars: 13300 .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: Qto = 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- 0757-0485
hp- 0757-0470

Caleulator HP-IB Control Capahility -hp- 9B25A with
98034A Interface,
General /O ROM,
Extanded 1/0 ROM

Adapter Farmale BMC-to-Dual Banana Plug -hp- 1280-2277

BNC Tee

-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 50 kHz —65 dB
4-317. Harmonic Distortion Test. 50 kHz to 200 kHz - 60 dB
200 kHz to 2 MHz —40 dB
4-38. This procedure tests the harmonic distortion of 2 MHz 1o 15 MHz ~30 dB
the 3325A sine wave output against the following 15 MHz to 20 MHz -25 dB

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 Voltage Qutput (Option 002} ..... Off
Function ............cvveuvvans ....51ne
Frequency .. .................... 20 MHz
Amplitude .. _................. 999mVp-p

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 —-30dB
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.

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 floot.) 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 /

]

B | ] | i B | P ]
s [35)35332105

_l_l_l_l_l_f G\ 2 o

O

__\

°p

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............................. Sine
Amplitude ........................ -20dBm
Frequency ...................... 2.001MHz
¢. Set the analyzer controls as follows:
Center Frequency................... 2.001MHz
Frequency Span ... ... .. .. .. ... ... ... 1kHz
Video BW ... .. i e 100Hz
Resolution BW ... ... .. .............. 30Hz

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

3325A Fraguency Center Frequency

Model 3325A

14.100MHz 15.89MHz 1.8MHz
16.100MHz 13.9MHz 2.2MHz
18.100MHz 11.9MH:z 6.2MHz
20.100MHMz 9.9MHz 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 ..........ooovnn... 3.001MHz
Frequency Span ..........covvveceiiineaen 1kHz
Video BW ... ... .. 100Hz

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

5.0001MHz 5.0011MHz
2:1 Spur 3:2 Spur 5.00001MHz 5.00101MHz
4.100MHz 25.9MHz 21.8MHz 5.000001MHz 5.001001MHz
6.100MHz 23.9MHz 17.8MHz 20.001MHz 20.002MHz
8.100MHz 21.9MHz 13.8MHz 20.001MHz 20.003MHz
10.100MHz 19.9MHz 9.8MHz 20.001MHz 20.004MHz
12.100MHz 17.9MHz 5.8MHz 20.001MHz 20.005MHz
3325A AC
VOL TMETER
REF IN |15
Jujum 7
[ ol 1 15kHz
oo a2 e o o FILTER
— | MHz [ '
LOW PASS - :
FILTER 504 P 5 @
MIXER FEEDTHRU i _ i :,’
L 16005F J,
S1GNAL : 5% o
GENERATOR : oo
e———————] ; . DIGITAL VOLTMETER
— 5 I —
REF OUT 333%A W Trmmmmmmmmme J _J
33254-42 L g

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 .......................... Sine
Frequency .........0civnnes 19.901 MHz
Amplitude .......... ..o 0 dBm

¢. Set the sine wave signal source (reference) as
follows:

Frequency ........vviiiinvnn. 19.9 MHz
Amplitude . ................. +7.00 dBm

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.

Performance Tests

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 kHez 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 ..........cceevvvenevnaons Sine
Frequency ..........c.covvninn. 1 MHz
Amplitude . . ............... ... 3Vpp
DCOffset ...................... ... ov
High Voltage Qutput (Option 002) . . ... Off
AM . e On

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

| e e——
Do E,_._A_n_nmn EzﬂL_l_AEI
u“ B o tiarfarfarl | Y| A

S _i=2330 % 4«
j—  —

3325443

Figure 4-4. AM Envelope Distortion

4-15



Performance Tests

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,
ancd 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 Output (Option 002) .. ... Off
Funetion ... ... ....oiiiiiiniis. Square
Frequency ........covveiiivivnnns 1 MHz
Amplitude .................. .. WVpp

¢. 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-
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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 ..........oovviiinrnnns 10 kHz
Amplitude .................. ... 10V pp

c. Adjust the oscilloscope vertical and horizontal
controls so that the ramp retrace time from the $0% to
10% points can be measured, Retrace time should be
less than 3 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-chm 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 ............. ..o vnt, Square
Frequency .....cooiiiiiiiiinnnens 1 MHz
Amplitade , . ... ... oL o 1 Vrms
DCOffset ... .. i ov
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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
R b e B
I

111 c{ o o

ELECTRONIC
COUNTER

2325A-44

AL,

T=CONNECTOR

Figure 4-5. Square Wave Symmetry.

4-53. Frequency Accuracy.

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

+5 % 10-% 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 ........oouuieooo .. Sine
Frequency ... ... ... ............ 20MHz
Amplitude. .. ... L, 0.99Vp-p
DOCOffset ... i i i ov

¢. 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) .. ... Off
Function ...........ccciiiininnnnns 3ine
Frequency ..........ccivvinnuenn 100 kHz
Amplitude ........... ..o 13 dBm

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

Frequency .........coivviinnnns 0.1 MHz
Amplitude .............. ... L. 13 dBm

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

Function . ... .. .. Time Interval Avg, Ato B
Frequency Resolution, N.............. 105
Inputs ........covviiiinn. 5011, Separate
SlopeAandB................... Positive
SampleRate .................. Maximum

4-17



Performance Tests Model 3325A
3325HA ELECTRONIC
COUNTER
g ) )~
k] | EEEEE o
) T P G\ 400
 p— —
v
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°,
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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 Function ...... Time Interval Avg. Aand B
counter reading in the space for **100° Increment Time Frequency Resolution, N, ............. 105
Interval’. Imputs .................... 50 @, Separate

SlopeAandB ., ................. Positive

o. Enter the time difference between the *‘Zero Phase SampleRate .................. Maximum

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 Qutput (Option 002) .. ... Off
Function ............ccvivivrunnres Sine
Frequency ..........ccovvivrvnnn. 100kHz
Amplitude .............. ... ..., 13dBm
Phase Modulation ................... On

Frequency ...................... 100kHz
Amplitude ...................... 13 dBm

d. Set the electronic counter (5328A) as follows:

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 Phase
Voltage Reading Difference
—3.0000 V X3 3
—2.0000 V Xy 4
—1.0000 V Xs 5
0.0000 v Xg 6
+ 10000 V X5 7
+ 2.0000 V Xg 8
+3.0000 v Xg 9
+4.0000 V X0 10
+ 5.0000 V X 11

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 previpusly

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
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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 (y) 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)
50-0Ohm 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 gate
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.
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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 1Y

¢. 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 10Vp-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. Set the 3437A voltmeter as follows:
Range 1.0V
Trigger Ext
Delay 0 sec
Coupling DC 1MQ

k. One cycle of the square wave should fill the screen
of the oscilloscope, and the sample time for the
voltmeter should be seen as the intensified spot of the
delayed sweep.

I. Press AMPTD CAL on the 3325A.
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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. Change
oscilloscope to:
Vertical Sensitivity .2 volts/div
Vertical Position 9 o'clock
Main Sweep .5 msec/div
Delay 500
Magnify X10
Delayad Sweep 1 psec/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 ¢o'clock and adjust intensified spot to
read negative peak on the 3437A. Verify that sum of
positive and negative peak voltages is between 3.643 and
3.754 volts.

p. Change 3325A function 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  Function  Minimam  Maximum
m 99.9 He Square 2970V 3.030V
o 90.9 Hz Triangle 2985V 3045V
q 99.9 Hz Fos Ramp 2.955 V 3.045 V
H 99.9 Hz Meg Ramp 2955V 3045V
H I kHz Square 2970V 1030V
t 2 kHz Triangle 2955V 3.045 V
u 500 Hz Fog Ramp 2955V 3045V
v 500 Hz Neg Ramp 2,058V 31.045V
w 100 kHz Square 2970V 3030V
X 10 kHz Triangle B0V 3150V
y 10 kHz Pos Ramp 2700V 3300V
z 10 kHz Meg Ramp 2700 V 1300V

¢c. Change 3325A amplitude 1o 1 Vpp, and set dc of-
fser 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  Fenction  Minimum  Maximum
m 099.9 Mz Square 270 1.030
o 299 Hz Triangle B60 1.040
q 99.9 Hz Pos Ramp 960 1.040
r 99.9 Hz MNeg Ramp 960 1,040
I3 1 kH2 Square 970 1.030
t 2 kHz Triangle 960 1.040
u 500 He Pos Ramp 960 1.040
v 500 Hz MNeg Ramp 560 1.040
w 100 kHz Square 970 1.030
X 10 kHz Triangle 940 1.060
y 10 kHz Pas Ramp L8950 1.110
z 10 kHz Meg Ramp 890 1.110
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High Voltage Output Amplitude Accuracy
For Frequencies To 100 kHz
(For Instruments with High Voltage Option 02)

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 ohma, 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 2 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-
gquency 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.
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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
+£1.499V +1.49300 to 1.50499 V
+499.9 mV £0.49790 to 0.50190 V
+149.9 mV +0.14930 to 0.15050 V
+42.99 mV +0.04979 to 0.05019 V
+ 14,99 mV £0.01493 to 0.01505 V
+4.999 mV £ 0.004979 to 0.005019 V
+1.499 mV +0.001479 to 0.001519 V
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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. Pressthe “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 Voltage Qutput (Option 002) .. ... Off
Function ............ ... oo, Sine
Frequency ........... 20.999 999 999 MHz
Amplitude ... .. ... ... ..., 1Vpp
DCOffset .. .ooviiiii i +4.5V

¢. 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) ..... Off
Function ..........oiiiniinns. Triangle
Fregquency.......... ... 10 kHz
Amplitude ........ ..o oo 10V p-p

¢. Set the digital voltmeter as follows:

Range. ... ... i 1V

Number of Reacings .. ......covvrrvon-- 1

B 1 4 Ext
NOTE

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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3325A
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Figure 4-10. Triangle and Ramp Linearity Test.

e. Measure the voltage at each 10% segment point by
setting the digital voltmeter delay to the following.
Enter on the Performance Test Record in the ap-
propriate spaces under ‘‘Positive Slope Measurement.”’

Delay Percent of Slope
.000035 20
.00004 30
000045 40
00005 50
000055 60
.00006 70
000065 80
00007 90

f. Measure the voltage at each 10% segment point on
the negative slope by setting the digital voltmeter delay
to the following. Enter the readings on the Performance
Test Record in the appropriate spaces under ‘‘Negative
Slope Measurement,”’

4-26

Delay Percent of Slope
.00008 20
.000085 80
.00009 70
.000095 60
.0001 50
.000105 40
00011 30
000115 20
00012 10

g. Algebraically add the voltages recorded in the
“Positive Slope Measurement’’ column and enter the
total in the “Zy*’ space.

h. Multiply Zy by 45 (which is Ix) and enter the
result in the “ZxZy’’ 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.
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Figure 4-11. Triangle Linearity Test,

i. The equation for determining the “‘best fit straight
line’’ specification for each y value is;

Yy = ax + a;

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

NOTE

Calculate the values of a; and a, to at least
Jive decimal places.

k. First determine the value of a; using the following
equation:

ExZy
Exy -
n
al =
(Zx)?
Tul-
n

Where: Ex, £y, Lxy, IxLy, IzZ, and (Tx)?
are the previously calculated values entered
on the Performance Test Record,

n = 9 (the number of points to be
calculated)

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

Zy Ex
30 = — — al _—
n n

m. Calculate the *‘Best Fit Straight Line’' value for
each point (y| through y) using the equation:

y=alx+ac

Enter each result on the Performance Test Record in the
“‘Best Fit Straight Line' column.

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 x 0.05
%}, 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-
ed tolerances,

0. Algebraically add the voltages recorded in the
*Negative Slope Measurement®’ column and enter the
total in the “Ly’* space.

p. Repeat Steps h through n to determine the *‘Best
Fit Straight Line” values and tolerances for the negative
slope. The voltages measured and recorded in the
“"Megative Slope Measurement’ colpmn should be
within the calculated tolerances.

4-67. X Drive Linearity.

4-68. This procedure tests the linearity of the rear panel
X Drive output to the specification in Table 1-1: for all
linear sweep widths which are integral multiples of the
minimum sweep width for each function and sweep
time:

£0.1% of final value, 10% to 90%, best fit
straight line.
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Equipment Required:

High-speed dc digital voltmeter (This procedure is
written to use the high speed and delay capabilities
of the -hp- Model 3437A)

Resistive divider, + ~ 2.6, consisting of:
100k 1% 1/8W (-hp- Part No. 0757-0465)
162k 1% 1/8W (-hp- Part No. 0757-0470)

DC power supply (-hp- MQOdel 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) ..... Off
Funetion ...... .. ......... ... ... Sine
Amplitude ..................... 10V p-p
Sweep Start Frequency ............ ] MHz
Sweep Stop Frequency . ... ........ 10MHz
Sweep Marker Frequency .......... 4 MH:z
SweepTime ..................... 0.01 sec

¢. Press 3325A START CONT key.

d. Set the digital voltmeter as follows:

Range............ it 1V

Mumberof Readings ................... 1

Trigger. . ... i Ext
NOTE

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 20
.003 30
004 40
005 50
006 60
007 70
008 80
009 80
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g. Algebraically add the voltages recorded in the **X
Drive Ramp Measurement” column and enter the total
in the “*Ey’’ space.

h. Multiply Ey 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
a, =
(Zx)?
Tx? -
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 maximum 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 voliage 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............ Negative Slope Ramp
Frequency. ......o.c.vvveinnnnnvnns 100 Hz
Amplitude, .. _................. 10V pp

¢. Set the oscilloscope as follows:

Vertical .. ......... e 2 V/div
Main sweep. ... o v ir e s 2.0 ms/div
Delayed sweep................. 20 ps/div
TrHgger. ... e 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.
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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,

4-30

¢. 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,
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®

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

PROGRAM FLOWCHART

Enter 3325A Bus Address

l

Perfarm Self Test

Freg = 1000 Hz?

Program:
Freq = 1234 56789 Hz
AMPTD = 50 mV

Is NO
Frequency

Correct

Is NO
Amplitude

Correct

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

SRQ
Light On
Talk
Light On

Listen
Light Cn

NO

REM
Light On

Print Results

{ End )

Performance Tests

ERROR

ERROR

ERROR

ERROR

ERROR

ERROR

ERROR
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R
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G OANDRESSY s cort =717 v A

Clear the 3325A to Turn-on State
Set HP-IB Remote Enable (Select Code 7)

Perform Self Test

Interrogate Fraquency

Read 3325A Frequency
Compare Frequency to 1000 Hz

R EEEML RINEMY " ————Set Freqto 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

£ ]
if

CTEmTAN

wet My " IHMS Interrogate Amplitude

el HaH Read Amplitude

P e AHRS Ll Compare to Amplitude Stored

"TEST 4

Flo “STLTEM SFLAKH S8 TILINGE Sime -Lin Sweep 1—10kHz, Enable SRQ Mask
i1l T Clear Interface, Interface to Local

y CHEG LEGHT DRy T=H0" e 1 —————Did 3325A Initiate SRQ?

Read Status into Variable 5

Set Remote Enable

Read from the 3325A

CTELE L TGHT DS I=R0"y 1S ———Did 3325A respond to Talk Command?

V! Write to the 33256A, Interface to Local
CLEETER O LTGHT CidY e 1sR0" pi = Did 3325A respond to Listen Command?

g KR AR )

R Remote Interface, Write to 3325A,
; bl R Clear Interface
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Performance Tests

Print Resuits of Tests

Self Contained Program may be

Linked or Used as & Subroutine

Variablas used in this Test Program:

—Iom)k

r1-r7

Address of 3328A (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

S  Status read from 3325A in test #5

Samples of Program Printouts:

HF-1E TEST

TEST RESLLTS:
TEST 1

M
i )
i
17

TEET :

i

T
Ta
LEN]

-
]
o
Wi

FHIL

EEFEEEERFFFLEERF
2EEZ5H
HF-TE TEST

TEST RESULTE:
TEET 1

m
. K]
al
il

TEST z

TE!

T ;. E

TEST 7
FESS
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Hewlatt-Packard

Modal 3325A
Synthesizer/Function Generator
Sarial No.

Par. 4-10

Par. 4-12
Step d
Step g

Par. 414
Stap ¢
Stepsd & e
Step f

Par. 4-16
Step c
Step d
Stepe
Step f
Step g

Step i

Par. 4-18

Par. 4-20

Par. 4-22
Step ¢
Step d
Step e
Step f

Tastad by

OPERATIONAL VERIFICATION REGORD

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 High

Low

Frequency Accuracy
Sine, 20 MH:z
Square, 10 MHz

Triangle, 10 kHz (100,000 ns)
Ramp, 10 kHz {100,000 ns)

Spec

Passed

Passed
Pzzzed

Passed

Paszsed
Passed

Passed

Passed
Passad
Pazsed
Passed
Passed

Passed

Passed

=+1.2V
0.2V

—_—

Spec.
+100 Hz
+50 Hz
+ .5ns

+ .5ns



Operational Verification

Far. 4-24 Dutput Level and Attenuator Check

D Offset Only}

Entry Min.
-8V -4.,980V
(+)5 Vv +4. 980V
*{x) 1.498V (&) 1.49300V
499.9 mv +0.48790 V
149,89 my +0.14830 V
49,99 mv +0.04979 V
14.99 mV +0.01483 vV
4.989 mV +0.04979 V
1.498 my +0.001478 V

* All entries and limits ara +
High Voltage Qutput (Optign Q02)
2V +19.775 V
—-20V -19.775V

Par, 4-28 Harmonig Distartion

20 MHz
15 MHz
2 MHz
200 kHz
50 kHz
10 kHz
1 kHz
100 Hz
High Voltage Output (Option 002)
100 Hz
10 kHz
200 kHz
1 MHz

Par. 4-28 Close-In Spurious Signal Tast

Fas. 4-30 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

Passed

Passed —_—




PERFORMANCE TEST RECORD

Hawlatt-Packard Tested By

Meodal 3325A

Symthesizer/Function Generator Date e

Serial No.

Per. 4-37 Harmonig Distertion

Fundamental Frequency Specification
20 MH: -25 db
158 MH: —-30 de
2 MHz -40 dB
200 kHz -60 dB
50 kHz —-65 dB
10 kHz —-65 dB
1 kHz -65 dB
100 Hz -85 dB

High Voitage Output (Option 002}

100 He -65 dB
10 kHz -65 dB
200 kHz -60 dB
“ 1 MHz ~ 40 dB
" Par. 4-39 Spurious Signal Tests
Mixer Spurious Test (2:1 spur/3:2 spup) -70 dg
2:1 spur 3:2 spur

4. 100MHz - - —70dB

6.100MHz - - - 70dB

8.100MHz - - -70dB

10.100MHz — — -70dB

12.100MH= - _ =~ 70dB

14.100MHz - - -70dB

16.100MHz S — —-70dB

18.100MM= - - - 70dB

20.100MH= - - - 70dB

Close-in Spurious Test
5.0001MHz -70dB
5.00001MHz - 70dB
5.000001MH= -70dB
20.001MH= —70dB
—70dB
w 7048
- 7048
Par. 4-41 Integrated Phase Moise
19.901 MHz ~B0 dB
Par. 4-43 Amplitude Madulation Envelope Distortion - 30 dB
m Par. 4-45 Square Wave

Rise Time =20 ns




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 =+1.2 V
Viow < +0.2 V
Far. 4-51 Squara Wave Symmetry =3.2ng
Par. 4-53 Frequency Accuracy
Sina, 20 MHz +100 Hz
Square, 10 MHz 50 Hz
Triangle, 10 kHz (100,000 ns) + .bhns
Ramp, 10 kMz (100,000 ns) + 5 ns
Par. 4-55 Phase Increment Accuracy
Time
Minirmurn Difference Maximum
Zaro Phase Time Interval
19 Increment Time Interval 22,22 ns 33.34 ns
102 Ingrement Tirme Intarval 272,22 ns Z283.34 ns
100° Ingrarment Time Interval 2772.22 ng 2783.34 ns
Par, 4-57 Phase Maduiation Linearity
DVM Phase Cumulative
Reading Difference Phase X times y x2
Xy 1 0 vy o 0
X 2 Yo
X 3 Y3
x4 4 Ya
Xg 5 Ys
g 8 Ye
Xy 7 ¥y
*3 8 Yg
g 9 Ya
X1p 10 Y10
X1 1 LA
Ex Ty Exy x?
(Ex? IxZy




Best Fit Measurad

Straight Line Mirirmum Cumulative Maximum
@ Phase Limit Phase Limit
(yq! vy —2
lyg) Yz
lyg) Y3z
ly 4! Ya
lyg) Y5
{vg Ye
lyg Y7
lvg! Ya
lyg! Ya —_—
tvyq! Yio
tyqy) Y11
Specification: £0.5% of yq;] = £ ¢
Par 4-59 Amplitude Accuracy
Entry Minimurm Measured Maximum

Sine Wave Test

M Amplitude: 3,536 Vrms

Sine, 100 Hz 3.495 YV 3577V
Sine, 1 kHz 3.495 V 3.577 V
Sine, 100 kHz 3495V 36577V

Amplitude: 1.061 Vrms

Sing, 100 Hz 1048y 000000 1.073 v
Sine, 1 kHz 1048V 0o 1.073V
Sine, 100 kHz 1.048 V 1.073V

Amplitude: 0.3536 Vrms

BC, 1 mVv
Sine, 100 Hz o34M1My 0000 0.3660 V
Sina, 1 kHz Q3NIV 0.3660 V
Sine, 100 Mz L0 2. T R — 0.3680 Vv

Function Test

Amplituda:10 Vpp

Square, 99.9 Hz 3eeiv 3,738V

Triangle, 99.9 Hz aeazv 3.754V

Pos Ramp, 99.9 Hz 3.643v 3,754V

Neg Ramp, 99.9 Hz 3.643V 3.754V

m Square, 1 kHz 3,661V 3.735V
\




Triangle, 2 kHz 3.643v 3.754V
Pas Ramp, 500 Hz 3.643V 3.754V
Neg Ramp, 500 Hz 36a3v _ 000 3.754V

Square, 100 kHz 3ee\wv ___ 00000 3.738V
Triangle, 10 kHz ety 0000 3.883V
Pas Ramp, 10 kHz 3328V e 3.896V

Neg Ramp, 10 kHz 3.328v 3.998v

Amplitude: 3 Vpp

Squara, 99.9 Hz 2.970V 3030V
Triangle, 98,9 Hz 28655V e 3.045 V
Pos Ramp, 898.9 Hz 2,858V 3.045 V
Neg Ramp, 28.9 Hz 2888V _ 000 3.045 Vv
Square, 1 kHz 2gvo0vV 0000 3.030V
Triangle, 2 kHz 2,968V 3.045V
Pas Ramp, 500 Hz 2,865V 3.045 V
Neg Ramp, 500 Hz 2885V 000 3.045 v
Square, 100 kHz 28970v 00 3.030V
Triangle, 10 kHz 2850V 3160V
Pos Ramp. 10 kHz 2700V 3300V
Neg Ramp, 10 kHz 2,700V 3.300V
Amplitude: 1 Vpp
DC: 1 my
Square, 99,9 Hz 0.8970V 1.030 v
Triangle, 99.9 Hz g.8960v _____ 1.040 V
Pos Ramp, 99.9 Hz gesov 0000 1.040 V
Neg Ramp, 98.9 Hz Ggeosov _ 00 1.040 V
Square, 1 kHz ge70v  ______ 1.030 V
Triangle, 2 kz g86dyv 0000000 1.040 V
Pog Ramp, 500 Hz 0960V o e—— 1.040 Vv
Neg Ramp, 500 Hz Geogoyv 00 1.040 V
Square, 100 kHz gs870v 000000 1.030V
Triangle, 10 kHz 0.940 V 1.060 V
Fos Rarmp, 10 kHz 0.BSO V 1.110V
Neg Ramp, 10 kHz Q.80 V 1110V

High Voltage (Option 002) Sinewave Teost
Amplitude: 14.14 Vrms
Sine, 2 kHz 1386 Y 14.42 v



High Voltage (Option 002) Function Test

M Amplitude; 40 Vpp

Square, £ kHz
Triangle, 2 kHz
Pos Ramp, 2 kHz
Neg Ramp, 2 kHz

3.466v
3.466Y
3.488v
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

m 20.001 MHz
ey

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:

Square, 10 Vpp,

10.934Y)

(0.8937Y)

Pass

High Veltage (Qption 002) Flatness

Sine, 40 Vpp,

Pass

3.607V

3.607V
3.607V

3.807V

11.066Y)

(1.063Y)

{check ane)
Fail

{check one} e —
Fail



Par. 4-61

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

DC Offzet Accuracy {DC Only)

Minirmum

+4 980V

Maximum

+5.020 V

-4,280V

-56.020 V

-1.48300 V

+1.49300 V

+0.49790 V

—1.50488 V
+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

Par, 4-63

Bine 20,999 999 999 MHz

4.5V
-4.5V

Sing 999.9 kHz
-4.5V
45V

Sgquare 999.9 kHz
4.5V
-45V

Square 9.9989 MHz
-4.5V

+18.775V

-0.560180
=-0.15080
+0,15080
+0.05019

v
v
A
\'
1%
A
-0.0501% V
=-0.01606 V
+0.01505 VvV
+0.006018 V
-0.005019 V
-0.001519 V

v

+0.001518

+20.225 V

-19.778 V

—-20.225 V

DC Offset Accuracy with AC Functions

Minimum

+4.350 V.

Maximum

+4.650V

-4.350 V,

-4.6850V

—4,440 ¥

-4.560V

+4.,440 V

+4.660V

+4,440 V.

+4.560V

—4.440V

-4.560V

-4.360V

-4.650V




Ll
Xz
Xa
%4
g
Xg
"7
g
*g
X

X

Triangle 9.9 kHz

-4.5YV ~4.440 V -4.560V
Ramp 9.9 kM:z
-45V -4 380V -4.620V
Par. 4-65. Triangle Linearity
Calculated Best Fit Toletances
x Values Positive Slope Measuremant X times y Straight Line Minimum Maximym
= 1 (10%} v, (yq}
=2 (20%) vy (ys!
=3 (30%) vq fygy)
=4 (40%) v, (vq)
=5 {50%) vg lyg)
= 6 {BO%) vg (yg!
@ 7 (70%) v fy)
=B (B0%) vg lyg)
=9 (90%) vgq — (ygh -
= 45 Zy Exy
(Lx)2 = 2026 Sxiy
1= 288
Par. 4-65. Triangle Linearity (Con’d)
Far, 4-65. Triangle Linearity
Calculated Best Fit Talerances
x Values Negative Slope Measurament X times y Straight Line Minimum Maximum
=9 {90%) vg lyg)
=8 (BO%) yg lyg) -
=7 {70%) v ly4) -
=8 (60%)} vg lyg)
= § (50%) vg yg)
= 4 (40%} v, lyg)
=3 (30%} vq {yg)
=2 (20%} v, {yq)
=1 (10%} v, {yq}
= 45 Iy Exy

(Tx}2 = 2025 Yxdly




Far, 4-67. x Drive Linearity

x Values

-

K1 ol
Kz =
X3 =
Xa
K5 =
)(6 =
)(7 =

XB—

|
W o o~ ® W s W b

Xgﬂ

Lz =45

(Ex)Z = 2025

£x? = 285

Par, 4-69 Rarmp Period Variation

Negative Stope Ramp, 100 Hz

Positive Slope Ramp, 100 Hz

Caleulated Best Fit Tolerances
Positive Slope Measurament  x times y Straight Line Minimum Maximum
(10%) v,l {yqt
(20%) vy {yal
(30%) y4 lyg)
(40%) vy vyt
(60%) vy lyg)
(60%) yg {ygl
(70%} v4 ty7)
(80%) vg yg)
{90%) vq lyg)
Zy EXY
XLy
< + 100 ps
< & 100 ps
< + 100 ps

Positive Slope Ramp, 39.9 Hr

Par. 4-71. HP-IB Intarface

Test 1

Pasz

Fail

Test 2

Test 3

Test &

Test D

Test 6

Tost 7

or Attach Calculator Tapa




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

5-1. INTRORUCTION.

5-2. This section contains the procedures required to
adjust the 3325A to meet its specifications in Table 1-1.

SECTION V
ADJUSTMENTS

5-10
a-11
5-12

These adjustments should be used following repairs or if

performance tests indicate a deficiency.

Paragraph
3-7
5-8
5-9

Adjustment

Power Supply
D/A Converter Offset

Voltage Controlled Oscillator Frequency

Adjustments

Analog Phase Interpolation {API)

30 MHz Reference Oscillator

Option 001 High Stability Frequency
Reference

Sinewave Amplitude Calibration

X Drive

Amplifier Bias

Ramp Stability

Amplitude Flatness

Mixer Spurious Signal

Table 5-1. Test Equipment Required for Adjustments

_Recommended Model |

{ ,,,,,,, ) Equipment Critical Specifications
AC/DC Digital AC Functign:
Voitmeter 1 V Range

Low Frequency
i Spectrum Analyzer

Accuracy; £.5%
Resolution: 4 digits
DBC Function:
Rangas: .1 V, 1V, 10V, 100 V
Accuracy: t.2%
Resolution: 4% digits

-hp-3455A/3486A

Frequency Range: 1 kHz—50 kHz
Amplitude Accuracy: 0.5 dB
Spurious Responses: B0 dB below
ref.

-hp-3580A/3585A

Resistor

1 k2

-hp- Part No. 0683-1025

Electronie Countar

Frequency measurement: to 20 MHz
Accuracy: 2 counts
Resoiution: 8 digits

Oseilloscopa

Frequency Standard

~10:1 QOscilloscope Probe
DC Power Supply

Vertical:
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

{for Option 001 only) |

Fragquancy: 5 MH:
Accuracy: 1 = 10-%

-hp-5328A
with Opt. 040 or 041

-hp-17404A

-hp-1058B

~Impedance; 1 Mfi, 12 pF

-hp-100414

Volts; 0 - 10V

hp-6214A

Qscillator

Amps: 10 mA__” )

Frequency: 1 kHz
Amplitude: 1 Vrms

High Frequency
Spectrum Analyzer

Fraquency Range: 1 kHz - 80 MHz
Amplitude Accuracy: =.5 dB

Thermal Converter

Input Impedance: 504, Input
Voltage: 1Vrms, Frequency; TkHz
to 20MHz, Fraquancy Response:
+0.05dB

-hp-204C

-hp-141T/8552B/8553B/
8566A/8568A

-hp-11G050A

! Resistar
i .
i Resistar

! Resistor

| Resistor

Resistor

.. 258 5% /4w

20002 1% 1/8W

-hp- 0767-0407

500 1% 0.5W

+hp- 0608-6966

138 1% 1/8W

-hp- 0757-0380

-hp- 0683-2505

1508 1% 1/8W

-hp- Q757-0284

5-1



Replaceable Parts

Tahle 6-1. List of Abbreviations.

Model 3325A

........ deposited  log. ...

double- pole double-throw piv
double-pole single-throw  mMA

mise #lectronic part

capacitor  ins . e
.. .eramic obd ...
. coefficient  k§2. ..
...common  kHz ...
.. . composition 0.
conneetion L ..... T

slectrolytic  MS2
-encapsytated

. farad{sl ms .
tield eﬂe:l :ransustor mig

gallium arsenice s P
gigahertz - 10°9 hertz 1V
.. quardted) my

ABBREVIATIONS

silver  Hr oL, hertz icyclels) per secondl NPO .

aluminum
.. .ampereist D

............. . .inside diameter ns ... ...

gold  impg e impregnated  nsr. ... ..
incd - . incandescent

.. .insulation{ed) £ ... ..

kilohmis) = 10*3ghms 0D ..
kilohertz = 10*3 herrz

.. .inductor  pA .
fin ... . s R linear tapsr  pc

... milliamperels) = 100 i) amperes  plo -
MMz . ......megahertz = 10*6 herez  pos ..
.megohmist - 10*6 ohms  paly . ...,
......... -ometal film - por ...,
.......... manufacturer  pp ... ...
millisecond  ppm ...,

. fixed ™V .. millivolts) = 10™ vohs
microfaradis)
microsecondts) R

_ microvaltis) = 106 votts  Rh ...

Mytar{y  res..

.. .. .tRrmanium Ot L.
...goundled) nA

nangamperets) = 10°? amperes

NC L normally closed  Se . .
. hencylies)  Ne . L e.......ngOn  SECT
.rmercury NG .. r\ormally open  Si
DESIGNATORS
assemply  FL | S e fiter Q.
motgr HR e . .heater OCR
batrary  )VC ... . L integrated circurt
.. capacitor J e . Jack RT
Sdiode KO0 L L relay S
delay me L .. . nductor T .
lamp M mewer  TB
MP . . mechamical part TC
. fuse P .plug TP

lzsro temperature coeflicient) SPDYT ... ...
nanasecondlst = 109 seconds  SPST ... .. ..
- not separgtely replaceable

- logarithmic taper pF ... ... ... .. .. picotaradis 1012 farads v ... .

mngmmg prec. ... .. . precision {lemperature coeffiant, wio
long 1erm stability and/or tolerancel  ww ..

negative positive zero sl e

.....ohm{gl TC,
order by description TiQg ... ...,
.. .oulside digmeter  tog ... ... ...

. L..peak  wim....... ... ..., R
piceamperels)  TSTR .. .. e
printed circuit

peak inverse voltage  vacw .. ... allurnanng cuvren(
e partof  war.. . .. .
.. position{s}  wdew ., .
.. polystyrene
- . potentiomaeter W .
.peak-to-peak  w/ ..
.parts per million  wiv

resistor
rhadiurm
. FOOL-Mean-square

selenium

. sectioni(s}
sihcon ® Cupont de Nemours
transister termmal sitig

5
. Wansistordiode U
resistor VW
thermisior W

switch X . .. ...
transtormer  XDS
ferminal board  XF .
thermocouple Y e
1est point r4

. single-pole double-throw
.. single-pota single-throw

P tantalym
............ temperature coetficiant
titanium dioxige
A taggle

dlracl curwnt wurkmg voltage

A
““““ wnrlung inverse voltag

. optimum value selected at factory,
. .rotary average value shown (part may be omitted)
L no standard type number assigned

salected or special type

vasuum lube nean hulb photocell ete

'. .QH

talerance
trimmer
transistor

. voliish
workmy vollage
. wariabie

wattls)

... withowt
wisewound

micracircuil

cable

. .sackel
lamphalder
fuseholder
.. crystal

. . network

Tahle 6-2. List of Manufacturers.

Mfr.
No.

Manufacturer Name

Address

50545
00000
00484
01121

01285
03888
04713
06383
07263
136086
18324
19701

24546
26654
27014
28480
3L5685
322393
32997
34335
51642
52763
56576
56289
72136
74970
75042
75915
84411
91837

Nippon Electric Co.

Any Satisfactory Supplier
Addressograph Multigraph Corp.
Allen-Bradley Co.

Texas Instr Inc. Semicond Cmpnt Div.

KD} Pyrofilm Corp.

Motorola Semiconductor Products
Panduit Corp.

Fairchild Semiconductor Div.

Sprague Elect Co. Semiconductor Div.

Signetics 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




®

Mode! 3325A

¢. Set spectrum analyzer controls as follows:

Start Frequeniey. ..o # kHz
Bandwidth....................... 30 Hz
Fregquency Span............... 1 kHz/div
Display Smoothing. .. ............... Max
Sweep Time/Div.............. ... 200 sec
Input Sensitivity, ... ... .. ... ... .. 10 mV
Amplitude Reference............. Normal
Ampltude Mode. ... _......... 10 dB/div
Sweep Mode.................... Manual

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:

Funmchion .o . v e e i Sine
Froquenty. ... ..o i, 20 MHz
Amplitude. ... 10 Vp-p

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..........oooiiivviiinennns Sine
Frequency. ... ... ..., 3 MHz
Amplitude, . ............ . ... 10 Vp-p

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

33



Adjustments

Do not allow disconnected cable connectors
to contact the printed circuit board or com-
ponenls, or circuits may be damaged.

b. Adjust the dc power supply output to +5 V and
connect it between the AMPTD MOD input and
ground.

¢. 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 Vde).

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 de digital voitmeter to 3325A rear panel
X Drive qurput.

b. Set the 3325A as follows:

Function.............. .. ... .ot Sine
Amplitude. ... o 10 Vp-p
Sweep Start Freq. ... ... vviint 1 MHz
Sweep Stop Freg................. 10 MHz
Sweep Marker Freq................ 5 MHz
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 (Al4R6), 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 Frequeney................ 50 MHz
Bandwidth..................... 300 kHz
Scan Width..............._.. 0-100 MHz
Input Attenuation. ... ............. 40 dB
Video Filter. ... ... ............... 10 kHz
ScanTime........oo0v et 10 msec/div
Log Reference Level. . . + 10dBm,10dBLOG
Vermier. .. ..oo v veeeieeeen . —5 dBm
ScanMode......................... INT
Scan Trigger..................... AUTO

¢. 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....................... 100 Hz
Amplitude. .. ...... ... i 10 Vp-p

Remove the RMP test jumper

c. Set the ascilloscope as follows:

Vertical ... i i 2V/div
Main Sweep .......ooviiinea 2ms/div
Delayed Sweep ................. 20u8/div
N 3T:4:(-) Negative
Delay . ... Mid Screen
Display .. ..ovr i AorB

(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 ... ... iiiiiniinnininn., Sine
Amplitude ........... ... oL 10Vp-p
Frequency ........... ... ...l lkHz

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 nececssary.

A5 see Section VII for alternate procedure
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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 3325A 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 decreagse 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:

Model 3325A

b. Set the spectrum analyzer as follows:

Center Frequency ..............ooau 10MHz
Bandwidth ......... ..., 30kHz
Scan Width . . .................. 2MHz/div
Input AtLEnUAtOr. ... v vvrvn e inans 10dB
Scan Time . .. i i s 20ms/div
Log Ref Level .......... . ... .o 0dB
Vernfer ..o i, —10dB
Scale . .o e 10dB log
Video Filter . ............ ..ot 10kHz=
ScanMode.........coiiiii i Int
Sean THEEEr ..o ies Auto

¢. 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
76pf -hp- p/n 0160-2202

A14C103

130pf -hp- p/n OT140-0185
140pf*-hp=- p/n 0140-0217

Function .......... .o i, Sine 82pf*-hp- p/n 0160-0145 | 150pf -hp- p/in 0140-0196
Amplitude .. ... .o 0.999Vp-p “Loaded Value
Frequency ........cvcvvivieen... 20MHz
Digital Voltmeter
= -
J [ ] (T T | IS S T R :]
UJ J|D D ol 10Vp-p Pad
-] - = n Yy ——————
m— — [ 2000 |
33254 \ | PN ouT
i ! 1V/508
630 | Thermal
| | Cenverter
Y _4

Figure 5-2a. Amplitude Flatness Adjustment (10Vp-p Pad).

3Vp-p Pad

Digitat Voltmeter

L1

N ouT

; AA—+—
| é'IBOQ |

b i e e i —

Figure 5-2h. Amplitude Flatness Adjustment {3Vp-p Pad).

[ 1v/500
Thermal
| Converter
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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-digil code. (See Table 6-2 for List of
Manufacturers.)

d. Manufacturer’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.
6-7. To obtain a part that is not listed, include:
a. Instrument model number.
b. Instrument serial number.
¢. Description of the part.
d. Function and location of the part.

6-8. PROPRIETARY PARTS.

6-9. 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.

6-1



Replaceable Parts

Tahle 6-1. List of Abbreviations.

Model 3325A

........ deposited  log. ...

double- pole double-throw piv
double-pole single-throw  mMA

mise #lectronic part

capacitor  ins . e
.. .eramic obd ...
. coefficient  k§2. ..
...common  kHz ...
.. . composition 0.
conneetion L ..... T

slectrolytic  MS2
-encapsytated

. farad{sl ms .
tield eﬂe:l :ransustor mig

gallium arsenice s P
gigahertz - 10°9 hertz 1V
.. quardted) my

ABBREVIATIONS

silver  Hr oL, hertz icyclels) per secondl NPO .

aluminum
.. .ampereist D

............. . .inside diameter ns ... ...

gold  impg e impregnated  nsr. ... ..
incd - . incandescent

.. .insulation{ed) £ ... ..

kilohmis) = 10*3ghms 0D ..
kilohertz = 10*3 herrz

.. .inductor  pA .
fin ... . s R linear tapsr  pc

... milliamperels) = 100 i) amperes  plo -
MMz . ......megahertz = 10*6 herez  pos ..
.megohmist - 10*6 ohms  paly . ...,
......... -ometal film - por ...,
.......... manufacturer  pp ... ...
millisecond  ppm ...,

. fixed ™V .. millivolts) = 10™ vohs
microfaradis)
microsecondts) R

_ microvaltis) = 106 votts  Rh ...

Mytar{y  res..

.. .. .tRrmanium Ot L.
...goundled) nA

nangamperets) = 10°? amperes

NC L normally closed  Se . .
. hencylies)  Ne . L e.......ngOn  SECT
.rmercury NG .. r\ormally open  Si
DESIGNATORS
assemply  FL | S e fiter Q.
motgr HR e . .heater OCR
batrary  )VC ... . L integrated circurt
.. capacitor J e . Jack RT
Sdiode KO0 L L relay S
delay me L .. . nductor T .
lamp M mewer  TB
MP . . mechamical part TC
. fuse P .plug TP

lzsro temperature coeflicient) SPDYT ... ...
nanasecondlst = 109 seconds  SPST ... .. ..
- not separgtely replaceable

- logarithmic taper pF ... ... ... .. .. picotaradis 1012 farads v ... .

mngmmg prec. ... .. . precision {lemperature coeffiant, wio
long 1erm stability and/or tolerancel  ww ..

negative positive zero sl e

.....ohm{gl TC,
order by description TiQg ... ...,
.. .oulside digmeter  tog ... ... ...

. L..peak  wim....... ... ..., R
piceamperels)  TSTR .. .. e
printed circuit

peak inverse voltage  vacw .. ... allurnanng cuvren(
e partof  war.. . .. .
.. position{s}  wdew ., .
.. polystyrene
- . potentiomaeter W .
.peak-to-peak  w/ ..
.parts per million  wiv

resistor
rhadiurm
. FOOL-Mean-square

selenium

. sectioni(s}
sihcon ® Cupont de Nemours
transister termmal sitig

5
. Wansistordiode U
resistor VW
thermisior W

switch X . .. ...
transtormer  XDS
ferminal board  XF .
thermocouple Y e
1est point r4

. single-pole double-throw
.. single-pota single-throw

P tantalym
............ temperature coetficiant
titanium dioxige
A taggle

dlracl curwnt wurkmg voltage

A
““““ wnrlung inverse voltag

. optimum value selected at factory,
. .rotary average value shown (part may be omitted)
L no standard type number assigned

salected or special type

vasuum lube nean hulb photocell ete

'. .QH

talerance
trimmer
transistor

. voliish
workmy vollage
. wariabie

wattls)

... withowt
wisewound

micracircuil

cable

. .sackel
lamphalder
fuseholder
.. crystal

. . network

Tahle 6-2. List of Manufacturers.

Mfr.
No.

Manufacturer Name

Address

50545
00000
00484
01121

01285
03888
04713
06383
07263
136086
18324
19701

24546
26654
27014
28480
3L5685
322393
32997
34335
51642
52763
56576
56289
72136
74970
75042
75915
84411
91837

Nippon Electric Co.

Any Satisfactory Supplier
Addressograph Multigraph Corp.
Allen-Bradley Co.

Texas Instr Inc. Semicond Cmpnt Div.

KD} Pyrofilm Corp.

Motorola Semiconductor Products
Panduit Corp.

Fairchild Semiconductor Div.

Sprague Elect Co. Semiconductor Div.

Signetics 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




Replaceable Parts Replaceable Parts

0 Table 6-3. Replaceable Parts
£ih
Reference HP Part |c Q I Mfr
: 4 t Description Mfr Part Number
Designation | Number P Y p Code
AR 0XI25-6H56502 |9 2 FOWER BUPPLY ASSY 28480 0FE29-6AL0D
01603500 9 i CAPACITOR~FXD 1UF +DH-20% SHvDC CER 28480 01633508
? CAPACITOR-FXD 1UF +30-20% S0YBC CER c 016n- i1z]
9 2% CAPACITOR-FXD ,1UF + % 50uDC CER 2400 01 &0~
b CAPACTITIOR -FXD 1UF +-20% S8UDL CER 2H4B0 01403
3 s CAPACITOR-FXD 100B3UF+50-10% J5VUDC Al 2460 H1OD-263
016435 9 CAPACTTOR-FXD 1UF +00-20% S0VDC CER 28480 01603508
0180~ L3 i CAPACITOR~FXD 4.7UF+-20% 10VDC TA G289 150DA7ZTHOG10AR
01iB8d--2635 3 CAPACITOR-FXD 1400UF+50-10%X 3ISVDC AL 28480 nN1B0 -2639
01B0—~4610 8 1 CAPACITOR-FXD ODQOUF+50-10% $6VDC AL 28480 018:0-4610
016G-3047 e 141 CAPACITOR -FXD . 01UF +100-0% SOVDDL CER a8 0160-3847
N160-3508 9 CAPACTITOR-FXD 1U¥ +80--20% SOVDC CER 20480 0160-3508
01604571 8 28 CAPALTTOR--FXD .1UF +80-20% S0VDL CER 261480 P160-4571
01801781 2 2 CAPACITOR-FAD &.8BUF+-20% &VDC TA 546289 150N&LBEX0006A2
01603847 7 CAPACITOR-FXD ,91UF +100~0% SO0VDC CER 28400 01403047
0180~-2823 1 ha CAPACITOR-FXD 470UF+5D-10% &.3VDC AL 20480 .3
AZCI7 01800423 3 2 CAPACTTOR~FXD vl 25VDC Al 28480 0jg0-04a23
AZC18 03iBl~0423 3 CAPACTITOR-FYXD 100UF+50-10% 25VDL Al 28480 01800423
ac1e 0tgd-3008 & 1 CAPACIVOR-FXD 470UF+50~10% 35YDC AL 20484 0180-3000
ARCA20 01802823 1 CAPACITOR-FXD 47DUF+50-16% &.3VDC Al 20440 01002923
AZCR1 1701 -0662 3 4 DIODE-PUWR RECT 100V HA 04713 MR 751
AACRZ 19010662 3 DIODE--PWR RLCT 100V &4 nazi3 MR751
ARCR3 1901-0682 3 DIODE-PWR RECT 138V &A 04713 MRY51
A2R4 19010662 3 DYIDDE-PWR RECT 10QV 64 04713 MR7E1
AZCRS 1902-002%5 4 a DIODE-ZNR 10V 5% DO-35 PD=,4W TC=+.006% 28430 19020025
ARCR? 1902-3214 9 1 DIODE--ZNR 16,2V 2% DO--35 PD=, 449 20480 19023214
A2CRA 1201-0040 1 4h DIODE-SWITCHING 30V 50MA 2NS DO-35% 20480 19201~004p
ARCRY 1902~0%777 3 3 DIODE~ZNR 1NB2% 6,28V 5% DO--7 PD=. 4l 04713 1NBARE
ACCRLD 1884- 12646 G 1 THYRISTOR-SCR 2N6400 TO-228AE VRRM=%0 3LE8T 2NeADD
AZCRI2 1901--0040 1 DIODE~SWITUHING 30V SO0MA 2NE DO-3% 20480 1901-0040
1901-0040 1 DIODE~SWITCHING 30V S0MA 2NS DO-3S 28480 i201-0040
1201--0040 1 DIODE--GWITCHING 30V S0MAa 2NG DO-35 ROAB0 19010040
A2CR1S 1701-0518 8 13 DIGDE-SH 510 SCHOTTKY 2480 1901-0518
ARLRIG 12313040 1 DIODE~SWITCHING 30V S0MA 2NS DO~-3%5 19010040
m AZCRL7 19010533 9 7 DIODE-3H BIG SCHOTTKY 1901-0535
.. AZCR19 1901-0918 ] DINDE~SH SIG SCHOTTKY 28400 19010518
AZK 1 04%0--0749 b 1 RETL.AY 10 &YDC-COIL 1A 115VAC 28480 0470~074%5
A2L1 #100~3807 4 1 INDUCTOR R¥-CH-HWLD 110NH 5% ,186DX, 36ILE 28480 1003007
APP Y 128142446 ¢} 4 CONNECTOR 3-PEN M POST TYPE 2B480 1R251-4246
AP 2 108513759 7 2 CONKECTOR 10--PIN ® POST TYPE AB4BD 12%1-37519
ARPS 1251-3638 1] 1 CONNECTOR &-PIN M POST TYPE 23480 1251-3638
ARP4 1281-4244 8 COMNECTOR 3-PIN B POGT TYPE 204810 12351 -4246
A2P5 1251-3570 7 2 CONNECTCR 10-PIN M POST TYPE 28480 1251-3570
A2 03325665701 | 2 1 XSTR ABSEMBLY 28480 0332566901
ARR2 RIS 66902 | 3 1 X3TR ASBEWBLY 284B0 03334546902
A2R3 0332566703 | 4 1 XBTR ASSEMELY AB480 03325-646%03
AZQ4 111540074 4 1 TRANGISTOR NPN SI PD=200MW FT=3T0MHZL 22408 18540074
AR0Y 1853-0067 9 16 TRANSIGTOR PNP 2N4%?17 SI PD=200MW 072673 AN4LY
A2RG 1054~021% 1 22 TRANSISTOR NPN SI PD=350MW FT=300MHZ 04713 2NIF04
AZ2R7 18530087 ] TRANSISTOR PNP 2N4917 GI PDR=200HY 07263 2Nag 17
ARNB 1654~ 0215 1 TRANSISTOR NRN 81 PD=330MW FT=300HHZ 04713 2N3904
AZQY 168540071 7 3 TRANSISTOR NPN 3T PD=300MW FT=200MHZ 28480 1854-0071
AR 161540692 a 3 TRANSISTOR MPN S PD=15W FT=50MHZ 04713 MIE223
Aa2qQi1 1853-008% g TRANSISTOR PNP 2NA%®17 81 PR=200MW 073563 2NA 7
acRiz 1853-0450 A 2 TRANSISTOR PNP S5I TO-220AB PD=LOW 04713 MIEF71K
A2R13 1853-0D066 & 4 TRANSISTIR PNP 3I TO-92 PD=425KUW fB4B0 1853-b066
AZR1 0757-0283 & 18 RESISTOR 2K 1% .1&5W F TC=0+-108 Z2A%46 CA-1/8~T0-200%~F
ARRR 07570283 & RESISTNAR 2K 1% .125W F TC=0+-100 PA544 C4-1/8-T0--2001~F
ALR3 05832035 3 3 RESISTOR 20K 5% ,25W FC TE=-400/+800 61121 CHB203S
AJR 4 0811--2544 4 1 RESISTOR .5& 5% %W PW TC= 300 73042 PY-B0~1/2-RS6-T
ARRE 06H83-3925 2 1 RESISTUOR 3.9K S% ,25W FC TO=-400/4700 niiz1 CHaeas
AZ2R& n7%7-0200 3 17 RESISTOR 1K 1% ,125W ¥ TC=04+-104 245446 C4--1/8-7T0~-1001~F
ARRT 757 -0280 k3 RESISTOR 1K 1% ,i28W F TC=04-100 2546 C4~1/8~-T0--1001-F
AZRB NHN3-2033 3 RESISTOR 20K % ,25W FC TCm=--400/+BG0 01121 CH2039
ARRY 36831025 9 35 RESISTOR 1K 5% .25W F§ TO=--400/44600 01121 CB1025
AZR1D 03119548 2 1 RESIATOR .47 %% .54 PW TC=0+-300 75042 BWRG-5/10~ ,4FR -]
ARRI1 0£83-1028 L REBISTOR 1K 5% ,25W FC TC=-400/+400 91121 CR1025
AZRI12 G683-4715 1] 7 RESISTOR 470 5% .254W FC TC=-408/+600 nii21 CBA715
AZRI1Z 06831525 4 4 REBISTOR 1.5K 5% . 25W F{ TCw=-400/+700 241121 Ch1%25
A2R14 $683-1013 7 23 REGISTOR 100 5% .R6W FC TS=-400/+500 01121 CBI015
ARRIE 07570404 3 1 RESISTOR 130 1% .125W F TG=0+-100 24544 Ca-1/8-T0~131F
AZR1G J757-0441 ] 2 RESISTOR B.25K 1% 1254 F TC=0+-108 24546 C4-1/8-TR-H251-F
ABR17 0757-0460 1 1 RESISYOR &1,9K 1% .i25W F TC=D+-180 24544 Ga-1/8-T0~bL192~F
AZR10 06B3~5125 a 2 RESISTOR 5.1K 5X 25W FC TGe=-400/4700 01121 CESI2S
AZR1D 0683--270% A 1 RESISTOR 27 ©% ,25W FC TC=-480/+5830 a1 CE270%
N AZR20 059B-6360 6 7 REGISTOR 16K 1% 128W ¥ TC=0+-25 20480 A699-6340
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AZREN J683--101% 7 REGISTOR 100 5% .25W FC TO=-400/+4500 n1121 Cri1013

Azfza 21003296 B 1 RESISTOR-TRMR 1K 104 C TOP-ARJ 17-TRN 284840 210032964

AZRAY 0678-6617 8 3 RESISTOR 18K 1% . t28W F 7 + 2 20480 QLRB-HHLY

AIRZS 06986320 8 4 RESISTOR 5K 1% 1BSW F T D388 PMESS-1/8-T?-5001~B

AZR2Y THB3-1015 7 RESIGTOR 100 5% 254 FC TC= 0Li2% CRi0lY

AR 24 0856 -11191 4] 1 RESISTOR 12,8K 1% 1284 ¢ 7C0=0+-23 19703 MF401/8-T%~ 1252 -0

AZR2Y 0678-8060 7 1 RESGISTOR 8.64K 1% .128W F TC=0+-25 197701 MIF4C1/B-TP-3641 R

ADRZ2B 5 4 1 RESISTOR 1.181€ §% 1206 0+-1061 24544 C4~1/8-T0-1181-F

ARRAT 7 RESESTOR 180 S% ,25W FC T 00/4500 G121 CRIO1Y

ALR3D 1 27 RESIOHTOR 10K 5% 2% FU TO=-400/+708 01131 €B1035

AZRIE 0HHI~A72L 3 4 RESIHTOR 4,7K 5% .2%W FC TC=-400/+700 01121 CRA72G

ALRES 069863460 & RESISTOR 10K 1% 128 ¢ TCw0+-25 »BARY 06986360

AZRI4 0683-1045 3 7 RESIZTOR 100K 5% .25k FC TCe=-400/+{000 01121 LRi1045

ARR IS (4832030 3 RESISTOR 20K 9% BSW FC TCw--4006/+4800 01121 CR2039

A2RES 06HEL--511% 2 1 REBIGTOR 510 HX .5W CC TC=0+52% 01121 EB3115

APRAY 06831005 bl 1 RESISTOR 10 %% -4 30/ 4500 oliei CB1005

AZR4Z BHH3-1625 S 1 RESISTOR 1.6K 5% .25W FC T 40074700 01121 CB1&623

AR 4Y N683-302% 3 i RESISTOR 3K 5% @%W FC TC=-400/4700 01121 CHEL25

[} 3101-51862 [ 1 SWITCH -8l SPDT MINTR .5A 12SVAC/DC PC 28480 I101-1162

[} F101-2042 3 1 SUITCH-SL DPDT 3TDR 2A 2%0VAL SLDR-LUG 249480 F101-2042

a2l 170&6-00956 7 3 DIODE-FW BRDE 200V 24 04713

AL 182600678 1 3 IC OF AMP GP DUAL TO-99 PKG 27014

H2aUS 18260678 1 IL 0P &MP GFF DUAL TD-%% PKG 27014

ARL4 1826-04678 1 16 OP AP GP DAL TO--99 P #7014

ARVY 0370120 ] 1 VARISTOR~130VAC 28480 08370120
12451-0600 0 34 CONNESTOR-SGL. CONT PIN 1. 14-MM-BSEC~8Z S&% 284840 12516690
14000507 3 1 CAHLE TIE ,062-2-DIA (0P5-WD NYL 2480 1400-0507
2200-0143 a 3 SCREW-MALH 4-40 375 IN-LG PAN-HD-POZI 2EAB0 22000143
22600089 3 1 HUT -HEX-WALKWR 4-40-THD . 094~ ITN-THK ngooe BRDER BY DESCRIPTION
2360-0113 2 b7 SCREW-MACH &6~37 285-IN-LG PAN-HD-POLL goono DRDER BY DESCRIPTION
S0T0--0440 2 3 WASHER-SHLIR NO. 4 115-IN-ID .2-IN-0D 28480 F0%50-0440
FARC-A71E b 2 LABEL-WARNING T-TN-WD 1-IN-LG MYLAR 28480 Fiah-a7iz
7121-1234 9 ] LABEL-CAUTION 1.925-IN-WD 2.24-{N-LG 28480 7121-1234

Al 0732566503 | 0 2 SIGNAL SOURCE aSSGY L8486 05329~ 66503

A3 0160-3533 ? CAPACITOR-FXD . 1UF +-20% S0YDC CER 23480 0160-3508

ARC2 01 60--3847 7 COPACITOR-FXD ,01UF +100~0% S0VDC CER 2D4%0 6140~3847

AlLE 0160-0362 7 2 CAPACITOR-FXD S10PF +-5%Z J00UDC MICA 28480 0160-03462

A3CA 01600362 7 CAPACITOR-FXD S10PF +-50X J0EVDC MICA 20480 0160-0362

ASLEH 0160-3047 ? CAPACITOR-FXD ,81UF +100~0X% SO0VDC CER 28480 3160-3847

AIACY U140-2204 0 4 COPACITOR-FXD 10GPF +--5% 300VDC MICA 2134480 01402204

ABCE 01980228 [ 3 CAPACITOR~FXL 22UF+-10X 15VDC TA G62B% 150D226XT0 1588

A3Ce 0160~3058 7 CAPACITOR-FXD L 1UF +-20%4 BO0VDC CER 29480 01460-3558

ABGLL 01640174 9 1 CAPACITOR-FXD ,47UF +B0-20% 25VDC CER 23480 0i60-0174

AJC12 0149-0191 8 4 CAPACITOR-FXD H6PF +-T% 300VDC MICA 72136 DHIBESA0JOZ0GWICR

AJC13 41400199 & 1 CAPACITOR-FXD ZAGPF +-5% 300YLRC HICA 72136 DH1SF241T030 0WV1IGR

A3C14 Dled-2064 2 1 CAPACITOR-FXD R20PF +-5% GODVYDT GER 04-30 28480 01402264

ARCTE $160-3847 9 CAPACITOR-IFXD L N1UF +100-0% S0VDE CER 28480 D160-5847

AICLY 01 6036147 @ CAPACTITOR-FXD .01UF +100-0% 50VDC CER 28480 01603847

ABC1E 1140-0204 4 1 CAPACITOR -FXD 47PF +-5% SO0QVDC MICA 7R1BH PH1BE4Z0J0S0 0WVICR

AIGEY 01603847 9 CAPACITOR-FXD . 01UF +100~-0¥ S0VDE CER 28409 $160-3847

AJL20 1502252 e 2 CAPACITOR-FXD &.2PF +-.25PF S00VUDC CER 28480 D160-2252

A2 1180-0197 a8 2 CAPACTTOR-FXD 2 2UF+-10% 20VDC TA HhHEBY 150DE2ASTAFH20AR
0t80-61%7 8 CAPACITOR-FXD 2,20F+-10% 20VDC TaA 56289 1H0D225XROR0A2
0ta8-1746 5 23 CAPACTITOR~-FXD 15UF+-10% 20VDL TA 56207 1S0P156XP 02002
01403558 14 CAPACITOR-FXD 1UF +-20% 50VDC CER 2B4H0 0150--3598
0L60-3B47 9 CAPACITOR-FXD L 01UF +100-0% S0VDC CER 28409 01483847

“ACR? 0i&0--3347 ? CAPACTTOR-FXG ,01UF +100-0% SGVDC CER ag4B0 01460-3847

AZLEE 01603847 b CAPACITOR~FXD .01UF +100~0% S0VDE CER 28400 01603847

adC2Y 01460-3847 k4 CAPACITOR-FXD  DIUF +100-9% [OVDE CER 28480 0160~-3647

ABLHL 018p~022% 7 1 CAPACTTOR~FXD 33UF+-10% IQUDL Ta S6289 150N336X701082

A3C3Z2 U1B80-1744 5 CAPACITOR-FXD 15UF+-10% ROVDL TA 56287 1O HEXPI2002

ABL33 t180--1748 ] CAPACITOR-FXD 150F+=10% 20UDC TA BHEBY? 15001 56X7 02082

AIC34 0162-3B47 2 CAPACITOR~FXD .0IUF +100-0% S0VDC CER 28430 01403847

ARCEL 071 60--3847 7 CAPACITOR-FXD ,01UF +3100-0% 50VDC CER 28480 01&60-3047

AICE? 014603847 7 CAPACITOR-FXD . 0%UF +100--0% S0VDC CER 28480 0160-3847

PEC30 0160-3847 9 CAPACITOR-FYXD . 01UF +100~0% SVDC CER 25480 0160-3B47

ABCIT 0160~-3847 b4 CAPACITOR-FXD . 01UF +100-0% SUVDC CER REAB0 0160-3847

ABCAL 01604847 9 CAPACITOR-FXD ,01UF +100-0% GLOVDC GER 28480 0160~-3847

AZCAZ 0160-3520 3 1 CAPACITOR~FXDH 7HPF +-1% 100UDL MICA 28480 0160-3G20
0160--2254 0 1 CAPACITOR-FXD 7.5PF 4~ 25PF S00UDE CER 28480 01602354

1 1 CAPACITOR-FXD B,2PF +—,26PF S00VDC CER 28480 1160-2255
g CAPACITOR-FXD ,GIUF +100-0X% S0VDC CER 28480 G169-3847

0314603085 7 1 CAPAGITOR-FXD S10PF +-1% J00VDC MICA 28480 0160-308%

ARG 0140-2199 2 1 CAPACTTOR-FXD 36PF +-5% B00VDE MICAH 28488 01682199
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ARCAY 160 -3B47 % CAPACLITOR-FXE . 0IUF +100-0% S0VDC CER zGAB0O D1&0-3847
ASCEL 1160--3247 N CAPACITOR-FXD . OGL1UF +100--0% S0VDT CER 28480
AZCLE 0160- 3047 5 CAPACTTOR--FXD . 0IUF #100-0% S0VDE 28400 g
A3CHS D1&E--3047 7 CAPACTITOR-FXD .01UF +106- 0% SO0UDRC 20480 0140~ 3!347
AGCEHE 0169 3847 * CAPACLTOR -FXD L G1UF +106 -0% BIVDES 28480 0160-3347
0160724 3 & FR 01-30 cH4890 01460~226%
U160-2265 3 TTE) 22rr o CER 0+-30 o0480 0160-236%
01603847 ¥ CAPACITOR- FXI) LDIUF 4lll0 0% S0VDI CER apnano 0140 3BA7
8160 -3047 G CAPACITOR-FXD | 01UF +100--0% S0UDC CER 28480 0I6L0-ZHA7
0 160--3%58 5 CAPACLYOR-FXD 1UF +-20% 50UDC CER 20480 01 &0--3555
AZCIOR M A60-3847 9 CAPACLTOR -FXB . 01UF +100-0% 50VDC CER wgaco 0160-3847
AR W160--3347 b4 CAPACTITOR-FXD .G1UF +100--0% %0UDE CLR 204810 03 40- 3347
AZC1 04 01E0-1746 5 CAPACLTOR-FXN 15UF+-10% 29YLL 1A HH2B 7 150D 1 S6XP02 002
AZC10A 0led--2250 B CAPACITOR-FXD &, 2PF +-.250F S00VDC CLE 20480 01 60--2258
AsC107 0168-22656 4 1 CAPACITOR -FXD 24PF +-5% S500UDC CER 0+4-30 npago 01402264
A3CT108 01801744 ] CAPACTITOR-FXD 13UF+-10% 20UDC TA HHARY 150D S6XPO2002
ASCIOY B160--2293 7 1 CAPALCITO: -FXD 51.5°PF +-1% S00VDRC MICA 20480 0160 -39
ABGI1LL Dlbb- 2263 1 1 CAPACITOR~-FXD 19PF 4-%5% S00VYDC CER O+-30 26480 0160-2263
A3ZC1I12 01&60-2372 3 A CAPACITOR-FXIr 47PF +-2% 300VIRC HMICH 28480 N150~2372
ABL113 016020260 ] 1 CAPACZITOR-FXD 13PF ++5% S00VDC CER 0+-30 £a430 01402260
A3L1|4 014602372 3 CAPACITOR-FXD 47PF +-2% 300VDC MICA 28480 G116 8-23728
0180--1744 ) CAPACITOR-FXD 15UF+-10% 20VDC TA 36H28% 1S50D15AXP02 002
0140--3847 Vi CAPACITOR~FXD D1UF +100-0% S0VDC CER 23480 01560-3847
A‘H"HH D 1603847 @ CAPACITOR-FXD ,01UF +108.--0% 50UDI CER 28480 01603847
AZGT1Y 0160-3847 @ CAPAGLTOR -FXI  01UF +140-0% J0VDC CER 26480 01605847
ASCI20 0160-7244 8 Ei CAPACITOR-FXD IPF +-.2SPF SO0OVDC CER 28460 0160-2244
AACT1E 01400470 7 a4 CAPACYTOR-FXD 320F +-S% I00UDL MICA TR136 DHISEIRRT 0300V LCR
A3C123 01&0--2251 7 2 CAPACITOR~FXD %, &PF 2"5"F 00VDL CIR 20480 04602201
AZCLZS 0140-01%0 7 CAPACITUR-FXD 3901 L 300VNG MICA 732136 DHIGEZR0TOI00WVICR
AZC124 0lob-244 B CAPACITOR~FXD 3PF +- 2UPF S0OVDC CER pade 22001 h160-2244
AZE10G 014001920 7 CAPACITOR-FXD 39PF +~%X 300VDC MICA 7A140 DHISEIFNI0I00WVICR
p B4 60-2251 7 CAPACTTOR-FXD 5, &PF +~,23FF S00VDC CER PBaR0 ]
AZC128 N140-01%90 7 CAPACITOR-FXD 3%PF A J00UVDE MICA 72136 DMISEI?0T 030 GWVICR
AT R ERCHEY ) a CAPACTTOR-FXD 3IPF +-,25PF S00yDE CER 21409 0160-2244
AJCTH 01603847 7 CAPALITOR-FXD . D1UF +100-0% SOVDE CER 2B4B0 01460-3347
AZCLE2 01603847 9 CAPACTTOR-FXD ,0MWF +108-0% SOVDC 28480 0140-3847
n A3C1H3 015603047 7 CAPACITOR-FXD .01UF +100-0% SOVLC 28480 G150-3B47
i, A3 G160--3047 ] CAPACTTOR-FXD ,0iUF +100-0% SOVDC 28400 035603847
AXCLSL 146036347 ? CAPACITOR -FXD L, 01UF +100-0% S0VDC 28460 G1&60~3847
AJC1SY D180-1746 4] CAPACITOR-FXD 15UF+-19% POVBC TA S56L209 150D156X2 02082
ABJCLGE 0tH0-3847 @ CAPARITOR-FXD .01UF +100-0% SOVDL CER 28480 01603547
AJCIRL 198510440 1 DIODL-SWITCHING 30V SO0MA 2NS DO-35 28400 12013440
AJLR:2 1701--4040 1 DIODE -SWITCHING 30V H0MA 2N5 DO-3S 26481 1901-0044
AZCRI 1201 -03510 17} PIODE-5M STG SCMODTTKY 2848110 19010518
AZCH A 1901 -05%18 a8 PIODE~SH SIG SCHOTTKY 283480 1901-0518
AXLRS 1902-3% 4% Ll P DIQDE~ZNR 9.0%V 9% DO-35 PD=,4W 2B407% 1202--3514%
AZCRY ? 3 BIODE~ZNR 3.01V 5% DO-7 PD=,4W TC=-,067% 20480 1702-3030
ATJLRE 5 3 DIODE-YUC 29FF 10% CI/C25-MIN=E BUR=30V 94713 MU1§9
ATCR10 G025 4 DIODE--ZNR 10V 9% DO-35 PD=, 4k TC=+,086% 2p480 1902-002%
ASCRTL 190{~0%518 ] DIODE--SH SIG BCHOTTKY 28481 1810518
A3CR1E 1‘701 0518 5] DIDDE--SH BIG STHOTTKY 28400 190105168
ABCR101 19060207 2 1 DIDBE--MATCHED 28480 1906~ 0207
ASCR1032 12010335 ? DIODE~-3M SIGC SLHOTTKY 23480 1590 1-6%35
ARCRI0DD 19201 ~05%3% 9 DPIDDE~-SM SIG SUHOTTKY 28480 17010535
AsT1 12516567 0 b CONNECTOR 21-PIN M POST TYPE 25430 1251-6567
AZY 2 1258--0141 B 2 JUMPER-REM 2eago 12580141
A3TE 125! ~2969 8 CONNEGTOR-PHONO SINGLE PHONG JACK; DIP 28480 1 -296Y
ABSS 12512969 ] CONNECTOR-PHONG SINGLE PHOND JACK; DIP 28480 125129469
ASZSG 1251 “BILY =3 CONNECTER-PHOND SINGLE PHONG JACK) DIP 20480 1251-29269
A3I7 1251 2969 ] CONNECTOR -PHOND SINGLE PHONO JACK; DLP 20480 1251 -2%6%
AT 12812969 B8 CONNECTOR ~-PHONO SINGLE PHONO JACK; DIP 28480 1251~2%6%
[N 8 COMNECTOR~-PHOND SINGLE PHOND JACK; DIP 20480 1851-2964%
AJTE0 ] CONNEC TOR-PHOND SINGLE PHONO JACK; DIP 28480 1281-896F
A3 1251 -294% 8 CONNECTOR~PHOND SINGLE PHOND FACK; DIP 28480 1201-2969
AXTES 108129267 5] CONNECTOR-PHONO SINGLE PHOND JACK; DIP 28480 1251-290%
A3lL1 9100-3551 5 1 Coil-MId 1uH 5% Q=50 28480 9100-3651
A3LA $100--1791 1 14 INDUCTOR 290WNH 20% ,R3DX.375LG 28400 100-1791
AdLI T140-0210 1 <1 INDUCTOR RF-CH-MLD 100UH %% .146DX,385LG 28480 @140-0210
ASL.4 P140~-0210 1 INDUCTOR RF~CH-MLT 10OUH SX ,1866DX,380LG 7aane 1404210
AZLS 2170--0894 1] 4 CORE-SHIELTING BEAD 28480 2170-08%4
ABLb 21400210 1 INBUCTOR RF-CH-MLT 100U S5X .164D%,3BELEG ag4an f140- 0210
AGLY7 140210 1 INDUCTOR RF-CH -MLD 100UM 5% ,16&6&DX.3BSLE 28480 ?140~0310
ASL-B 910035460 [ 1 INDUCTCOR RF-CH-MLY 5,64 5% ,166DX. 3H5LG 8400 1003560
ABLY 21400233 2 1 INDUCTOR RF-CH-MLD Z00NHW 1% ,166DX.3B5LG 28480 P140-02 ,'K
AZL2D 21001629 ) 1 INDUCTOR RF-CH=-MLD 47UH 5% .16&6DX,30%LG6 28430 102162
AJLOD1 100-3501 ) 1 INDUCTOR RFF-DH-MLD 1UH $% .166DX., 383G 284010 1.0 03t J.J‘l
9
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AsL1 681 ?100-1791 1 INDUCTOR 2P0NH 20% 230X, 37596 Adadi 2100-1791

A3L102 10047 1 INBUCTOR 2%0NH 20% 23DX.375LG 200480 21001791

AJLLGH 71400265 & @ INDBUCTOR SMLE 1L & BX L 164DX, 38ULG 20480 2140-0260

A3L1D4 91003552 & 1 IHDDCTOR MLD 1,5UK 524, 164DX . 268510 20480 21003562

AJL103 F140--0349 7 2 INDUCTOR RF-CH-MLE 1.1UH SX% ,1468DX, 38SLG 284080 P147-0347

A3L10s P140-D 265 & INDUCTOR HeMLD 1, 6UH B4 L 1660X.38ULE 25480 PLAN-0265

AZL167 F100-0339 3 L INDULCTOR 23480 #1040~

ABLADE F140-0142 a 1 INDUCTOR 1074 .105DX.26LG 234800 P14a0-014

#A3L111 2100-3315 2 2 INDUETOR =Gl % . 166DX.3B5LE 243480 F100- o

AZLIL2 21003315 9 INDUCTOR RF~CH--MLD 820NH DX ,1686D0X.385LEG 28480 71003315

AZL1L3E 21003546 # 4 IHDUETOR 1,30 %X, 133D%, 3756 28480 P100-35344

A%L1Y4 PLOB--BE4L 8 INDUCTOR 1,304 5% 155DX a0480 ®1L00-3545

ASLI1G 1003544 ] TNDLCTOR - 1.3U4 5% L 188DX, 375 20480 2100~

a3 1Y @100~ 3E46 a INDUCTOR RF~CH-MLD 1.3UH S% . 155DX, 37916 20480 L0~ d

A3LISL 1001791 1 INDUCTOR 270NM 20X . 23DX.375LG 2844810 ?100-178

ABL 152 2100~ 033% 3 INDUCTOR (HISC ITEM) 284810 21000539

ABL1SS 21400210 1 INDUCTOR RFF-CH-MLD 100UH 5% . 166DX. 3805LG FH480 F140-0210

AZMIM 03325-204601 | 3 GHIELD, TOP 28484

AJNPT DJF2T-204602 | 4 SHIELD, BOTTOM ep4no

AEMPS 05325 -04101 | 4 1 COVER, 1 28480

ATMP & 03325041083 | & 1 COVER, 3 23480 G375 -04103

ABP A 1 2591--4822 ) el CONNECTOR 3-PIN ¥ PDST TYPL 28480 1261 -4B22

A3RY 185%3-0448 G a TRANSISTOR PNP 81 TO-92 PhHubH2BMU nazi3 HiSHE 1

AlNZ 18550081 1 & TRANGISTOR J~FET N-CHAN D-MODE SI o0 430 1855-0081

A3G3 10530087 5 TRANSISTOR PHNP PN4917 B PD=20DMY 07263 2N491 7

ABNA 1854-00%2 24 1 TRANGISTOR NPN SI PD=200MW FT=600MHZ 254890 18540092

AJRE 13540215 1 TRANSISTOR NEN 83 PD=300HW FT=300MHZ 04713 PNIFOA

A3NI0L 18540089 4] TRONSISTOR PNY 2NA?17 ST PD=2R0MW p7eaed 2N4P1T7

A3Q102 1RG3-0087 a TRANSISTOR PNP 2ZN4F17 §1 PD=200MY 17243 2N4P17

HIR1 B46B3--470% 4] B7 RESISTOR 47 S9% 250 FO TE+=-400/+500 g1i21 CRa709

HARD J6?8-3438 7 2 REGISTOR 246.1 1% .12UW F TC=0+-160 03803 PHESS1/8-T0--20R1-F
ABR3 Q797-0398 4 3 RESISTOR 75 1% .127W F TC=04-100 24548 LA~-1/8~TO-78R0~F
ABREO 0H0Z-2220 3 22 REGISHTOR 2.2K 5% .25W FC TC=-400/+700 o1121 CB2225

AJIRT 0 HFE~FALP 4 2 RESISTOR 178 1% 128W F TCm=0+-1{0 245446 Ca-1/8-T0--170R~F
AIRO Q7S7--3AP7 3 ] RESISTOR 48,1 1% .12%W F TC=8+-139 ?AnA4s C4--4 /BT O-HEBR 1 ~F
AZRYT P 6B83-4715 3} RESISTOR 470 T4 ,29W FC TCe=-400/+509 01121 CHa?1y

AZR10 0757--0401 0 12 REBISTOR 100 1% .125W F TC=0+-1018 24544 Ca~1/6-T0-101~-F
AIRI DPE7-0397 3 RESISTOR 68.1 1% ,120W F TC=0+-100 245548 4-1/9-TD-GHR1~F
A3R1E Q6831245 g 1 REGISTOR 120K S%  25W FC TG=-8300/+700 01181 CRL124%

AIR1Z 0 &B3--47 2% 2 RESTSTOR 4,7K 5% ,2%W FC TE=-4D00/2700 01121 CH4725

A3R14 06831025 Vi RESIHTOR 1K S% . 25W FC T LYLPERA ] 01121 CB102%G

AIN16 0483~1025 L4 RESIBHTOR 1K 5% .2%5W FC TC=-400/+600 631121 Culoas

AIRI? 01483 -222% 3 RESIBTOR 2.2K 5% .25W FC TC=-400/+700 01121 CR22A%

ASR1B 3757-0442 ? 13 RESISTOR 10K 1% ,123%W F TC=0+-140 245454 Ta-1/8-T0~-1002-F
AIR1Y N&83 1045 3 RESIGTOR 100K 5% 23W FC TC=-480/4+800 91121 CB1045

IR 3483--102% b4 RESISTOR 1K %% ,25W FC TC=~400/+600 pitzd CL1025

AJR22 8757-0279 [} & REGISTOR 3,.1&6K 1% .125W F TC=04-100 24544 C4-1/8-7T0-3161-F
ALRAS 0757+ 0438 ] 11 RESISTOR %.13K 1% 128W F TC=0+-100 24544 GCa-1/8-T0~5111~-F
AZRES DeB3-reRs 3 RESISTOR 2,2K S% .25W FC TC=-400/4700 f11m CRR22S

AJREE 07570263 b RESISTOR 2K 1% .12%W F T =100 BEHE C4-1/8-T0-2001~F
AXR2Y G757-0442 9 RESISTOR 10K 1% ,125W F TO=0+-100 24544 C4-1/8-1T0-1002~F
AZRZ2A 06988490 9 1 RESISTOR 29.4K 1% 12GW F TC=04-180 24544 C4--1/8-T0-2942-F
AJR2Y 0&RE-3154 a9 2 RESIGTOR 4.221K 1% 1254 F TCx0+-100 24546 C4-1 /B~TO~422% -F
AZRID 2100-3789 4 <4 RESISTOR-TRMR 20K 10% C TOP-ADS t17-TRN 21480 2100-378%

ABRIT AeRI-1025 9 RESISTOR 1K 5% .25W FC TC=-400/+600 gi121 CE1025

AZRIT Z104-378v 4 RESISTOR-TRMR 20K i8¥% C TOP-ADT 17-TRN 2aag0 21003749

AIR3I4 Bae-0191 1 1 RESISTOR 1.680K .14 1254 F TCe=f+-28 rU400 ntoP9-01%1

AFRIE 0&99--0189 7 1 RESISTOR 2%9.6 1% .12%W F TC=0+-25 28480 06990169

AZR37 B&B3--7535 3] 1 RESISTOR 735K 5% 256 FC TC=-400/+600 N2 CR7535

ASRAB 0469834084 9 2 RESISTOR 2.,15%K 1% ,12%W F TC=0+-1010 24546 G414 /8~-T0-2191F
ABRIY JPU7-0274 S 1 RESISTOR 1,21k 1% 1254 F TE=0+-100 24%46 C4-1/8-T0-1211-F
fA3RA1 0 683~1025 9 RESISTOR 1K 5% .25W F{ TC=-400/+680 41121 EH107%

ASRAZ 07570407 & 2 RESIHTOR 200 1% 1254 F TC=04-1086 24544 CA-1/8-T0-201~F
ARRAZ $698-3150 1 3 RESISTOR 4.64K 1% 1254 F TC=0+-100 2aTa6 Ca- 1/8-T0~4441-F
LELEE] 04983155 1 RESIGTOR 4,64K 1% 1E5W F TC=04+--100 245446 C4--1/8-TO-4641 7
HIRALG 06983156 2 & RESISTOR 14.7K 1% 12SW F TC=0+-100 2440 C4~1/8-T0-1472-F
A3RASL tevE-3166 2 REBIGTOR 14,7k 1% .12%W F TC=0+4-100 24546 CA4-1/8-TO-1 473 -F
AXR 47 F683--4705 B RESISTOR 47 %% .25W FC TC=-400/4500 gi121 CR4705

AZRAB 06834715 0 RESTISTOR 470 5% .20W FC TC=~480/+600 o1 CR4715

AJRAT 06831035 1 RESISTOR 10K 5% .25 FC To=--400/+700 gi121 LELORS

A3RTS ) 2 1 RESISTOR 301K 1% 1288 F TC=0+-100 24546 GCa-1/8-T0~3012~F
AZRTE N698--3279 0 11 RESISTOR 4,.99K 1% ,125W F TC=0+-1G0 24546 Ta-1/78-TE-4%91-F
AXRSE 0683~-102% 9 RESISTOR 1K 5% .25W FC TC=-400/+&00 B1181 CEIO2E

ABRE? 06983079 0 REGISTOR 4,99 1% 12%W F TC=0+-100 24046 C4-1/8~T0~49%1-F

6-6

See introduction to this section for ordering information

*Indicates factory selected value
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Designation Number |o| St Description Code fe

AURSEH N&P9-01%2 4 1 RESIHTOR 3.8B%4K 1% ,125W F TC=04-2'0 284820 0aFF-0193

ASRES G 6HB3--102% 7 RESISTOR 14 S% .25W FC To=- 400/+5600 0111 cminas

ASRGD 2100-3294 & 1 REBIGTOR- TRMR 40K 10% C JOP -ADJ 17-TRN 3a097 I2FEW-1 10
A3NGY B HBF-AT795 13 TOR 47 a¥ 28w FC TC=-400/435060 n1121 L4700

AJRLE 0757 -044: 9 PTOR 10K 1% 1258 & TC=0+-300 2ANAG GCAa-1/8-T0-1002~F
AIRLI 06983156 i RESIGTOR 14, 7% 1% . 1205W ¥ TC=0r-3100 Ca 1 /0-T0- 1472-F
AJREA N673-4437 4 1 RESICTOR 2.94K 1% Gk O TCw=8---100 C4-1/8-T0-22471 F
AJRbLS 0757-0434 1 1 R’ TOR 4,330 1% (1280 §F TC=0t~100 Ca- 1 /B-TO=A320 F
AZRLET DR -A4478 3 1 STOR L0, 7K 13,1230 © TC=Gr-108 Ca-41/78-T0- 1072 -F
ASREE 21on-3207 1 1 REGISTOR-TRMR BK 10% C HIPE-ADT 1- TR ".L’MEBU 2100 -3207

AJRAET 16503 & 1 RESIGTOR 17.8K 1% 1100 245446 T4 -L/B-T0- 280
AJZRTD 0498 a4 1 TOR &, Qa1 17 i Dk- 500 AT “Tlh- &0AR~F
AJR72 06034705 g OR 47 Hx 20w FO 40074504 01121 [

ASZRT?3 06,98--3442 @ 1 ESISTOR 237 1% . 120W F TC=0+¢-100 G4 L/B TH-237R F
AR NLB3-470% & RUSTHTOR 47 5% 200 FC T 400773500 Cu4az0s

AIRYT 06984402 3 4 REGISTOR 7.6 1% w100 28GAL G-/ BTR 97RAF
AYRTE NG -4400 3 . 3TOR 97 .6 1% ko100 24546 C4-1/8-TO0- - $7RE ~F
AIRTY $H8 3277 a3 (ETOR 4,991 1% +-100 24544 Ca 1/78-T0-A49%1~F
AZROD N690-- 3581 7 2 T ' 1%4 . - 100 24746 C4-1/8 - ¥
AJRE1 D HPB-3WB1 7 RESISTIR 13.7K 1%  Th=0+-100 2aG4h [A-3 /3T 0- 17 1
ATRDE N757--0273 4 7 REGTIHTOR 3.01K 1% 120w F 7T +-100 24546 £a-1/8-T0--3011 F
ASRBI 07370273 4 RESISTOR 3.1 14 188W 7 T ~101 ) " ~F
AZRG4 07570273 4 PTOR 3.01K 1% 120 F T ~180 i
AJRES 06984492 k3 REGISTOR 7.4 1% 1250 F T +-100 F
A3BRBSE VLB 3187 3 1 RESISTOR 19.6K 1% 1284 F T 100 "4 1] I
AJRBY 0146831025 @ RESISTOR 1K S% .25 FI TC=-400/4+5600 91321

AIRBE O6E3-2285 3 RESISTOR 2.2 OX EEM F. TE=-400/v700 01121

AJRT0 0698-4402 3 REGISTOR 97 .6 1% 24584 'll- ZB-TH-RR G
AZR™1 046784467 0 1 REGISTOR 1,05K 1% EET Ca-1/8-T8--1081-F
AIRPZ 06B3-1025 7 RESTSTOR 1K %% .29W FC HI“MMI{!/ +&010 prim CE102%

AIRTE BHAZ-4705 & RESIITOR A7 5% 4007 +500 01321 Ce470%

AJRI01 04683~ 4715 0 RESIGTOR 470 5% A006/+0L00 911 CEHAT1YS

A3R102 6757--02%1 & 1 RESIBTOR 24.% 1% 1?‘)“ F =100 19761 HF“AH/B -1 - R400 -
AGRID3 0683~332% & [ RESIHTOR 3.3 5% .26W FO O T -400/+704 o121 (-

AJR104 n7%7-03%7 1 1 REGIGTOR 82,5 1% 1264 F TC=0+-i 80 pEHE Y C4 lel ~TO-B2R -
AZR 106 0698 -443% 2 2 l'"‘I GTOR 2.49K 1% . t25W F TC=0+-100 24046 CAa-1/8-T0-24%1-F
ASR107 Dava-X156 2 L V2% P TC=pe-100 28546 C4-1/8-70 2
ABR10B 0aYB 4037 ] 2 LEEBW FOTC=0+-100 2AN 46 CA-1/B-Th-45R 4
AZRINT n757-0279 [1} RE. IETDR 3 1&I< 12 1284 F 7 =100 4546 Ca-1/8=T0~3161-F
AJRILIL nN757-- D279 2 RESIETOR 3.14K 1% 1250 F TC=0+-150 24546 Ca 1/8-T0-3141-F
AIR112 075?-0407 & RESISTOR 240 1% .125W F TC= "Abﬂl‘n Ca-1/B-TOH-28% -+
AJRILG 0478--3444 1 4 RESISTOR 316 1% ,125W F 7 0+-109 {4 1/8-TH-310R
AJR114 N670-3444 1 RESISTOR 31&6 1% ,1254W ¥ TC=0+-100 2456 Ca-1/B-TO-& 1680~
AZRNS 21000368 1 1 RESISTOR-TRMR 100 10% C TOP-ADF I1-TRN 20460 21000568

A3R1tH 0757-0331 =3 1 RESISTOR 15 1% 1250 F TC=0+-100 197014 MFACY/B~T0- 1SR 0--F
AJR117 0496~ 3444 1 RESISTOR 316 1% .12%W F TC=0+-100 24046 G 1 B-TO-F1L0R-F
A3R118 n&»3-3444 1 RESBISTOR 314 17 120W F 2AT46 C4-1/8-TO-316R-F
AJR11Y 0757 ~-027% & 2 RESISTOR 113 1% 13%W F 1 BADAL G4 1/a-T0-113R-F
ANR1L20 D&7E--3440 7 3 RESISTOR 196 1% ,12%W F IC - 24546 £4-1/8-TO~1R6R -F
AZRLIZY 07570397 3 RESISTOR &8.1 1% ,125W F TC=0+-100 24546 G4 7B=TO -G8 -F
AIRIAR 07570397 3 REGIGTOR &B.1 1% 12%W F TE=0+4-120 24546 £4-5/8-T0-06BR1 -
AZRI23 07578275 b RESISTOR 113 1% 1R85W F TC0++100 2atide C4-1/8-T0--113R~F
AJRTE1 0757-0397 3 RESISTOR &B.1 1% .183W F TC=0+-100 24046 C4 '1/9“1‘0“&8!‘ 1
AJR133 0683-1025 9 RESISTOR 1K %% .23W FL TC=-400/+600 #1121 B2

ASR1DA N6B3-1025 @ RESIGTOR 1K %% .2%W FC TC=-400/+A00 01121 [92:]] ﬂ'"

AZR 136 0683 -1015 7 RESISTOR 90 9% .E'iU FC TCw-400/+500 t1121 CEID1E

AJR157 D&B3-470% B RESISTOR 47 9% . 400/#500 01121 34705

A3R158 16983439 4 RE*‘I STOR 178 1% 24546 04 1/8-Th- 1 7ER~F
AZR15Y 06B3-222%5 3 RESIBTOR 2.2K sx 01i2 Chra22s

AZR161 07570276 7 3 RE"‘]“T[IR 61.% 1% 125 240 4(: A1 /8-T0-4)192-F
A3R161 07%7-0276 7 RESISTDR 61.9 1% ,125W & TC=0+-300 24546 C4-1/8-TO-619E-F
A3T1 ?100-4038 i} 1 TRANSFORMER HEAD CORE; WITH CT PRI & SEC 20480 ?1.00--4038

AJT2 185524044 1 1 TRANS & TURNS 2480 1E%NR-6044

AJUL 1820-1%9%1 1 1 IC CNTR TTL LS DELD puaL 4-BIT GN74LBETON

Aduz 1820-0629 0 10 IC FF TTL § J-K NEG-EBGLE-TRIG GN7481 1N

AJUZ 18200321 9 2 IC COMPARATOR GP T0--99 PG SNY2710L

A3UA 10201199 1 3 TE INV TTL LS HEX 1 -INP GNZ74LE04N

AJVE 1820-05693 a & 1¢ FFOTTL 8 D-TYPE POS-EDGR--TRIG GN74574N

AZUL 1B20-8483 [ 3 IC TNV TTL § HEX 1--INP 01299 GBN745 04N

A7 16201924 1} 1 IC INY TTL 5 HEX 183524 NOT9AN

ASUE 1B26-0043 4 2 IC OP AMP CP TO-7% PXG 35685 CAZ0?T

AJUY 1829-~-1568 a E) IC BFR TTIL LS BUS QUAD 11295 8N7 41, 8120AN
A3UTD 1820-11%5 7 4 IC FF TTL LS D-TYPE POG-EDRGE-TRIG COM 01295 ENYALE17 5N

See intrnduction to this section for ordering information
*Indicates factory selected value
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Reference HP Part |c _ Mfr
Designation | Number |D Qty Description Code Mfr Part Number
AZU L(L‘Ew-ﬂtﬂ/ i3 1 IC MULTIPLIER 14 DYIP-C PKEG 24713 M1 4500
ABL12 7 3 IL SWITCH ANLG 8-DTP-P PRG 0Laen TLAEOIGP
a3l 3 1 IC 0f anP LOW -RIAG-k-IMPD DUAL. 3-DIP-P 0129% TLO72ACE
A%LIT4 Y o 2 TRANGISTOR ARRAY 14-PIN PLSTL DIP BLEaE Ca%102E
AFL G RUNET] 3] 1 TRANSISTOR ARRAY 16-PIN PLSTC DIP 3583 CAJ127E
ABLI1E 1858--8059 7 1 TRANSISTOR ARRAY @-PIN PLYSTC DIF 28480 1858.-005%
ALY IUZ(] (o2 1 2 I GATID EQL NOR AUAD 2-1NP 04713 M1 2P
AGLB ] 2 2 IC BATE TTL 8§ NOR QUad 2 INp 1298 GNZABIEN
AL ] TC FF OITL 8 JT-K NEG-EDGE-TRIG 01225 BN7451 12N
ARLUZD 1 2 IC OF AMP GP 8-DEIR-P PKG 284810 1R20-0216
A3YY 04%t0-111% 1 1 CRYSTAL-RUARTZ 30.,00000 MHZ 2B480 0410~1115
NAH0-1715 1} 1 TERMINAL~8TUD SGL-PIN PRE Tis 28400 N360-171%
S1-0600 )} COMNECTOR-5GL GONT Pin 1 -1 agago 1251-0600
J050-0080 & 4 WASHER~FI. NM NO. S .13~iN~1D ,25-IN-0B 22480 F0%0--008¢
71241234 k] LABEL CAUTION 1.925-IN-WD 2.24-IN-LG 28480 2
B8150-3F % 1 RESISTOR-ZERD OHHS 27 AME LEAL DA 2n480
AT 0S32T 6650 | 2 2 KEY BODARD ALBSEMBLY 28480 0332566501
@ CAPACITOR-FXD .01UF +104~0% S0VDG | 28480 01460--3047
? CAPACTTOR -FXD . BIUF +1040+0% TOVDC 284084 01460+38347
' 9 CAPADITOR-FXD ,0LUF +100--0Z S0VDC CER 28480 01403847
ASL4 D10t~ num b 1 CAPALITOR--FXD 300UF r75-10% 4VDRC AL 28430 11300062
ASCE 01460-3847 g CAPACTITOR~FXD L, 01UF +140--0% H4VIIC CER 284810 01403847
0169~ 3‘847 b CAPACITOR -FXD O01UF +3100--0% J0VDC CER 2480 11460-3847
? CAPACITOR~FXD ,01UF +1080--0% S0VDC CER 28480 D160 3347
014603847 9 CAPACITOR-FXD ,01UF »100-0X 50VDI CER 23480 pLa0-3847
09500012 3 b CAPACTTOR~FXD . D1UF +-20% 1KVYDE CER GHE09 COR3A10211 03M538
arg--om12 3 CAPACTITOR-F XD R1UF 2 -20% 1KYDE CER BLIH? C02341027103M538
19200533 4 14 LED~LAMP LUM--INT=15M0D IF=20MA~MAX 264060 0024658
19270-0532 4 LED-LAMP LUM-XNT 2OMA-HAX 28400 E0Ba-4658
19700535 4 LED=LAMP LUM-INT=13MCD IF=220MA~MAX 28480 SHae- 46568
1990-066%5 3 21 LED -LAMP LUM- INT=1MCR IF=20MA-#AX BYR=0V 283480 1220-0665
AECRE 1990~ 0665 3 LED--LAMP L UM-INT=1MCD IF =20MWA-MAX BUR=GV 20480 19980445
ABCRY 1270-046565 .9 LED -LAMP LUM-INT=1MCD IF=20WA~MAX 28484 LPP0-04065
A% CRE 19900665 3 UM~ TNT=INCD T 28460 19930664
129004665 3 LUM-INT=IHCD I 28488 199 0-066%5
19900665 3 LED-LAMP LUM~-INF=1MCD | 20408 19¢0--064%
19200665 3 LED “LAKD LUM~-INT=1MCH TF=20MA-HAX 28480 1220G-0656%
19900665 3 LED-LAMP LUM-iNT=1MCD 24680 1990-0bs%S
1990-0566F 3 LED-LAMP LUM-INT=1#CD 2334830 1990-0665
1990-- D665 3 LED-LAMP LUM-INT=iHCD 20480 1990--065%5
1722011665 3 LED~.AtP - T Z2B480 1990~0665
1990~ D4HES o) LED-LAMP LUM~ 1(NT 1IMCT BYR=SY 28480 19900665
19900533 4 LED-L.AKP LUH-INT:=15MCD 23480 HDE2-46580
19290 0W3A3 4 LED~LAMF GMOD TF 2 0MA-HaX 26480 GOAD-A650
ABCR1Y 1990-053% 4 LED~LAKP LUK -INT=1GMED IF=20MA-HAX 20480 S5E32-4650
ASCR20 1990-B537F 4 LED-LAMP LUM~-IMT=15MCD 28480 G042~ 4658
ASCREY 1990-0533 4 LED-LAMP LUM~-INT=13KID 28480 HEBR~4658
ASCRZ22 19900533 4 LED- LAMP 2480 SOne--4650
AGCRES 19900533 4 - 28480 S50B2~4658
A%{RAA 1990~ 0%33 & M 23480 G0RE~46%0
AGLRAG 1990--0534 4 LU -ENT=1SMCD 28480 G1BR-4608
ASTR2E 1920-0533 4 LUM-INT=15M4CDH 204006 S0R2-4658
1996--053% 4 LED-LAMP LUM-INT=15HCD 28489 5082-44658
19900665 3 LLED-LAMP LUM~INT=1M;D BVR=HY 20480 1990--0646%
129006065 3 LED-LAMP LUM-IWT=14CD EVR =5V 28480 1P70~-06AH%
¥ 1990~ 0&6% 3 LED-LAMP LUM~INT=1MCD OMA~MAX BUR=5V 20408 1970--0645
ATCR31 1990~ 0665 3 LED -LAMP LUM-INT=1MCD IF=2 BYR=5Y 28480 1970-056%
ﬂ‘rCRJE 19200665 k3 LFD ~L&AMP LUM~TNT=1MGD IF=20MA-MAX HVR=GY 20480 199 0-9b65
19940665 3 . LUM-INT=MED I OHA--MAX BYR=DV 284080 1990-0665
19900465 3 LED-L LUM~ENT=1HED IF=20HA-MAX BVR=5V #0480 12900065
A'."JCRJ% 1990~ 0&ES b LED -LAMP LUH-INT=1MCD IF=R20MA-MAX EBYR=5Y 20480 1790-N463
1LRP0 0665 3 LED-LANE LUNM-INT=1HCD IF=20MA-MAX PVR=HGY 28480 9900665
12000473 a 2 SOCKET -X(; 16-CONT DIP DIP-SLDR 28480 1200-D473
0410943 3 1 KEY £AP LDKAL 28480 GR41-0943
o441 -0304 & b KEYCAP - BMOKEP TPE 22400 S5041-0364
H041--0384 [} KEYLAR-BMOKERIPE 28480 504) 0384
041 -03034 & KEYCAP-SROKEPIFE 20480 S0431-0384
HOA-0918 2 1 KiZY CAP-FRER 28400 5i041-0918
G5041-0%19 3 1 KEY CaP-adbPTD 28480 50410919
S0a3--0384 & KEYCAP -SMOKERPLPE a0 S5041-p384
G041-03R4 & KEYGAR-SHMOKEPIPE 28430 5041-0334
50410384 h KEYTAP--SHOKEPTPL 28480 50410304
Sipa -GEE0 [ 1 KEY CAP-PHASBE 20400 G041+9P20

See introduction to this section for ordering information
*Indicates factory selected value
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. , t Number
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ABKGET1 0410921 7 1 KEY CAP-DCOFFSET ROARD HO41-0%21
LK1 2 S04 0451 8 1 KEYCAP--BLUEPIPE 204810 G041 -0451
AKE13 3041-098B7 5 1 KEY CAP STORE 28400 S5041-0787
ATKE] 4 S041-0017 1] 1 KEY CaP-7 284890 S5041-081%
AGKB1S G041-0818 1 1 KEY CAP-83 28480 B4 1-0818
ATKELE Y041-0916 P 1 KEY CaP-~& 28480 HAH1-0EBLE
ALBKE17 0410925 1 1 KEY CAP-MHZ YOLT ZBAB0 G0a1-092%
ALKS1B H0M-~08310 3 1 KEY CAP REGALL 2BAf) S041--0810
AGRGTY 50410814 7 1 KEY CAP-4 28460 504108314
ASKS2D S041-0815 a K KEY CaP-5 28480 SN41-0810
ATKRR2 GU41--0926 2 1 KEY CaP-KHZ MY 23480 Budl1-0926
ANKS2E3 5041-0%4% & 1 KEY CAP CLEAR 283480 B041-0946
ATKS24 BH41-08311 4 1 KEEY CAp-1 23480 n041-0811
ASKS2D S041-0812 13 1 KEY CaP-2 20480 S041-0812
AJKGR2E H041-0813 3 } KLY CAP-3 BB S0a1-0813%
AGIKS27 0410927 3 1 KEY CAP-HZ VRMG 28480 G041--0927
ATKE29 T041--0759 B 1 KEY CAP-DAGH 28480 50471~-0758
ASI(E29 S 0410019 2 1 KEY CAP-D 28430 S0ai-0819
ASXB3N L041-0608 & 1 KEY CAP PERIOD 0480 S041-0808
ASKSI Ha1-0929 9 1 KEY CAP-SLC 28430 GH41--0929
ASKE32 Wa41--09248 4 1 KEY CAP-DEG 2EAEB0 S041-0928
ANICS33 S0M~-0756 b g KEY ARROW 28480 W41 0750
ASK534 S041-07%6 & KEY ARROW 28480 T041-0%56
AYKSID 5041.-072p a 2 KEY CAP-LEFT ARD Ze400 S041-0922
ATBIKETS S041-0922 e KEY AP T ARQ 20400 S5041-0%22
ATKSIY 51410313 b -1 1K CAP PTY GRAY RE 450 S041-03510
AGKSIB SN4a1-0318 & LK Car PTY GRAY aBaB0 BHALI-0318
AKE3Y S041-0318 & LK CAP PTY GRAY 28480 G001-0319
AGIKE40 GN41-0318 4] IL.LK CAP PTY GRAY 28480 S041-0318
AYIKB41 H041--0318 & LK Cal* PTY GRAY cH480 G041--0318
ATKS42 T041-0418 7 4 KEYCAP -ERBONYP IPE 28480 S041-0418
ADKB43 S041~-020%5 & 1 KEYCAP ~-PEARLPIPE B4R S5041--02800
ARG 44 30410944 L] 1 KEY CaP PUWR 23481 S041-0944
A% ?100-3334 2 R INDULTOR 25UH 10% 3D 283460 HID0-ZFR4
ATMP L A040-1001 3 H STRIP-PLABTIC 2B8-IN-WDH 01 -ITN=-THK 264890 40401001
AGMP2 A040--1307 2 1 REFLECTOR 284810
HEMP S 03305400046 | 2 X LED ANnN GD S{ABD
A5 185300816 ] 5 TRANSTSTOR PNP S5 7G-92 PD=300HW 284018
AT 1 -0016 B PRP PL=30 LMW 28400
AT 1953-0016 8 PNE 28401
ATNA 1AN3-0916 B P NP aB4aBo
ATHD 18530016 B TRANGIGTOR PP P D300 MY 2a4i0
ASRH 1HHI 0016 B IRANSISTUR PNP SI T0-72 PL=300MW 28480 1853-0016
ABRT 146 0014 53 TRANGIGTOR PNP SL TO--92 PD=300HW 28490 1AH3-N016
ATRD 18530016 B TRANSIBTOR PNP ST TO 27 PL=I00MW 23480 16830016
ASR L 08683~2209 9 18 RESISTOR 22 S% . 25W FC 4n0/+500 o1t (M Hedndian]
ALR 2 G&B3- 220% ? ISTOR 22 g% 254 ¥ 40074580 1121 CRE205
AHRI . 9 REGISCTOR 22 %% .25%W FC 400/ 500 n1121 2
ASR4 0583 2200 4 RESTHTOR 23 &% 250 FC 40072540 01121
AVRG 06HBF 2205 @ RESISTOR 22 % .2%W FC 400/+%00 n11a1
ALREG N6HB33I-2200% k) RESTHTOR 22 5% .25W re 11124
AGR? N&HAT ? RESIGTOR 22 TZ .2UW FC 241121
ATRA 0GeY ? RESISTOR 22 Sk .25W FC 01181
ASRT naBl- 2 5] RESIGTOR 1.,3K S% .25W FO TC=-480/+700 61123
ABRIN NoHas-132 2 REGISTOR 1,3K 9% 25w FC -400/+700 01121
0683.-1325 2 RESISTOR 1.3K %% .25W 7O T 40074700 011321
0HRB3--1325 2 REGISTOR 1, 7K 2 OFC T 4007709 Q1101 p
0&83-132% 2 RESIGTOR 1.3K 9% 254 fC T -400/+7060 01123 CR1LB2S
6031325 2 RESISIOR 1.32K LETM FCOT 400/ 47070 fri2: E132%
ASRIG 0&8%-13%25 o RESTSTOR 1 .3K L25W FC T ~400 700 g1121 Chl3rs
ASR1G NOLi3~1325 2 RESISTOR 1.3K 5% . 2%W FO T=-400/+7090 01121 CR138%
ASRZ20 18410~0135 s 1 WORK-RESG &H-GTP1R, 0K DM X 0 an4a0 1£10-013%
ALRZY 1100144 7 2 NETWERK -RES 9 5IP4. 7K OHM X 8 T1637 CRPOPCAT-472S
ALR2E 1610~ 01H4 7 NETWOREK - GIP4. 7K OHM X B PLOAT CHPOPCR7F-A473 S
ABRAI 81 0-0055 5 o HETWOK -RES 9 -STP10,9K OHM X B 2B48n 1810 0055
ASH I B 21 7 43 PUGHDUTTON SWITCH P2 HdOUNT FQLh- 9A%4L
s} S068--PAT4 7 PUSHMBUTTON SWITEH PLG. MOUNT 06074306
A HE0--Y 43, 7 PUSHBUTTON B MO T BOGO~PATb
] G060 PATE 7 FLGHEUTTON L MOUNT o S0L0-FA4T6
AT Sithb-943h 7 PUSHTUTTON SWITCH P.C. MOUNT 28440 T0AL-ZATE
A% T0L0- 74384 7 PUSHDUTTON SWITCH P.C, MOUNT 200480 HA60-F436
ALY S060-9A34 7 PUSHEUTTON SUITCE PG MOUNT cEARi HOLD -VALL
AG GG PA4%L 7 PUSHEBUTTRN GWITCH PLG, HOUNT 234890 H0GY--9436
ADE H0é60 438 ? Pt TUTTON SWITLH P.C. MOUNT naagn UHEN-2ATRE
ASss10 S000-9434 7 PUSHTIUTTON SWTTCH PG, MOUNT auato GNe0-9458

See Introduction to this section lor ordering information

*lnidicates Tactory selected value
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Reference HP Part |c Lo Mfr
: . ripti fr Part Number
Designation | Number |D Qty Description Code M
ASS1 Gne0-%436 7 PUSHEUTTON SWITCH P.C. HMOUNT 26480 506 0-9436
ANH12 GH060~P434 7 PUSHBUTTON SWITCH 2.0, HOUNT #8480 GRa0-P436
ASE13 L0G0-7430 7 PUSHEBUTTON SWITCH P.C. MOUNT 28480 Hi60-7436
ASH14 G860-9438 7 PUSHEUTTON BWITCH P.C. MOUNT 28480 HlL0-7436
ASH1S G0&ED-FABL 7 PUSHEUTTON SWITCH PL.G. MOUNT 28480 S060-9438
AES1E 50609436 7 PUSHBUTTON SWITCH P.C. MOUNT 28480 HOL0-9430
ATEB1Y A0&H0-2436 7 PUSHIBUTTON SWITEH P.EC. MOUNT 28480 T0&0-7456
anE18 BOLI-9436 7 PUSHBUTTIN SWITCH P.C, MOUNT 23480 G0a9- 436
ASEIR TH0-F454 7 PUSHEBUTTON SWITCH P.C. MOUNT 2gago SD60-7434
ALE20 30609434 7 PUSHEUTTON SWITCH P,C. MOUNT 29460 TELH0-PEBE
ALB21 T04H0-F434 7 PUSHEUTTON SWITCH P.C, MOUNT 20480 HN6E0-7436
AHGI2 50607436 7 PUSHBUTTON SWITCH P,C. HMOUNT agago S060--2436
AGBE23 W60 -7434 7 FUSHEUTTON SWITEW P.C. MOUNT 28480 S5060-7438
AHORY S0460--9436 7 PUSHBUTTON SWITCH P.C. HOUNT atas0 T06U-7434
ADBRS H060-2436 7 PLUSSIBUTTON SWITCH P.C, MOUNT 28480 50607436
LT R L 7 PUSHBUTTON SWITCH P .G, MCAINT 26480 06024386
S060-7434 7 PUSHEUTTON SWITCH P.C. HOUNT 28480 G060-9436
G060 -FA430 7 PUSHDUTTON SWITCH P,C. MOUNT 28480 50609436
BI60--2438 7 PUSHBUTTON SWETCH P.C., HOUNT 28480 S060-9436
50609436 7 PUSHRUTTON SWITCH P.C MOUNT 28480 G060-9436
B060-2436 7 PUSHBUTTON SWITCHH P.C. HOUNT 28480 S060-9436
50609436 7 PUSHBUTTON SWITCH P.C. MOUNT 21480 S060--9434
Gh60--436 7 PUBSHBUTTON SWITCH P.C. MOUNT 28480 He0~F436
5060 ~F436 7 PUSHRUTTON SWITCH P, C. MOUNT 204910 S06H0-2434
AS8I5 S5R60--9436 7 PUSHBUTTON SWITCH P.C. MOUNT ABAB0 SN60-9436
ASH3L a0 9436 7 PUSHDUTTON SWITCH §,0. MOUNT 20499 S0H0-9436
ALBS7 Hl60-7434 7 PUSHBUTTON SWITCH #.0C, HOUNT 26489 S060-9436
ASBID 5060~F4358 7 PUSHEBUTTON SWITCGH PG MOUNT 28480 She0-9454
ABS3? HWi60--2434 v PUSHBUTTON SWITCH P ,C. MOUNT 23480 S60-94356
AT G40 S eGP 436 7 PUSHBUTTON SWITCH P.C. MOUNT 26480 50619436
AUEAT Hi60~7436 7 PUSHBUTTON SWITCH P.C. MOUNT 28480 S060-2436
ATS42 S060~F438 7 PUSHBUTTON SWITGH P.C, MOUNT $ngast S060-9434
ADEA3 Go60-F4346 7 PUSHEUTTON SWITCH P.C., HOUNT 28480 S160-9436
AS34n 3101-2441 & 1 SWITEH-PRB DPDT ALTNG ,5A 100VAC 23400 J101--2441
Al 18201200 1 2 IC TNV TTL LB HEX Mz SN7ALE SN
AkL2 1H58~0047 ] 4 TRANSISTOR ARRAY 1&-PIN PLSTC DIP 13456 UL N-2003A
ASLY 18201433 & 3 IC SHF-RGTR TTL 1.8 R+8 SERIAL~IN FARL-OUT 01295 HN74L5164N
AN 1858-n047 5 TRANSISTUR ARRAY 14-PIN PLSTT DIP 13496 UL.N-20803A
ABUS 1820-1200 k) IC INV TTL LS HEX 01295 GNYALE0TN
AliLI & 19201433 & I1C SHF~RGTR TTL LY R-% SIRIAL-IN PRL-DUT 01295 ON74L51640
LU 1853-0047 ) TRANSIZTOR ARRAY 1&6-PIN PLSTC DIP 13606 Ul.N--20034
ASUSB 16820--1558 a 10 BFR TTL LE BUS QUAD 11293 SN74L.8125AN
ALY 18201730 & [} IC FF YTL LS D-TYPE PGE-EDEE-TRIG COM 01295 SN74L8273N
ADUD 1990--p592 hi] 11 PISPLAY~-NUM-SEG 1+~CHAR 43-H prasgichi] GRHE-7653
ABUL1 1920-05%8 3 DISPLAY-NUM-BEG 1-CHAR . 43-H 28400 BUBR-7ELDBS
AT 1990-0592 ] BISPLAY-NUM-SEG 1-CHAR 471t 28480 SRHa-765%
AGL3 1990-0592 G DIBPLAY-NUM-SER 1-CHAR . 43-H 2e4B0 GOB2-7653
ASLIT4 bR B By S DPISPLAY-NUN-SEG 1-CHAR .43-H 28480 i HR--2603
AGULE 199p-0692 ] DISPLAY-NUM-BEG 1-CHAR ,43-H 28480 SIB2-7653
AU 1A 19900592 ] DLGPLAY--NUK-GT.6 1-CHAR .4%5-1 20480 S002-7653
ABUL7 17900592 ] SPLAY -NUM-BES 1-CHAR . 43-H 28489 GNB2-7653
AGL1e 1990--05%2 5 TSPLAY-NUM-SER i-CHAR 435N 23480 G275
ASULY 17900592 S DIGPLAY-NUH-BEG 1-0HAR L 43 -H 28480 H0ER-76453
AVU20 1999-0%%2 k) DISPLAY-NUM-BEG 1+-CHAR ,43~H 23440 HRHR-7658
ATXULD 120p-0s630 7 11 BOCKET-IC 14-CONT DIP DIP-SLDR 23480 1200-04638
AGXULL 1200--0639 7 SOCKET~-IC 14-GONT DIP DIP-SGLDR 8430 12000630
AGAULR 12080630 7 SOCKET-IC 14-00NT DIP DIP-SLDR 20400 1200-0638
AGXULE 1200~0638 7 BOCKET-IG 14-GONT DIP DIfM-5LDR 28480 125006380
ABXULS 1200 -0638 7 BOCKET-EC 14-GONT DIP DIP-SLDR 23400 1200-0638
ASKLILS 1200~0638 7 BOCKET-IC 14--CONT DIP DIP-GLDR 12600638
ABXULEH 120001638 7 BOCKET-1C 14-CONT DIP DIP-BLDR 1300-0638
ADXULT 12080638 7 GOLKET-IC 14-CONT DIP DIP--SLDR 2n4no 12000630
ABXLLE 1200 -0638 7 SOCKET-TC 14-CONT DIP 23480 1210-0638
AUXLP 12000630 7 GOCKET-IT 14-CONT DIP DIP-&LDR 204890 1200-0638
ASXLR0 120006306 7 GOCKET -1 t4-CONT D1P DIP -BLDR oB4BY 1200-D638
NaE4-0R27 7 11 GUREVW-THE 440 |, 25-TN-LDL PAN-HD-PDZT STL gocen NRDER BY DESCRIPTION
DE20-01564 4 1 BLEEVING -FLEX ,04-1D PEMA-3 ,017-WALL apoga ORUDER EBY DESCRIPTION
1460-1336 4 24 WIREFORY CU BRT-TIN 28480 1460~13%6
7121-1234 § LABEL GAUTION 1.925-IN-WD 2.24-IN-LG 28480. 7121-1234
JUMKPER 0 CUT TUMPER 20400 TUMPER
b N332T 66506 |3 " CONTRDL AGSEMELY 28400 1332566004
LTI oR 05a0~0978 1 3 CAPACITOR-FXD 1G90PF +~1% H00VDC MICA 25480 03600978
ALCE BLG0-3847 P CAPACITOR -F XD D1UF +109-0% SEVDEC CER 28480 0160-3847
AL 01600337 & @ CAPACTITOR-FXD 146L0PF +~-1% 3D0VDD MICAH 284080 01690337
ALLA D1&0--0337 & CAPACETOR-FXD 160PF + 1% 300VDC MICA pe:gted) N1&64-0337
ARLT B 16038547 b CAPACITOR-FXD ,D1UF +100--0% 50VDC CER 2480 01an~-3047
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Reference HP Part |c T Mfr
: . a De n Mfr Part Number
Designation | Number |D ty scriptio Code Pa
nMBo-n2es b CAPACITOR-FXDE 22UF1-10% 1500 T4 THINBY 150D 6XF01 Hhe
01605347 ¥ CAPACTITOR~FXD B1UF +140-0% SO0UDL LR 28400 01403647
N160-3B47 9 CAPACLTOR -FXD L DIUF +1D00-0% 50VD{ CER 28460 D150-38347
01603847 F CAPACITOR~FXD .0L1UF +1G0-0U% SOCVDRT CLR anasg 0160 3047
N160G--3847 ? CAPACITOR-FXD  01UF +100--0% SIVDC CER 20480 01&0-3847
01603847 ¥ CAPARITOR-FXB . 01UF +100-0% S0VDC 2e480 11603847
01603247 ? CAPAGETOR-FXD | D1UF +1D00-0% HOVDE 20480 D1&£0~-3(47
15603147 ? CAPACTTOR-FXD . 01UrF +#100-0% SQVRC CER 28401 01403347
01603847 P CaPACITOR -FXD . pLUF +100--0% 39VDC CER 213480 N150~3047
ALG2T 0160-3847 7 CAPACTTOR~FXD ,01UF #1800 0X S0UDC LER 2p400 G160--3847
ARCRR 014603047 ? CAPACTTOR -FXD . 01UF #1080 -0% SOVLDC 28480 01&£0-3847
ALLCE? 071 60--38047 & CAPACITOR-FXD BIUF #1240 0K S0VDL 2u469 B160--3847
ALLAD 0140--3047 7 CAPACITOR-FXD .O1UF »100-0% S0VDE 253480 0160-3847
ALLTY 01 60--3947 Q@ CAPACTTOR-FXD (#1UF +100- 9% 50VDC 20480 0140-3047
ALLIn 1160 -3847 i CAPACLITOR-FXD . D1UF +100-0% S9VDL 28489 0160-38347
0160-30647 g CAPACTTOR-FXD L DIUF +1006-0% SOVYDL 284810 G1&0- 3847
04 60--3047 g CAPACTTOR-FXD JO1UF +100--0% H0VDC 2H3480 G1hH-3047
G 160-3047 9 CAPACITOR-FXD 01UF +100-0% SQVDC 20480 N160- 3347
B180-- 2323 1 CAPACITOR-FXD 4700F 150-10% &.3VDC 28400 0180-2823%
ALCIT 0184-2823 1 CAPACLTOR-FRD A70UF+HI-10% &.3VDE 29480 0100 2823
ALLID BIB0-06982 B 3 CAPACITOR-FXD 220UF+S0-10% 35VDC AL 00494 FSVESL220
ALLTT G180~ D472 a3 CAPACITOR-FXD Z2UUF+50--10% ISVDT Al 10494 BEnNnsL2e0
LI 0iB0--2823 1 CAPACITOR -F XD 470UF+50-10% &, 3VDC AL 2B480 LEN-2E23
AL 01403847 ? CAPACITOR-FXD | JIUF +100--0% S0VDC CER 254030 41603847
ALCSD nign-2823% 1 CAPACITOR-FXD A70UF+350-10% 4. 3VDL AL 23400 0180-2823
ABLHY 4 1 CAPACITOR-FXIy 1800UF+50-10% 16VDC Al 28460 0100 -2624
ALLDA 9 CAPAGITOR-FXD L 1UF +-20% HBOVEC CER 28480 13160-3558
ALHGEE ? CAPACITOR-FXT iU +-20% SO6VDC CER 264809 ni&0:
ALLDL ? CaPACITOR-FXD L 01UF #1000 -9% S0VDC CER 20480 0140
ALLS? 0 60~ 3047 9 CAPACTTOR-FXD ,01UF +100-0% SOVDE COR 28490 01603847
ALESH 8140 -3602 ] 3 CAPACITOR-FXD ,1UF 180-20% 100VDC CER 2454 2130YSVIQ0R 1047
ALLS? D140-3602 a8 CAPACTTOR--FXD . 1UF +80~20% 100VDC AbHGa H1FRYEVI0ORL DAY
AGEOD 0160 -3622 B CAPACITOR -FXD 1UF :H0-20% 100VDC 266504 2130Y5M1D0RI 04T
ALLHL 071 60-2009 3 2 CAPACITOR-FXD S20PF +-3% J3H0VDC HICA 28401 01602009
ALCL? 01662097 3 CAPACITOR -FXL BROPF +--%% J00VDC MICA 28480 N16G6-200%
ALCHS 01a0 3058 14 CAPACTTOR-FXD ,1UF +-20% SEVDE CER 28480 01443558
ALCHA 01603558 9 CAPACTTOR-FXD . 1UF 4-20% B0VDC {ER 2460 01 60-3858
)
ALTRI 1720231593 9 1 DIODE-ZNR ¢ 31V 2% 10-35 2486 19023153
ALCRE 1205--0540 1 L -GWITCHING 30V 50MA 28489 1901-0040
ALZRS 1981-0040 1 C-GUWITCHING 30V GOMA 23480 19010048
ALLRT 1201-0040 1 DIDDE- BSWITCHING IV SIMA 283480 F901-0040
AGJ 1 12000473 8 BOGKET-IC 16~GONT RIF DIP~SLDR 20486 1200--047%
AhJ2 12516567 1] CONNECTOR 21-PIN M POST TYPE 28440 12516067
LTINS 12%1-6567 0 CONNECTOR 21-PIN M POST TYPE 23480 1251 -6%67
AbTA 1251 -6567 0 GONRECTOR 21 -PIN M POST TYPE ZBAnY 1251-6567
AL TS 12090634 3 1 SOCKET-IC 24-CONT DIP DIP--GLDR 28480 12000634
AGL 1 2100-243%9 0 1 IMDUCTOR RF-CH-MLD 121UH 1% . 166DX,3BHLE 28400 F100-245Y
AbL2 10015637 4 1 INDUCTOR RF-CH-MLD 1R0UM 9% ,166DX.3031.C 26480 F160-1637
ALLS F100~3334 2 INDUCTOR 25U 10% 3D 20480 P100-3334
ALMIM 1RBE - 0298 hi] 3 HEAT SINK PLETC-PUR--C 28480 12050278
ALHP D3A0-035649 3 5 INSULATOR -XBTR TIR#-LNDCT 20480 D34A0-0G64
ABMP3 1258-0141 8 Connector-5horting 28480 1268-0141
ALPD 1251 ~3750 7 CONNECTOR 10-PIN # POST TYPE 23480 125 1~-A750
BHP 26 12514820 & CONNECTOR 3-PIN M POST TYPE 28480 1
ALP3E2 1251-424%5 7 1 CONNECTOR 2-fIN M PDST TYPE ag480 i
AGRT 18540041 7 TRANSISTOR NPN 81 PD=300MW FT=200MHL 28480 1954-0071
HALRZ 185402135 1 TRANGTIBTOR NPN 31 PO=350MW FT=300KHZ 04713 AN3RD4
ABLR1 06988344 1] 1 RESTSTOR &0aK 1% 125W F TL=0+-100 213400 06988344
B6ERE 16337523 & 1 RESIZTOR 7,5 3% .2%W FC 1 400/ +700 11121 CR7S2%
AGRE 06816815 ) 4 RESISTOR &80 5% .25W FC TC=~400/+400 01121 CB&B1S
HER4 06651035 1 RESISTOR 10K SX ,2P5W FC TC=-400/+700 01121 CB1O35
ALRS 0 &HB3- 1035 1 RESISTOR 10K 5% ,28W FC TC=-400/+700 01121 L1035
AGRE 181 8-0055 3 NETWORK -RES ?-GIP10.0K OHH X B 213480 18100055
ALRZ 06783279 ] REGISTOR 4, 99K 1% 185W F TUe0+-100 24546 C4-1/0~T0-4591-F
AORE 167B-4020 1 1 RESISTOR 7.53K 1% 125K {7 TC=04-100 24544 C4-1/B-TO-9531 ~F
ALRS 1810-0078 0 1 METWORK-RES 9-%IP1.8K OHM X 8 234890 1810-0076
ALRID 1603-1823 7 2 RESTHIOR 1.0 5% ,25W FC YC=-400/4700 114 CE1eES
ALR13 18100141 4 1 NETUDRK--RES 4~-8IP22.0K OMH X 3 1437 CHEPH4L07 2R
ALR14 06831035 1 RESIGTOR 10K 5% 288 ¥& JC=-40b/+700 HE S ¥-31 CH1035
ALRIS . Q 2 RESISTOR 3,8K &% 2GW FC T 01121 CEAL2S
ALR1H g RESISTOR 3.6K 5% 258 FC TC=-480/+700 01121 CBAGAD
AHRIT 5 1 NETUWORK-RES 8-SIPAI0.8 GHH X 7 g1121 n00A331

See introduction to this section for ordering information
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ALRIE 1310 -00%5 1 NETHORK-RES 7 - IL"H] i‘JK OHM X 8 oEAng 19[0 DTS
ANRIY NHg3-1%1% 2 a [ 198 94 . ST 400/4800 criay
ALK N&aB3 ‘HJ.{{J 1 P B P a2 ( B3
ALR21 06HFB-HOH1D 3] 15K 204830 D&E2E-6619
RORAZ 1699 0107 4 1 4. 75K 22400 0EPD-0107
AGR2I 06835117 [ 4 B10 5% L 25W FU T 400/ +601 0l l,‘l
ALRE4 DAHE3 91159 & G910 9% ""‘IA F{ Al AN/ 16010 g11g
AHR2Y FHE3 -1 035 1 10K 3% AL/ 704 B lE‘.l
ABREE 1633 10835 4 2 2 3 18K 54 o b= 400/t800 g1iz21
ALRE 18190136 X 1 NETWORK~RES 10510 MULTL-VaALK 28401 18190136
1810 0297 7 1 NETWORK-RES B-31PF.3K OHM X ¥ 28480 18910-n2%7
068311388 1 RESISTOR 10Kk S4 A00/+700 oilzl K
m‘mR..A NEBI-51 15 O REBISTOR S10 &% 40074600 g1121
AORES 06835135 & B ISTOR 518 D4 251.5 F'i‘ LTS A ] 0111
AbHST J1 0110624 ¥ 1 GHITOH- TLL DIP -RERZ-ASSY 714 1A BYDC 23480
Akl 180707 5 1 TG NMOD 32760 (H2K) ROM 450 -ND
ALLZ 18168-0703 & 1 TE NMOS 32768 (321K) ROM 430 -NE 2
LYAAIRY 14310--0704 7 1 IL NMDS 32768 (32K ROM  450-NB 3~ H
AbU4 183130705 9 1 T NMDS 32768 (32K ROM  4T0-NG 3 LE576 ;YPEZ.‘E:. HR"K [#1]
AnlE 18201197 ¥ ? IC GATE TTL LY NAND QUAD 2--INP 11293 HN74LBOEN
AL 16180428 4 1 TG NMOS 40974 (4K) STAT RAM  4%90-NS 3-5 ni2en THB:‘HM AEJNL
A7 18920~ 119‘ 7 IC FIr TTL LS D-TYPE POS-EDGE-TRIG COM 290 >
AGLB - i} 1 TC TIMER TTL MOND/ASTRL b
AHLIT 1420 1!‘:\‘?1 B 1 I MICPROGC NMOS 204008 m"n 1651
AOLLY 182017589 ? [} 0 DFR 1T LS NODN-INV BOTL 27014 DHBILEY7N
ALl 1818--01%9 4 2 IC NMOS 1024 (1) STAT RAM  STO0-NG I4R3D AMPL12ARE
AbL1R 181680199 4 TG MMDG 1024 (1K) STAT ReM S80-NG JAR3E AM? 112APC
ALY 18203195 7 IC FF TTL LS D-TYPE POY -TRIG O™ [Ih s GN7ALG17UN
AoU A 1020-1174 8 & IC F& TTL i D 1Y|’£ POS-RDEE-~TRIG COM .111"?5 SNTAL.817AN
AHLUILS 18328~-0174 0 1 LCOTHY TTL HEX 05395 GN7 404N
[TATRN WRI-1210 3 4 IC DCPR TTL LS 3-TO-@-LINE 3-INP 21295 GN74LS 1 30N
ALULT ! EI--1216 3 IC DCDR TTL l‘1 3 TO-P-LIKE 3-INP 01295 GN7ALE 138N
AL B [ TC ENY TTL & HEX 1-INP 1129% HNZ A4S0 Ap
aLLLe 9 IC BFR OTTL LG NON-INV 0CSTL 27014 DM 1LEF7N
ALLIZ2D & 2 TCCNTR TTL LS BIN UP/ROWN SYNCHRO 01295 SN7ALE1YIN
ABIM 18261194 £ TE CNYTR TTL 1.8 BIN UP/7DOWN EYNCHRD til 2] G741 5173N
A&LI22 1820-1749% 7 IC GFR TTL LS NON-TRY QCTL 27014 DMBILBRTN
ALLIZ3 1 P20-1197 9 IC GATE TTL L& NANY BUAL 2--INWP 01295 BN741L 500N
ALLI24 1320--1208 X 2 I BATE TTL L5 UR BUAD Z-1NP 21898 HN74LGURN
ALLIZS re2e-1216 3 IC-DCDR TTL LS 3-TO-B-LINE 3-INP 91285 GN74L8134N
YRR 18201759 & IC BFR OTTL L5 NON-INY DCTL 27014 DHMBILGPTN
anbL2? 1820-1730 & IC FF TTL. L8 D-TYPE PDS~EDGE~-TRIG COM 01395 GNZ4L527 3N
ALUD 18201759 & IC EFR TTL LS NON-INV DCTL 27014 DMBiLS'PFN
ALLIZ? 18201433 & IC SHF-RGTR TTL LS R-5 SCRIAL-IN PRL- QUT N1295 GN74LS164N
ALUAD 1820-1197 k4 IC GATE TTL LE NAND QUAD 2-INF 01295 SN7ALG 00N
AkLST 18201208 3 IC GATE TTL LS OR QUAD 2 INP 01295 BN74LGEAN
ALU32 1820~ 7 1cC FF TT LS B-TYPE POS-EDGE-TRIG COM 012935 SN7ALSLI7EN
ALHLIZZ 18201197 k4 IC GATE TT.. LS NAND SUAD 2- INP ko] SH741.S060N
AOLLE4 1820-1112 t 8 16 FF TTh LS D-TYPE POB-EDGE-TRIE D12%4 GN7 4LE7 4 AR
ALLI3S 19201568 8 Iff BFR TYL LS RUS @UsD DI2PG N7 ALB120AN
AHL3EH 1B2D--H 684 7 1 IC IMY TTL 8 HEX 1~INP 01293 BN74500N
ALLET7 1820-1975+D | 1 1 IC SN74L5165N 28480 18201979+
ALLRA 1824175 ? IC BFR TTh 1.5 NON-INV DCTL 27014 LMBILEGTN
ALLIIP 1320-1144 & 2 0 GATE TTL LS NOR QUAD 22-INP 11294 GN7ALGDaN
ALLIAN 18201197 1 IE INV TTL LS HEX 1-INP 01275 SN7ALEQAN
ALLIAY LRRE--1 204 1 1 IC GATE TTL LS NOW TPL 3-INP 11293 GN7ALG2TN
AbLIAZ 1820-1112 8 IC FF TTL LS D-TYPE POS-EDGE~-TRIG B1:95 SN7ALGT 44N
LTERS 1E20-1873 8 1 IC BR TTL L8 INV OCTL 2~INP 27014 DMOILEPBN
HEl)a4 18200477 [} 1 IC OP AMF &P B-RIP-P PKG BO54Y UP G301 A
ALL4E 1620-1430 3 1 IC CNTR TTL LS BIN SYNOMRD POS-EDGE-TRIG 01899 GN7ALS1E61AN
HoL4éE 18801197 4 IT GATE TTL LS NAND GUAD 2-INP B2 SN7ALEORN
ALLITL 19700444 [ 1 OPTO~ISOLATUR LED-PDIO/XSTR IF=20MA-MAX 20484
AbUS2 1990--0577 & i OPTO-I50LATOR LED-PDIOSKSTR IF=00HA-HAX 23480
AOLISE 1970-0977 & GPTO-IS0LATOR LED-PRIN/XSYR IF=30MA-MAX 23480
AEUGA 16090-04561 7 @ OPTO-ISOLATOR LED-IC CATE IF=10MA-MAX 20485
ALY 19900461 7 QPTO-ISO0LATOR LED-IC GATE IF=10MA-MAX 20400 S002-43644
AEHUGH 1820-0621 2 2 IC BFR TTL WAND QUAD 2-INP B1R27% HN74B0N
ALLIET 1820~1300 & 3 If: SHF~RGTR TTL LS R-5 PRL-IN PRL-DUT 01295 aN'?‘iL‘"l‘? AN
ALLUSD 1820-1369 b IC B8UF-RGTR TTL LS R-§ PRL-IN PRL -DUT 01273 SN7ALE199AN
ALLILT? 1820--1300 & 1C SHF-RGTR TTL LS R-8 PRL-IN PRL-OUT 01295 SN?M...SI‘?F;AN
abliésd 18201414 0 2 IC SCHMITT-TRIG TTL LS INV HEX i-INP 01290 BN74LB1 4N
ALHLIGY 18201 440 11 1 IC LCH TTL 18 QUAD 01295 GN7ALSRTIN
ALUSE 18201197 9 IC GATE TTL LS NAND BUAD 2-TNP 01295 ..:N/’4L GoN
ALLIES 1820-1416 5 10 SCHMITT-TRIG TTL L8 INY HEX 1-Th@ D129T UN74LG14N
AGLIEA 18201112 B IC FF 7L &5 D-TYPE POS-EDGE-TRIG 012%% SN74L.57 40N

See introduction to this section for ordering information
*Indicates factory selected value
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“ Table 6-3. Replaceable Parts
e
Reference HP Part |c Q N Mfr
: A t Description Mfr Part Number
Designation | Number |[D| <Y P Code
NELELS 12260144 [ 1 IC 7B85 v RELTR TO-220 D4713 MC78050P
AlLGE 18201558 & 2 IC UART TTL. AUAD 04713% MCI4A1AP
ALIGT 1020-1558 b IC UART TTL RUAD 94713 MC3441AP
ALHLILE 18201734 & IC FF TTL LS D-TYPE POS-EDGE~TRIG COM 0129% GN74LEAT7IN
ALULD 1020 -0421 2 IC BEFR TTL. NAND QUAD 2-IND 04295 BNV 430N
AOBUZD 1820--1197 G IC GATE TTL LS NAND QUAD 2- TP 01295 SNYALG00N
AU 1020-1204 2 1 IC GATE TTL LS WAND DUAL 4-INP 31205 SH7ALBZON
ALUTE $920-1197 9 IC GATE TTL L5 NAND QUAL 2-INP 01895 SN G0O0N
ALLTZE 120 241 2 1 IC DCDR TTL LS 2-TC-4~LINE DUAL. 2-INP 1295 SM7ALB1 3PN
AGLUTA 1906-00%% 7 DIODLE-~FW EBRDE 2490V 24 94713 MDAZOD
ALUYY 183201197 1 I6 INV TTL LE HEX 1-INP 01295 BR74L504N
ABVL 1700078 a8 1 TURE--ELECTRON SURGE V PTCTR 264873 19700074
B3al-1714 1 il TERMINAL--STHD LG PIN PREBHE-MTG 2848% FRH0-1716
N&H24-0227 7 SCREW-TPG 4-40 ~IN-LG PAN-HD-PGZT STL poped ORDER BY BESCRIPTION
D737 -0443 0 H REBISTOR 11K 1% ,128M ¥ TC=0+-100 24544 C4-~1/8-T0-1562F
1e51-445 4 & 3 CONNECTOR 4-PIN M POST TYPE 204480 1251 -4404
1460-1334 4 WIREFORM Gl BRY -TIN 2B4B0 1460-13384
2190-0913 ? @ WASHER-LK HLEGL N, 4 .1 ~IN-ID o480 21900713
22000143 0 SUREM-MACH 4-40 ,375~IN-L.G PAN-14D- POZT 28480 ZE00-0143
2260-0001 4] 2 NUT--HEX-DBL-CHAM 4-40-THD ,094-IN-THK 28480 2RL0-08 01
b-D15 & 2 WASHER-FL. MTLC NO. 4 ,125-IN-ID 20489 3050-0105
3050-0440 2 WAGHER-SHLDR NG. 4 ,115-IN~ID ,2-IN-OQD 284086 INHL-0440
71206712 b LABEL ~WARNING S TH-WD 1-IN-L.G MYLAR REABH 7120-712
7121-1234 9 LABEL-CAUTION 1.925-IN-WD 2.24-IN-LG 28480 7121-1234
a B3325 665048 | 9 1 HICH VOLTALE QUTPUT ASSBEMBLY (OPT 002) 23489 03ZCE-6AHG0E
asc T & CAPACITOR-FXD (D1UF +B80-208% 100VDL CER 20480 01 60--2055
Anea 7 CAPACLITOR-FXD . 21uF +@0-202% 100URC CER 28480 $140-2085
ARGS 7 2 CaPACITOR~FXD 100UF+5ER-10% SUVHE AL 28480 01842803
ABC4A 018306 -2803 7 CAPACITOR-FXE 1640 0--10% SOVDC AL 20480 11802803
ABLT n180-~-28922 1} o CAPACITOR-FXO 10WF4+56-110% SBOVDE Al A0460 01002822
Ao b180-zB22 1] CAPACITOR ~FXD 10UF +54-10% S0¢D0 AL 20400 nian-2022
are? [N % 3 3 CAPACITOR~-FXD 10PF % SAGVDC LER 0+4-60 20400 0160229
AlIcCE B160 i 3 CAPACITOR-FXD 10PF +-5% S00VIC CER B+-63 2B480 Dro0-2257
ARG Bl &D-F8B47 9 CARACTITOR-FXD .01UF +106~0% SevDE CER 28480 01&0--3847
liby ADGLE Blea0-2244 @ CAPACITOR-FXD 3IPF +- 29PF Z00VDC CER 2134810 Di60-2244
ABC13 M1E0-2244 £ CAPACLITOR--FXD APF 4+, 25PF S00UDE CER 20480 014027244
AECTA N1e0-02170 & 4 CAPACTTOR-FXI 3.3 20% 15VDC Ta 6209 1500335X001SA3
ABCIS & CAPACTITOR--FRD 3 20% 13YDC Th o B 150NAESX00 1 5A2
ADG1G 9 CAPACITOR-FXD . 1UF +-20% 50VDC CER 28460 160 -3558
ABCAT 9 CAPHBLITOR-FXD ,1UF +-20% H0VDE TER 20480 01460 -3558
ABC1B 3 i CAPACITOR--FXD B0 -10% [IVDC AL 2480 N 30-2B25
anc2 3 LAPACTTOR-FAD +50~167% S9VDC AL 28480 0140~ b
Aacan ? CAPACTTGR ~F XD +-20% 30VDC CER ZDafn
E b CAPACITOR~FXD . IUF +=-20% SOVHE GER 20480 33
D1&66~350 7 CAPACITGR-FXD .1UF +-30% S0OVDC CER Eap 0l 0-3558
AR 016035 & CAPACTITOR-FXD . 1UF +-20% 5S0VDE CER Agasi 01403550
ABCRT 1702-320% B 3 CoENR 1BV 9% DO-35 PD=,4W TCO=+.0857% 2Zpasn 1902-320%
ANCR2 1% 02-3205 ] ZHR 18V 5% DO-3S Pb=, 4W TO=+,057% aEant 1902-320%
ALLRY 12310040 ] SWITCHING 30V Si0Ma DNS DO-3%S 28480 1961 -0040
ALCRA 1501-0040 1 SWITCHING 30V SOMA 2ND DO-35 26480 1901-0040
AOLRY 12010040 1 DIADE-SWITCHING 30V HI0MA 2NS DO-3% 27480 17201 -0040
ABCRS 1702~320% &8 DINDE--ZMR 15y 5% D035 ¢ avaizo 198%-3200
ABCR7 1?02~ D244 ? 1 DIODE--ZNR 33V Sk PD=1W 1 284810 1902-0244
ABLRBR 19010040 1 DIODE--SWITCHING 30V S0MA D025 28480 1901-0040
ABCRITL 1991-0040 1 DIORE-DWITCHING 30V S0Ma 2NG DO-3T 26480 100040
ABCRLE 1901 -0040 1 DIOPE-SUITCHING 30V T0MA po-35 28480 1201~-0044
ADLRTE ARNL-UNAD 1 DIODE -SWITCHING J0V S0MA 2RE DD--35 28480 1901-6040
ALDCRLA 1901~0040 1 1 SWITCHING 738V T0MA 2MS DO--31 anase 1701 ~00410
ADLRTT 17071 --004% 1 SWMITUHMING 30V S0MA ZNG DO-3% z3480 12010040
ABCRLA 12070050 3 7 WITCHING BEV 200HA 2NS DO-35 2480 1961 -0050
aBLR1Y 1731-00%0 3 DYORE -SRITLHING 80V 200MA 2WN5 DO-35 zfrag 1701 -00%0
ABT S0~ 03435 1 4 FUSE 254 125¢ NTD 281X, 093 2480 2110-034%
AR 105 - 2060 a CONNELTOR-PHORD STNGLE PHOM{D JACK; DIP #3480 185 29265
AET21 1251--0089 8 CONNECTOR-PHOND STINGLE PMOND JACK; DIP 20480 12512969
ABMP L TE0%- 0290 1 HEAT SINK PLETC -PLUR-L3 et 2 ]
ABMP2 1050011 0 HEAT STNK TO-5/T0 -39 28400 011
ABPP 3 BIAQ-05L4 3 INGULATOR-XGTR THRM-CNLCT 20489 43400564
AgM V2314246 # CONNECTOR 3-PIN M POST TYPL *1ann 12518284

See introduction to this section for ardering information
*ndicates factory selected value
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Table 6-3. Replaceable Parts

Reference HP Part |c Q _— mMfr

: p t Description Mfr Part Number

Designation Number |D Y P Code

AERT 1054-0475 3 1 TRANSISTOR-DUAL NPN PO=750HU 28480 1854-0475

ABR2 111594~ 0215 1 TRANSISTOR NPN 51 =35OMW FT=300MHY 44713 2MEY04

ABRI 1H53-D0%s 2 2 TRANGISTOR PNP 51 10M4 FT=250MHZ 20484 10H3-0036

AL 18530042 1] 2 TRANSISTOR PNP SI 1MW FT=2060HHZ 28490 18G3-0042

ABRS 18540219 1 TRANSISTOR NPN 5I PR=3R0MW FT=30IMHZ n4713 2NI? 34

ABRS TRN4—-D2L5 1 TRANSISTOR NPM FT=300KHL 04713 ANZR04A

ABN7? 1853%--0029 4 4 TRANSISGTOR PP FT=150MHZ 28480 18930020

ABGA 1853-002¢ 4 TRANGISTOR PRP Fr=150MHZ 284830 1853~0020

ABG11 16%4-0215 b] TRANSISTOR NPN FT=300MHZ 0471% 2N3Z04

ABQ12 16053-0042 1] TRANSISTOR PNP FT=200MHHZ 284010 185%-0042

ADBRI 3 18540215 1 TRANSIBTOR NPK 51 PD=350MW FT=300MHZ 04713 2N3IP04

ABH4 1854-0692 a TRANSISTOR NPN 61 PD=1BW FY=S0MHZ 04713 MIER23

ABRLS 16%3- 0387 2 1 TRANSISTOR FPNP S1 PD=10W FT=S50MHZ 04713 MIES33

ABR 1 04903279 [1] RESTSTOR 4.99W 1% 1254 F TC=0+-100 A4%ah CAa-1/8-TN-4971-F

ABRZ 07570458 7 1 RESISTOR H1,1K 1% 125 § TC=0+~100 24546 CA-1/8-T0~5112-F

ABRI 17370183 & RESISTOR RK 1% ,126W F TC=0+-100 24546 Ca-1/8~TO-2001-F

ABR4 N757-0203 b RESISTOR 2K 1% . 12TW F TC=D+~100 24046 C4-1/8-T0-290%~F

AARS BHE3-47045 8 RESISTOR 47 55X 204 FO TU=-480/+500 41121 CHa745

ADRG 16834705 a REGISTCR 47 %% ,25W FC TC=-406/+500 #1121 CRA7 G

ALRT N6H98--3279 0 RESISTOR 4,99K 1% 1284 F TC=0+-100 245486 C4-1/8-TH4991~F

ABRE DHPE-X223 4 1 REBISTOR 1,24K 1% ,125W F TC=0+-100 24046 C4-1/8-T0~1241-F

ABIRTL 0 6H20--4 449 8 1 RESISTOR 349 1% 1258 F TC=§+-100 24540 C4-1/8-TO-309R-F

ABR12 N638-6360 & REBISTOR 106K .34 ,129W F TC=J#-25 AB4BD p&ER-4360

ABR13 0 699--6360 & RESIGTOR 10K 1% 1250 F TC=0+-2% 28480 014996360

ABR14 N&PE--4453 4 3 REBIGTOR 402 1% .125W F TC=0+-100 24546 c4-1/9-T0-402R -F

ARRILS 06H98--4453 4 REGIGTOR 403 1% . 127W F TE=064--100 24745 Ca-1/8-Ti402R~F

ABR1G N&R3I-1615 7 RESIGTOR 100 5% .25W V& YC0=--400/4+500 01121 CB101S

AR 0683-10615 7 RESISTOR 100 5% ,25%W FG Th=-400/+50% 03121 CRl191%

ABRLE 04603-~104% 3 RESTSTOR 100K 5% .25 FC TOa-400/+800 01121 S0 G450

ABRZY 0787-00278 4 RESISTOR 3, 41K 1% . 12%W F TC=0+-100 24544 Ca-1/8-TO-3011~F

ABREZ 069E--4408 7 1 RESISTOR H3.&6K 1% 120W F TC=04-100 AATAL G4 -1 /8-T0-5362 ~F

ARRZI 0737-0273 4 RESISTOR 3.01K 3% 1284 ¥ TC=0+-100 D435440 Ca-1/8-T0-301%-F

ADRA 05633~4700 8 REBISGTOR 47 5% ,25W FLC TC=-480/4¢3500 a11z1 CHA7 0%

AHAR2E 0483-470% 8 RESGISTOR 47 5% 258 FC TC=--400/+500 01121 CEA70E

ABRZS N6HAJ--3305 2 el RESISTOR 33 B¥ .2%W FO TC=-400/+500 o112l CE330%

ARRZ? 0683-3305 2 RESTIHTOR 33 %% .25W FC T 011835 CRAR0G

ABRRY 16930365 ] 2 RESISTOR 3.6 S% ,25W VFC TC=- o111 CREIHEY

ABRI 0757 -0883% & RESTSTOR BK 1% . 12%W F TO=0+-100 28544 Ca -1/9-Td-2401-F

AER3Z A7E7-0472 5 2 RESTHTUR 200K 1% .12BW F TC=0+-100 24544 Cag-1/8-TO-2003~F

ABRIZ 07570472 5 RESGTSTOR 208K 1% .1235W F TC=g+-100 24544 Ca-1/8-70-2803-F

ABR34 07570263 & RESISTOR 2K 1% .412E8W ¥ TC=0+-100 24344 4-1/8-T0-2001~F

ABRIY 0683~ D365 ] RESISTUR 3.6 % .25W FC 1 1¢/490 18 a1181 CRIHED

HABR3LH 046830560 0 2 RESIATOR 5.4 % L 25W O TCw=-400/+500 01121 CBEOES

HORBZ 16835~ 0565 Q RESISTOR 5 & SZ .2%W FC TC=-400/4500 gl1ai 8 Et- T

ABR3E 04832205 ? RESIBTOR 22 5% 254 FL TC=-400/4500 01121 CEEE0S

ABUT 12060096 7 DIODE-FW BRDG 280V 2A 44713 MRARDNZ

ABU2 182404864 3 1 IC V RGLTR TO-220 A3 MECPEMI GOP

ARUT 1a26~0214 1 1 IC Vv RGLTR TO-220 04713 MG 7980
12%51-8600 0 CON TOR-SEL. CONT PIN 1,14-MH-BEL-57 60 28430 1251 -0600
2190-0004 g 1 WaSt -LYX TNTL T NO. 4 ,115-IN-ID »8490 2190~00¢4
22000147 4 1 SCREW-MACH 4--40 . S5-IN-LE PAN-HD-FOZT 28480 2360-0147
2R60~0002 H 1 NUT~HEX-DEL~CHAM 4-40-THR , 062 IN~THK 28490 22600008
23600113 2 SLREW-MACH &-32 DS IN-LG PAN-UD-POZI 0Gnon ORLER BY DEGSLRIPTION
J050-07140 S 2% WASHER~FL MTLD NO, S ,128-IN-ID 20480 TACE0-071 0
7121-1234 <] LABEL-CAUTION 1.925-IN-WD 2.24 IN-LCG 2B480 71211234

A9 DAIBL-64509 | & 1 CRYSTAL DVEN AGEEMELY (DPTION 0413 20450 03325 -66L509

AYC1 B1B0-- 0672 ] CARACLTOR -FXD 220UF+G0-104 3SVEC AL 90474 ISVEEL2RD

A2 Dibsl~3847 9 CAPACITOR-FXD . B1UF 20-0% SOVDG | 23400 01403047

APL3 B160-3847 @ CAPACTITOR-FXD JO1UF #100-1% S0VLE 28480 01460-3047

AYLA 01800493 N4 1 CAPACITOR-FXD 1000UF G0~ 0X 2EVDEC al. anaz4 AEVOSLI000

ATCR 1701-0049 i 2 DIONE ~PWR RECT S0V 73TMA DO-29 20480 1901-004%

AFLR2 1901~0 049 1] DINDE~PWR RECT SO0V 750MA TO-29 20480 19810049

APCR3 19020049 2 1 DIDLE -ZNR &, 1%V 5% D35 PD=,4%W 28480 1902 -004%

ARE ) GRLD-- D46 7 1 QSCILLATOR 10MHZ 20401 0969--H 455

ARI1Y 125129467 3] COMMEDTOR-PHOND SINGLE PHONO JACK; DIP ZB480 12512269

AFMIT 12051298 B HEAT SINK PLSTC-PUR-GH 20400

ATMP R 03400564 3 INSULATOR - XBTR THRM-CHDOT 203480

APl 1251-48 46 8 CONNERTOR 3-PTM W POGT TYPE 28480

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

Reference HP Part lc Q i Mfr
. . t Description M¥fr Part Number
Designation | Number |D \ P Code
ARl 1354--00353 a3 1 TOR RPN 2N22:8 S1 T0-5 PD=BONMW 04713 2N221B
AR 10%93-0 45 4 STOR PN ST TO-220A8 PDRu=6AW NA713 MIEI71K
AYR1 0&B3-102% w RESIGTON 1K % 21121 CE1 886
AGRE 06831035 1 RESISTOR 10K 5 01121 CH105S
AvRE 06853325 & REBIDTUR 3J.3K H% n1123 CB3325
AYRA 07S7-0290 1 RESTIETOR &.1%9K 1% 19701 MF AL /8-T0-6191~F
AR dLyh- 3490 5 1 RESIGTOR B.46K 1% (128W F 1L=0+-100 24540 L4 1/8-TO-B&ER-F
AR 6933274 =1 1 RESIGTOR 10K 1%  125W F TC=0+-25 20408 GLF0-3274
AIR7 2100-3252 § 1 RESISTOR-TRMR 5k 10% C TCP-AD 28480 2100-3252
AYRE DABI-104S 7 RE HTOR 100 5% .25k FU -400/+5400 01121 Coiuts
AYRY ReS el Rl Pt 1 2 JTOR DK 0% (2UM FC T 408/4+700 N1124% CRanzs
AP L 1820-0214 1 IC 0P AWMP GP 8-DIP-P PKG 28480 1820-p2148
DI32H-26509 | 2 1 PLOBD-B K (22212) 28484 03825 -26%07
B0 -0713 P WASHER-LK MLCL NO. 4 115 -IN-ID o340 21900913
2200-0103 @ 10 SOREW-MACH 4-a40 ,25-IN~LG PAN-HD-POZI 20480 2200-9143
22000143 13 SCREW-MACH 4-40 ,375-IN-LG PAN-HD-POZT 234080 2200~0543
ARE1~-N001 1+ NUT-HEX-DBL-CHAN 4- 40-THD , 394~IN-THK 204810 AehH0--g001
2R4H0-C113 2 BCREW-MACK ¢ P L 2S-IN-LG PAN-HD-POZY 0006 DRDER BY DEGCRIPTION
I050-010% 14 WASHCR~FL MTLE NO, 4 125 IN-ID 20480 A0H0-0105
B0TEN--0449 o4 WAGHER-SHIL.DR NO. 4 ,115-IN-ID .2-IN-0D 28480 306
3050-0604 i} 11 WASHER-FL MTLD 7/1& TN S5 IN-ID 20480
SRED-B716H o WADHER~FL MTLC ND. % .i28-IH-ID 234810 FAG0-D714H
71211234 9 LABEL-CAUTION 1.825-IN-WD 2.244N-LG 28480 7121-1234
Al4 633 ~G63514 [ 3 2 FC ALBY-FUNCYTION 2g480 PF32GH-66514
n190-1701 2 CAPACITOR-FXN &.8UF+-20% &HVDC TA e 150D6B5X000 A2
AlALL B1&H0-35460 3 1 CAPACITOR~FXD 1UF +-8% 100VDC MET-PULYC 28480 p169-3360
A14L3 0160-3647 9 CAPACITOR-FXD . 01U +100-4% S0VDL CER 28400 G1&40-3847
AlaCq 0% E0--4532 k| S CAPACITAR-FXL 1000RF +--20% BLVDC CER 20480 B1&60 4538
ATALT Blah-1746 1 CAPACITOR-FXD 15UF+-10% 2DVIDC TA LH237 153D1%6XP02 082
Al4Cs 0183-1746 1 CAPACITOR-FXD 19U +-10% 2EVDC Ta B6209 150D156X202007
Al4AC24 B160-3847 ? CAPACITOR-FXD O01UF 4150 0% SQVDC CHER 284080 01603847
ALALZ? 0160-38347 bl CAPACITGR-FXD ,{1UF +100-0% S0VDC GER pra4q88 D1606-3847
hy A14CZ23 0140347 ? CAPACITOR -FXD . 01UF +100- 0% SUVDC CER a4aan 01 6N-3B47
A14C2Y 0160~4571 a CAPACITOR-FXD | 1UF +B0~20% S0VDC CER 204810 1604571
A14C31 21603847 9 CAPACITOR-FXD L 01UF 4100--0%Z 50vDC CER ega80 D160-3B847
A1ACT2 31603847 9 CAPACITOR-FXH . B1UF +100-0% BSOVDE CER 28480 41403847
A14033 0140 -3466 ] 4 CAPACITOR-FXD 100PF +-50% 1KVDC CER oaB0 01460-3454
Aal4C3a 01a0-4532 1 CAPACITOR~FXD 1000PF +-20% S0VDC CER 284480 G160-4582
ATACES 9140-4571 B CAPACITOR-FXD L 1UF 4B4--20% SIYDC CER 2B4aB0 1160-437%
Al1AC3E 0le0-0142 G a CAPACITOR-FXD 022UF +-10% 200VEC POLYE “o4a0 4160-0162
ATACH7 01&60-91&2 < CAPACITOR-FXD 022UF +-10% 200VDC POLYE 28460 01600162
Al ALEH 01 60-320147 G CAPACYTAR-FXD | 01UF +100-0% S0VDC CER 208480 D160--3847
A14CEY? NiHo-~-3847 2 CAPACITOR-FXD 01UF 4100-0% 50vDE CER 22480 0160-3847
Al14C41 Di60-4571 o CAPACITAOR-FXD ,i1UF +B0-20% S0VDC CER 28480 B160-4371
ATACA2 1604521 B CAPACITOR-FXP 1UF 48 A S0VUDG CER 28480 NLH0-a%21
AlL4C43 §le0--a4137 2 1 CAPACITOR-FXD . 81UF 10BVRE POLYETY 84411 B63UW
Al4C44 114600128 3 4 CAPACITOR-FXD 2.2UF % BIVDL CER RRA4BY 014600128
AlACas 1600121 3 CAPACITOR-FXD 2.2UF +-R0% SOVDC CER 28480 41460-0128
A14C46 B140~5335 4 3 CAPACITOR -FXD 1UF +4+10% 10dVDC MET-POLYE 2P480 0140-5335
A'LACAY 01 60-~-3047 ? CAPACITAR~FXD ,410F +100-¢% BOVDL CER 23480 016403947
A14C408 0180-2210 6 CHPACITOR-FXD 3, 3UF+--20% 15VDC Ta 4289 130D339X001 %R
A1 4Ca9 0180~-1746 I+ CAPACITOR-FXD 18UF+-148% ZEYDE ThA 546239 150D1SEXPO2GRE
ATACTD 0t&60-4571 ] CHAPACTITUR~-F XD .1UF +80-20% SO0VDC CER #8440 B160--45714
AlAL) 4 CAPACITOR-FXD 1UF +-10% 100VDC MET-POLYE 28480 0160-533%
AlACH 4 CAPACITOR-FXD 1UF +—18% 109¥DC MET-POLYE 204814 0160~ 11
A14C63 9 4 CAPACITOR~FXD . 1UF +-168% 100VDC 28480
A14CHT 7 CAPACITOR-FXD L 1UF +-10% 1030VLT 28480 0160-5208
Al ACHE 014605304 ? CAPACITOR-FXD 1UF +-10% 100400 284810 01&0-5306
AL4AC74 11608-4571 8 CAFPACITOR-FXD ,iUF 4089207 S0V0C CER 20480 D140-4571
At AC?7 31 60-3847 2 CAPACITOR-FXD L01UF +100-0% S0VDT CER 23480 G160 38347
AL40578 ] ] CAPACTFOR-FXD ,JIUF +100-D% 53VDC LER £aa80 0160-3047
ATACIDIx h1&0-0145 4 1 CAPACTITOR-FXD BEPF +-2X 100VDE WIDA 25480 01600145
At4C10R2 0160-2201 7 1 LAPACITOR-FXD WiPF +-5X 308VDEC MICA 23480 01460-2201
A14C103 % 0140-0217 a9 1 CAPACITOR-FXD 140pF 300V 28480 01406217
AlL4CLDA 1160-3084 & 1 CAPALTTOR-FXD 40PF +-2% S00VDC MICA A0ap0 0160-3004
ALAG10G 1160-230& 3 1 CAPACITOR-FXD 27PF +-0% J90VUREC MICA 28480 0140 -2306
A14C107 01400194 3 1 CAPACITOR-FXD 1350PF +-5% JZ00UDS MICA 73134 DMIGBF151I030¢UVICR
ATACI0B 1140~3847 2 CAPACIYOR-FXD . 01UF +{00-0% SOVDC CER putu¥icdi] DiHD-3047
Al4C1IDY D160-3047 9 CAPACITOR-FXD ,01UF +100-0% SCVDC CER 28480 01460-3847
ATACI10 0121 -4105 4 1 CAPAGCITOR~Y TRMR-CER P-3F5PF 200V PLC-MTH 52763 304334 9/3TUPF N&TO
Alacits D150-2250 ] 4 CARPACITOR-FXD 5.1PF +-.2%0F S00VDC TER 28430 01602250
AlADI12 0140-3847 9 CAFACITOR-YXD . DIUF +100-0% S0VDC CER 27480 N160-3BA47
A14AL113 N1606-3047 ? CAPALITOR-FXD .01UF +100--0Z% SEVDC CER PH480 01460-3847
AlACIT4 0140-4532 1 CAPACTTOR-F XD 1000PF <4-20% S0VDE CER 2{3480 1160~433%2

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

Reference HP Part |c e Mfr

: . r mb
Designation Number |o Qty Description Code Mfr Part Number
YIS R R 01403347 Vi CAPACITOR-FXD | p1WF 109 3% BOVOE QIR 20480 4163 i
Alat117 01 60-3847 ? CAPADITOR-FXD , G1UF +106-0% SOVDE CER 2i480 01663047
Al4ciIB 01801746 o CAPACTTOR-FXN 15 v -10%7 20UDE Ta He269 1BON156X202002
Al 4CLLY 1180-1%44 ] CAPACTTO XKD 15UF 1072 FOVDBE Ta L6287 15IDIFEXTO)ED
pl4c1E 01603647 < CARAGLTOR-FXD L 01UF +104%--3% SIVILC CER 28480 ¢160--3847
Alal122 81603847 Q CAPACETOR~FXD  0IUF +100-0X J0VDC CER ngann 21403047
140124 11460--029% ? 1 CAPAGTTOR 130001 +-10% 2D0VDE POLYE 2e480 {160-062%9
ATACIR4A 01603847 ? CATACLTOR-FXD  81UF +100--3% SOURC CER agadn B16G-3847
alacl2? 0160-3347 ? CAPAGLTOR-FXD L 01UF +120-0% S0VLC CER 2HABD 01&60-3347
AlACYIaE 016038347 ? CAPADIYOR-FXD , 01UF +100-0% S8VDE CER 20460 0160--3847
Al45127 01603847 ? CAPACITOR-FXD , #10UF +100--0% SIVDC CER 2{3480 B140-3847
Al1AaC130 0160--2244 4 3 CAPACITOR-FXD 2PF +-,R%PF SI0VDC CER 28460

A14C131 011603847 ? CAPACTTCGR-FXD L 04UF #100-0% SavhG R 20480

ALAC1IZR 9 CAPACITOR-FXD 81UF +180-B% S0VDC CER anagd

A1ACT3S ) CAPACITOR-FXD 5, 1PF +-,25PF TOQUDRL CER 28480

AH140134 0ian-3047 9 CAPACTTOR-FXD .01UF +180-0% TOVDC CER 20408 3 &0-3847
A1ACTAY 0160~2240 4 CAPACLITOR-FXD &PF ¢-,28PF 30JVEC CER 23480 010240

AL 4136 01403500 9 CAPACTTOR-¥XD 1UF +80-20% SOVLC GER 28480 014643308
A14AC137 03H0-4571 # CAPACITOR -FXD . 1UF +BD-R0% J0VDC CER 28480 B160-4571
A14C13R 0160-4571 ] CAPACTITOR-FXD . 1UF +BE-20% SOVDC CER 20480 03604571
AL&C13Y B140--3347 ? COPALTITOR-FXD DIUF +109-0% GVDC LER 2B2480 0160-3R247
Alac141 01404571 B CAPACITOR-FXD .1UF +BG-20% S0VDC CER 28480 41604571
Alac142 b160--01%6 7 1 CAPACTTOR -#AD 3200PF +-10% 203vDC POLYE 204080 0160-01%6
A14C143 0160-0301 4 1 CAPACTITOR-FXD L 012UF ++-10% ZOGVDD PUOLYE 284480 01600301
ATAC144 0160-2414 5 1 CAPACITOR-VXD L IR22UF +~T% Z200VDC POLYE 23480 Bl60-2414
A140C203 0140 -3047 9 CAPACITOR-FXD .B1UF +100-0% HUVBC CER 20480 1160-3347
AT4GC205 016834645 B CAPACITOR-FXD 1B0PF +~10% 1KVDE CER 20480 B160-3466
A1AC2DH 01403847 @ CAPACITOR-FYD . 01UF +100--0%4 H0VDRC CER 283480 01603847
A14C209 0160 -3B47 9 CAPACTTUR-FXD L 3IUF #10D0-0% SOVRC CER 213480 03 6H0~3047
Al4G211 N160--3847 G CAPACITOR-FXD .01UF +100-02 BOVDC CER A0480 01603847
Al4CR212 N1&40-3847 ? CAPACITOR-FXD . B1LF +100-0% HaVDC CER 284380 01460-3347

A1 4C213 N1e0-4532 1 CAPACITOR-FXD 1004PF +-20% S9VDC CER 28480

A14C214 B160--4532 1 CAPACTTIOR -FXD 100DPF <204 SOVIRE LER 20489

Al14C217 0121~-84%2 4 1 CARALITOR-V TRMR-AIR 1.3-%.4PF 179V 74470

A140218 B140-4571 8 CAPACTTOR -FXD . TUF +BO-20% [OVDL CER 213430

AL45219 016801744 L] CAPACITOR=FXD 18UF+-10% 20VDT Th G620 1500156XP 02002
A1402219 NLH0-4571 8 COPACTITEOR-FXD . 1UF +80--20% S0VDC CE 284B9 81604571
AlAan221 91633847 9 CAPACITOR-FXD .03UF +100-0% TOVDC 20480 015403847
ALAC2R2R 911602250 & CAPACITOR -FXD 5.1PF +-,Z5PF S00VDC C%R 28460 01 60-g280
AL4C22T 0140-3047 ? CAPACITOR-FXD (01UF +100~0% S0UDC CER 28480 Bt -3847
nl40224 Bian-3847 9 CAPACITUR-FXD B1UF +100-0% HOVDC CER 26480 0160-3147
Al4aCa2s 0460-30487 9 CAPACITOR-FXD L G1UF +100--0% SOVLC CER ROAGN $166--3847
A1ACR2S 1146£0-2240 4 CAPACITOR-FXD 2PF «-,2S5PF T0OVDC CER 2e4A810 0160-2240
Alacen7 0150--3047 9 CAPACITOR-FXD . #10F +100-D% HO0VDC CER 284480 01603847
A14CREEE b160-3847 ? CAPACITOR-FEXD ,01UF +100-0% H0VDC CUR 2G40 01460-3847
AlAL229 1160 -3847 N4 CAPACTITOR-FXD .01UF +100-0% S9YBC CER 23480 0164--3847
ATACE3D 01468-3B47 L CAPECITUR-FXD . 01UF +100-9% SOYDC ChR 20480 D1 &HN-3047
ALAC231 1190-174& ] CAPACTTOR-FXD 15UF+-10% 20VDC TA 150R1SLXPO2 182
A1AC2A2 1604571 B CAPACITOR-FXD ,1UF +B3-20% H0VDE CLR N1 6HD--4571
ALAC2AS n1gg-4210 & CAPACITOR-FXD 3, 3UF+-20% 13VDC Th Se20? 15003FEA0E13A2
Al14C234 01603847 ? CAPACITOR-FXD . B1UF +100-8% GOVDC CER 2E430 0160 -3847

A1 AC23G G160-3847 L4 CAPACITOR~FXD B1UF +1§0-0% S0VDC CER 28408 Bi&H0-38347

AL AR 36 11403486 2 CAPACTITOR-FXD 1D0PF +-10% 1KYVPLC LER apaen BlEB-3406

At 4C230 81602085 e CAPACITOR-FXD ,D1UF +08--28% 100VDC CER 28401 01602095
A140239 0160-4571 -] CAPACITOR-FXD L 1L7 +B0-20% S0VDL CER 28484 N168--4571
A140240 01603464 a8 CAPACITOR-FXD 100PF +-10% 1KVDC CER 23480 G1&0--34b6
4140241 11603047 2 CAPACITOR-FXD .01UF +100-0% SSVBC CER 23400 91&0-3847
ALAL2A2 01460--3847 e CAPARITOR-FXD ,01UF +3100-0% BEVDEC CER 24480 01403947
ALACRAD 0180--1744 3 CAPADITOR-FXD 1BUF++10% 20UDC ThA a2y 159Dt SexXe02iBa
A1A4ACEAL 4180-1746 % CAPASITOR~FXD 15UF+-11% ZOVBE Té TLAHBY 1B0D1E6XYI2MED
ALAC2EHD TLhG-4571 # CAPACITOR-FXD .1t +00-20% SIVDC CER ZB4bd 014604571
A14C261 01684571 ] CAPACITOR-FXD .1UF +B0-20% S0VDC CER 2a480 B 604571

A1 4C26R 1140 ~-4571 e CAPACITOR-FXD ,1UF +80--20% HOVDE CER 2B480 0160-4571
Al14C263 §1a6-1746 3 CAPALITOR-FXD 15UF+-13% 20VDC ThA Hap8e 150D1S6XP020RE
A14AC264 01684571 B CAPAGTITOR-FXD . 1UF +80-20% S0VDE CER 28430 01604571
Al40LR1 1702--0041 4 1 DIODE-ZNR 5,11V HZ% DO~35 #D=, 44 29480 19020041
A14ACRE 17010040 1 DICDE-EWITCEHING 39V 50MA 2ZNS DO-33 28480 12491-0040

A1 4CR3 19010040 1 DIGDE~SWITCHING 30V S0MA ZME DO-3T 28480 1901--p040
Al4LRA i?01-00%0 3 LIOPE-SWITCHING BIV 2D0HA 2ZNS DD-35 26400 170100
ALACRY 19023345 7 1 PLIODE-ZNR 51,1V 5% DO-39 PDw=. 4 28480 1902 -3345
ATACRG t201--00%0 3 DIODE -SWITCHING 81V 208MA ZNG D0-35 204830 1901--0050
H14CR7 1201-00%0 3 DIODE-SWETCHING 20V 200MA 2NS DO-25 28480 17201 -0050
A14ACR?H 1901-004% b} DIODE-SWITCHING 36V SDMA 2NG DO-33 28480 1901-0040
AT4CR1 M1 1901-0040 1 DINDE-SWITCHING 36V S0MA 285 DO-35 284640 1901 -0040
ALT4CR102 19010040 1 DIADE -GWITCHING 36V GiMa 2Ng DO-33 28480 1201-0040
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ALACRI NS 19910040 1 DICDE-SWITCHING 30y H0MA 2NS DD-35 234845 12010040
ATACR 104 1901-0040 1 DIODE~SUITCHING 30V S50MA ZN§ DO-335 20489 19014040
ATACR10E 1991-0040 1 DIODE~-GWITCHING 30V Hira 2Ng DD-30 26460 1901-0040
A14CR107 1901-0048 1 DIODE~SWITCHING 30V BOMA 2N8 DO-35 284049 1901-4040
ALACR1 OB 1901-053%5 7 DIDDE-GM 516G SCHOTTHY 23480 19 -0535
ATALR10% 1901 -0535 ? DINPE-SM SIfi SCHOTTKY 20481 1701 ~9563G
A14CR110 17010040 1 DIOHE -SWITCHING 30V J0MA 2NE DO-33 oaai 1901 -0040
ATACRI11 1961~0840 1 DIODE-SWITCHING 30V SOMA 2NS DO~35 =h4a9 17019040
ALACRZDE 1702--0631 2] 2 DIDVE-ZNR 1INSES1E 14V 5% PD=UW TL=+75% 14713 THESE B
A1A4CR208 1ent-0040 1 PIODE-SWITEHING 38V S0MA 2MS DO-3% 28480 19815040
ALAGRZ2DY FH01-D040 1 DINDE-SWITCHING 30V SDMA 2NS DD-3T 24810 1901 -0040
A14CRZ1D 1901~-0040 1 DIODE~-SWITCHING 30V F0MA ENG DO-30 294980 19810040
AL4CR211 1201-0050 3 D10ODE ITCHING B0V 200MA 2NS DD-335 28480 1901-0030
ATACR212 1901-0050 3 DIODE--BWITCHING B0V 200MaA 2NS DO-3S 283480 1901 -~0030
AT4CRP13 1202-314% 9 DIODE-ZNR 2,07V 3% T0~3% Ph=,4W 23480 1902-3149
ALACR2I4 19623030 7 DIDRFE-ZNR 3,01V B4 DO~7 PD=. 44 TCa- 0673 20480 19423034
A14CR21E 12020631 3] DIORE -ZNR 1NS3T1R 14V 5% PD=EW TC=4+75% 04713 INGEG1R
AlACR?17 1901-0940 1 DIODE--SWITOHING 30V S0MA NS DO-35 20480 1931~0040
ALACRELY 1901-0040 1 DIODE -GWITCHING 30V S0Ma& 2HS DO-35 203480 19071 -0040
Al4CRZ20 1201~-0040 1 DIDDE - SWITCHING 30V HiMa 2HG DO-35 204810 19510040
ALACRER 17010040 i DIDDE -SWITCHING 30V S0MA 2NS DO-3% 2B4BY 19010040
1901-0235 9 DIDORE 8I6G GUMOTTRY 2BAB( 19010535
1901--0535 ? DICEE BI6 BCHOTTKY 28480 19010535
1901-0535 9 DIOBE--8H SIL BCHOTTKY 28480 19610535
A1ACR2EY 19010535 v DIDDE--GM BRIG BCHOTTKY 21480 10055
AT AR 21100343 1 FUSE . 2%A 123V NTD .281X. 093 28480 21100345
ALBFR 21140 -0343 1 FUSE 254 125V NTD .ZB1X.093 28460 2110 0343
AlAF3 2110-0343 1 FUSE | 2%a 128V NTD .281X.093 26400 21101343
alara 21100301 1 1 FUSE 1254 12%V 231X, 093 29480 231100301
Aladt 8159 -000% 1] 1 RESISTOR -ZERD OHMS 27 AWG LEAD DTA 23480 2157-000%
AL4IP 1251 -2969 3 CONNECTOR -FHONO SINGLE PHOND JACK; DIP #3480 TR51 -2969
A1434 1 2%a% 8 CONNESCTOR-PHONG SINGLE PHUONO JACK; DIP 28489
ALATS 12%1-2%67 3 CORNECTOR-PHOND SINGLE PHONG JACK; DIP 20480
Al14TL 1351 - 61567 0 CONNEGTOR 21~PIN M POST TYPE 28480
AlLAFT 12918949 9 CONNEGCTOR-PHORD SINGLE PHONG JACK; DIP asais
AlATIZ k) CONNETTOR-PHOND SINGLE PHONO JACK; DiP 28480
AL1AT1S e COMNECTOR-PHOND SINGLE PHONG JACK; DI 20489
i Alaliag 5 B CONNECTOR-PHONG SINGLE PHONO JACK) DIP 28400
ATATRS 12512749 a3 CONNECTOR-PHUNG SINGLE PHONG JeCK; DI #0480
ATAT24 12512969 &8 CONNECTOR-PHOND SINGLE PHONO JACK; DIP 20400
AL4725 a Lo TOR-PHDRD SIRGLE PHOND Jaci; DIP ~2PH7
ALATIN 1251-%064 1] 2 0N FOR 14-PIN M POST TYPE 12951 -5064
A14131 1258-0141 a8 JUMPER-REM 1258-0141
H1 4124 1801791 1 INDULTOR 220N 20% ,23DX. 37516 28408 F300--17%91
Al 27 2100 -179 1 INDUCTOR 270NH 204 230X, 373LE 0489 2104 1721
ALALTSH P190--1791 1 INDUCTOR 2%4NH 20% 230X, 375L% 28480 PIN0-17F1
A1aL77 100~ 1771 1 INGUCTOR 270MH 20% ADX 3706 213486 210841791
A1 ALTH 100-17%1 1 INTUCTOR 2%0NH 20% ,23DX. 37916 20488 1041791
A1ALTS F100-1791 1 INDUGCTOR 2w 2974 .230X.3735.6 213480 21091791
AlALBO 2100~-0%3% 3 INDUCTOR (MISE TTEM) 2B4ARG DIR0-0S3D
AT4L191 Fr40- 1456 7 2 INGUCTOR RF-CH-HKLD 470N Z% .1566DX.ZGELE 28480 Q1A GA%6
A1ALIOD 2140-04%6 7 TNBUCTOR RF-CH-MLLE AZ70NH 2% ., 1456DX, 383LG 28460 140456
ALALIDE 2100-2406 3 1 INCUCTOR RF-CH- MLD 333N 9% 166DX.385LE 28480 2100 -2436
Alal.ina 1001620 7 3 INDULTOR RF-CH-MILD 24UM 5% . 166DX, 38516 284480 PLO0- 1622
AT4ALI0G EARLES E3 5 3 1 INDUCTOR 2F -CH-MLD A3UH 5% 1660X.3B0LG cBapn $180-1628
ALAL201 ?100-17%1 1 INDUCGTOR 290NH 207 230X 3756 21401791
ATAL20S 2170 0374 0 oRr HIELTBING EEAD F170-DEF4
ALALZL 4 17010394 0 CORE-GHIELDING BUAD P1L70--0894
ALAQ1 t3%5-0D%2 4 1 J-FET N-CHaN D-MODE TH-18 SI
AL AR 115350 406 4 2 J-FET P=GHAN D-MODE GY
H14U3 10%4-06522 © NPN DI PRedBW FT=50MHE
A14a0a 1635350408 4 J-FET P-GliaN D-MODE ST
ALARES 1BE5-0410 [1} 1 TRANSTHTOR J-FET M- CHAN D-MODE TLO-189 81
Aladls 18330020 4 TRANSISTOR PNP T=150MHZ 284810
ALAGR? 3 HET 8 TRANSISTOR PP 1 = Ml 23480
Al Al2B 185 145 1 TRANSTSTOR NPN QM FT=300HHT e A
AL ARAD TEEG B0A3 il TRANGIETUR ARRAY 14-PIN PLITE DIP Cagl b2E
AlAQSD 1058 -6047 bl TRANSISTOR ARRAY 1&-PIN PLUTC DIF UL =290 834
ATAQY7 & 1354 00037 il 1 TRONGESTOR NPN ST PD=T630M FT270MIZ 1RE4-0 007
ALAR10Y 2 i NPN ST TO-92 PR=&H2GMY MPuH10
ATAQL R g 1 PRF §1 PD=300MW VM ANazi
ATAQ103 G PHE 2NAYL7 ST PO-200KW B736L3 Ara917
A140104 ! 1 TRANGISTOR WPN GI TO-18 PD=360HW 285400 1B54-0404
A1ARLOS 1% 1 IRANGTISTOR NPN ST PD=350MU FT=3008H7 14713 ZNEYCA
A14RI06 1 SE0 L) 3 TRANSIBIOR RPN S1 DARL PR=313MM 04713 MPg a1z
AT AQLD? 181540215 1 TRANSISTOR NPM S1 PD=3S0rW FT=300MHI 14713 BI04
niglag 1853-0082 ? 2 TRANSTSTOR- DUAL PNP PDa600MW ABAED B3
b Ata1oR 1953-0083 9 TRANGISTOR-DUAL PNP FD=60 GH6 aa490 18530083

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

6-17




Replaceable Parts Replaceable Parts

Table 6-3. Replaceable Parts

Reference HP Part |c " wifr

: g Q r r Pa mber
Designation | Number |D ty Description Code Mfr Part Numbe
A14R112 16854--0314 1 1 TRANSISTOR NPN $I FPD=318MU FT=200HNHZ ZB480 1854-0314
ATAQILY 1054-0568 g TRAMNGEISTOR NPN 51 DARL PD=310MW 04713 Mhs A12

Hl4G114 1354-02135 1 TRAMSISTOR NPN BI PD=3%50HMk FT=300MHZ 04713 PH3IZ04

Al4G11s 1853~004b6 8 TRAKSISTOR PMP 81 TO-92 PDw=62NMU 29480 10530066
MHlag11? 1B53-0066 a TRANSISTOR PNP SI THN-92 PD=&L2TMW 26480 16%3-0064
A130118 1855~0081 1 TRANSISTOR J-FET N-GHAN D-MODE 51 284480 10590081
A14R117 1354-b5410 e TRANGISTUR MPN TSI DARL PD=310MM D473 MPS AlZ

Al 40201 1054-0215 1 TRONGISTOR MPN SI PD=330MHW FT=300MHZ 94713 2MIT04

A14Q203 1054~0233 3 2 TRANSIGTOR NFN 2N3IB&E S TO-3% PD=14 BJL58Y PNIBSE

A14A0204 10540793 a2 TRANSISTOR NPN SI TD-92 PD:=6R0HW 04713 MPGH10

Al4G206 1EDA-0215 1 TRANSIGTOR NPN 51 PL=330MW FT=300nHT 04713 2NAP 04

A14Q2407 1054-01233 3 TRANSIGSTOR KPN 2M3Ras 81 TO~39 PD=ill HES INRB L

ATAGRIB 18540215 1 TRANSIETUR NPN 5% PD=350MW FT=380HHZ 04713 23704

A14AQ209 16853-0440 2 3 TRANGISTOR #NF S1 Y0O--3% PD=GW FT=T00MHZ 64713 MM4016

A1ARZ21Y 1054~ 0357 2 1 TRANSTSTOR-DUAL NPN PD=3&08Y 211480 18540357
AlaR211 1 BT - 0448 Q TRANSIGTOR PNF 81 1098 PL=629MH 14713 MPEHE T

A140212 18530036 2 TRANSIHTOR PNP 5T PD=310MN FT=2508MNZ 2840 1R53-0 036
Alafi213 1953--0440 2 TRANGISTOR PNP SI TO-3%9 PD=SUW FT=500KHZ 04713 MM4018

Alafi2t 4 18530020 4 TRANSISTOR PHP ST PD=I00MW FTx180MRZ 2n480 1853-0020
ALAQZLYS 10540215 1 TRANGISTOR NPN ST PD=340MW FT=300MHL 04713 ANEF04

Al4Q2 16 16540784 9 1 TRANSTHTOR NPN ZN386864 31 TO-39 Ph=0Y 34713 2NI66LLA

A140219 1853-0440 2 TRANSISTOR PNF §I TO-3% PD=5W FT=500MHZ 04713 HMMA010

A14ART 06PH-3155 1 RESIBTOR 4,641 1% . 125W 7 V(= 24544 Ca-1/8-T0

AlLARS 07/S7-0439 4 5 RESISTOR 6, 81K 1% J128W F T A4G46 Ca-1/8-Th~

AlARG D&HBX-2RRB 3 REGISTOR 2.2K H¥% .25W FC TC= 121 CuR225

Al ARG 21 00-%253 7 RESISGTOR-TRHR S0K 10% © TOP-ADY 1-TRN 20430 21003253

A14AR7? DLP0-4B17 4 1 RESISGTUR PS3K 1% .25W F TC=2+-100 o480 N698-a817

Al14RE D &9 7850 1 1 REGISTOR 9.4550 174 1254 F 19701 MITACL/B-TP-P455R -B
A14RY N7E7-DAL0 1 2 RESISTOR 381 1% 1258 F TC - 24516 G411 /8-T0~F01R--F
ALART1 0797--0410 1 RESGISTOR 361 1% .125W F TC 24546 a1 /8-TO~301R~F
H1AREH 0683-2225 3 RESIBTGR 2.2K 5% .2 3 [ §1121 Cura2s

A14R27 NHAF~TA2 3 RESILTOR 2.2K 5% 01121 Loae2s

Al4REA 1683-2223 3 REGISTUOR 2.2K 5% ,20W FC T 21129 CERP2%

A14R27 06832225 3 RESISTOR 2.2K 54 .2%W FC 01121 LRE225

a14R31 DLB3-1033 1 RESIBTUR 10K 5% .2%W FC T 41121 CHL035

A14R32 1 46B3-1035 1 RESISTOR 10K 3% .25 FC TC=-400/+700 01121 CR1035

A1ARDT h6OE-1025 b RESISTOR 1K ¥ .25W FC TC=-400/+&00 p1121 CB1D2S

A14R3a D683 -56F0 L) 1 REGISTOR 56K 9% .2%W FGC TC 01121 CRTAH35

#14R346 0&835-223% g 4 RESIBTLUR 22K 5% . 25W FL TC=-400/+B0R n1i21 CR2a3%

A1 AR37 048322025 3 REGISTOR 2.2K 9% ,25%W FC TC=-400/+706 D1y [ siands]

A14R3H R¥H7-0287 2 3 RESBISTOR 13.3K 1% .128W F T +=-109 1RV MFAG1/8-T0-1338F
A1 AR3S 07570442 Vi RESISTOR 10K 1% 1254 F TC=0+-108 24544 C4--1/8-T0-1002+F
A1ARA4D 2100-3214 I 1 RESISTOR~TRMR 100K 40X C TOP-ADT 1-TRN 28480 2100-3214

AlLARSY 07570209 2 RESISTOR 13.3K 1% 19701 MF 401 /8701 333F
AlaRA% NHPP--0124 0 1 RESISTOR 10.2K .1% 1294 ¥ TG=0+-2% 20480 N67%-0124

#14R43 N7S7-0442 7 REGSISTOR 10K 1% 1254 F TC=0+-100 248540 C4-1/8-TB~1002~F
Al14R 44 N737-0441 ] RESISTOR B,.23%K 1% .125W F TC=§4-108 24546 c4 -1/8-TH--8B251~F
A14ARA4S 0&83-4705 8 REGTSTOR 47 5% .20 FG T A00/+500 0i1a4 CRA705

A14RA4 N&83~1085 9 RESISTOR 1K 9% 284 FC T 400 /14600 B1121 CRi 2%

Al AR47 N&EAI--236T 1 1 RESISTOR 22H %% .2%9W FC TOs~-200/+1200 gila1 [mijasmdital

Al 4R 40 B&A3-4725 2 RESISTOR 4. 7K S% ,28W FC TC=-420/+700 01121 Cha725

A1 AR4TF 0757--04389 3 REGTSTOR 5.11K 1% 1256 F YC=0+-100 24046 Ca4-1/8-T4~8111~F
A14RGD nea3-2225 3 RESISTOR 2.2K %% . 25W FC TC=-400/4780 pi1121 THSEEn

A1 4R%1 0'757-0079 0 RESISTOR 3.46K 1% 1294 F TC=0+-101 2R%44 C4-1/8--T8-Jré1-F
A14R52 0737 -0430 % REBIGTOR 5. 11K 1% .12%W F TC=04-100 24546 £4 -1 /8--TH-%111-F
Al ARS3 Q6996347 7 1 RESISTOR 1.5¢ 1% .128W F TO=0+-25 fate kgl ] G&SH- 6347

Al4ARGA D&TB--6734 a 1 RESISTORN 156K 5% (128W F TO=1+-353 20480 DHY 06236

A14RES 07570280 3 RESISTOR 1K 1% 1298 F T 2AaTiAh Ca-1/8~Ti=-1061~F
A14RGE D757-0447 & 3 RESISIOR 20K 1% 125W F T 24546 C41/8-TH-2002-F
A14ARSY 06990121 7 1 RESISTOR 2.45M 1% 123W F T ~0 431 D&H29-0121

AlARSH BAEFY-D1Z2 ) 1 RESISTOR 4 BK 1% 128w F T 2240 RLTP-0182

A14R&0 0483-101% 7 RESISTOR 100 57 .25W FC TC=-400/+500 1§54 LEB1015

Al4R6H1 NEB3-1005 ? RESISTRR 1K 5% .ZSW FC TC=-400/16090 01121 CRL 025

f14R65 06851018 7 REGISTOR 100 5% .23W FU TO=-408/+%500 gi1a CHittS

A14RH3 33 -1025 7 RESIGTOR 1K %7 oW FCOT 400/4 56010 otiay CuLN2S

AlARL4A 06831025 7 REGISTOR 11 5% 400/ +6100 1121 CB102s

ATARGLE N6H3-1015 7 REGIGTOGR 100 5% =400/ 1500 f1121 CeE101E

A1ARG7 0oR3-102% 9 RESTSETOR 1K 5% .2%M FC TC=-400/+600 01121 CR1825

ATARGE p683~1025 bl RESISTOR 1K W% .Z%W FC T 1121 CRLO2SG

Al aREY 0683-101%3 7 RESTSTOR 100 5% 254 FC 01121 Cu1015

AT4R74 D403 B33 1 RESISTOR 19K H% .2TGW FD 21121 CBL03S

ALAR?Y 1683 -RE22% 3 REGISTOR 2,2K 5% ,25W FC TC=-40d/4700 a1t Cuazas

ALAR7H 1631085 9 1K T4 259 FiL T 400/ 609 ni121 Cp1 02t

A1ARDD 06£83-2215 1 1 228 % 400/+000 ni121 CBERTS

ATARLDD NHBX-REED 3 2.7K 5% H Bose7on 01121 CRZ22%

ALARIDL 06322235 3 22K BXOL25W FL ARQ/+7200G gilgt

AlLART D2 BHRF-4705 ] 47 TE OETWFC T 439 /4530 15121 0

See introduction to this section for ordering information
*Indicates factory selected value
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Reference HP Part |c - Mfr
; . Mfr Part Number

Designation | Number |O Qty Description Code
ALAR10Z 4 AESIBTOR 3. 01% 1% 1858 ¥ TCx0+-100 245G Ca-1/8-Th-30117 -
ALAR1L4 & RESISTOR 2% 1% .128W F J0+=0+-100 24540 A1 /8-TN-AL0)1-F
A1AR1OS A REGIBTOR 75 1% .125W F T +-100 24546 Ca-1/8-TH-7300 ~F
AlAR104 1510 2 REGISTOR 170 %% 2854 FC A0 /74600 1121 CRIS1S
alaRla? 04070 B 1 RESIGTUR %9.2 1% 128W F TC=0+-100 245446 CA-1/8~TO-90RP-F
AlAk108 QL3 4427 <4 1 REGISTOR 1.65K 1% . 125W F TC=0+~-100 TAGAL Ca4-1/8-T0-1 46518
ATAR1 D7 n/57 0420 3 1 RESIGTUR 750 14 ., 12%W & Tow - 24046 C4-1/68-T0-?251 -F
Aaladiin n&e3 i) 3 RESISTOR 2 BAO25W FC TD 81121
alantin X ] 3 RESISIGR 2.72K 5% .25W FC TO=-400/4700 fi121
Al4R1172 NaB3-7S05 2 1 REBISTOR 7% 5% .28W FC TC=- 400/+5040 11121 ER73505
ALARI1E 0757 0200 3 RESTISTOR K 1% 12%W F TCad+-100 24546 C4-1/8-TO-1004-F
AiARL 14 06986317 3 2 RESISTAR S0 1% 1254 F TC=0+4-2% 03860 PMESS--5 /70 T?-S00R-B
ATARILG 06906317 3 RESIGTOR 300 .1% WHIT TCEA-20 BABGE PHESES -1 /3-T? -5H00R -8
ALARLL? D&LPB-4183 S ] RESISTOR 499 1% 1294 F TC=0+—100 ZATAL La-1/8-T0 - 499R~F
AlarR11E DAHGE- 4103 5 RESIHTOR A%9 1% 1250 F TC=0+-100 245496 C4-1/0-T0-497R ~F
AT4R11Y 06983 - 4435 2 RESISTOR 2.49K 1% . 128W F TC=0+-100 FAGA6 T4 /3-T0-2491-F
ALAR1RE 0583--22025 3 RESIGTOR 2.2K %X 284 ¥C TC=-400/4720 01121 Cu22es
Al4R122 B &£90-6300 b RESISTOR 10K 1% 128W F TC=0+-20 20400 046%3- 4360
ATAR123 D620 6320 2] RESISTOR SK 1% .12%W & TC=i % NIGRE PMEDS -1 /8-T2-5001-B
AlLARY 24 Nay8-6£320 f RESISTOR SK 1% .12%W F TC=0+-2% 03888 PHESGS-1/8-T9-5001-]
ALAR12G 16266320 g RESISTOR SK 1% 125K F TCw0+-25 D3EE6 PMESS-1/8-T9 -G080 1B
AlLARIDA7 36HIA-H360 b RESIGTOR 10K 1% 1RSM F TC=B 3 20430 0&HPH-LJH0
ALARLZ2D Foo0-6321 e 1 RESTSTOR 2.%K 1% 125W F TC=D+-20 mises PHEDS-1 /8T -970 1~}
ALAR1ZY DLIR-3R79 0 REGISTOR 4. .99¢ 1% . 125W F TL=0+-100 245446 CA-1/9-Th-4951~F
A1 ARIED e10D0-3212 B3 1 RESISTOR-IRMR 200 10% C TOP-ADT 1-TRN 2p480 2180-5212
A14R131 (175720279 by RESISTOR Z.16K 1% 105W F TC=0+-100 24546 C4-3/8-TU-3141-F
Al14R13R D&?3-317% s 1 RESISTOR 2.%U5K 1% .120W F TC=04-100 24546 C4-1/B-T0-2551
ALAR133 AHE5--4705 8 RESISTOR 47 S% .2%W FG TCx»-400/+500 p1ip Cravos
ATAR134 0757 1438 3 RESTHTOR 5.11K 1X 185U F TCx=0+-100 24546 C4-1/8-TH~-5111~F
A14R134 B6HPB-3557 7 1 RESISTOR 884 1% 1R5W F TU=0+-100 24546 C4-1/79-T0-BI6R-F
ATAR1 3 07570416 7 4 REGIHTOR 511 1% .1£5W F TE=3+-100 Ca-1/B-T0~S1iR-F
At ARTD Q7 3 RESISTOR 1K 1% 1296 F TC=0+-§00 CA-1/8-TO~1CN5-F
R1ARTZY 0757 -0280 3 RESISTOR 1K i% . 125% F TC={+-108 CA-1/8-T3-1001
A14ARY 4] 0 6HP8~-4403 L] RESIGTOR 402 1% 1298 F TC=0+-140 Ca-1/8~TU-A402RF
A14R142 2100-3407 ] 2 RESIGTOR-TRMR 24 10% € TOP-ADT 1-TRNW 210403409
AlAR14E 678 -4037 0 REBISTOR 44.4 1% 12%W F TC=04-100 245460 C4-1/8-T0-A&RA-F
ALART 44 NaPE~327% i} REGIBTOR 4.99K 1% 1286 £ TC=0+-100 24546 Ca--1/8-T0-49%1 -F

k A1ARL A4S 04L83-470S 8 REBISTOR 47 9% .29 FL TC==400/+500 41121 Co4705
ALART 44 NORP-3I277? 1] RESISTOR 4.99K 1% . 185% F TC=0+-108 240446 P4-1/8-T0-49231~F
Al4R147 N7G7-0442 g RESISTOR 10¥ 1% ,129W F TC=0+-180 2405446 L4 1/8~10-1082-F
Nn14R1A8 LD HHL? a RESISTOR 15K .1% .128W F TC=)+-2% 203430 N693- 6619
Al AR 47 06LP8-63610 &6 RESISTOR 10K .1% .1235W F TC= 29 26400 06706360
Al4AR1E1 D243 -BGAT a 1 REBISTOR 4,.%K 1% .12%W F TC=44--25 28400 BHPE-BAH0T
AlARIS2 06990123 @ 1 RESIOTOR &,.751C 1% ,125W F TC=0+-24 28400 N&L79--0123
ATARLDF N&035-1035 1 RESISTOR 10K S% .25W £C TC~-500/+700 b1121 CB103%
A14R134 04834795 8 RESIGTOR 47 SA .25W FC TC=-400/4508 81121 CR470%
ATAR 1S54 N&i3-103%5 1 RESISTOR 10K 5% .25 FC T 400/+700 a1121 CE103%
AlAR1S7? NHE3~-4705 a RESISTOR 47 %% .2%W FG TC=-400/+300 01121 CBA70S
ATARICE 07E7--DA4R & RESISTOR 20K 1% 125§ F TE=0+-100 24546 C4-1/B=T0~2082~F
A ARIET QVE7-044% & RESISTOR 20K 1% 1258 F TCa0+-100 24548 CA-1/B-T0-2R02-F
Al4R1ED f683-1055 5 1 REGSISTOR 1M 5% .2%W FC 1C=-800/¢R00 01121 CBI1OED
Al14R1&1 N757-0273 4 RESTSTOR 3.01K 1% 1250 F TC=8+-180 24546 CA=-1/8~T0~3011-F
ALAR1 A2 BOFD 4473 i) 1 RESIBTOR 7.76K 1% 125W & TC=0+-100 §35868 PHUESS-1/B-TD~%761~F
AlARLLTS BOBRI-393T 4 1 RESISTOR 3PK 5% .2%W FC T -850 /4800 1121 CEXG3E
Al4R1 O 4 N67B-436ER ] i RESISTOR 52.3 i% .125W F TC=0+-100 24544 04-1/B~To~52R4-F
al14l166 07970441 1] RESISTOR 100 1% ,12%W F T 2AT46 C4-1/8-T0-101-F
AT4ARL1LHD 06B3-£815 5 RESTISTOR &80 5% . 28BW FE T 21121 CReBLS
Al AR &P 0483-1018 i RESISTOR 100 5% ,25W FC TC=—-400/+500 4112t CH1018
ATAR2I0 0757--04308 3 RESIBTOR S.11K 1% 1258 F TC=3+-100 24546 C4-1/8-T0--5111-F
Al AR20% 075704368 3 RESISTOR S.31K 1% ,12%W F TC=0+-100 24544 C4-1/8~T0~5111-F
AlAR211 R&33-4735 4 3 RESISGTOR 47K S% .25W FC TC=-400/+800 01121 CE4738
AlARR212 0AE3I-1025 ? RESISTOR 1K 5% ,28W FC Tl 01121 CE1L125
ATARZTA N6EB3-102% ? REBISTDR 1K 5% ,2SW FC TC 01121 CR102%
ALARELS PHBI-1033 1 RESISTOR 10K 5% .25W FC T 1121 CB103S
A14R216 n603-2235 ] RESISTOR 22K %% . 2%W FC TC=-4D0D0/+B0D ni121 CR223T
A1AR217 1 4932235 o RESIGTOR 22K 5% .25W FC TG=-ad0/+80( 01121 CRARIS
MAR2LH pHO3~-2205 @ RESISTOR 22 %% .2%W FC TC=-400/+530 01121 Ceza03
Al 4R220 075Y-0401 0 RESISTOR 100 1% .28 F TC=8+-100 24548 C4-1/9-T8+101-F
AlasR2El nava-&320 8 REBISTOR DK 1% . 12%W F TC=0+-25 93880 PMESE-1/8-T® S001--R
AlLARZ2D 04H83-4705 8 RESISTOR 47 5% ,25W FT TC=—430/+5380 01121 CEA70S
A1ARI2T 016034703 a REGISTOR 47 9% .25W FC TC=-400/+300 01121 CBEA703
Al4R224 0797-0276 7 £1.9 1% 1250 F TC=04+-1100 24546 Ca-1/8-TA~ &1P2-F
ATARR24H B7E7 0457 2 1 AL7GK 1% . 125W F TO=R+-130 24346 C4-1/8-TD-4751-F
AL4ARZ220 757-0408 4 2 162 1% 125W F TC=0+-180 245456 Ca-1/8-T3-14L2R-F
Al4R22Y B&EBE-220% Vi 22 5% ,PS5W FC TC=-400/+500 21121 CBR21S

See introduction to this section for ordering information
#*Indicates factory selected value
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Designation | Number |0 Qty Description Code Mfr Part Numbe

ATARD2 3] ’]7_)? UE’/? o Hy GES 47,9 1% J12%W F TC=3+-100 24346 C4- 1 /8-T0--459%P:

ATAR2IZ 7 4 RESIGTOR 1, 33K 1% W F TO=0+-100 2AD AL Ga-1/870 t331-

Hi4R2AY 53&05 ‘l"‘ﬂﬁ 7 s RESISTOR 12 8% 254 F0 TC=-400/1300 B1ia21 CRLI20%

ATAR2ES 4 2 3 3.9 9% 2%W PO TCw-404/+500 ai121 CEEYL

AVAR 23 3 SLOLIK 1 L1280 17 TO=04-100 24546 CH-L/-T0-51 11 -F

nlARZEY 0757~ DAZE 3 S.11K 1% . 125W r TC=0+-10Y AT Ah CA-1/8-T0-5111-F

NnlARPIR O6E3- 1045 3 100K 5% . W OFC 400/ +80Y) p1121 (E1045

A1ARQED bt 4705 g A7 5 MWW OFC T [P TAiY] 9111 CRA705

ALARZAL BLB3--4735 4] A7 DR OVESM FCT oo/ ¢S50 [ER S CBA7 05

ALARZAZ 06874701 2 4 REBTGTOR 4% 10% QW CC T i+412 11121 ERA4A701

ALARZAS &7 -4701 2 R¥SISTOR 47 10% %W LU I F P ol1i21 EB4701

A14RZAA il”/ﬁ'?"‘(l&‘.uﬁ b 3 RESIGTOR 1001 1% . 125W A 0+=104 Ca-1/8-Th--1003%-F

ALAR2AT 32 9 RESIHITOR 22 G% 204 e o/ eG0a CRIZ0S

Al1aR245 v 13 3 RESISTOR 1K 1% J18GW F T -1 0 "4‘.‘14(1 Ca=1/8-T0- 180 -

ATARZAY 07E7- 0465 & SESISTOGR 103K 1% L1254 F TE=3+-140 24546 CA-1/B-TH-1003-F

A14R248 Q6832208 g RESGTHTOR 22 5% .2%W FC T -A00/+308 #1121

ATARZAD D6BI--0275 2 2 RESINTOR 2.7 5% .23 FC 40074500 ptid1 o]

A1 ARREQ L RESIUTOR 1UK 1% 128M F T +-500 245446 £A- IJB To-100G2-F

ATARRE - 9 REBISTOR 2.7 %% .2% 40(1/%-55[)[] 11zl CRET7ES

ALAR2SR 06H99-0004 7 1 RESIGTOR &8 1% 28480 265900k

hkM{P'Eu:'J N687-4701 2 RESIE A7 L0 21121 FR4701
0757-0402 1 1 110 1% RASAh CA-1/B-T0-111-F
D7H7-02R9 3 1€ 1% 24548 C4 -1/8-TO~-1001~F
0rE7-n2a30 3 1K 1A AANAY G4--1/8-T0~1001-
BPS7-0283 [ P 4 245448 C4-1/8-30-2001~F

AL ARESY NHBF-~E20%5 9 REZISTOR 22 A £ g11d1 CR2205

Al4RZSED N7SP-0447 e AESIETOR 10K 1% L 125W F 1 -+ 10[1 24346 Co4-h /3701002 -F

Al1aR260 0687-4701 2 RESISTOR 47 10% .SW GC TG 412 a1121 EBa701

AL4R243 737 -0442 ? [ 10K 1% 12588 F T +-108 24546 Ca4-1/78-T0-1002 -F

A1ARZ2H2 DHAE-4705 B8 47 WY 2% FUOT -400 /4540 01121 Cuaza5

AL4RPO3 ki 2 5 H.0B 5% L PSW FC TC=—-400/+500 a1t21 OES

AL ARZHA g g -1 RESISTOR &.8 5% ,2GW FC T A0D/+500 81121 2w}

ATARZHE ﬂn‘|9B -43288 4 1 REBISHTOR &Z.4 17 420W F 0+-108 id & 1370430 4--F

AlLAR2GE 06H98-- 44548 1 1 2! 324 1x 125U F TR =180 24546 Ga- 1 /78-TE-324R-F

AL4REAED 1483-4705 f 47 5% ,25W FC TO=-400/4580 a11z1 CB470%

ALARDEY 07570346 2 1 RESISTOR 10 1% .120W F TC=0+-104 24546 C4-1/9-Ti- IGPI..-"F

ATARZZ 0 14783492 7 1 ARESIATOR 2,&67K 1% 12UW F TE=3+-100 245446 C4 -1 /8-T0-2571 ~F

Al 4AR271 07%7-0495 4 RESIGETOR 142 12 IRBW F T E 24544 a1 /78-T0- lh *R-F

Al4RZ72 N6TE-220S P RESISTOR 22 5% 250 FU TH 21121 CHAZOS

AlARRZ?E 07E7-0277 B REGIETOR 4%.9 1% 125W F TC=04+-10C0 24546 C4-1/8-TE-4992~F

ALAR274 7370317 7 RESISTOR 1,33K 1% . 129W 7 TU=0+-100 24546 C4-1/8-T0~1331-F

Al 4RZ7Y 2109~-3409 K] RESTSTOR-TRHR 20 ll'l‘/ ¢ TOP~-ALT 1~TRM 20408 21003409

A14REVE D683-039% 4 RESIBTOR 3.7 T% .25W ¥FC Y0=-—-400/4500 o1i21 CR3IF6L5

A1 ARZ7?7 5683-1205 7 REGIETOR 12 8% .2SW FU T -A0N/+500 0123 Cpiaes

A1ARE7D Q7E7-0200 7 1 RESIHTOR T,.62K 1% L 12UW F TC=04-100 24346 C4~3/8--T0-5621-F

AL4TPIB 1251 48322 1 CONMNEDTOR Z--PIN M POST TYPE 285480 1285t -~a322

Al4l1 13201194 B IC FF OTTL LS D-TYPE POS-EDEEX-TRIG GOM 01395 SN74LL517 4N

AlAUZ 1HR29-1197 g IC GATE TTL LS NAND RUAD 2- INP 013295 GHN75LE00N

1403 16325- 0474 7 IC SWITCH ANLG 8-DIP-P PKG 11253 TLLOLCR

Al4U4 161260476 7 IC SWITCH ANLG G-RIP-P PKEG 0129% Ti.&N1CP

Al4us 18246--8%04 0 3 IC 0P AMP LOW-BIAS-H-TMPD TOD-99 PKG 29014 LF35%SH

Alalle 18201270 7 1 IC GNTR TTL L% BIN UP/DOWH SYNCHRO 01298 SGNZALSIPIN

Al4U7 1820-127% £2 1) IC CHNTR TTL LE DELCD UP/DOWN SYNCHRO 01295 SN74LL5170N

Al aug 1820-1379 8 I CNTR TYL LS DECD UP/DOMN SYNCHRO 11298 GNZALST1PUN

Al4ALS 1B20--127% 1] IC CHTR TTL LS DECDH UP/DDWN SYNCHRD B12Ps SN74L5190N

AlaUl0 16201282 3 i IC FF TTL LS J-K BAR POH-EDGU-TRIG 01299 BN7ALS109AN

Al411 168261112 1] 1 FF TTL LS L-TYPE POS-EDGE-TRIG 129G SNZALS7AAN

Alal2 18201112 a IC FF YTL LS D-TYPL POS-EDGE~TRIG IR A ENVALS7?AAN

Al14U013 1820-~1423 4 -4 IC MY TTL LS MONOSTEL RETRIG DUAL 01295 BNTALS1R3N

Aldlia TH20- 0453 ) IC FF TTL S D-TYPE POS-EUGE-TRIG EN7AS874N

Al4U13 1821--0001 4 4 TRANSISYOR ARRAY 14-PIN PLSTC DI1P CAXN46

Al4le 18260304 it} IC ar AMP LOW-BIAS-H-IMPD TO-%% PG 27014 LF 3554

Al4U17 18260304 ) 10 4P AMP LOM -DIAS -H-IHPD T0--79 PG 27014 LFASS)

AlL4ULg 1826~0:298 3 -1 IC Of aMp &P 8-DIP-P PKG 27N1a LMI1EN

AlAU1? 1826-0208 3 IC 0P AMP GP 8-DIP-P PKG 27014 LH31 0N

Alau20 16260414 ) 2 IS SUITCH ANLG QUAD 16-DIP-C PKD 27414 ILF133%1D

AlAU21 1826+-0208 3 I8 OGP anP GP O3--DIP ¢ PKG 27014 LM310N

Al14YR3 1826- 0206 3 10 OF AMP GP 8-DIP-P PKE 27014 LM3I1O0N

A1AL2 4 QR&-04146 b IC GWITCH ANLG BUAD 146-DIP-C PKG 27014 LF13%31D

Al4U23 1626-07208 3 I or AMP G 8-DIP-F PKG 27014 LMZ16N

ATALURE 10320~1730 b It FF TTL &5 D-TYPE POB-ERGE-THIG COM 041295 SN7ALSE7EN

A14L37 1828~1214 i IC DCOR TTL LS 3-TO-8-LINE 31N 01295 GN74L.5138N

Al4LRn 1820~11%6 8 I8 FF TTL LS D-TYPE POS-EDGE-TRIL COM i3 iad-) BN741.5174N

A1 aY2e 18201730 & iC FF TTL LS P-TYPE POS-EDGE-TRIL COM B1a9S GNT7ALSE7IN

Al4L30 1820-14&41 ] 2 I DRYR TTL LS BUS DRVR HIX 1-INP 31295 BN7 4. B3LGAN

Alal3y 1820-11%99 i IO INY TTL LS HEX 1-INP 01295 SN74LG04AN

6-20
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Reference HP Part |c A Mfr
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A14032 1at0-1442 7 1 IC CNTR T7TL L& DECH ASYNIHRO 01273 EN7ALSEYON
A14U33 1820-0693 a IC FF TTL § D-TYPE POE-ED 01295 N74574N
Al4U34 1A20-1112 8 IC FF TTL L3 D-TYPE POS-T 0129% 187 44N
A1 43S 18200693 a IC FF TTL § D-TYPE POS-EDG RIG L1293 GN7ABTAN
Alal34 1820 -06%4 g 1 IC GATE TTL § EXCL-OR QLAD 2 [iRYaicdad BN74SBEN
Al ALS7 18201202 7 1 1C GATE TYIL LS NAND TPL 3- INP 01793 LN7ALB1ON
ATAUIG 1p26-0111 7 3 1C GP AMP GP DUAL TO-?9 PKG JLEOS CAL4EET
A1 4U3Y 18260879 4 1 IC-LIMNZAR HBAE0 1826-087%
A14040 1856-0063 5 1 XSTR-ARRAY 14-PIN PLSTC DIP J192B CA3102E
Al4U41 1826-0111 7 IC OP AMP GP DUAL TO-9% PKG 3L585 CA1458T
A14UJ42 1826-0026 3 i IC COMPARATOR PRCN TO-99 PKG 01295 LM311L
Aldllas 13201112 &8 Ic FE OTTL LS D-TYPE POS-EDGE~TRIG 01295 BN7ALE74AN
AlAaugs 16920-1423 4 IC MYV TTL LS MONOSTEL RETRIG DUAL $129% SM7AL8123N
A14UAT 120-0321 2 IC COMPARATOR GP TO-%% PKG 8129% SN727101.
Aal14u48 13203199 1 1T TNV TTL LS HEX 1-INP 0129% GN74LBLAN
Al4047 1B20-1730 & IC FF TTL 48 D-TYFE POS-ELGE-TRIG COM 312725 BNT7ALER7IN
A14U50 1858-0047 ) XSTR-ARAAY 16-PIN PLSTC DIP 13606 ULN-2003A
0360-1716 1 TERMINAL-STUD SGL-PIN PRESS-MTE An480 D3H0-1716
1200-07%6 g 1 SOCKEY-I2 B~CONT DI DIP-BLDR 20AB0 1280--07%4
1203-00114 L] 2 HEAT SGINK TO-5/T0-39-08 284810 1205-0011
120%--0018 7 2 HEAT SINK TO-1B-CH Z84680 1205=-0018
182050033 &4 &b HEAT SINK TO-H5/TO-39-L8 28480 12050033
125104600 9 CONNECTOR-SGL. CONT PIN 1.1A4-MH-BSC-BE &Q 2B4B0 12861-0608
1460-133%6 L] WIREFORM CU DBRT-TIN 2845840 1460-1 534
71211234 9 LABEL CAUTION 1.925.IN-WD 2.24-IN-LG 28480 71211234
All 0332564521 | 2 2 PC ABSY-FFS D/N 26400 LR R R AT
A2ICH Dl14o-0191 B CAPACTITOR XD SLPF +-0% 30QVDEL WICA Feilh DH1GESHB TR0 0WVICR
AdIC2 01H60-3047 9 CAPACITOR-FXD 00UF +100-0% BOVDEC CER 28480 01443847
ARLIC3 R1BI-1861 5 3 CAPACITOR-FXD 27UF+-10% 19VRC TaA 56H287 1RODE7HX90 1 0BE
AlrICe 04801748 5 CAPACITOR-FXD 1GUF+-10%Z 20ULC TA S4HA8B7 154D 156XF020ER2
AZICH §1490--0191 ] CAPACITOR-FXD SOPF +-5% J00VDRE MICA P13 DHISTHLOT OB 0WVICR
A7 Nlenh-4371 a CAFACITOR-FXD |, 1UF +80-20% S0VDPC CER 284849 014604571
AZICR 6160 ~3B47 ? CAPACITOR~FXD . DIUF +109-0% SOURC CE ®agg N160-3B47
#2109 0l 603547 9 CAPACITOR-FXD ,01UF +106--0% SH0VDC CER 26430 01403847
AZIC1C 0160 ~4571 a CAPACIILR-FXD . 1UF <80-20% S0vDC CER ZB400 01460 -4571
ARG 3180~-1841 ki CAPACITOR-FXD 27UF+-10% 10VDC ThA G6H289 150DR7eXY01UES
@ A2ic1? D16HD- 3847 9 CAPACITOR-FXD 01 +100 -3% JIVRL CE G160 ZB47
by A21013 01602258 & CAPADTITOR-FXD S.tPF +~.29PF S00YDC CLR nlat--22%0
AZ10C14 0140-3047 P CAPACITOR-FXD D1 +100-0X SOVDL CER J160-3B47
ARIC1S 01 h0-2232 2 1 CAPACTTOR-FXD 1W5809F +-5% 3C0OVDC MIDH 268480 §h&0- 22228
A21C16 0140-3847 7 COPACITOR-FXD . 01UF +100-0% B0VDC CER 20489 B160-2B847
a21017 01H0- 4461 S 1 CAPACITOR--FXD JEEO160VDE POLYP 20480 01694461
AZIG1E 1160-2R57 3 CAPACITIR-FXD | SOOYDE CER D450 “6480 0160-2257
ARICY? 018017446 o CAPACLTOR-FXD FOVULC TA S4L289 1G0D156X20N20R2
A2y 01081744 b CAPACTTOR-FXD 15 20VIC Ta BHEET 15001 56XF 02 0R2
AriCeR an~5306 9 CAPACTTOR-FXD .1UF 4+-10% t00VD0 28480 B340 5306
A21003 D160 3847 & CAPACITOR-FXD . HtUF +100-0% SOVDC CIER 783460 B1E0-2847
Ani1C24 1490147 b 1 CAPACTTOR~FXEL AZ0PF ++-5% F00VDC Ml FR13h DHLGFAZ1IT0B0 WY ICR
AZIC28 Bla0--3347 7 CAPACTTOR-FRD L 0TWF 19 LA L H M 26480 014603847
fae1ia7 01 60-R243 7 1 CAPACITOR-FXD 2.7PF +- " eiovDc CER 20400 A
AR1C20 B1&60 2208 4 i CARAGTTOR -FAD 2JDPF +-35% J03VLC MICA z2ia480
AP10G29 g CAPACITOR-FXD .01UF +100--3% SO0VDC CER 28480
APIC31 & P [TOR-FXD . 1UF +160--0% 50400 CER 2B4BY
ARLCIE 61804571 a CapP TOR-FXD . 1UF +80-20% S0VDE CER 20480
ARLGEY 01403047 ] CAPACITOR-FXD L 01UF +100--0% JOVDRC CER ZBIBG ;
#2101 01408191 a CAPACITOR-FXD S4PF +-GY J00UDC MICA 72136 DMLIBESEAT0I00WI 1R
ATLC1Y2 D160 3847 ? CAPACITOR-FXD L 01UF 4100 -0% SOVELC (LR 28400 N16H0--3947
ARIC13S NLEL0-I047 9 CAPACITOR-FXD | BIUF +100-0% SCUDC CER 2440
AZI0134 D1460--4571 e} CAMACITOR -FXD ,1UF +BE--20% SIUDL CER 28480
ARICI3S 01603847 F CAPACTTOR-FXD ,01UF +100- SOVDLC CLR 20480
ANCL3G F160~-3B4%7 @ CAPACITIOR-FXD . GIUF #100-0% SOVEC LIR 204810 D&
210137 016p-3847 7 CAPACITOR~FXR ,D1UF +100--0% S0VDE CUER 23480 01603847
AR EnR ] V145-0208 & 1 CAPACITOR--FXIy 270PTF +-3% J00VDC MICA 72136 BMISFIP1IF0500WVICR
ATTICL D 1} &0--5047 e CAPACITUR-FXE ,01UF +100-0% S0VDC CER Baags 0160 1147
Aa2ICLAD 11603847 3 CAPACITOR-FXD 01U +100-0% HIVDL CRR 28480 B1o60-38347
Ai1Lial DIH0-1746 -] CAPACITOR 4 X0 13UF+--10% 20VDC TA SH20P 150DIGLXP0RNED
ACTCT 42 N160- 3047 9 CAPACITOR -FXD L 01U +100 0% S0VDG 2B487) Jierd -3047
ADICIAD D1460-3047 Q CAPALTITOR FXD L 01UF 4100 0% SO0VLC 2648 0140 3847
[ L 0180 1841 k) CAPACITOR-FXD OVUF+-107 19VDE TA HeEREBT 150DE7EXF0I0BE
ADLC1AY n180-1746 1 CAPACTTOR-FXE 15UF +-10% 20VDE Th 1HODISGXPOTOE
AZIC1I4E D160 AG7F? 7 2 CAPALTTOR-FXD L 0IUF +-20% 100VDE CER 2160 -3379
ARILCLES 1140 3847 ? CAPAGITOR-FXD L DIUF +100--0% S0VHC G&6G--3347
AZI0164 M40 3047 2 SAPACTTOR-FXD . 01UF +100 0% SOVOC 01 60-3847
A2IC1LT7 N1460-3047 9 CAPADITOR-FXD 0 10UF 100~ 0% S0VDC GiAD 3347
AMIC1ED 0140-2204 0 CAPACTTOR-EXD 100PF +- 5% J00URC MICA g160-2204
aPIcl e? 0L al-3047 9 CAPALITOR-FXD ,01UF +160-0% SOVDLC LER 01603847

See introduction to this section for ardering mformation
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ARICTIZ R1G0- 1744 ) CAPACITOR-#XD 15UF+-1 0% 20VDEL TA 56207 150D1 56X992062
AR1C1Y3 g1at-n228 -} CAPAGITOR-FXD 22UF+-10% 15VDC TA 56889 1H0DP26XF015B2
AZICTI74 01402204 I CAPACITOR-FXD 190PF +--5% 3I0VDC MICA 25490 3160 -2204
AXICL74 0140-0571 a 1 CAPACITOR-FXD 470PF +--20% 100VBC CER 28480 01660971
AZ1C177 814603879 7 CAPACTTOR-FXD . DIUF +-20% 100vDC CER 28480 N3160--3079
AZ10178 01403047 b4 CAPACITOR-FXD . 01UF +108-0% S0VDC CER 20460 01603847
§160-4040 & 1 CAPACITOR-FXD 1000PF +-%% 100VDL CER 20480 0140-4040
Gl1&60-2204 1} CAPACITOR-FXD 100PF +-5% J00VDC MICA 283480 f140-2244
A F1a0-4441 1 1 CAPACITOR~FRD 47UF +-10% S0VHC CER aB4agy Ni40-3441
AR1C143 01 49-0127 2 2 CAPATITOR-FXD 1U¥ +-20% 23VDL CER 28480 01&0-0127
ARIC1B4 B160-3847 @ CAPACITOR-FXD , 8IUF +10D--0% GOVYDC CER 2134840 0160-3247
AZIL1O% 01605047 b4 CAPAGITOR-FXD .Q1UF +108-0% S0VDC CER 284080 0160~3847
a21i186 Ni&6G~-3847 ? CAPACITOR -FXD . B1UF +100--0X S0VDT CER 28480 3160-3847
AR1C18Y 0140-~3347 ¥ CAPACITOR-FXD ,01UF +148--0% S0VDC CER 240D 01603847
AZICIRE 01690127 @ CAPACITOR-FXD 1UF «-20% 2SVDC CER e480 J160-0127
ARLCLBD 0140+4571 8 LAPACITOR-FXD ,1UF +08-20% S0VDC CER 28480 G140--4371
AL EIPE NL&0-3876 4 1 CAPACTTOR-FXD 47°F +~20% 200vDC TER 28480 $160-3674
AZIC196 3140~-4283 9 ® CAPACITQR--FXD 100PF +-5% P200VDC CER H1642 150-100-NP@--1017
ADICLRT 1160 -4283 ? CAPACITOR-FXD 100PF +-3% 200VDC CER 51642 150-100~NPO~1017
AR1CR1 1901 -0040 i DIOGE-SWITCHING 30V H8HA 2NS DO~-34 28430 19010040
A R 1ep1-0040 1 DIDDE-SWITOHING 30V HiKa 2NS DO-35 25480 17010040
AR1CRY 1909 ~0518 8 DIOLE~SM 816 SCHOTTKY 28480 1981~0518
AZICRA 19010518 8 DIQDE-SM HIG SUHOTTRY 1480 1791-0%18
AR 1CRY 19010040 3 DPIODE-SWITCHING 30V S9MA 2NE DO-3D 28480 1901--8040
1902 0%77 3 DIDDE~ZNR 1NB2S 6.2V T¥% DO -7 Ph= .4l 94713 1NB2S
192-0777 3 DAODE~ZNR tN825 4.2V 5% DBO~7 PD=, 4l 14713 1NG25
1901 ~0%18 31 DIDDE-SM BIG BCHOTTKY 70400 1781-0518
1P0-0E18 8 DIDLE-SM 81 SCHOTTKY 28480 19201-05t8
19810040 1 DIDDE-SWITCHING JI0V 30MA 2M5 DO--35 28480 1761--0040
AZ1CR12 1901~0040 1 DIODE~SWITCHING 30V SiMA 2NG DO-35 26480 17G1~-0040
ARILR1TS 172104040 ] DIODE -BWITCHING 30y T0MA 2NS§ DO--35 ~B430 1201-004D
ARICR1O 1901-00490 H DIORE-SWITCHING 30V SoMa N8 DO-3%9 20480 1901-0040
AR1GR17 190236054 =] 1 DIODE-ZNR 3. 65V TE DO--35 PD=. 44 283480 1912-3054
ADICRID 1902-0064 1 2 DIDDE~ZNR 7.9%Y 54 DO-35 PD=.4W TC:=+, 002 26480 1702-D0A4
H210R1S 1220064 1 DIODE~ZNR 7.5V X DO-35 PD:=, 4W TC=+,05% ZR4BD 1982-0064
ARICR2] 1903-0040 1 pion SWITCHING 30V S0MA D035 208480 19010040
ARTCR131 1202-3330 7 DINDE-ZNR 3,81V 5% DO-7 PD=.4W TC=-, 047X 28400 19823030
AICRIMY 1901-0%1E83 B g M G1G SCHOTTKY 28481 19201~0518
AR1ICR16R 19010040 1 DIODE-SWITCHING 304 SO0MA ZNS DO-3% 20480 1901 -00490
AZTCRIES 1901-0G18 8 DIODE-SM SIG SCHOTTRY 70480 1961-05182
AZICRI G4 §122-008% a DIDDE-UIG 2PPF 10% C3I/025- MIN=D RBUR=IV N4713 MY109
A2 ICR1AT 1901-0518 a DIODE-8M BIG SCHOTTRY 208480 1901~-0%518
ARIGR1GA 0122 -0nee ] DIODE-UVC 2PPF 18% C3/CA%-MIN=Y RUR=30V 94713 My109
a21g1 1251 6567 0 CONNECTOR 21-PIN M POST TYPE 20480 125165467
AZLIT TR0 -02%4 4 1 NETWORK-RESISTOR 16 PIN DIP; RES Z8480 18310-02%4
AN IR 1251-2969 8 CONNECTOR-PHONO SINGLE PHOND JALK; DIP 28480 12512969
[ FR i B 1291 -8%969 2] CONNESTOR-PHOND SINGLE PHOND JACK; DIf 20400 125129469
HE1T16 1 251 ~2P6% a CONNECTOR=PHOND SINGLE PHOND JALK; DIP 28480 12512969
ARLIT174 125 1-2969 B 33 CONNECTOR-PHOND SINGLE PYIND JACK; Dif 28480 1eg1-296Y
AZLIL7R 18512969 # CONNECTOR--PHONG PHOMG JACK; »IP An400 31 -296%
ARLTIBA 12 anhe 8 CONNECTOR-PHOND PHONGD JACK; DIP 268489 18512969
AZ1I118H 12512969 B CONNECTOR-PHONG STNGLE PHOND JACK; DIP 20401 1851 -294%
AZILYT PIOO-16H22 7 INDUCTUR RF-LH-MLD B4UH BX . 16&DX, 3BHLG Z04aa0 7i00-1622
AZ1LR2 9100-1622 7 INDUCTOR RF--CH-MLD 24UH 5% ,166DX . 380GLG 20480 F1L00-16223
ALILS P100-1721 k] INDUCTOR 2%0NH 20X . 23DX,375LG 238489 2100--17%1
AR 1L132 S109-17M 1 INDUGTOR 290NH 207% .23DX.375L0G 23480 P100-1791
A2iLL3Y SN BERA i3 CORE-SHIELDTNG BEAD 20480 S470-0B%4
AZ1.161 P100-+179% 1 INDUCTOR 290NH 204 230X . 379G 20480 1401791
ARILLAZ $140--0460 3 1 TOTL~ VAR 3H1NH-42YNH (=120 PC-MTE 20480 2140~0460
AZ1L163 $100-0559 3 EMDUGTOR (MIBE ITEM) 28480 F100-083F
AR1TL16S P140--034% 7 IRDUCTOR RF-CH-MLD 1,1UH 9% ,166DX. BTG “B4b0 F140-034%9
A21d1 1 053-- 0448 1] TRANGIBTOR PR ST TO-72 PD=025MW 04713 MPoH
A LR 1% 0448 0 TRENGISTOR PNP BY TO-22 Phs 04713 HMPSHE1
AR ] S TRANSTSTOR NPN 2NG17% &1 T 04713 G179
A2 Q4 K D44 k) TRANGISETOR PNP BI TO-922 P i 014713 MP&1IB1
AL IRe 1853-008? 5 TRANGISTOR PHP 2N4917 §1 PD=200M4Y 27263 AT
ATIR? IBEE-BO8YT 5 TRANSTISTOR PNP ZN4AVLT 51 07263 ZHNaR1?
ARINB 18253-0089 G TRANGISTOR PNP 2NAPLT7 61 P §7263 ANAR 1Y
ARliw 10354-0EF6 B 9 TRANGISTOR NPN SI TO-%2 B RE480 1H54--DERE
ADTRI0 188530089 il PNP 2N4P17 G BPRED 2M48917
AR 105402796 B NPN 20430 1BH4--1R5
A2 18593008 51 TRANGISTOR PNP B7263 aNEF17
ARIRLE 18 [ 53 TRANGISTUR NPR FcEichi]
A2 1dl 4 G290 8 3 TOR NPR SI TO-92 P €44
ARG N2g9h B STGR KPN 81 T0D-22 PD=310MW =44
ARIRTT 308 141 1 TRANBIGSTOR-JFET DUAL N-CLAN D-MOBE SI1 23480
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ARINIB 103%9%- 0061 1 TRARGISTLR J-FET M-UHAN T- i’l‘!]): 81 3480
Arit1e 18350081 1 TRANSI ToR 3 28480
AziG21 185%--0032 2 H TRANSISTOR J-F§ 204810
ADLh2E 18540215 1 TRANG STIJN HPN 04713 aNEY 04
ARI1E23 1854-1213 1 } STOR NPN 04713 2NIP DA
"1(4:’4 1854-0215 1 TRANGLISTOR NPH 5 04713 DNEPG4
A2 1353 0889 W TRANGISTOR PNP 2N4717 53 Phed 7263 ANGF1Y
AR 1054-0215 1 TRANSISTOR NPN SI PD=35HMW P 34713 2MEP 04
ArIREY? 1095%5-0081 1 TRANGIBILR J-FET WN-GCHAN D-#0 26480 10550181
AR R2R 10540296 a TRANGIGTOR NPM St TD-22 PD=3Z10HW agpant 18054 02240
A1 135401296 a8 TRANGISTOR NPR ST TO-92 PD=31 MW 18740294
AZ1831 18830089 i TRANSIGTOR FPNP 2NA917 GI PD=200MW LNG‘?I'?
AZIGA2 185401830 b 1 TRANGISTOR-DUAL NPN PD250QmW
AZ1R33 18353-0082 2 TRANSGISTOR J-FIT P-CHAN D-MODE SI 2480
ALIA? 1854~-0215 1 TRANSTHTOR NN SI PO=3S0KW FT=300MHZ 04713
A21Q38 2 1 TRANSISTOR PMP 51 PDe31OMW FT=A40MHHZ 27014
AR1LR3Y 1 TRANSISTOR J FFT MN-CHAN D-MODE 51 =Bangy 1055 0081
AZ1IRA1 ] TRANSISTOR NPN ST TO-F2 Ph=3Ft&HN 23460 18%4-0296
ATLIR42 : o TRANSISTOR NFM SI TO-92 Ph=310MU rEADD 1654 -02%0
AZIR43 1353~0009 5 TRANGSISTOR PNF 2NAYI7 ST PD=200MW B7RE3 anse L7
AZ1TRA4 1U53- 0069 7 TRANGISTOR PNP 2 07243 284717
A 1R 31 1933-0448 1] TRANGLSTOR PNY P D=6 250MK 04713 MPGHE1
ACIHIAZ 1854-0071 7 TRANGISTOR NPN BMl FT=230MHZ 28400 18%4-0071
AZ1A1R1 1853-0448 [1} TRANGESTOR PNP ST TO-92 PD=H2GMU 04713 MPGH
AZIRI &2 18540343 B TRANGISETOR NPN ZNSt7% SI TD--72 PD=200rW D4713 SNGL7Y
AR QLH3 13540345 3] TRANGISTOR NPN 2HE179 S51 TO-72 PL=200HW 34713 aME17e
AR LA 16541545 B TRANSISTOR NPN 2RE1L79 ST TO-72 Ph=200HM paA7L3 L el
AR1R1AS 1540345 8 TRANGTISTOR NPN 2NG179 SI TU-72 PL=200MW 0AV13 2NE179
AMTR1GE 1053-0448 ] TRANSISTOR PNP 51 TO-%2 Ph=6L20MK 064713 MPEHE
‘lRl 07570395 1 2 REGISETOR B&.2 1% 1258 F TC=0+-100 24040 C4 1 /8-TU-B6R2F
ﬂ. N7S7--0419 0 3 REBISTOR &B1 1% IEBH ¥ IC=i+-100 245446 C4-1/8-TH -6HRLR -F
07570417 0 REGIBTOR &L 17 .13'65!-1 F 0+-190 24546 41 /8-TH-6H1R~F
16G3-47 55 B RESISTOR A7 0% .00 FCO 7 408 /4500 01121 CRA7OS
7 87-042) 4 3 RESISTOR 825 1% 1294 F TC=0+-100 245446 C4-1/8-TE- 828R ~F
AZIRY DEBI-4715 0 REGISTOR 470 3% ,20GW FC TC=-480/4600 61121 Cre471%3
A2 IR 06BI~47105 8 REGISTOR 47 5% .28W ¥T TCw-400/+500 51121 LEA705
“ AZIRY BAHPB-F440 7 RESISTOR 176 1% 1258 F TC=04+-3100 E4546 Ca-1/8-T0-194LR-F
ih AR1R1Y 0 &83-2200% b4 RESISTOR 22 5% .25 FO TO=-480/+500 piiz1 LH2205
" A2IR1E 07070438 3 REGIBTOR 5,111 1% 128M F TCx=I+-1090 2AGAGL CA-L/8-TE-0111 -F
AZIRTS 07570438 3 REGTSTOR 5.11K 1% 1254 F T 24546 CA4-1/8-TO~3111~-F
APIR14 4Pn7--0418 ? 2 RESISTOR &£1% 1% .l¢’ W F JC=0+4 24548 Ca-1/B-TD 6150 ~F
ARTR1 & 0P57-0440 7 1 RESTSTOR 7.0K 1% 180W F Ti,. =+-1 10 24546 CA4-1/86-TU~7501~F
ARIR17 BLH7B-3152 3] 1 RESISTOR 3, 40K 1% 12%W F -1 24546 C4-1/B-TD~3481 ~F
AZIRLE DFE7-DA44 1 w RESIHTOR 12.1K 1% 1284 F ICwﬂl*lUﬂ 24546 CA-1/8-TO~1212-F
AZIR1% A797-- 278 @ 1 REGISTOR 1,78K 1% .128M F TO=0+-100 24546 Ca-1/B-1T0-1781~F
A2 IR21 G6B3-4705 a RESISTOR 47 5% 25 FC TC=-400/4340 01121 CB4705
AZIRZ2E rHA3-1525 4 RESISTOR 1,3K 5% 204 FC T 01121 CRIGZS
AZlR23 D6LEI~H819 5 RESTHTOR &80 g% .2%d FU TG 11121 CEA6815
ACLIRA4 16831825 7 REGISTOR 1.8K ©% 250 FC T 81121 CELBZS
ATIR26 0757 -039% 1 RESISTOR 6.2 1% ,125W F TU= 24546 C4 1/8-TU-56R2-F
ARIRA? 157 -0317 7 RESISTOR 1,33K 1% 1234 F T 24544 ca-1/8-T3~1331~F
A TR2Z8 n2ue7-0317 7 RESTETOR 1,33K 1% 1280 F TC= 4‘-‘100 24546 Ga4~1/8~T0-13%1-F
AZ1IR29 0683 -4705 a RESISTOR 47 B% .2%9W FC TC= niiz21 CB470%
AZIRIL 063333528 & RESIGTOR 3.3K X% .25W FC TC t1121 CEI3FES
AZ1R3L2 06034710 [ RESISTOR 470 5% .25 FU TG=-400/ 14600 n1121 CBa713S
LESLUERS 06834705 a RESISTOR 47 T4 .20W FC TC=-400/+508 k1121 CEA705
ARIR3A 07570838 3 RESISTOR 5.11K 1% ,1&5W F 1 - 2AG4E Ca-1/8-To~5111~F
AR3 O B757--8280 3 RESISTOR 1K 1% ,1294 F TC= 24544 C4-1/8-TU~1001~F
ARIRA7 B6EDE-31%3 1 3 RESISTOR 3.83K 1Z 1204 F TC=D04-i0D #4546 C4-5/8-TC~2831-F
ARTR3B 046%8--0083 B ] REBIGTOR 1.9&6K 14 120W F TC=(+-100 24046 C4-1/8-TG-1961-F
A21R3T N757-0401 n RESTSTOR 100 1% 1256 F TC=04-104 24T 46 C4-1/8-T0~101-F
AZ1R4Y AHBI-4B15 ) RESIGTOR &80 %% ,25W FC TCe-400/44680 01121 811G
ADIRA2 DL2B-3158 ? RESIGIOR J.8IK 1% 17 F TC=0+--100 24546 Ca-1/3-TD-3B31~F
ADRLR4AT {6983 -315%3 ? RESIGTOR 3,.83K 1% . 125W F TC=0+-100 »ATAE C4 179705931 ~F
ABRTRA4 06949-0083 B RESISTOR 1.9&K 1X 1294 F TC=04-100 24546 Ca-31/8-Td-1961~F
AZIR4E 1](:83 1015 ? RESIGTOR 140 5% .2%W FC TC 81121 CR1E1%S
A21RA7 X & RESISTOR 3.3K 5% .2%W FL 1 o111 [ T
AR IR4B 0(:83 101’ 7 RESISTOR 100 S% .25W FC TC 01121 CEL1D1S
AZIR AT N6PB-3443% 0 1 RESIHTOR 287 1% 1258 7 TC=0+-104 24544 C4-1/8-T0~2BYR~F
AR1RE1 0757--0410) 9 REGISTOR &19 t% .125W F TC=0+-104 24546 Ca4-1/8-TH 619R~F
A21RB2 07570444 1 RESISTOR §2.1K 1% 1294 F TC=04-100 24546 CA-3/8-Th-Lo1 2§
AZZIRSZ 07570280 3 RESISTOR 1K 1% .12%W F TC=0+~-1G0 Ba54a Ca-1/9-Th-1801~F
AZ1RSS DFS57-028B0 3 REBISTOR 1K 1% 1254 F TC=0+-100 24546 Ch4-4 /8-TY~1001F
AR LRSS 0H98-0083 ) REGISTOR 1.746X 1% ,1249W F TC=0+~100 2ET46 Ca 1/8-TO-1941~F

See introduction to this section for ordering information
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AZIRG? N&83-3185 4 1 3 t 3 1["“-40[]/! 1] a1121 CE&H10E

AZ1REE 06334715 [13 d ~A00/+5400 B11a1 CL4A71%5

ARG DEBE-1018 7 097 ¥300 #1121 CRLOTE

ADTRAET n&EI3-- 1039 1 ~440/47040 61121 CR1BES

ADRIRGE 06831015 7 94715400 121 CH1O1S

AZLRGT 07570419 i} ot TOR A481 1% &2 041 /8=T0--AEIR-F
A2IRGA le7B--0084 ? R TOR 2. 15K 1% . 10 4 -1 /B-TH=-2151
N LR& G 07370401 0 it TOR 100 1% .12 T 4-1/8-TC-101-F
ARTRA4 168347 05 f R TOR 47 DX 2%W FC 106w -A00/+500 31121 Chaz s

AR LRET BAERE-0083 8 REGISTOR 1.96K 124 1958 F TG=0+-100 & LA-1/8-TO- 19461 -F
AR1RLD 2 RESISTHR 14,7K 1% 128W 7 TC=0+-199 LA /B-TH 1478 -F
A1RAY A 156 e ISTOR 14.7K 1% 1254 F TC -1{0 T4 1L/ 8-Y0-1472~F
AZIRZN 2570401 o ESTOR 100 1% 1254 F TC=04 1} @ CA-1/8~T4~-10%-
AR1R7 16984207 & 1 ESISTOR 44,2 1% 1880 F TC=0+-100 RALAL L£4-1/8-7T0-4422~F
ARIR72 N&B3-1 025G ¥ FEIBTOR 1K 3% %W FC TC=-400/¢60D 81121 GBIDED

ARINTS 146834705 8 REGISTOR 47 5% . 26W FU TC=-400/4500 niies GRa? o

HAITA 21003211 7 1 ISTOR-TRMR 1K 134 € TOP-4DJ 1-TRN 20480 1003211
ARIRYE 0757 3442 9 RESISTOR 10K 1% 125W F TC=0+-180 24044 CA-1/8-Th-1802~F
ARIR7 6 2100--309& & 1 RESISTOR-TRMR 50K 18% & TOP -ART 17-TRN 3Ly J3298W 1-503
ANIRYY 1 683-1065 7 1 RESISTOR 108 S% .25W CC TC=-900/+1100 ni1a: CR1965

AZIR7B F7EY - 0488 3 H RESISTOR 707K 1% juiih} F' TC=0+-109 ZB4B0 07H7-GaBE
ALIRTY 07370401 1] RESTETOR 100 1% .1“'::'»11 - 24044 CA-1/78-TU-181-F
A2IRE1 06E3-1035 1 RESISTHR 10K %% ,25W FC 1C Bas+70D0 oiie1 CR1235

AL IRBZ 6 3 1 REGISTOR S5 6K 5% .26MW FC T A0g/4700 07171

ARIRED Doy I]i 1 RESIHTOR 2K S% .r-M FG TE=-400/4700 3111

AZIRBA 7570209 2 RESISTOR 13.3K 1% .125W F T +-100 19791 ME4C1/8-T0-13532-F
AIREE 0757~ 0437 4 RE. STOR 6. 81K 1% 185K F To=3+-100 245486 Ca-1/8~-T3--6811F
ALIRBY 06834705 8 R TOR 47 5% .20W FO TC=-a00/+500 81121 CB470T

ARIRER 20003383 4 i RC STOR-TRMR S0 10% © TUP-ADT 1~TRN #3407 214993383
ARIRBY 06834705 a REGIGTOR 47 94 ,25W FII TC=-400/+500 q1121 GCRA7DS

AZ1RF1 D7 8--00B3 5] REGLSTOR 1,26K 1% 1264 F TC=D+-10D 24546 CA-1/8-TO-1961-F
ARIR?R 0(.!33-—1025 9 RESISTOR 1K 9% .205W FC TC=-400/ 4400 f11i1 L eRs

A1 7 RESIHTOR 100 5% 254 FC TC=-400/+500 niiai CR101S

ANTIRI4 7 RESISTOR 100 5% 2%W FC TC=-400/¢T00 g1121 CH101G

ARIRZSH 4 RESTHTOR RB2E 1% .125W F 10=04-100 2A% a4 G4 - 1/8-T0-82UR 1"
ARTR?? 3 RESISTOR 2,.2K 5% .254W FO TCw—a400/+700 1112l L 2=l

AZ1RFE 3 RESIGTOR 2.2k 9% 2EW FC 1 -409/+704 [R5 CRAZAG

AZIRGY [1} RESISTOR 4,22K 1% 12GW F TC=)- 2ATIA4H l34— /B -TO- 4221 -F
ADIRT DY 1683-1025 °? RESISTOR 1K S% "“hl FC IC=-400/+400 B1i21 10

AZIA102 B OBI-RRES 3 RESISTOR 2,21 %4 258 FC T 4007700 01121 L‘Lf’?cﬁ

AZTIRIETS o] REBISTOR 47 % 254 VO T 400/ 7500 3 B #3) Cea?0%

AZIRI0A4 ] RESTISTOR 22K SZ ,25W FU TO=-400/+800 01121 CrPTAG

AZIRLG 1 REGIBTOR 10K S ""M FC 7 nas 739 1121 Cr103%

ARIRYO? 1] 1 RESISTOR-TRMR 2K 10% & TOP-aDJ 1-TEM 28480 21800567

AR DG Dé:'?[} pnes o HESISTOR 1.96K 1% .125W ¥ TL=D+-100 245446 C4-1/B-TO-1961-F
ARIRL09 0685-1111 7 RESISTOR 100 5% ,R25W FC TCs-400/+500 61121 CBiuls

A2iR111 ? REGISTOR 10D T% ,2%5W FC TG G0/ +T00 1121 CRL01%

AMIRITE 4 RESISTOR 825 14 .1284W F TC=0+-100 24546 LA-1/78-Th
AZTRLES ] v RE’E]’S»TUR 511 1% 185W F TC=04~100 24546 G4 -1/8-T0-
ARIRI14 07‘? 04146 7 RESISTOR 511 1% 1250 F TCGs=0+-100 24546 Ca-1/8-1
ARIR1LSG 06BI-470% 8 RESISTOR 47 5% .25W FC TCs-400/+300 n1121 CRATDG

ARTR117 nN757--043% 4 RESISTOR &4.81K 14 ,125W F TC=0+-100 24546 C4-1/8-T0-6811-F
ARIRTIG 06B3-102% ? RESIZTOR 1K 5% 258 FG T 40079400 11121 CR1025

AZ1IRILY 0663--1835 9 RESISTOR 18K S¥% ,25M FC TG S0/+8040 0tz 1 CEI183S

AZIR121 1683-1025 9 RESISTOR 1K 5% . 254W FG TC=-400/4+600 931121 CELOR2Y

ARTIR122 B698-3162 ] 1 REGISTOR 46.3K 14 1268 F TC=0+-i80 24546 G4~ 1 /8T8 46A2-F
AZ1IRT23 D7E7-046%5 ) RESISTOR 100K 1% (I2SW F T 4+~ 100 24046 C4-1/8-TH~1003 ~F
A21R124 N683-158% 4 RESISTOR 1.9% 5% .2%W FC T 40074700 gl121 LR1525

ARIR12A 06B3-102% ? RESIBTOR 1K 5% . 26W FG TC=-400/+4600 01121 CELDEY

AR1R130 0 683~-2200 3 REGISTOR 2.2K S4 .26k FG TO=-400/+700 61121 cnagRas

A21R132 17370398 4 RESTSTOR 7% 1X 1289 F TC=0+-100 24546 Ca~-1/8-T0~75R0~F
AZIRIZY 16985432 7 RESISTOR 26.1 1% (125W F T =100 13388 PMEBG-{ A3 TU-BHRY-F
AZIR134 06831035 1 RESISTOR 10K 3% ,20W FC 10 n9/47019 pi1z1 CRI10ES

AZIR15G $A83-2205 ? REGISTOR 22 Y% .25 FC TC=-400/+300 01121 CORE0S

ALIR136 nEBE-1025 ? REGISTOR 1K 5% 284 FC T 40074600 Bl CH102%

AZ1R137 6831034 1 RESISTOR 10K 5% .25W FC TC=-a00/+780) 01121 GBI 035

AZIR130 B&T B 4443 2 1 RESISTOR 4. 53K 1% 1280 F TC=b+-130 naSas C}4 1/8-10--3531F
AZIRLAD D4633-1033 1 Rt 5% 23U FC TO g0/+700 1131 it

APIR14Y BoHFA-44E2 7 1 THIATOR 1.27K 1% 12548 F TC=0+-100 24046 =127 1-F
AD1R1 4D 01683--102% 7 REGISTOR 1K 5% .2%W FC TC=-400/+&08 21121 C}Jjnga

AR1IR143 06831015 v REGISTOR 1903 5% .25W FC TC=-400/+500 81121 CR1aLh

AZIRT A4 0633~338% [ RESGTHTOR 3.3K 5% 01121 CLFI0s

AIR145 1683~1025 v RESISTOR 1K 5% .234 F€ AN/ +600 01121 CHLIRS

ARIRY AL 1683-193% 1 RESISTOR 10 5% 254 ¥C 71C 20/+700 01121 Cou3s

A21R147 N6B3-103% 1 RESISTOR 10K 5% .”‘il«i FC T¢ ag/+700 01121 CEBY D30

See introduction to this section for ordering information
#Indicates factory selected value
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Table 6-3. Replaceable Parts

Reference HP Part |c T Mfr
¢ 4 umber
Designation Number |D Qty Description Code Mfr Part Numbe
AZ1R140 N6B3-7515 4 1 REGISTOGR 750 5% .2%W FC TC=-300/+4600 nii21 ce7uis
AR1IR149 N683-1635 1 REGISTOR 10K 5% ,205W FC TCw 1121
ARZIRIGD 0683~332% 6 RESIBTOR J.3K 5% .20W FO T 01121
AZIRLE1 0683-1035 1 REBISTOR 10K 5% .2%W FC TG nliz21
AZIR152 Nod3-1035 1 RESISTOR 10K BX . EEW FC 0 n1izgl LRI DAS
AZIR161 DeBI 2415 X 1 RESIGTOR 240 5% . 25W FC TCw-a00/+440 g1ial Ch2ats
AZIR16D ROO3-4705 a REGISTOR 47 0% 234 FC 1 400/ +500 01321 CBA7IG
AZIR1 63 06B3-104% 3 REGTSTOR 100K H% 254 FC TC=-a08/+800 r1tal CB1r45
AMR164 NoBI-4735 4 REGISTUR 47K 5% 250 FC TC=-400/+300 01121 CRAVAS
LHELSE T PHB3I-1045 3 RESISTOR 100K X 204 FT TC=-400/+000 t1ia CR1045
A21R166 16034735 4 RESISTOR 47K 5% 25W FC TC=-400/4800 01421 CE473%
AZ1R147 04934725 2 RESTESTOR 4.71 &2 .25W FO TC=-48G/+700 i1 CHA72S
AZIR16B FH33-1035 1 RESISTOR 10K 5% 25k FC TC 400/+700 01121 CELG3S
CIR1LY N698-3%18 0 1 RESTUTOR 7.32K 1242 120W F T +-100 2AT44 CA-1/9TO~7?F321~F
AZIRIVO D6HRBI 42T 3 1 RESISTOR 24K 5S4 . 25% FC TC=-480/+700 011214 LBRARS
ARIR1ZY 07571104 ? 1 RESISTGR 1.,47K 1% 12%W F TL=0+~108 24548 Ca- 17¢8-Th-1471F
ARIRL7E N6B3--1 025 9 RESTHTOR 1K S% 294 FC TC=-4D0/4G00 niizl CE102S
AIR173 046831045 3 RCSISTOR 100K 3% ,25W FC TE oesea0n 91121 CELDA%
AZIRI74 1533-5125 o] REZIBI0R 5.1K 5% 25k FC 10 g0/+709 011 CBS 1%
ARIR17 S GHB3-A7A5 ] REGISTOR 47 34 .20W FC TC=-400/+50H0 01121 CBa70%
AR1IRL Y 7370417 B 1 RESISTOR 562 1% 12856 F TC=0+-100 oAG4G C4-5/8-TO~S562R~F
AZ1R178 i RESISTOR 100 12 125W F ) 0+-1060 24546 Ca4-1/8-T3-101F
ADIRLT7Y D6B3-391% 0 3 RESZISTOR 370 3% ,20MW ¥C 1 40071600 HE R ¥ CB391%5
AiR181 06033915 a9 RESIBTOR 39¢ T4 .20W FC TG 0L121 CHIMIS
NA21R102 &3 1525 4 RESISTER 1.0K %2 254 FC T -400/+700 21123 CR1G2E
AZIR1IBE N683--1025 ? RESIGTOR 1¥ T4 .25W FU T 400/+400 01121 CELOPE
AZ1R104 n7%7 02380 3 K 1% V12580 F TG +-100 24544 ca-1/8-T0-1081F
AR1IR184 DYE7-0416 7 D1y 1% . 129W F O TC=0+~-140 24044 Ca4-1/0-T0-E1 1R -F
ALIRIEBY na6en-4123 1 RESIDTOR 429 1% 12%W F TC~i+-100 24346 C4 1/3-TH-4991
ARTR1GB 074570260 3 RESISTHOR 1K 1% .12%W F TC=3+-100 2aTAL Ca-1/0-TU- 1001 -F
AZIR109 n?57-n43i1 ] RESISTOR 100 1% 1254 F YC=0+-100 21546 Ca4-1/700-Th=10) - F
ARIR{91 A7E7-2280 3 RESISTOR 1K 1% .128W F TQ t 24544 C4-1/8-T0-10401--F
AZIRLGD D7E7 0442 K RESISTOR 18K 1% . 128W F TC 24546 C4-1/8-T0-1002-F
A2R1T2 0L93-327% i RESISTOR 4,991 1% ,1235 [ 24%46 C& 1/78-TQ- 4991
ARIR174 D7E7--0401 0 RESTHTOR 100 1% 12894 F TC=0+-100 24544 ca-1/8-T0-101
AZIRL%E Q757 - 04%8 1 1 RESISTUOR 27 .4% 1% 24T4H C4- 1/ TH27ad-F
2IR1G7 D6?B-3440 7 RESIBTOGR 196 1% .1 A4 ca-1/8~T0- 196R -F
AZIRTIFD NLPR-447a ? 1 REGISTOR B, 450 1% C4-1/8-TH B451~F
ARIR19Y D757 0439 4 REETHTOR &.81K 1% CA-1/8-TH-6011 -F
ARTR200 02G7-0394 [ 1 RESISTOR B1.1 1% 24TA L CaA-1/8=-T0-T1R1-F
A21R201 VS -02680 3 RESISTOR 1K 1% .1253W ¥ TC= AAT346 Ca 1/8-T0-1081
AZTR202 97570401 0 RESISTOR 104 1% 1204 F TC=0 TATaL Ca-1/8-TG=-1871 ~-F
AIRE0T D6PE- 3279 n A4,7PK 14 L1254 HEACE T C4 178 T0--4991 ~F
CIR204 D757-0442 9 10K 1% 125K F 24hAL G4 1/0-TO-1002-F
ACIREZ0S DG Y--0283 & 2K 1% 12BN BT 24046 C4-1/8-T0~200%-F
AZIR204 n787~-0280 3 RESISTOR 1K 1% -103 DAL 178=-T0~-1001~F
AXIRZIT7 060833315 4 1 RESISTOR 330 2% 40074680 21121 B30
H1R208 DAOX-4325 i] 1 -3¢/ 1700 01121
A21R209 16083-3715 1] 400/ 1600 01121 CBEF1S
AZIRZ10 DHAZ~-470F a8 400/4500 gt1ai G705
A2IR212 0737-043%9 4 RESISTOR &.B1K 1% 1z0W F TC=04-100 24546 Ca- 1 /78-Tn-6011-
A1R213 07%57-0401 0 RESISTOR 106 1% .12%W F TC=0+-100 ZATAL C4-1/8-T0-101
AZIR214 §7H7- 0447 9 RESILTOR 10 1% 125w F IC=0+4-100 24546 Ca 1/8-T0-1002
APIR24G QHuZ-2005 9 RESGISTOR 22 7% 400/43004 011321 CEI206T
AMR21E DRH2-N27% bl RESTGTOR 3. 4&K 14 1258 F TC=d+-130 24046 CA-1/8-TO~3141 -F
AZ1UL 18200817 2] 1 TE FI ECL D-Ms8 DUAL 0471°% MGCLO1 310
AZIUZ 1321 -6001 4 TRANGISTOR ARRAY 14-PIN PLUGTC DIP AEHS Ch3das
AR114 1820-11%& ] TE FF TTL LS D-¥TYPE POG-ERGE-TRIG COM 017959 SNTFALS174N
AZILUS 1RE0-1112 43 IC FF TTL N-TYPE POS-EDGE~TRIG 21E%E GNVALB74AN
A21US 1826-00 1] 1 IC OF aMP GP TO-9% PXKG 27014 1.3 0w
ARTU7 1820-042% n IC FF TTL § J-K NER -EDGE-TRIG 011295 ONT7451 12N
AZTUB 1820-00%27 e 1 TC DRUR TTL # NAND LIMF DUAL 4- TNP GM7AB1A0N
ARTUY 10201372 5] IC CNTR TTL LS DECD UP/DCGWN HYNCHRO BNTALE190N
LA ] 1§126--0043 4 IC OPF AMP GP TD- 99 PKEG CAZL?T
Attt RPN 1277 8 IC CNTR TTL LS DECH wP/7LROWN LYRCHRO GH7ALGT70H
AR 1020 -0491 4 3 GATE TTL 5 MNAND QUAD 2 TRP niaes GN7A500N
113 1020- 1687 Il FOTTL & J-i NEG FEDGE-TRIG 11295 SNT4511 2N
A2ilbta 1201126 8 [C FIF TTL LS D-TYPE -“TRIE COM Mees SN7ALG1L7 4N
ARTUIS THA0 1198 ) T€ FF 1T LE D-1YPE } S-TRIG CEM DI SN ALLG17 AN
A U7 1820--1322 2 I0 GATF TTL 5 NOR guab 7 ITNP Q1293 GMN7 452N
AZiUE iR -0629 il IC FF THL 8 T-K NEG-EDGE- TRIG 01299 OM7A811EN
ALy 18252004 9 1 10 HIGE NMOS 204810 PLanna
AZ2ILIZ] 113 N B3 & IC TRV TTL 8 1EX 1-TNP 11290
Ad1le2 1620-0641 A IC BATE TTL § NAND QUAT 2 -TNP 0129%
AtLiz3 1620 dei 4 IC GATE TTL § NAMD GUADR 2 1NP DL
9

See introduction to this section for ordering information
*Indicates factory selected value
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Table 6-3. Replaceable Parts 0
Reference HP Part ic Q I Mfr
: A t Description Mfr Part Number
Designation | Number |D Y P Code
AZLU24 1820--D627 n I£ FF TTL § J-K MNEG-ENGE-TRIG 01295 GN7451 12N
ARIIRE 18200493 3 16 FF TTL 8 D-TYPE PUS-EDGE-TRIG 51295 SN74674N
ARIL2E 1B20-06%3 B I8 FF TTL 8 D-TYPE POS-EDEZE~TRIG 01295 ENVA5E7 AN
aARIu27? 16200429 ] IC FF TTL & J-K NEG-EDGE-TRIG 0i29s GNFA5112M
AR ZE 18201641 B IC DRVR TTL LB EUG DRVR HEX 1-INP 21295 BN7AL5F65AN
ARIU29 1820--062% 0 IC FF TTL & J-K MNEG-ERGE-TRIG 01295 SN7a5112N
AZIUI0 1820~ DEER 0 IC FF TTL 8 J-K MNEG-EDGE-TRIG 01293 BN743112N
ARIUZY 16201144 & 10 GATE TTL L5 NOR gual 2 41295 GN741L.502N
AZILAR 18200629 ] I FF TTL 3 J-K MEG-EDGE-TRIG 042%% BN7A5112N
AR1U33 18240111 7 16 QP AMP GP BUAL TD-9% PKG 3L.E585 CA14G8T
AZTU34 18200802 i 16 CATE ECL NOR QUAD 2-INP 04713 MC101402P
036017164 1 TERMINAL-STUD SEL-FIN PREGS-MTE 20400 034601718
14601326 4 WIREFORM CU ERT-TIN 28480 1460~133%6
71211234 e] LABEL CAUTION 1,925 IN-WD 2.24-IN-LG 284380 7121-1234
ALY R332T-LLT23 | 4 2 ATTENUATOR ASEEMELY 2BaBR 13325665235
A2J0 4160-4%71 ] RAPACITOR-FXD . 1UF +80-20% S0vdC CER 2E480 Q1604371
HICD 91604371 3] CASMACITOR-FXD . 1UF +B80-20% 5LVDE CER 28480 0160~4%571
C3 1 60-35%0 g CAPACITOR-FXD AUF +-20% S0VDC CER 23480 16033598
HRILT N160-3558 ? CAPACITOR-FXD . 1UF +-20% J0VDL CER ZBARD 01&9-3508
AR3CE B1&0-3%08 ? CAPACTITOR-FXD . 1UF +-20% S0¥DC CER 28480 $160-3558
AR3ICY $160-3558 ? CAPALITOR-FXD ,1UF +-R20% SO0VDC CER 28480 01 60-3358
23010 0% £0~3558 9 CAPACITOR-FXD 1L +-20% SOVDC CER 28480 1603558
23011 D140-305R 9 CAPACITOR~FXD ,1UF +~28% 39YDC CER 28480 U140-3558
PAC12 01693550 9 CAPACITOR-EXD ,IUF +-20% SOHVDC CER 2480 0160-3558
ADXICT A #1460-35068 9 CAPACITOR-FXD L 1UF +-20% TOVDL CER 23480 B1460-3058
A D140 ~3558 9 CAPACITOR-FXD .1UF +-RB0% S0VDC CER 204880 6140-3550
AL 81460-4%71 2] CAPAGITOR-FXD ,1UF 'BO-20% F0VRC CER 23480 014604571
AR 41 60-4071 23 CAPARTTOR-FXD . 1UF +80-20% SIVRC CER 284890 01404571
ABTICI1T 0160-4571 i) CAPACITOR-FXD ,1UF +B0-20% HOVRC CER 203480 D160-4571
A23J30 1251 ~G064 D CONNEGTOR 14-PIN M POST TYPE RE4A80 1251 ~5064
ARAX1 12512949 a CONNECTOR-PHOND SINGLE PHONG JACK; DIP 20430 1281-2969
ARBI2 1251--2%49 B CONNECTOR-PHONG STNGILE PHOMO JACK; DIF Ag400 12851 -2969
ADATI 125 - 2969 3 CONNEDTOR-PHORD GINGLE PHONO JACK) DIP 284680 12512969
AR3Ja 12%1-2969 8 CONNECTOR-PHONG SEINGLE PHONG JALIK; DIP 20408 12512949
ALIKY 3470-1141 1 ] RELAY 4C 12VC-CNIL 12VDE 22489 F473-1141
AP 3KR 04901141 1 RELAY 40 12Ve-COTL 12VD0 28480 04920-1 141
1490-~1141 1 RELAY 4C 12vC-COTH 12VRE 284849 H490-1141
04%9-1141 1 RELAY 4C t2vVe-LO%LL 12vDC 28490 0479-1141
NHESP-- 0065 a8 2 RESISTOR ©1.91 .2%% .5W F TC=@+-30 28480 N&EF9-0 065
06990063 B8 RESISTOR T1.01 .28% ,5W F TC=0+-50 20481 046599--0065
p&AYP-0273 ] 1 RESISTOR 215K .1% 12%BW ¥ TC=0+-25 28489 DOHIP-0273
067G -0274 1 1 RESIBTOR 350 1% 120W ¢ TCr0+-25 23480 D697 0274
B&H70-R258 5 1 REGISTOR 247.35 .1% 28 F TCw=0+4-25 19707 ME 5201 /4-T?-247RS-B
6737984 2 2 RESIEYOR &71.1 (1% ,85W F TC=g4-50 284810 1699--7934
AOERT NAPI 77034 2 RESISTOR &1.1 1% .OW F TC 28480 06987704
AZIRB RHIY-0 006 9 1 RESISTOR &4,7 .25% .20W ¥ TC= 28480 14920006
AZIRY 1693--7443 3 2 RESISTOR 100 1% . 25W F TCuwl+ 19701 MF5201/4-T9100R-E
AR3RLD 169P8--7448 3 RESISTOR 100 .1% .25W ¥ TC=0+-23 19701 HFSACL/ 4 T9- 100R~F
7121-1234 2] LABEL CAUTION 1.925 IN-WD 2.24-IN-LG 28480 71211234

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

6-26




Replaceable Parts Replaceable Parts

m Tahle 6-3. Replaceable Parts
B
Reference HP Part |c _— Mfr
Designation | Number |0 Qty Description Code Mfr Part Number
CHASSTS AND MISCELLANESUS PARTS
20601 | 3 4 GHLD - TOP 284810
20602 | 4 4 LHLD-BOTTCM 28400

A3E25-001404 | 7 1 COVER NO 2 28480

B1 3160-0209 4 1 FAN-TBAX 45-CFM 115V 50/60-Hz 1.5 THK 28480 3160-0209
(WITHCUT CABLE)

03325-61812 4 FAN {WITH CABLE} 28480 03325-61612
fiprd N3325-66502 | 9 PR LPLY 28400 ~GHHIR
Al 0 #C ASLY-SIG-8CE 264810 HE 03
A% a2 PC AS55Y KEYHD Z84ABN ~BHT DG
A 3 BCOASHY-CONTROL rBAB DO SN
Al4 3 Pt: AS3Y-FUNCTIDN 28480 FAnS--46514
A8 PC ASSY-HI VOLT {OPT. 002) 28480 03325-66508
atl 2 BC AGSY-FFG D/A 284814 03325 -04521
AR3 4 PL ABDY-ATTEN 2e4B0 ARG -LEHER
A PC-ASSY OVEN (OPT. 001) 28480 (3325-66508
ca2 01500012 3 CAPACITOR-FXUD . C1UF +-2{8% 1KVDE CER SHABT? COAAATI2I102HEEB
c3 2150--0812 3 CAPACITOR-FXD . BIUF +-20% 1KVYDC CER G629 ATD2T1034338
c4 B156~-0412 3 CAPACTTOR-FXD ,01UF +-28% 1KVYDC CER SLABY COE3ALIZT103NE3N
5] P130-0012 3 CAPACITOR-FXD . 01UF +-20% I1KVDC CGER 56269 Co2datp2rioans3a
F1 2110-0001 8 1 FUSE 14 230V NTD 1 208X.25 UL asrat F120014
Flx 2110-0612 1 1 FUSE ,3A 250V NTD 1.2%X.25 Ui 78480 211p-6012
Ji 12850-17058 7 L ADAPTER-COAX BTR F-BNC F-RECA-PHOND 23480
e 21558 Vi ADAPTER -COAX STR F-EBNC F-RCA-PHOND 23400
Ja 12501508 7 ADAPTER-COAX STR F-BNC F-REA-PHOND A4l
I5 1250--15%8 7 ADAPTER-COAX STR F-ENC F-RCA-PRONG 2B480
Té 123~ 8 7 ADAPTER-CDAX STR F~BNL F--RCA-PHONO 28450
I7? 125015956 7 ADAPTER-COAX BTR F -BHNC F -RCA-PHOND 28480
Jo 1250--1550 7 ADAPTER-CDAX BTR F~BNG F-RCA-PHONO 28480
Iv 1250-1558 7 ARAPTER-COAX GTR F-BRC F-RCA-PHOND 20400
o 18250-1558 7 ANARTER-COAX STR F-RNE F-RCA~PHONG 20480
T11 12501558 7 ADAPTER-COAX STR F-BNC F -RCA-PHONOD 25400

@ J12 12501558 7 ABAPTER~COAY STR F- BNG F-REA-PHOND 28480

J13 12501588 7 ADAPTER~CCAX 3TR F-BRC F -RCA~-PHOND 20480 1250-1558
MP 1 0332504301 | & 1 PML-DRESGS 284490 P E325-04301
L 4 SH40-47EB 4 1 DIVIDER GTRIP ze4a0 J040--6228
HP3 F3325-23930) | 8 1 WINDOW 28480 NBI2G-29301
MP4 03325-00201 7 1 SUB PNL-FRT 28480 03325-00201
MP S5 S0A0-30403 &5 1 FRONT FRANE 284810 HH20-pa03
MP & S0a0-7202 7 1 TRIM TOP Zu4610 S040-7208
Mp 7 50208837 & 4 CORNER STRUT 284830 5020-8637
HP B SR6D-7880 il s SIDE COVER £8480 B5960-92088
Mp e G0al-7219 8 2 STRAP HDL. CAP-FR 284810 S40-7219
MPi0o H060--2004 3 2 STRAP HDL 181N 7EB4B0 S5060-7804
Mri11 H040--7220 1 2 BTRAFP HDL CAP-R 20481 Sha0n--7220
MP 12 SP40--9D35 0 1 TOP COVER £0480 B60-783T
ME13 pA32g-00202 | 8 1 PHL~-REAR 28480 B3A25~00202
MP 14 %020-BB04 7 1 REAR-CASTING ZB480 SI20 -8R0
MP 13 V332506408 | 4 1 FRAME -HAIN 28489 U3325-06602
MP1Y7 H001-na3? 2] 1 SIDE TRIM 2B4bd 5081-0437%
MF 1B H04H0-9047 4 1 BOTTOWM COVER 28400 GULR-9847
MP19 nhan--7201 [¢] 1 FooT 28487 5040-7201
mp 1440-134% 5 2 TILT STAND 8T 20480 1460--134%
Mrel 13325-21101 | 0 1 HEAT STINK 2R400 0332521101
Mpaa 2150-~2220 & 1 FILEER SCREEN STEEL 3,44-WD 3,44-LG 28480 31500229
L 31500227 il 1 INSULATION-POLYE ,25-THK 28480 3150-0227
MR 24 1460201 & 1 FAN GRILLE 2R4839 J1L0-0801
[dal=t] 1400-122% 1] i1 Cl.AMP-CARLE .375-DIA 1-WD NYL 20480 14001229
M6 S040--6890 7 3 LITE PIPE 28480 S0A0~-6090
MP27 00310-48801 1] 20 WASHER, SHOULDERED 28480 00310-48801
MR 28 3e50-0604 9 WASHER-FL MTLEC 7716 IM S-IN-1D 20p480 B050-0404
MY B340~1089 1 4 TERMINAL~-SLDR LUG PlL--MTG FOR--#1/2-5CR 284130 0340-108%
MP 32 05108153 7 12 THREADED INSERY-NUT &+32 ,358-IN-.G SST 28480 04519-0153
MP 33 0740--0504 3 IMSULATOR-XSTR THRM-CNDCT 284840 03400564
P34 0332500601 1 1 GHIELD -RF 28B40 0332500601
R1 06831015 7 RESISTOR 400 5% .25W FU TCw-400/+05060 01121 CEi01S
T1 ?100--a0%% 8 1 TRANSFORMER ~POWER 100/120/220/240 VAL 2B4B0 PLO0--409%
W1 0332561602 | 0 1 CRi. ABBY~SIGNAL 28480 1332561082
wa 13325-8618617 | 7 1 CEL ABSY-LTNC . 20400 1332%-614617
W3 P70 03325-61601| 6 23 CABLE afisY - 2i-60 REAR 28480 /0 0332H-6146101

B12D-2563 4 ] UNMARKED W3 20400 B125- 20585
W4 P/ 93325-61601] & CADLE ASSY - 0-20 REAR 284810 P/0 03325-61001

Q 8120-258% 4 UNMARKED W4 23480 B120-2585

See introducticn to this section for ordering information
#*[ndicates factory selected value
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Replaceable Parts

Reference HP Part |c A Mfr
; A Qt Descri n Mfr Part Number
Designation Number |D Y scriptio Code be
W b B OABBY-REAR SYNC 23480 Rt Y NN
#1220 a4 VR WD 28450 i
LU @129 1 1 ASHY 24AWG 24-CNDCT Euann
w7 PPO EIZRG-LH1&0| & E AGSY-AMPTD MOD 28480 o160
4120 -2585 4 LRHARKED W7 ~RADD
Wi P L1661 & CATLE ASDY - 1G66KHZ 2as90 01
tete 1] 4 UNMARKED WB 234010
We PO £33A25-81601) & CABLE ASHY-2 HHZ 2480 ~&Lhil
9120-2387 1) i LUNMARKED W2 23480 !
W19 FFD 03 G-h1b01] & CABLE ASSY — 1MHZ 20480 PAD) UEA2E-61601
21282507 & UNMARKED W12 opany @120 -2587
Wil P teidl| & CABLE AREY-EXTREF 28480 P/Q
1] % 1 UNMARKED W11 28480
Wi2 2 1 LRL ASSY~Z BLY 26480
W13 DIIZL-6161% | F 1 CEL. ASBY-HMKR 28430
W14 A3525--hls2l | 2 1 THL. ASHY 23410 03325-61620
WS A3F25-61606 | 4 1 CEL ABSY-VTOD 2034010 0332561604
Wid WAI25-H1607 | B 1 CBL ASSY-OM “0480 N3 &1607
Wiz K S5-61618 ;| & 1 CBL ASSY-PHASE DET “EA80 NaE 61608
uig A 160% | 7 1 CRhL ABSY-S&N 28440 NAI25-H1609
Wig G325 L1610 1 0 1 CABLE ABSY-OVEN 28400 03T 2EH-61610
wan 032501 H0E | 3 1 CARBLE ABSY - HI w1 284049
W21 AARRE-61621 | 3 1 CABLE ABSY ~ HI V2 28410
waa B35 1 1 CRL ABSY-PWR COM 28480
W2y 1 1 CEL ABSY-ALDC 208430 93 b1 hHE
W34 B 1 CHL AGHY-MAR 28480 0HFAS-61618
W2% 2 1 LR, ASSY-FAN 2pafo 1332541612
Wah 3 1 CBL ASSY~-HPIE 28480 13300 ~H1613
W27 4 1 CEL ASBY~-KEYED 204040 AZ325-51614
Wwze 1 1 CADLE ASSY-HIGH AMF POWER (0P 002 20480 ns0 214904099
uze & 1 CABLE ASSY-DVEN POWER (0P 301> ZB4680 DEIZG-H161 6
Wan $120 16 1] 1 Fi.aT RIDDON ASSY RE-aWd 14- COND 20480 2120-325dH
W31 91203108 ? 3 FLAT RIBRON ASSY 28-AWE 21-LOND S-IHN-LG 20480 B120-33 08
W32 ©3120--3108 9 FLAT RIDEON AGSY 28-AWG 21--COND 5-IN-LE ot gkl
3% d1z28-3108 ? FLAT RIBEOM AGEY 28-aWG 21-COND S-IN-LG Al
was B120--1348 3 1 CABLE A55Y 104AKWE I-ONDOT BLK-JET 204840 i
Wig nE3IRG-61601 9 1 CRBL ASSY-LOMPLETE INCLUDEG W3, 4, 7, 7, a2BaBg 0FANE-6H1601
8, 9, 10, 11
Wit BII25-416H22 | 4 1 CABLE ASSY +19V 23400 I3R2E~615622
Wiz 0F3I25-61623 | 6 2 LABLE ASSY +15Y UNREG 28480 P 3IR5-H1E2R
PEL] 023325+61623 | T CREL ASSY-CUTPUT 23460 0322561633
XCF 2110--054% L1 1 FUSEHULBER CaAP DAYONET) 6,34, 2900 HAX 29480 211 6 0540
XFi 21180543 3 1 FUSEMOLDER BODY EXTR PBET; BAYONET; ThD 218460 2110-0543
p0310-48001 | 0 1 WASHER SHLLDR =R480 B0310-40081
3328504105 |1 A 1 COVER 2460 033E5-041 85
1332590002 [ 5 1 OF /GUE MANL-~A 28480 332G -20002
13325-90013 | 8 1 0P HANL -A 28400 DAZAL-P6013
03601610 4 2 TERMINAL-GLDR LUG PL-MTG FOR-~&4-8CR 284810 03La-16110
13610011 9 2 RIVET -SEMI-TURULAR 20400 oI6i-0011
0%BE-0111 1} 48 STANDOFF-RUT-ON |, 2%-IN-LG &-32THD atooe DRDER BY DESCRIPTION
03800644 4 2 STANDOFF-HEX . 327~IN-LGE &-32ThD 48000 DRMR BY DEZCRIPTION
B460~1336 3 1 TAFE-INDL S-IN-W ,0035-IN-T POLYE-FLM 20488 0460135356
0EE0--0167 1 4 NUY--THUHE &-32-THD BRG 23400 NEP0-0167
0520-0343 1 18 THREADED INSERT-NUT 4-40 ,§42-IN-LE 20480 0590--0343
056240208 4 ? SCREW-TPH &-32 H-IN-LG PAN y-FOZI ST 2894810 NH24-0208
VHLR4-0207 7 SCREW--TP{S 440 ,25-IN-LE PAN-HL-FOZY STL negno QRDER BY DEGCRIPTION
08700032 1 1 SLEEVING -FLEX . [4-1D NEMA-3 ,1156-WALL z2a4a80 38900812
0390~-0870 ? 1 TUBING-HE 093D/, 046~REVD , D2--WALL penog ORDER BY DESCRIPTION
12050356 b 4 HEAT SINK 28480 12050354
1400-0249 1] 8 CABLE TIE . 062-.625-BIa . 021-UD NYL B6LIGD PLT1M~-8
1400~0719 ] 1 CAHLLE TIE . 0a2-1.125-DIA ,14-WD NYL 28480 1400-071%
2190~09:20 9 12 WASHER~LK HLOL NO. § . 128-IN-ID 284010 21900020
21950034 G 24 WASHER-LK HLCL NOD, 10 ,1%4~IN-ID 28480 21700034
2190-0073 2 4 WASHER-LK HLECL NO. 8 ,168-IN-ID 204806 21900073
21980575 9 1 KAOBHER ~LK INTL T 1/8 IN ,&4-IN-1ID 28480 21900575
2190-0%18 4 b WASHER-LK HLCL NOD. & ,141-IN-ID 283400 2490--0918
ALNH-0101 1] 11 SOREN-MACH 4-40 ,18B-IN-LG PAN-HD-POZI onno ORDER BY DEGCRIPTIDN
2200-0103 2 SCREW-MACH 4-40 | 25-IN-LG PAN-HB-POZY 25400 23000103
28000123 ) 12 SCROMW-MACH 4-4D0 1,.25-IN-1.B PAN PUZT ¢0DEO ORDER By DESCRIPTION
2R60-0113 a HBLREW-MACH 632 25 -IN~-LG PAN-HD-POZI ocoeD ORDER BY DESCRIPTION
2X60-0114 3 3 SCREW-MACH 4-32 .2%-IN~LG §2 DEG Banog ORDER DY DESCRIPTION
2Bs0-0114 3 BLREW-MACH 632 25~IN-LI3 82 DEL gfuge NRDER BY DESCRIPTION
2%64--0115 4 kil SCREW -MACH 6-32 ,312- IN-LE PAN-HD--POZT goooo CGRI:ER BY DUOCRIPTION
2360-0123 b 4 SEREW--MACH &-33 75 -IN-LG PAN-HD-POLI IR ORDER BY DESCRIPTION
234600201 9 1 BLREW--HACH &~32 .5-1N-LG PAN--HD-POZT sonony QRIER BY DEBCRIPTION
2AR0-0%02 & 4 MUT--HEX-DEL-CHAN &-32-THD , 149-IN~THK 28430 24040002
2061 3~-0158 & 16 SLREK~MACH #-3F2 ,£5-IN-LG 100 DEG 20909 URTER VY DEGCRIPTION
2580-0004 & & NUT~HEX-DEL~CHAN 8-32~THD ., 125%-LN-THK ngoge (RPER BY DESCRIPTION

6-28

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




Replaceable Parts Replaceable Parts

Tahle 6-3. Beplaceable Parts

Reference HP Part |c Q T Mir
; ] t Description Mfr Part Number

Designation | Number |D Y P Code
2050-0027 1 4 WASHER~FL MTLC NO, 10 .203-IN-TD 28480 IEE0--0027
3050-00646 B8 2 WASHER -FL MTLE RO, & L 147 -IN-ID 204810 355008866
3050-0716 5 WASHER-FL. MTLE NO. 9 .126-IN-1D 28481l J0GE0-B7 0
3653-0833 ? 1 BASHER-FI, NM ®/%&6 IN .63-IN-ID . 73-1N-0D Z3480 F050--0835
£260-0027 3 PLUG-HOLE ,&2% 23480 LH9aT-0027
71206482 7 1 LAREL-INFORMATION .873-IN~-WD 1.720-IR-LG 213480 71206488
7120-85%39 9 1 LAREL~WARNING 1.3~IN-WD 1.&6-IN-1.G VINYL 28400 0-
PE11-2257 1 i CORTON-CORR REC 26 . 75~IN-1.5 24, 75-IN-WD 2BaB0
fA82-0906 2 1 CHANMEL W/ELASTIC GRIP . S5-IN-WR 2u4810 FaEn-
JUMPER o CUT JUMPER 28480 JUMPER
LUG-JUMPER 4 CUT JUMPER 284849 UG- JTUMPER

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
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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.

m 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.

7-1




Service Model 3325A
Table 7-1. 3325A Circuit Boards Revisions. d
Referance Service
Assambly Designator Group(s) Revision
03325-868502 AZ 0 F
03325-66503 A3 D,.GH G
(03325-66505 AS A c
03325-66506 AB B,.C C
03325-66508 * AB M A
03325-66509 * A9 M A
03325-66514 ** Ald 1,JK, LN c
03325.66021 *** AZT b,EF C
03326-66523 ***~* A23 L B

* 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
03325-66504 (A4).

4% 0 3325As with serial number 1748402475 or below, the part numbar for this assembiy was
03325.66501 (A1),

*eesqn ARIBA’: with sorial number 1748A00700 or below, the part number for this assembly was
03325-66507 (A7),

7-8. Backdating Information.
7-9. Service Group A - Keyboard and Display (03325-66505) A1.

7-10. A5 - Past to Present. Table 7-2 briefly summarizes the engineering effort that has brought A5
to its current revision.

Table 7-2. Ab Board Revisions.

Board Instrumants Shippad Board
Revision With This Revigion* Changus
AS . Rev A 1748A00101 - 174BAQZ811 —
- Rev B 1748A029812 - 1748A03725 weant Rev B when board was

rodified te sitplify manuf. proce-
dura. Ne circuit or layout changes,

~Rev G 1748A03726 - Present went Rev C when PC traces were
moved., No cireudit or comp. layout
changas.

* Note that all serial numbar ranges are approximate,

7-2



Model 3325A

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
A6 - Rev A 1748A00101 - 1748A00130 —

- Rav B 1748A00131 - 1748A00230 went Rev B when test peints 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.

Service



Service

Model 3325A

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

involving U42 and U34.
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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.

- e
lia fi~ ~gat-
o i LRI -
-2 T Y up it nREE — _ TPS)
U3 1 - (9 P
JE=T- TR | F AR uga:.__a_ﬂz'\'jagh’ U3 4
Hpsl 3l usptd LRBR 2% B
HO&S Q‘&U i LEAD . I
MHe  Fean [ SLAN L.
o bl h? ERED ; —Ani—
LRSS )3 |J4 —Ri0— —Riz—
T i
“'L B —C28—
AT WRATE CONTROL ===, [ T
*Ey 1
b o meL T en i e 125 27
vo [pli-BRE vl 12 5|
Hose v baED ———— | ~R13—
_hps 2l e 2 LIS - ——pem —CR1—
Hes: 3 CECODER J”BMT)N;E. . : :E}lk —RE—
<2 3. PP Lt .,777,1>, L, = —— $ —f7— -~ [Ph—
G Siae Ghie n -cz7— .
T P SRS r : 1
Wil hack o [#]
i 173 b1 20
J; : —_ [l—l 13
| . |

Figure 7-2. Schematic and Board Location of R11 and R12 {Serial Numbers 1748A02600 and below).




Model 3325A

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 instruments
is replaced, the connectors on the older destination assemblies (A3, A14(4), A21(1)) will have to be
changed also. See paragraph 8-113 in Section VIII for more information.

Note also that on the older A6 boards used in the above instruments, cable W36 (p/n 03325-61622)
was used to carry supply current to the Al4(4) board in parallel with W33, With the newer cables
on the newer boards, W36 is not needed. However, if one chooses to modify the newer board to usce
the older (1251-4494) connectors and cables (8120-2577), W36 is required.

A2 - Page 8-C-37, Figure 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, AGR8* -hp- Part Number
—-2.0V 34.8k 0757-0123
—2.5V 26.7k 0698-4438
-3.0vV 21.5k 0757-0199
-3.5V 17.4k 0698-4482
—4.0V 14.7k 0698-3156
-4.5V 12.7k 0698-3359
—-30v 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 Controlled Oscillator Shield (P/0 03325-66521) A3.

7-19. A21 - Past to Present. Table 7-5 summarizes the engineering changes that have brought A21
to its current revision.

Service
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Table 7-5. A21(A1) Board Revisions.

Model 3325A

Board
Revision

instruments Shipped
With This Revision*

Board
Changes

Al - Rev A

- Rev B

A21 - Rev A

- Rev B

- Rev C

1748A00101 - 1748A00230

1748A00231 - 1748A02475

1748A02476 - 1748A02600

1748A02601 - 1748A07390

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, plus
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.

7-20. The following backdating information pertains to the VCO portion of the A21(A1) assembly.

A3 - Page 8-D-7/8-D-8, Figure 8-37.

Affected instruments: serial numbers 1748A02475 and below.

The above range of instruments contain an 03325-66501 assembly with the VCO design and layout
shown in Figure 7-3. Note that in instruments with serial numbers 1748A00231 to 1748A02475, A1C177

is tied to +35V.
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Figure 7-3. VCO Circuitry - Serial Numbers 1748A02475 And Below.




Model 3325A Service

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.

. VOLTAGE CONTROLLED OSCILLATOR .
a5y I0-50 MHZ N
sR166 R184  C174 187
L5y : _ i jou *11.8Y 1K 100eF - 01
J_ i l o 1] C182 i
C178 +.L 173 Lrier 715 T 47
SP173 .01 22 .01 3. 16K 4 CR183 gy AC179 R211]'1‘ Rzg:
3 100K ot 10004+ 8165
. y "W R20Z & R20&
43198 ’ 'L C181 sR. 1aﬁsar( 100 1K
$10091‘ cR151 o
L § R133 ¥ ;‘r-__ l;lr—‘ "W
6.81K C184 J- R203 R1200K4
4 TR14S, Y CR164 CR166 .01 $4.ESK:
- L1627 x R4 Az1s
4 +15V i
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237-—363qu 47p1 0153 c190
1177 Leye3 2R136 ¥ A $ .0
ol R $27. 4K figa
@ R134 pies| 00
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k135 L r193 R1Sz \Ua,
X . . . +15Y 5. 11K 10K
_]_CIE'E J.mesw 145 :{7 ) y
- 1 1 Ris1 »  C176  R200 R188
1K$  470pT  51.1 1K
N

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.

7-7
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Table 7-6. A21{A1) Board Revisions.

Board Instrumants Shipped Board
Ravision With This Revision* Changes
Al -Rev A 1748A00101 - 1748A00230 -
-RevB 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.
- Rev B 1748A02601 - 1748A07390 Rev B hoards are identical to Rev
A, with the exception of PC trace
location.
-Rev C 1748A07391 - Present went Rev C following mod. to
VCO ckty. See Sve. Grp. D,
*MNote 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

,hO (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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Service 7 Model 3325A

7-24. Service Group F - Fractional N Analog Circuits (P/0 03325-66521) A3. d

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 instruments Shipped Board
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 1748402476 - 1748A02600 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 1748A02601 - 1748A07320 Rev B boards are identical to Rev
A, with the exception of PC trace
location.

-Rev C 1748A07391 - Present 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.
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Figure 7-8. 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.
“ LI GRATOR s ==
e e SAMPLE S HOLT) s ssnemnn s,
e
g
—* (1%
L
i ' ég\-‘
17 SRwd
o gt
ey T

i po
"% 4
doue g
“ 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
9 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(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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Service Model 3325A

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 - 1748A04676 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 Ul4 shown in Figure 7-10. Com-
ponents unique to this design include:

A3R71 10k p/n 0683-1035 A3R74 10k© p/n 0683-1035 A3R89 4.7kQ p/n 0683-4725
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Figure 7-10. U14 Biasing Circuitry (Serial Numbers 1748A00620 and Below).
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A4 - Page 8-G-3/8-G-4, Figure 8-40.

Service

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).

o I —R8— dry e PR
J1 @ i ‘Llw_fmo'gl c8 o

IE] Ve EELC R2
—RI— TR &
@ T vl R
O e, GO

F g 1t
sm—nam Y) T L;“f <t il
|\ T ey es L
05 TBC\Z OZD wwr«um ;Eésa‘
[ urt & rPln‘“ —cr7- 5211
. ~ = —RI19— C”
- I « i ciI3 11 REF_ )
" 1 I —LE— “’"‘”m o
— ol -cza— —c"za- et i T
| | g T3
-

~RaI= -L3T- —L9—

—Lg— TH{BT -cal- -—cag-urpi
v, -e3p- cAm —HAS- pef

tH ey
—-Cii-—"
o Gy

caz c41 TN

rLT.
MLITUDE | MODULAT 101
51
—sav
[—.c’ . =ok
I I ren ;"e :
- L3
[ S i) o
LT
. i T -
[’u | - 4,
cqn “
R -
ot
s i l U
% ww, | MULTIZLIER  our
s i
Ey se -
&5 "
e, e |y o m v
oY) e rok .
‘ir.- - guiimen Fip
wL
sl ;L, ‘37‘ 4,38
H
1By,

L bt @

NS
Pogl eea- ) GER
" prnr L1itt [
= —RB [ Leadadarr]
— Fobat] Soaen U4 a7
2} v Ot W BIEE
'] RB - cs8

Fua ey [N
o

Figure 7-11. Sine Amplitude Control and Amplitude Modulation Circuitry (Serial 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:

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 as follows:

Function ............ccveiiiiiinnnn.n, Sine
Frequency............oiiiiiiinan.. 1kHz
Amplitude .. ............... ... ... 1Vp-p
DCOffset ............ ... .. ... ...... 1mV
Amplitude Modulation ................. Cn

b. Disconnect cable W7 from A3J7.

CAUTION

Do not allow disconnected cable con-
nectors to contact the printed circuit
board or components, or circuits may
be damaged.

¢. Adjust the dc power supply output to approx-
imately +3V and comnnect between the center
contact of A3J7 and ground.

d. Disconnect cable W23 from A3J23.
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7-14

e. Meagure the oseillator (-hp- 204C) ourput with
the ac digital voltmeter and adjust the output lev-
el to approximately 1Vrms at a frequency of
1kHz. Connect the oscillator output between the
center contact of A3F23 and ground.

f. Connect the oscilloscope through a 10:] probe
to A3TP4. Set the oscilloscope input to ac cou-
pled, sweep to 1ms/div.

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.)

h. Ground the oscilloscope input and zero the
trace on the center line. Set the input to d¢
coupled.

Model 3325A

i. Adjust Offset Out (AIRGB) to return the os-
cillogeope trace to the center line (0Vdc).

j. Disconnect the dc power supply and the oscil-
lator and reconnect cables W7 and W23.

k. Set 3325A amplitude modulation off.

1. Connect an ac digital voltmeter to the 3325A
signal output.

m. Press the AMPTD CAL key.

n. Adjust Offset In (A3R33) for a volimeter
reading of 0.707Vrms,

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 &-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 1748A00101 - 1743400470 -
-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.

m




Model 3325A Service

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
Ravizion With This Revision” Changez
A4 - Rev B** 1748A00101 - 1748A00190 -
- Rev C 1748A00191 - 1748400470 went Rev C following PC trace

and manuy. mogs.

- Rav D 174BA00471 - 1748A01075 went Rev [ following manu.
changes and the addition of
CR108, CR108, and R55.

- Rev E 1748A01076 - 1748A01300 want 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.

« Rev B 1748A08791 - 174BA145637 weont A4 Rav B with ¢hangas to
dc offset and amptd. control cir-
cuitry.

-Rev C 1748A14538 - Present went A14 Rev C following PG
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 8-1-5/8-1-6, Figure 842,

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-
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
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
Revigion With This Revision® Changes
Ad - Rav B** 174BA00101 - 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,

- Rav E 1748A01076 - 1748A013200 went Rev E following mod. to the
relay driver and de¢ offset control
portion of A4,

Al4d - Rev A 1748A01901 - 1748A08780 went A4 Rav A whan output
amp {8vc. Grp. K) was re-
designed, R142 was glso added.

- Rev B 1748A08791 - 174BA 14537 want Rev B with changes 1o dc
offset and amptd. control cireurtry.

-Rev 1748A 14538 - 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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Affected instruments: serial numbers 1748A05826 to 1748A08790.

These instruments contain the amplitude control circuitry shown in Figure 7-16. ‘
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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-]-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.

Board
Revision

Instruments Shipped
With This Revision*

Board
Changes

A4 - Rev B**

-Rev C

-Rev D

-Rev E

A14 - Rev A

- Rev B

- Rev C

1748A00101 - 1748A00190

1748A00191 - 1748A00470

1748A00471 - 1748A01075

1748A01076 - 1748A01200

1748A01901 - 1748A08790

1748A08781 - 1748A14637

1748A14538 - Present

went Rev C following PC trace
and manufacturing modificaticns.

went Rev D following manuf.
changes and the addition of
CR108, CR108, and R55.

went Rev E following mod. to the
retay driver and dc offset control
portion of A4,

went A14 Rev A when output
amp (Svc. Grp. K} was re-
designed. R142 was also added.

went Rev B with changes to dc
offset and amptd. control circuitry.

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 1748401900 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.

- Rev B 1748A00951 - Present went A23 Rev B 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 bhelow.
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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 10uF p/n 0180-0374) shunt-
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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 cngineering 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
Revizion With This Revision* Changas
A4 - Rev B** 1748A00101 - 1748A00180 -
- 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.

- Rev E 1748A01076 - 1748A01800 went Rev E following mod. to the
relay driver and de offset control
portion of A4,

Al4 - Rev A 174BA01T307 - 174BA08790 went A14 Rev A when output

amp (Sve, Grp, K) was re-
designed. R142 was also added.

- Rev B 1748BA08791 - 1748A14537 went Rev B with changes to dc
offset and amptd. control circuitry,

-Rev C 1748A14538 - Present went Rev C following PC trace
maod. to level comparator (U42)
ckty.

* Note that all serial number renges are approximate.

** No 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.
F.24
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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 1748A00101 - 1748A00150 -
- 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.

« Rev E 1748A07340 - 1748A15073 went Rev E following PC trace
mod. te eliminate a potential
shock hazard, See Sarvice Note
3325A-11B-5.

« Rev F 1748A15074 - Present went Rev F following mods. to
widen PC trace spacings.

* Noto 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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Figure 7-19. Location Of F2 {Serial Numbers 1748A05825 to 1748A01076).

A8 - Page 8-0-3/8-0-4, Figure 8-49.

Affected instruments: serial numbers 1748A01075 and below.

Instruments in this serial number range do not have R35, R34, Q8, or

F2. (See Figure 7-20.)
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A§ - Page 8-0-3/8-0-4, Figure 8-49.
m 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.
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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 gualified 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
Assembly Circuit Group
AZ] Yoltage Controlled Oscillator D
A2l » NLF Counter E
A2l Fractignal N Analog Circuits F
A2 Power Supplies O
Al VCO Buffer D
Al 30 MHz Refercnee and G
Dividers
A3 Mixer H
Al4 D/A Converter and Sample/ I
Hold
Ald Function Circuits |
Ald Output Amplifier and Level K
Comparator
Al4 Retay Drivers L
Al4 Sweep Drive Circuits N
AS Keyboard and Display A
Ab HP-IB Circuits B
Ab Control Circuits C
A23
or Altenuator L
AT
A8 High Yoltage Qutput Option M
002
AY High Stability Frequency M
Reference Option 001

Signature analysis information begins with paragraph
R-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 Fane-
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-

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 HMD?7, is the principal means
of data exchange between the control circuits and other
parts of the instrument.

8-7. Keyboard and Display (Service Group A).

8-8. Keyboard Scan. Figure 8-3 is a block diagram of the
Keyboard and Display circuits. To determine if a key hasg
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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QUTPUT
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KEYBOARD LEVEL
D\ggEAY COMPARATCR
HP_18B CONTROL
HP-1 CIRCUITS
332541
Figure 8-1. Simplified Block Diagram.
PROCESSOR
| SERVICE GROUP C)
KEYBOARD READ ONLY RANDOM FRACT | ONAL
AND HP-1B MEMORY ACCESS INTERRUPT N LOGIC
DI SPLAY { SERVICE ( SERV | CE MEMORY {SERVICE { SERY | CE
{ SERV1CE GROUP B} GROUP C] { SERV I CE GROUP C) GROUP E)
GROUP A} GROUP C)
3825A-2

Figure 8-2. Basic Block Diagram, Logic Circuits.
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WRITE KEYBDARD
DISPLAY DATA
__fT' a 3 SEGMENT SELECT
8-BIT | » il oIBIT
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DIGIT ENABLE
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GURRENT
SINKS | I3 LINES)
|18-8IT
MACHINE apmlm_ E|L|| [16 LINES)
DATA BUS AlthlJ_T
18 LInES) SHIFT ANNUNG | ATOR
REGISTER 18 LINES) BATRIX
CLOCK SHIFT
REGISTER 2 SCAN CYCLE EVENTS
SHIFT
e il reeisTer| 112 [3]4 16 [6]7[a[o]idti2]1di4ig1q
KEYBOARD 12 LiNES) SCAN TWELVE
2 LiNEs KEYBOARD MATRIX LINES
2 ri—arate e 2NESL | xeveoam ENABLE ELEVEN ENABLE FIVE
- BUFFER MATRIX NUMERIC DISPLAY ANNUNG | ATOR
14 LINES1] s 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 piaced on the HP—IB DIO lines. The eighth
(most significant) data bit becomes the End or Identify

8-3
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OPTOELECTRON}C STATUS
ISOLAT ION (4 LINES)
READ BUS
DATA T 12-BIT 4—]
PARALLEL IN |18 LINES] HP-1B
l 8-61T I LULINES SPRIAL ouT CE"'S DATA" | /0
MACHINE DATA 8-BIT SERIAL IN 11 LINE] | SHIFT (8 LINES]
gUS |8 LINES) %— 3 STATE PARALLEL OUT REGISTER
BUFFER |18 LINES} SHIFT l
—_— REGISTER ‘
| BUS
| cLOCK
BUS CLOCK I
I LOAD DATA
| INPUT
DIRECT CONTROL Q————— |
|
DIRECT CONTROL | 3 | DECCDER e
|
|
Figure 8-4. HP—IB Data Input Path.
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Figure 8-5. HP—IB Data Output Path.
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' ADDRESSED 7O TALK . DAY DAY
_NRFD _NRFD
ATN TALK " HANDSHAkE _HDAG _NDAC
SR ~—— 511 12RBLTsmer TA DelAnDHTERT
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S EEN
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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

~

LO
LO

bon
o~

L]

o

DC VOLTAGE

o
Ll
-

i O

MIXER

30MHz

Figure 8-8. Phase Lock Loop.
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8-23. Processor. The Processor coordinates the
operation of all the other control logic cireuits. 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
{ram 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 in the 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 8-1(. 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 8-9. Phase Detector.
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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

Model 3325A
Example 1 Example 2
Sine wave output 10 000 000.0 Hz 100 000.0 Hz

Reference frequency 30 000 000.0 Hz 30 000 000.0 Hz

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,

999 599
+N 400 301
9’s complement 599 698

8-39. The + N counter begins at the preset number (599
in example 1), counts to 999 and then reloads the same
number unless a new frequency has been programmed.

One output pulse occurs for each time the counters reach
999, consequently, if 400 VCO cycles (599 to 999) are
counted for every output pulse, VCO has been divided by
400. The output pulse is derived from the bias pulse
issued by the fractional N control IC. To provide the
proper stable phase relationship to the VCO signal, this

explained below.

8-38. The preset number that is loaded into the counter
in BCD (binary coded decimal) form is the 9s
complement of the N number. N is determined by
the first three digits of the VCO frequency.

Programmed += N Frequency Register

VCO Frequency

Carry
Phase Accumulator Adder

1 .
000000000000} L
reee——t
API Control

0000000QG0G0000
Q400400000000000

Accumulator (Initial)
VCO Frequency

400000000000 = Sum I(returned to accumulator)

0400400000000000 = VCO

800000000000 = sum
0400400000000000 = VCO
(1200000000000 = sum + carry
0400400000000000 = VCO
600000000000 = sum
0400400000000000 = VCO
(1000000000000 = 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 QOscillatoris a
30 MHz crystal-controlled oscillator that can be

Model 3325A

synchronized to an external reference signal of 10 MHz
or subharmonic of 10 MHz (minimum 1 MHz).

8-45. External Reference Phase Lock Loop. Figure 8-14
is a block diagram of the External Reference Phase Lock
Loop. The external reference input is sent thorugh a
squaring circuit, amplified, and then differentiated to
provide a narrow positive pulse to the gate of a FET
switch, This turns the switch on momentarily, sampling
the instantaneous voltage of the sine wave at the FET
switch source. This voltage is stored on the capacitor at
the input of a Sample/Hold amplifier. The resulting de
output voltage from the 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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EEE¥E§ICER
+ DC VOLTAGECILLATO .
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3325A- 14

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 lavel 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
M 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

“ 10 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.
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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

QOutput frequency

Reference = 1 000 000 Hz
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, exeept 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 = 5 000 Hz
Reference = 1 000 000 H=
1 005 000 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 15
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 toggle a Ramp Reset
flin-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,
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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. IMno 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
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Table 8-1. Attenuation and Voltage Ranges.
Attenuator Amplitude {Peak-to-Peak, 50 {1} Maximum Minimuem DG
Attenuation Relay Offzet Offget Only
Range Factor In AC Only {No Offset) AC {With QOffset) (+ or =) {+ or =) {+ or =}
1000V 9,988V 0.001 vV 4,600V
1 1 None to 1o 1o 1.000 mv 1]
3.000V 1.000 V 4,500V 1.600V
2.899v 992.9 mvV 1.166 V 1,499V
2 3 K3 to to 1] 0.100 mv o
1.000V 3334 mV 1.498 vV 0.500V
208.9 mV 333.3 mV 333.3mv 489.9 mV
3 10 K2 to 1o 1o 0100 mVY 1o
300.0 mv 100.0 mv 450.0 mV 150.0 mV
299.9 mv 99,99 mv 116,68 mVY 149.9 mVY
4 30 K2, K3 1o to to 0.010 mV to
100.0 mV 33.34 mv 145.9 mv 50.00 mv
99.99 mv 33.33 mV 33.33 mV 48,99 mv
5 100 K1 to to 10 0.010 mv to
30,00 mVv 10.00 mv 45.00 mV 15.00 mV
29,99 mV 5,899 mv 11.66 mV 14.98 mV
53 300 K1, K3 to 10 to 0.001 mV to
10,00 mV 3.334 mV 14.99 mV 5.000 mV
2.8298 mV 3.333 mV 3.333 mV 4,999 mV
7 1000 K1, K2 1o 1o to 0.001 mV to
3.000 mv 1.000 mvV 4.500 mV 1.500 mV
2,999 mv 1.488 mV
8 3000 K1,K2, K3 o to
1.000 mV 0.0071 mV
MARKER
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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 or 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 /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
ANALQG SW| TCHES
BWITCHES
RANGE | ____ —
(HIGH TRUE) ____:::}_________.
o
START
(HIGH TRUE)
RANGE 2 }
THIGH TRUE) _/

X DRIVE

{DC VOLTAGE)

INTEGRATOR

RAMP
RESET
|

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 has 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, hiasing 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 A2ZR22 in the-15V
regulator, This control adjusts the +3 V and +15 V
outputs also because they are referenced to the -I3 V

supply.

R
oD
o e
-15v Ky e
(UNREGULATED) ——+—"v g2 [REGULATED!
0.56
+2
(UNREGULATED) R3Z
10 {_0_ 4.7K
BLOWER|——4
K @
R30
10K </ %
. A
FOWER CTRY % ON 2328420

Figure 8-25. Power Supply Standby/On Circult,
8.22
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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.

p
RESED CURRENT DAC S/H MULTIPLIER
COUNTER SOURCE | AL4-1 AL4-J P A3
Al4-1 Ala-1
h
The Amplitude Calibration Disable, ACD, is used to break the
feedback path during traubleshooting of amplitude problems.
Connect ACD to Gnd and cycle power off and on,
PROCESSOR
AS-L FUNCTION 30MHzZ
] CIRCUITS MIXER SWITCH b o
Ald-J A3-G
—0 PK
N
PEAK | OUTPUT ATTENUATOR HIGH YOLTAGE
Al4-K l Ad-H
b R e e O TR
ACD

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 Figure 2-1.

8-107. Fan Filter.

8-108. The fan filter must be inspected frequently and
cleaned or replaced as necessary to permit the free flow
of 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 AB.

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. Assemhbfy/Cahie Compatibility for Serial Numhbers

1748A04250 and Below.

Assembly To Be Atfected Destination Cable/ Part ',\“"”:'bars For
Replaced Assambly{ies) Connector Destination Assy
Modification
AB A3 W323/A30N 2120-3108 (Cbh**
03325-685086 * All Rev A and Rev 1251.6667 (Conn)
B Boards
A4 (A4 W32/A1401 £120-3108 (Cbh)**
* All A4 Revisigns 1251-6587 (Conn)
and A14 Rev A
A21 (A1) W31/A2101 8120-3108 (Cb)**
* All A1 Revisions 1251-6567 (Conn)
and AZ1 Rev A
. A14 {A4) AB W32/A642 2120-3108 (Chl)**
(03325-66514(04) * All Rev A, Rev B 1251-6567 {Conn)
and some Rev C
A23 (AT W30/AZ5130 8120-3216 (Cbh**
* All A7 Revisions 1251-6064 (Conn)
and AZ23
RevA/RevB
A2 A W33/ABJ3 8120-3108 (Chiy**
03325-66503 * All Rev A, Rev B 1251-6567 (Conn)
and some Rev C
AZ1 {A1) AB W31/A6J4 8120-3108 {(Cbh)**
03325-66521(01) * All Rev A, Rev B 1251-6567 (Conn)
and some Rav C
AZ3 (A7) Al4 (A4) W30/A14J30 B120-3216 (ChD"*
03325-66523(07)} * Al Ad Ravisions 1251-5064 [Cann)
and A14 Rev A
++ Acsamblies ordered for replacement contain the new cennectors, however, the newar (gray) cables are
not included. They must be ordered separately along with the connectors for the destination assernblies,
Matae - Because of the increased raliability, all cables end connaetors should be changed regardless af the
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 agzemnbly may be fitted with the
older conreatars (PN 12571-4484, 21 pin/ 1251-4390, 14 pin) for use with the older (white) cabtes (F/N
B120-2677, Bin/8120-2576, 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 circuitry 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: . 1te 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: 50 ns to 2 s/div
Delayed Sweep: 50 nz to 20 ms/div

Oscilloscope
2 channel

-hp- 1740A General Troubleshooting

Electronic Countar Fraquency Measurement: 1o 20 MHz
Accuracy: £ 2 counts

Resolution; 8 digits

-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.
1250-00B2.

BNC PIN -hp- PART NO.
1250-00E9,

FHONQ PLUG -hp- PART
NO. 1251.0688.

Figure 8-27. Adapter Cable.

Figure B-28(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.

%-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 Pin 1
Transistor Emitter
FET Transistor Source
Diode Cathode

Electrolytic Capacitor 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.

Service Para.
Gircuit Repaired Graup Adjustments Required Mo.
kKeyboard A Nane
HP-I1B B None
Control C Nane
Voltage Controllad Oseillator D VEO Frequency 5-9
VCO Buffer D Nane
+ N.F Counter E None
Fractional N Analog F Analog Phase Interpolation 5-10
30 MHz Oscillator G 30 MHz Reference Osgillator 511
Sine Amplitude & Amplitude G Amplitude Gain 5-13
Med.
Mixer H Mixer Spurs .18
D/A Converter and Sample/Hold | DA Converter Offset 5-8
Ramp Gating Circuits J Ramp Stability 5-186
Qutput Amplifier K Amplifier Bias 5-15
Amplituda Flatness 5-17
Sweep Range Circuits [\ X Drive 5-14
X Drive Integratar N X Drive 514
High Stabitity Reference M High Stability Reference 5-12
Power Supply o Power Supply 5-7
DA Converter Offset 5-8
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Test l S;:::e l Circnits Tested 3 8-B-1 Checks the HP-IB data path
from the processor to the
ROM B-C-2 ROM’s (A6UL-4), Processor HP-1B connector and back. [t
(A6UD), and Buffer (A6U1L0). does not check the handshake
Unless these circuits are circuits.
operating properly, nonc of
the other tests will work. 4 8-A-2 Checks the ability of the pro-
cessor to identify front panel
@ 8-C-6 This test is 2 point-by-point switch closures. Also checks
signature analysis of all IC's A5 LED drivers, current
on the A6 assembly. sources, and digital circuits.
1 8-C-15  Tests the ROM/RAM address 5 8-C-19 Checks the data path from the
registers and buffer circuits. processor to the fractional N
control IC (A21U19), and
2 B-C-23 Checks the ability of the RAM checks several operations of the
address register to count up fractional N control.
and down. Checks RAM out-
put data,
Table 8-5. Trouble Symptoms.
Symptoms Troublashooting Progeduras 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 GroupC

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
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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 B Bus Interrupt Machine Bus
HBIG Bus Interrupt Gated LNDR New Data Ready
LBOR Borrow (from RAR Low) L NMBP 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 {from 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 Zzaro LRBN RAM 8 Enable
HCUN CountUp 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
HDC8 L RFF Read Function Flags
L RFND Reset Fetch New Data
LDOE Data Qut Enable LRIR Read Interrupt Register
HDSO LRKB Read Keyboard Data
thru Cevice Select@-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
H 1Bt 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 SetCecdeB
HH Interrupt Inhibit LSCR Select ROM/RAM Control Register
L IMBP Inhibit Machine Bus to Processor Bus L SFND Set Fetch New Data
LNV Instruction Valid {to N.F Chip) HSLC Swveep 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 Lcad 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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Set POWER Switch From
STBY ToON
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Go
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To
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1]
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Figure B-28{b). Basic Troubleshooting Procedure.
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g

1. PARTIAL REFERENCE DESIGNATIONS ARE SHOWN.
FREFIX WITH ASSEMBLY OR SUBASSEMBLY DESIG-
NATION{(S) QR BOTH FOR COMPLETE DESIGNATION.

2. COMPONENT VALWES ARE SHOWN AS FOLLOWS UN-
LESS OTHERWISE NQTED.

RESISTANCE IN OHMS
CAPACITANCE IN MICROFARADS
INDUCTANCE 1N MILLIHENRYS

DENOQTES EARTH GROUND.

USED FOR TERMINALS WITH NO LESS THAN A
NO. 18 GAUGE WIRE CONNECTED BETWEEN
TERMINAL AND EARTH GROUND TERMINAL OR
AC POWER RECEPTACLE.

DENOTES FRAME GROUND.

USED FOR TERMINALS WHICH ARE PERMA.
NENTLY CONNECTED WITHIN APPROXIMATELY
0.1 OHM OF EARTH GROUND.

DENOTES GROUWND ON PRINTED CIRCULT
ASSEMBLY. (PERMANENTLY CONNECTED TO
FRAME GROUND).

DENOTES ASSEMBLY.

DENOTEE MAIN SIGNAL
FATH,

2, — pr— DENOTES FEEODBACK

1.

13 %

PATH.

10. E:::I DENOQTES FRONT PANEL MARKING,

f===

| DENOTES REAR PANEL MARKING.

12. -'P DENQTES SCREWDRIVER ADJUST.

AVERAGE VALUE SHOWN, OFTIMUM VALUE SE-
LECTEDR AT FACTQRY, THE VALUE QF THESE
COMPONENTS MAY VARY FROM ONE INSTRU.
MENT TO ANOTHER. THE METHOD OF SELECTING
THESE COMPONENTS 1S DESCRIBEDR IN SECTION V
OF THIS MANUAL,

LYY
14, —==§ »— DENOTES SECOND APPEARANGE OF A CON-
s

NECTOR PIN.

15.y 9524 g 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))

17. ALL RELAYS ARE SHOWN DEENERGIZED,

GENERAL SCHEMATIC NOTES

Model 3325A

P> o

DENOTES BUFFER

H_I>O_L LCDH

DENOTES INVERTER
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=
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REFERENCE DESIGNATIONS

ASSEMBLY ASSEMBLY
REFERENCE ASSEMBLY PART NUMBER
DESIGNATION NAME  (INCLUDES A2A! SUBASSEMBLY)
TONATe ry 4
JACK XAZ IS MOUNTED ON A2 | POWER SUPPLY (OOXXX-&6504)

CHASS8I5S OR ANCTHER ASSEMESLY

\I\ PLUG PI 1S MOUNTED ON ASSEMBLY OR I8 PAR
OF THE ASSEMBLY BOARD [COMPLETE DESIGNATOR 15 AZPI}

3
ﬂ2< (——j FERRITE }
| R3 TEST VOLTAGE EAD

e
3

Pi 15 NOT MOUNTED
ON A2 ASSEMBLY
{COMPLETE DESIGNATOR 15 Pi)

+2492V /"'\ 0 Ply
. w2-COMPLETE DESIGNATOR 15 AZR4 4

»
>

l SUBASSEMELY OF A
—-< e———u( /Vrcommsrz nzs:sunron 15 AZA1)

DENOTES SCHEMATYIC
ON WHIECH CONNECTION

( ]
é l ‘§~UMB£R worc.arsg Al _ '
PIN OF X2 AND P [PHOTO-CHOPPER 0SC |
l |

924 e I . o o | AN

WIRE COLOR! COLOR CODE IS THE SAME I R R2 | ’#ﬁ%gm’g‘g%g /‘P\FEMALE PIN
i1 T

AS THE RESISTOR COLOR CODE. FIRST EYELET OR STAND- | | MAY OR MAY SWHEREE Whee
NUMBER INDICATES BASE COLOR, SECOND Y OFF TERMINAL, MAY OR NOT BE NUMBERED
NUMBER INDENTIFIES WIDER STRIP, AND | MAY NOT BE NUMBERED COMPLETE | s

LI

THE THIRD INDICATES THE NARROWER T Dfssfzﬂlmqﬁ s
STRIP. (924, DENCTES WHI/RED/YEL WIRE) l f m

PARTIAL REFERENCE DESIGNATIONS ARE SHOWN: PREFIX WITH ASSEMBLY OR SUBASSEMBLY
DESIGNATION(S] OR BOTH FOR COMPLETE DESIGNATION

STD-B-2192
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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
o checks the LED drivers, current sources, and digital circuits.

Remaval of Keyboard Printed Circuit Assemhbily 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,




Service Model 3325

The keycap is press-fitted to the switch and may be pulled off. 0

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.

c. 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.

§-A-2



Model 3325A Service

¢. Connect the signature analyzer as follows:

M

Clock. ... . . ... SA CLK (at left of A6LI9)
Startand Stop... ... o SA 5/5 (at right of A6ULS)
Ground. ... ... . e 3325A ground

(stiffener channel on deck between A6
and A2l or any Ground test point)

d. Sct the signature analyzer controls as follows:

Line . s On
L ATE . o o e \_(in)
D e e e = (in)
ClOCK e e e _/ {out)
Hold ... .. OAf
Bl Test. . o Off

€. 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.

@
o
.

Address Switches

- kW A

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

JERHEHN

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 (AGUD) 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
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( Srart )

ﬂﬁ g7
Sht /%3

+ BV = 4F21 NO
YES
Are All Lads On YES

Place Signature Analyzer
Probe on + V. 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 AUTC
DC Offset 6HOF
Blue Prefix U7CP
Store 5991
Recall 6647
Ciear 76U5
Minus HHCH
o FHO3
1 3405
2 HG16
3 4058
4 67A7
2} 9P9H
6 TATT
7 POHY
8 c875
9 P1H4
Period C76U
Sec HCHS
MHz FHH2
kHz 3374
Hz FFHH
DEG 374A
Up Arrow gz¢pP
Down Arrow DALY
Left Arrow 2CP7
Right Arrow AUYH
Sine HAZ2P
Square 68CC
Triangte A2PF
Ramp Up 8CC3
Ramp Down Q23H
Amptd Cal 23HC

Sigral Output gUBP

YES
ASUB Pin

—a [P -
W0, o, Ml‘.ﬂm(ﬂN @G|

- —_ -
RO ML

s
(.OU'II\)M(Q M

jary

- -
Ut NGO N D (N,

YES NO

=
o

Check Appropriate Switch

YES

ABUB-8 = C1UP
NO

Faulty Device Select
{ABUY) or Bad AB-To-AB
Connection.

Troubleshoot
ABUS

B

UAUA
P840
A33P
FFAB
CO1F
BSP8
AQTF
v2c3

ABUDO-2
ABUS-5
ASUQ-6
ABUS-9
AS5US-12
ABU9-15
A5UZ-16
ABU9-19

U ]

Bn

ftn

YES

NO

ABTP1 = 3056

YES

NO

Dewvice Select Frotlem

YES
e ————

ABU16-1 = C362
ABU16-2 = CIUB
ABU16-3 = 8PCB
ABU16-4 = C36A
NO

Troubleshoot
ABUS




St 2
YES YES
A5UB-8 = C1UP A5UB-3 = 799C Are All Leds On XES Press and Hold the designated key
A5UB-4 = 3CCO and read the signature at the IC pin
NO ABUE-5 = PHH4 NO indicated,
A5UB-6 = 84PP o
ABUB-10 = 5276 Key IC Pin Sig.
Faulty Device Select ABUB-11 = 11H8 4 ABUS5-1 = 9PIH
{ABUS) or Bad AB-To-AS A5UB.12 = P50 0 ABUSG-3 = FHO1
Connection, ASUG-13 = CUAS l\gmus ABUS-5 = 76US
- ine AS5US5-9 = HA2P [YES
ﬁggii - gggg Ramp Down  AS5US-11 = 23HC e
ABU3.E = CO26 Up Arrow A5UB-13 = BZCF
ABU3.6 = C121 8 ABUT-1 = CBTS
A5U3-10 = BCA2 Phase ABU1T-3 = AUTC
A5U3-11 = C915 Store ABU1-B = 5881
ASU3-12 = BAF Locat ASU1-9 = BHOF
ASU3.-13 = 18H4 Freq ABUT-11 = F431
MHz ABUT1-13 = FFHH
Troubleshoot NO
ABUS ’
NO
Troubleshoot
ABU3, U6 C2
Troubleshoot
ASBUS, UB, or Switch
ABTP1 = 3056 JES ABUS-2 = UAUA |yES
ABUS-5 = PB4Q
NO ASUS-6 = A33P
ASUD-9 = FFAB
: ABWUS 12 = CO1F
B ASu8 18 C B0t
ABU16 or AB-To-AS5 Con- AEUS-18 = U203
nections
NO
ABU9-2 = UAUA ‘ Troubleshoot
A5U9-5 = P840 ABUD
A5U8-6 = A33F
A5U3-3 = FEAB JES Test Passe
ABU9-12 = COIF $
ABUD-15 = 69P8
ABUY-16 = AOTF
ASUS-19 = U2C3
NG
ABTPY = 3056 YES Troubleshoot
ug
NO
Device Select Problem
ABU16-1 = C362 YES YES Troubleshoot
ABU16-2 = C1U6 ABU16-6 = FUIH AEU16
ABU16-3 = 8PCS8
AGU16-4 = C364 NO
NO
ABUE-16 = FUIH YES TroKbiS?r%oot
Troubleshoot 6
ABUS NO
Troubleshoot
ABLIS




[:‘5 229
..SJ‘”{' 3 73

Are All Leds On JES Press and Hold the designated key
and read the signature at the |C pin
NO ingicated.
Key IC Pin Sig.
4 ASUB-1 = 9P9H
0 ASUB-3 = FHCI
Minus ASUS-5 = 76U
Sine A5U5-9 = HA2P YES YES
Aamp Down A5USB-11 = 23HC ABTP3 = FU1S Troubleshoot
Up Arrow  A5US-13 = B2CF u8
8 ABU1-1 = C875 NO
Phase ABU1-3 = AUTC
Store ASU1-5 = 599
Local ASU1-9 = 6HOF Troubteshoot
Freq ASU1-11 = F431 ABU25 or AG-Te-AS Con-
MHz A5U1-13 = FFHH nections
NG
Troubleshoot
ASUS, UB, or Switch
YES B YES YES Troubleshoot
ASTP1 = 3058 A5US-2 = UALA Are Many Leds Off A5Z1-28 or A5UZ, U4 or
A5U9.5 = P840 U7
N A5U9-6 = A33P o)
A5U9-9 = FFAS
A5U9 12 = COIF
Troubleshoot gggg:g - ggol;% \« For Defective Leds
ﬁeﬁcLiilagsor AB-To-A5 Con- AZUS.19 = U2C3 Check For Defective Le
NO
Troubleshoot
ABUSZ

Troubleshoot
ABU1S

Troubleshoot

ABU15

Figure 8-29, Signature Analysis Test 4.
B-A-5
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WRITE KEYBCARD
DISPLAY DATA
{
¥
8 SEGMENT SELECT
e | @B T CURRENT (7 SEG. AND DEC!MAL, 1t DIGIT
—eery’|  LATCH "] sources NUMARIC DISPLAY
l DIGIT ENABLE
s 41! LIMNES)
l CURRENT
SiNks 115 LINES)
el {16 LINES?
MACH | NE SERIAL IN
DATA BUS <::>: PARSLLEL
18 LINES) SHIFT ANNUNC [ ATOR
REGISTER 18 LINES! MATRIX
CLOCK SHIFT
REGISTER - - SCAN CYCLE EVENTS :
s SHIFT
BUFFERS
fEAD recisTer| 2 [3[a]5[6]7[aifioftiiztai4ig]ig]
KRYBOARD 2 Lings: SCAN TWELVE
v KEYBCARD MATIX LINES
. & % LINES) | evaoarn ENABLE ELEVEN ENABLE FIVE
7 TR -STATE ATRIX .
) L”;ESH BUFFER NUMERIC DISPLAY ANNUNC [ATOR
- vazoas DIGITS SETS
Keybeard and Display Block Diagram
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Designator

c1
cz
c3
C4
Cs
Cé
c7
cs
Cco
c10
CR1
CR2
CR3
CR4
CRB

CRE
CR7
CR8
CR9
CR10

CR11
CR12
CR13
CR14
CR1%

CR18
CRA17
CR18
CR19
CR20

CR21
CR22
CR23
CR24
CR26

CR26
CR27
CR28
CR2g
CR30
CR31
CR32
CR33
. CR34
CR34
CRas
CR36

J1

L1

Qa1
Q2
Q3
Q4

Qs
Q6
a7
Q8

Rr1
R2
R3
R4
RS

R6
R7
RB
R9
R10

R11
R12
R13
R14
R15
R16

Board Location
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Designator

R20
R21
R22
R23

51
52
53
S4
85
56
87
58
59
§10

g1
812
813
S14
815

s16
817
sS18
518
S$20
s21
S22
523
524
S28

S26
827
528
529
530
531
532
533
834
835
S38
837
538
839
$40
541
542
S43
S44

Test Peints
1
2
3
GND
GND

[5h}
U2
us
U4

ue
uz
us
(5]
10
un
uiz
u13
U4
u1s
(9411
Ui7
(03] :]
ue
vzo

Bcard Location
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B

]

Uls
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1]

HiHH BiH

11

R4

G
oRa_ oRe

CR2
=1
L

&

Rev C* AB
03325-86505

*Revisian A, Revision B, and Revision C 03325-66505 boards are identical regarding component layout and values. The revisions reflect manufacturing
changes only.
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Model 3325A Service

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

m 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.

8-B-1



Model 3325A Service

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:

CloCK. ..ot vvr e e i ciiannes SA CLK (at left of A6U9)
Start and Stop. ..o v SA 5/5 (at right of A6LI15)
Ground. .. ..ot i i e 3325A ground

(stiffener channel on deck between A6
and A2l1, or any Ground test point)

d. Set the signature analyzer controls as follows:

15 'y 5O On
a2 AP U R PO ™\ (in)
o o —\_(in)
ClOCK ettt et e -/~ (out)
5 o3 s Off
o A =T P Off
e. Place CS@, CS1 and CS2 shorting connectors (near right front corner of A6) in the O ‘
position to select ROM 1. w

f. Set the ROM Disable switch (A651) to ON (1). Set ail other switches on A651 to OFF(0).

Addrass Switches

= M oW R

LON — Listan Only
ROM — ROM Disable (For Test Only)

JoHH At

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 A6US processor, AGU 10 (buffer), the processor data lines
HPDO through 7, and associated circuits, Refer to the ROM Signature Analysis Test. ‘

8-B-2



Model 3325A Service

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 73CU.
Most of the signatures taken in this test are on the I/0 side of the HP-IB izolators 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:

S ~400 kHz
N ) T 4V p-p
DC Offset ... e e +2V
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:

8§-B-3




Service Model 3325A

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.

8-B-4
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Figure 8-31(a). Signature Analysis Test 3.
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Figure 8-31(b). Signature Analysis Test 3.
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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 “OSC 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 a + 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. AGU18 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 itself,

ROM Test: Checks the ROMs, processor, and buffer.
SA Test 1: Checks the data path from the processor to the machine data bus and back.
“ SA Test 2: Checks the RAM address counter and the RAMs.
t

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 Hmit 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,

o
-

Addrass Switches

— M B

LON — Listen Only
ROM — ROM Disalyle (For Test Only)

SRR

¢. Set ROM Disable switch (A651) to OFF (0).

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.)
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f. Connect the signature analvzer as follows:
(Test point next to CS52 shorting connector)

Ground. . .... o i 3325A ground

(stiffener channel on deck between
A6 and A2l or any Ground test point)

g. Setsignature analyzer controls as follows:

51 T2 P ON
AT, ottt r e e e N (in)
N e+ S ™\ (in)
400 o < e _—(out)
Hold . .o e e e OFF
o] 0 =13 A OFF

h. Connect TP7 to ground.
1. Set 3325A POWER switch to ON.

j. Remove ground from TP7.
m 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
A6U] Pin Signature Data Line
9 6CI1F 0
10 P326 1
11 5975 2
13 4533 3
14 5H79 4
15 83HU 5
16 U2FF 6
17 P2CC 7

If all of these signatures are correct, the ROM’s have passed this test. Signature analysis tests
m @ 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).

2. Place the signature analyzer probe on the following points and compare the

signatures.
Correct
A6U1 Pin Signature Data Line
9 63F2 0
10 ouU43 1
11 F60P 2
13 3854 3
14 3FFH 4
15 323F 5
16 4P71 6
17 OH43 7

ROM 2 (J2) Tast.

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 0
10 PCUC 1
11 rPC2C 2
13 883F 3
14 6U72 4
15 H&9H 5
16 02C6 6
17 9474 7
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

m sighatures,
b,

Correct
A6U3 Pin Signature Data Line
9 C3P4 0
10 Po48 1
11 U145 2
13 €343 3
14 o7uc 4
15 Co02 5
16 O5HF 6
17 23UP 7

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
m A6U4 Pin Signature Data Line
9 2968 0
10 694H 1
11 HU38 2
13 0A4C 3
14 377C 4
15 22UP 5
16 8266 6
17 2CH2 7

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 1J42 pin 3 to force
pin 6 high. If it is still not high, troubleshoot A6US, Ul4, and U42,

m. If the signature is still not 755U, examine the ROM address lines.

1. Set3325APOWER to STBY.

“ 2. Movesignature analyzer Start and Stop leads to A6TP1 (in front of U9).

8-C-3



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

g HRA®
7 HRAI1
6 HRA2
5 HRA3
4 HRA4
3 HRAS
2 HRAG
1 HRA7
23 HRAS
22 HRAS
19 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 ANALYSIS TEST 0.
Use of this test is recommended after the ROM test or tests 1 through 5 have failed to isolate
the faulty circuit. This test reads all the signatures on the A6 assembly, which are 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 STRY.

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 w
aligned properly in the connector.
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m ¢. Connect the signature analyzer as follows:
Clock. ... oo e SACLK (atleftof A6U9)
StartandStop. .. ...t SAS/S(atrightof AGU13)
Ground. . ...t e e e 3325A ground

(stiffener channel on deck between
A6 and A2\, or any Ground test point)

d. Set the signature analyzer controls as follows:

155§ 1 - O S PR On
] - —_(im)
5T o)« S —_(in)
0 e Yo /T {out)
Hold .o e Off
B ) | 1 A Off

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

o
—-mw-n-m‘—i

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

JEHHEEY

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).

m k. Place the signature analyzer probe on the points indicated in the tables and compare
the signatures. If no stable or valid signatures are obtained, the ROM’s (A6U1-4) or the pro-
cessor (A6U9) may be at fault. Refer to the ROM Signature Analyzer Test.
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Integrated circuits with designators greater than 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. .. ..ii i it ~400 kHz
Amplitude. .. ... e 4V pp
DO Offset. e iy +2V

Connect the pulse generator ground to Aé ground (jumper in right front corper 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 ON,

i. Adjust the pulse generator frequency until a stable, gated signature is obtained, in-
dicating that the signature analyzer is triggering on the external clock signal. (The GATE in-
dicator should be flashing and the UNSTABLE SIGNATURE indicator should be off.)

j. Place the signature analyzer probe on the points indicated in the table for IC’s with
designators U56 and greater. Compare the signatures to the 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
Fin u4 us UG u7z g ua
1 OHCO FF32 C478 FF32 0000 G8CC
2 H52C 88U7 66P6 7515 AF1P 2H70
3 3HAL 44F5H F342 caz7 — FH4P
4 2FbBH Q000 AH4F 77F7 FF32 1590
5 158U 88uU7 2581 uz37 FF32 2F5H
5] FH4P FF32 2H79 41PH 3HA4
7 IH70 Q000 7C10 8HHU H52C
8 6a8cC 44F5 71H5 0000 FF3z QHCO
a 1C2F FF32 0000 Q75A FF32
10 PCB7 BBU7 FA47 3F37 FF32
11 GBAF 0000 UPFB uoos FF32
12 Q000 FF32 PEF2 70UC 7U44
13 1C71 FF32 TUAZ 64U1 7AD4
14 P24 FF32 UB3F Q000 G6CF2
15 P4AH 8HHU H&2P UPLH
16 467F 7515 FF32 Q75A
17 Al12C PA76 0000
18 Q000 FF32 ug3F
19 FF32 TUA2
20 Q000 PBF2
{U1 ang W3}
FF32
@ U2 and Ud)
21 Q000 UFFB
22 FF32 Cé7cC
23 FF32 152U
24 FF32 7UCE
25 21P3
26 88U7
27
28 Q000
29 FF32
30 0000
an Qo000
32 FUQS
33 4UFF
34 14UH
35
36 60PP
37 UEBH
38 0G00
39 FF32
40 FF32
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Fin u1o u11 Utz ut3 ui4 u1s w
1 44F5 AH4F AHA4F FF32 FF32
2 1C2P 7C10 7C10 ADZ29 3P9A
3 UB3F 2H78 2H79 6F1C 2963
4 PCa7 a5a1 25681 Cce7C Q1A6
5 TUAZ BGPE G6PG 162U ZAUS
6 GBAF cC475 C475 5930 1104
7 PBF2 P476 P476 950H 22A9 0000
8 T1C71 0000 0000 Qo000 0000 FC&8
2] UPFB UB3F Ce7C ACG9 Q000 0O75A
10 0000 TUAZ 182U G2FP 3CT7U0 Q75A
11 Ce7c P&F2 TUCE APUF 22A9 FCB8
12 1P24 LPF8 21P3 7UCE cusy FF32
13 152U UA22 46P4 21P3 2AU8 0000
14 P4AH FA47 FAA47 95C2 3P9A FF32
15 7UCE F342 F342 5920 36668
16 4&7P FF32 FF32 FF32 FF32
17 21P3
18 A12C
18 44F5
20 FF32
Fin u1e ul7z ulsg (WA U220 L2171
1 JPUH UPUH FF32 T1UAZ 152U
2 6CF2 6CF2 9581 2ZH79 66PB
3 7AL4 7AG4 77E7 9581 F342
4 7U44 alals]e] 2H79 P7U2 4AFB
5 U237 UF&9 1CF&
& QO76A 7044 7C10 7C10 C476
7 B16P 9A92 70UC AH4F P47 6
8 Q000 Q000 AH4F Q000 Q00
9 cog2 A42C 6401 UPFS 21P3
10 TAUG 6F65 HBF2 0000 PBF2 7UCE
11 273C G4HAU TAUOG 8375 H5P4 HSP4
12 3F18 M4FH 5C02 F342 1CFR 2A39P
13 565H FA47 973cC uucu AAF3 FF32
14 7FAS H5P4 FF3z2 66P6 0000 0QC0
15 Qaprs ACE9 3787 UB3F cg7¢C
16 FF3z FF32 C475 FE32 FF32
17 7830
18 F476
18 FF32
20 FF32
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u22 uz3 u24 u25 U26 u27
1 FF32 0675 | O75A | UPUH | 075A | FF32
2 1104 5980 | AC69 | 6CF2 77F7 77F7
3 77F7 UP89 FF32 7A54 | UB3F | UB3F
4 01A6 0675 | 075A | 7uU4d4 | U237 | 1UA2
5 U237 B2FP | H5P4 1WA2 | U237
6 2963 P7U2 FF32 FCB8 | 70UC | 70UC
7 70UC 0000 | 0000 | FF32 PaF2 PRF2
8 UP1P UA22 | HSP4 | 0000 | 64U1 UPF8
9 64U1 AO29 | FCB8 FF32 UPFS8 84U
10 0000 0675 | HsPa FF32 | 0000 | Q000
11 8375 FA47 | AC69 FF32 C67C | H4FH
12 AD29 0675 | FCB8 FF32 8375 | 8375
13 uucu O75A | ACB9 | 075A | 152U | C67C
14 950H FF32 FF32 FF32 | uucu | 152V
15 3797 FF32 7UC6 | wucu
16 62FP FF32 3797 | 3797
17 783U 21P3 | 7UC6
18 5980 783U | 21P3
19 FF32 075A | 783U
20 FF32 FF32 FF32
Pin u28 u29 U30 u31 us2 uas
1 0000 14UH | H4FH | Ad2c | FF32 FF32
2 77F7 14UH | ©78A | FF32 1FP9 FF32
3 77F7 4131 H397 FF32 | HOHC | 0000
4 U237 872A | 9B0H | A42C | 8376 FCB8
5 U237 36HC | 0675 | 64U1 | UuCU | 9A92
6 70U¢C PUPS a6Pa | AFIP | 7916 | O75A
7 70UC 0000 | 0000 | 0000 | €524 | 0000
8 64U FEHC | 0675 FF32 | 000Q | FF32
9 64U FF32 FA47 FF32 A42C | A42C
10 0000 HBUC | FF32 FF32 4319 | 0000
11 8375 CFU7 H4FH | 14UH | 8u2c | ©0OO
12 8375 CAH? | H397 | 14UH | 3797 FF32
13 uucu HO8S | 075A | 14UH FF32 FF32
14 uucu FF32 FF32 FF32 | 0000 | FFaz
15 3797 FF32
16 3797 FF32
17 783U
18 783U
19 0000
20 FF32

Service
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Pin U4 U35 U36 u37 U38 U39 0
1 FF32 FF32 | HUCS | 3P18 FF32
2 0000 0000 | 1387 | 09P® | HO85 | HOHC
3 AHAU 77F7 | Fuoe | e4u1 77F7
4 FF22 FF32 | 033¢ | 70uC | cAH7 | 2300
5 0000 3300 | FBHC | w237 | U237 | Hsec
6 FF32 uz37 | oepe | 77F7 { cru7 | suzc
7 0000 0000 |oooo | mucs | 7ouc | oooco
8 PE70 70UC | FF32 | 0000 | HeUC | 0675
a 39A5 0000 | 1387 | 64U1 | Q75A

10 FF22 FF32 | 3A67 | 0000 | 0000 | fces

11 39A5 6401 uess | 783u | 8375 | H3e7

12 FF32 AFHF | 3797 | puPe | 07sA

13 AF1P FF32 gOPP | Lucu | uwucu | 0DoD

14 FF32 FF32 FF22 8375 | 3e6HC | Fraz

15 0000 | 3797

16 FF32 872A

17 783U

18 4131

19 FF32

20 - FF32

Pin U40 U41 U4z u4a u4a U45
1 8755 FF32 Fra2 | oooo | Fraz
2 4067 3300 FFaz | oooo | Aces
3 0000 0000 | FF3z 7777 | oooo | uwesF
4 FF32 0000 | FFa2 FFaz | 0000 | 1UA2
5 09PY 0000 U237 | 0000 | PBF2
6 FBHC FF32 Fra2 | oooo | uprs
7 0000 oooo |oooo | 7ouc | Fraz | ocooo
8 0000 | 98Fa Fraz | oooo | 0000
9 FF32 54U6 | 64U1 0000

10 FF32 54U6 | ACED | 0000 0000

11 FF32 8375 UpP1P

12 FF32 0000 | FF32 2963

13 0000 4967 FF32 | UUCU O1A6

14 FFa2 FF32 FF32 FF32 1104

15 3797 0000

16 FF32 FF32

17 783U

18 *FF32

19 FF32

20 FF32

"FF32 W/0O Jumper, 0000 W/ Jumper
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m NOTE
For signatures an US T and above, circuitry is HP-IB. Refer 1o test zero pro-
cedure.
Fin u46 uel us2 us3 us4 Uss
1 FF32 FF32 FF32 FF32 FF32 FF32
2 0000 FF32 AFHF 0334 Q9pP9 14UH
3 FF32 B3UP 3A67 FF3z 1387 SAUH
4 0675 0000 FF32 FF32 FF32 FF32
5 3F37 a]elele] Q000 Q000 0000 0000
<] 71HE B3UP 3A67 FF32 1387 14UH
7 Q000 0000 AFHF 0334 QoP2 BAUH
8 FF32 FF32 FF32 FF32 FF32 FF32
o Q000
10 FF32
1l 0000
12 0000C
13 0000
14 FF32
m Fin 9113 us?7 LG8 uss Ueo Ue1
1 0000 FF32 FF32 FF32 HOHS FFaz
2 0000 S0HP 1HO1 1387 1FP7 23F5
3 FF32 90HP THO1 1387 H3U3 4P25
4 Q334 Q000 6HO3 BHO3 TUF1 FFaz2
5 3AB7 FF32 Q000 4HF9 FF32 23UP
3] 23F5 6HPO 20FA 20FA 0000 FF32
7 0000 FF3z2 BHO3 20FA 0000 g83UP
8 BAUH 0000 0000 Q000 Q000 0000
2] 3U30 Cg870 cevo cg70 FF32 6HFQ
10 65FH F5HC FEHC FEHC 0000 0000
Il 14UH 14UH 5FFPF H133 FFr32 4P25
12 HEFU HE8FU S0HP THO 83UP 23F5
13 HEFU 003C 3F19 1710 4UFF PFF3
14 FF32 PE63F 1P82 FO55 FF32 TUF1
15 FsCC L&A1 CH13 20U
16 FF32 FF32 FF32 FF32
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Service Model 3325A
Pin uez2 Ue3 Ué4 Uéa ue7 g8
1 201 TUF1 FF32 0000 0000 FF32
2 4UFF H3u3 F&3F FFUS A131 A961
3 1UFR1 a6Fy 2PFC 20FA 6HO3 80HP
4 uGza 5AUH FF32 F129 ASG61 aF19
5 S3UP 1FF7 5AUH 6932 sus8 BUGE
5] ALIFF HOHS 96FU 20FA 20FA 4P71
7 Q000 0000 oo00 PFLB PFUS 1P82
8 AUFF FSHMC 3F16 alalele) 0000 UBA1
9 83UP Q8FrPg uoz4 Al Al131 362F
10 HAUH FF32 FF32 BHO3 BHO3 0000
11 83UP 0000 2PFC 5861 362F ZPFC
12 4UFF FF32 FoCC 96FU a6FU F129
13 3U30 0000 FF32 U707 4P71 THO1
14 FF32 FE32 FFaz 4HFS Q000 1710
15 81UC FF32 6932
16 FF32 FF32 U707
17 F&55
18 CH13
18 5861
20 FF32

No signatures for UG5

Pin ues u70 u71 u7z2 U73 u75
1 20u1 20 23Fb g3UpP 0000 AFHF
2 uo24 CFFP PFF3 HOMB UE5s5 GOPF
3 HOHE PFF3 FF32 CFFP GOPP UGhs5s
4 uoz4 PFF3 uoz24 H3U3 14AF 3A67
5 TUF1 83uUpP TUF1 83up C87C FFa2
=] H3U3 CFFP 20U FF32 2PFC 0000
7 Q000 0000 Q000 Q000 4P25 0000
8 4UJFF 20U 3030 96FU 0000 0334
9 83upP 0334 s3up 5AUH 201 FUQB

10 83up TUF1 SALH FF32 FF32 FUO&

11 7811 G5FH FF32 voz24 3030 0334

12 SAUH SAUH CFFP 3F16 TUF1 VG565

13 CH13 330 23F5 FF32 PFF3 3A87

14 FF32 FF32 FF32 FF32 TUF1 FF32

15 Q000

18 FF32

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;
Clock. ..o i e e e SA CLK (at left of A6U9)
Startand Stop. . ... ov i SA 5/8 (at right of A6ULS)
Ground . e 3325A ground

(stiffener channel on deck betwecn A6
and A2, or any Ground test point}

d. Set the signature analyzer controls as follows:
15 1 < On
S o =\_ (in)
23 4 . 1 \_ (in)
ClOCK .. i _/ (out)
Hold . .. . e e Off
o L -3 AP Off

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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Service Model 3325A

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.
Ignore any numbers printed on the switch.

Address Switches

-amn.:-pmq-‘

LON — Listen Only
ROM — ROM Disable (For Test Qniy)

JoHHAHE

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), A6U10 (buffer), the

processor data lines HPD@-7, and associated circuits. Refer to the ROM
Signature Analysis Test,

k. Set bus address bit 1 switch to ON(1), and set switches 2 through 5 to OFF.

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,

6PCP - 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.

AHHC - 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.

AlL96 - 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 0
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 UL9.
3JAHH - This test sends data through U13 and U22 and tests the enable signals to these
IC’s.
T60A - This test is identical to 3AHH except that it uses a different data stream.

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,
M 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
U35 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.
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1 Start ]

= U14-10 = HCB3
Yas Ul4-2 = FBAI Yes - Ye
e +5V = HCH5 U14-5 = 6H13 ia-12 - 00CE Ak
U147 = CBF6 5 = P350
U14-1 = HCHE
No
I No
Troubleshoot Yo
u14 U42-3 = HCH? —
No
v U17-1 = B48A
Troubieshoot o8 31;% = g;‘FZCS
42 -3 =
ur.u U17-6 = 68C6
No
Turn-On  Problem. Clock
and Interrupt.
See Mote 1
+ 5V = 6PCP
Yes
Machine Bus Failure. Check U28 Outputs
Check U28 Inputs. U28-3 = HF22
U28-2 = PICF u28-5 = C29F
No | Y28-4 = 8UD2 Yes U28-7 = BPSH yes Uze.
U28-6 = 8PBH U2B-9 = A4U9 use
uzg-8 = 2967 U28-11 = HB13
U28-12 = HB13 Uz28-13 = 4PFU
U28-14 = 7381 u28-15 = C5U0
U28-16 = C5U0 uz28-17 = 7864
U28-18 = 45UA No
No U33s-
Yer Troubleshoot uzg.
U28-1 = 3K9P £ Semethiing Interfering
U28-19 = 3HOP with Data Bus
See Note 2 Troun
rou
No U
No
127-11 = 3447 1
Yes
Troubleshoot Yes No No Ugvm
U27 Then 428 U3g-11 = 52PH 1 U30-1 = 3F53
No Yes Yes
Ne Troubl Ne
Ug-16 = 5C34 oubleshoot U30-2 = 8PCP
U3g
Yes Yes
U8 Mot Giving Troubleshoot
HWR Signal U15,U16.U23,U24,U39 Troubleshoot
U17-1 = 8A0C
U172 = 254C Yes
U17-3 = 4A3A
U17.8 = 5320

No

Device Select
Faulty




U14-10 = HCE3 v
U14.12 = 00CE kit Test
U14-15 = P350 Passes
Ui4-1 = HCHS
l No
Yes If +5V signature is HCHS, U22 signatures
u42-3 = HCHY should be:
U22-2 = BHSBF u22-i1 = PPBO
Neo uz22-3 = 818P u22-12 = 8P29
Yes Uz2-4 = C659 U22-13 = BFAB
U42.4 = HCHS Troubleshoot U22-8 = 5ACC U22-14 = 2£38
U17-1 = 948A ui4, us U22-6 = BH43 U22.15 = P1A6
U17-2 = HH25 No U22-7 = HB3C U22-16 = 9PHA
U17-3 = @PFC u22-8 = BO67 Uz22-17 = BUTU
U17-8 = B3CE Yes U22-9 = 3958 U22-18 = 1H33
U15-13 = 000D Trouﬁlfghoot
No
No
Furn-On Problem. Clock Intertupts Active
ind Interrupt.
See Note 1
| »
+5V = AHHC
Yas
Machiny Sus_ Fallure Chack U28 Ourpurs
— e U26-1 = 5834 Yas Troubleshoot U28-2 = THPS uze-3 - PO
U26-19 = 5634 uze U28-4 = C032 -
= Yes U28-7 = FBEE1Y Yes
yzgs-6 - 9443 U28-9 = PECQ
No uzs-8 = 1351 U28-11 = UCE7
u28-12 = AA3SE RER
U28-13 8U05
U28-14 = 79P4 U28-15 = A4EB
No Yes U28-16 = US3A 02817 = 2rCH
U33-5 = 1918 U2B8-18 = 8AB4
No No
Y
= uss-4 = 358A No Troubleshoot Troubleshoot UZ8.
U27 Then U28 See Note 2
No Yes
Troubleshoot
u33 = U38-9 = 5C34
No
Ug-16 = 5C34 u39-8 = 0000 Troubleshoot
U3s
Yes No
U8 Not Giving Yes Troubleshoot
HWR Signal U30-9 = BPCP 930
No
Troubleshoot
-..’...,.. u1s, Y23, u24, U3s

Yes

U171 = BADC

U17-2 = 254C

U17-3 = 4A34A

U17.-6 = 5320
No

Device Select
Faulty
e —

Troubleshoot
U7, U3z
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15 HCHS, UZ22 signatures

U22-11
u22-12
U22-13
uz2z2-14
u22-16
Uz2z-16
uzz-v
uzz-18

PPOC
6P29
BFAB
2C38
PiAG
BPHA
BU7U
1H33

o

o

i '
+bV = AU9S
Yes
Check /28 Outputs Check RAM Address Bus
uz28-3 = PCOB .
U255 - 46H3 U154 - ConF
U2B~; = ;gg:j Yes Yes U19-6 = 1091 Yes Yes
U289 = U20-11 = 180H U18.8 = 756H U18-1 = BUF4 L28-19 = 47H7
U2g8-11 = UCa7 U18-12 = OF45
U28-13 = BUOS Ne U19-14 = 33AA No Ne
U2B-16 = A468B U19-16 = 7028
U28-17 = 7FCH U18-18 = P6F1
Go to S.A,
No No Test O
Troubleshoot U28. Troublgshoot U24-4 = PHCE > ‘
5| - = 1
See Note 2 U20, U21 Then
U6, U1, 512, U19 NG
Ne U24-5 = 3BBL
U24.9 = 42UH
No
Yes No
U9-16 = PHCB
U17-1 = 8272
Ut7-2 = 723F
Yes U17-3 = APFH
] Ul7-6 = FB13
U9 Not Givin
HWF?‘Sig;:;IaIQ Troubleghoot No
U1

Device Select
Lines Rad

Figure 8-3



[ 839
Peass

Troubleshaot
U199 Then U22, UZ28

Troubleshoot
u24

—
vV o= AUBDG
Yes
Check RAM Address Bus
U19-2 = 164A
U19-4 = COHF
Yes U19-8 = 1U9% Yes Yes Yeas
.11 = 180K U19-8 = 758H U19-1 = 8UF4 U28-19 = 47H7
U18-12 = OF45
No U19-14 = 33AA No No
U19-16 = 7028
U19.18 = PBF1
Go to S.A.
No Test O
Yes
Troubleshoot u24-4 = PHCB ]
U20, U21 Then
Us. U1T, U12, U19 No
. Yes
No U24-5 = 385U
-9 = 42UH
No
Yes Ne
U8-16 = PHCE
ul?-1 = 8272 Yes
Yas U17-2 = 723pP
U17-3 = APFH
U176 = FB13
) —
SVCJ?S%:EQ Trouﬂlfghoot No

Device Select
Lines Bad

Figure 8-33(a). Signature Analysis Test 1.
8-C-19/8-C-20
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Troubleshoot
18, uze

YES

+5y = HMCH

YES

RAM Address Reg Data
Path Failure. Check U19
Input

w

CEF6
6C7C

FBA1
7064
3714
25FC
FUGH
CPFP

@OBN Ly
5o

NO

Troubleshoot
U220, U2%, U6
U11,u12, U718

1

+ 5V = 3AHH

YES

If +5V Signature is 3AHH check the

following signatures:

U13-4
u13-
u1

1

Y
W ke
i i

[T |

ABPC
OHEBA
= B7PF
= 1307

28F¥0
8756
831F
1P34
A4C4
93CC
396F

NO RAM Control Register YES
Failure. U24-11 = OUOH

Uz2-12 = C77P

NO Uz2.-14 = 215A

U22-16 = 1F21

Uz22-18 = H1A9

Troubleshoot \ NO

u13, U22,u23
A A YES
Uz4-11 = 0UO4
NO

NO
s U24-13 = 25683

Troubieshoot
uz24

_
_



S 2
— P
5V = 3AHH +5V = 760A
YES YES
i Control Register YES RAM Control Register
Uz24-11 = OUOH Failure

Troubleshoot
u22

YES

uz22-12 = C77P
U22-14 = 21BA
U22-16 = 1F21
Uz22-i8 = H1A9
NC

Troubleshoot

U13 Then U30 Then U22

v

+5v = PC76

Troubieshoot
uz24

y22-12 = C77P
NO U22.14 = 215A YES
Uz2-16 = 1F21
U22-18 = H1AB
roubleshoot NO YES
3, U022, Uz23 U24-3 = 104A
rES
~—p— Troubleshoot
uzz
NO YES
U24-13 = 2593
YES
Troubleshoot U24-12 = BABA
uza
NC
YES
U9-16 = CO57
NO

U9 Not Sending

HWR Signal

Troubleshoot
U1, U24, U258

YES

Rom Page Reg Failur

Uz22-2 = 883F
Uz22-4 = P5EU
U22-6 = 0504
422-8 = 9U02
NO

Troubleshoat
U45 Then U14




(;5 g 235

Go To Signature Analysis
Test O.

Skt 34>
| ' .
¥ NO
+8V = 760A -5V = H82C
YES YES
RAM Control Register i
Failure RAM Page Reg Failure
YES | yn212 - c77p U22-2 = CBAS YES
U22-14 = 215A Uz22-4 = 8643
U22-16 = 1F21 Uu22-6 = 7P37
U22-18 = H1A8 uz22-8 = COP8
NOQ NO
v
Troubleshoot +5V = PC786 Troubleshoopt
U13 Then W30 Then U22 U45 Then U14
YES
Rom Page Reg Failure
Uz22.2 = 993F YES Troubleshoot
U22-4 = P5EU U2z
Uz22-6 = 0504
uUz22-8 = 9U02
leshoot
124 NO
leshoot Troubleshoot
124, U2% U45 Then U14

Troubleshoot
u22

Figure 8-33(b). Signature Analysis Test 1.
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Model 3325A Service

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. et 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:

Clock. ... e SA CLK (at left of A6U9)
Startand Stop. ... ... oo 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:

0o V< U On
R 2] o O O P o (in)
T + J U DI ™\ (in)
CI0CK . o - (out)
Hold ... i e e Off
e T Off

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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Model 3325A Service

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

—tuw-n-m‘i

LON — Listen Only
ROM —~ ROM Disable (For Test Only)

TITNIE,
JHHEEHN]

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.
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St lwé 4

( Start )

NO

+BY = 70897

YES

400H YES
CFES ]

— s
nen

Test Passes

o

NQ

Possible U7 Failure

+ 5V = FF7C

YES

RAM Count Up Failure

LIHPA
PC16G
72H6
2967

Lillhaambm
om ka
BEN L

CCCCCCCE
A e k-
Palicliepic Rt iRl o

AAFS
B810
4P10
14HO

YES

Troubleshoot
u1e

NO

205 = FA45%

YES

NG

U23-2 = CE7F

YES  YES

NC

Troubleshoot
13, u22

Troubleshoot
U2z

4

U20-4 = FF7C

NO

U23-5 = 0000

U23-4 = O63F

Troubleshoot
U330

NO

YES

J30-9 = FA4SG

NO




[3 5 3Ya
Cht J\g vd

Troubleshoot

u1e
3 YES YES
P— 4 = FE7 u20-12 = 3321
uzo ¢ U20-13 = FF7C
NO
NG
YES NO
r‘— U23-6 = 0000
Troubleshoot
L20, U21
- YES Troubleshoot
Tu:;‘li:gleagczm U20-11 = HI1H) uz0, U21
NO
YES
UZ4.10 = U183 U24-9 = 205A
NO NG
- OBaP
3] ug-16 = 0000
U17-1 = 1061 NO
NQ
: i U17-2 = 2¢c0oU
FAAS Device Select Failure. U9 U17.3 - 2129
U17-6 w EF73 Troubleshoot
NG YES ue
Troubleshoot
Uiz




F"j - 3da |

Skt 3 ol 4
Pt —
+BY = 279A
YES
RAM Count Down Failure
Ui1g.2 = HI9EP
1184 = HM47F YES
Ui8-6 = HOUB Troublesh
118-8 = AK0S 19
W19-12 = HOQ4 L —
U1e-14 = 98A1
U19-16 = GUA7
198-18 = 4100
NG
5 YES .
I U23.6 = 21A4 U233
|
NO
YES YESp———
U235 = 2487 et Uzs-2
NO '
YES Trcublesggotu 5
Troubleshaot W13 Then U22, U2
1 Hik1 — U20, U2
NG
YES YES
10 = U183 U24-9 = 206A Troubleshoot
NO
NG v YES
YES Uz3-4 2521 fr—
UB-16 = 0000 Troual;aghcat 5
1. 10673 N
z : 2col Troubleshoo!
3 - 2HM39 U30
a . FF73 Troubleshoot
YES s
nbleshooy

U7




ﬁff‘) 2. e
skt o 4

shoot

i

shoat

|

+BY = 279A

YES

RAM Count Dawn Failure

H96P
H47E
HoL8
AGQH
HOO4
98A1
BUAT
4100

o6 G = b2
- nnonn

YES

Troubleshoot
uie

NG

Uz2s-6 = 21A4

YES

uz23-3 = 0485

YES

NO

NG

U235 = 2487

YES  YES

U23-2 = 74A4

NO

NO

Troubieshoot
U173 Then U22, U223

'

W20.12
Uzo-13

P& &P
HEFO

o

YES

NG

Troubleshaot
Uz, U2

Troubleshoot

U13 Then U22, U23

J23-4

2521

IL

YES

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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A

YES

M

+5V = 709A

YES

Bad RAM A Data
U23-13 = 2608

YES

NO

U30-5 = 5CO3

NO

V1214 = 5263

NO

Uz3.12 = SC93

NO

YES
YES
U7.9 = 7094 —
NO
U25-1 = 38UH —
U25-2 = 692U JES Troublashoot
U25-3 = 1€82 Wzs
U264 = 78FF
NO
Troubleshoot
us
R U23-13 = 4P23 YES
NO =—
ES B
Ua-16 = 4P23 M
NO —

Troubleshoot
(B3]

1

U30-4 = 708A

YES

NO

Troubleshoot
U3

Troubleshoaot
U13 Then UZ22




[io 83t

Troubleshoot
U9 or Data Bus

s 24
—y—
45V = F2
YE
YES!  Bad RAM B
$11-13 = A
NG
YES
UG- = 709A Troublegnoot Troubleshoot
11
NO
YES
U46.-5 = D000
Troubleshoot
uz2s NO
4 = 593 YES Troubleshoot
u4g-4 = Ude
NOQ
s 2390 _-‘
Troublashoot vzl =
a7
YES Troubleshoot
u23
NO YES
I Uz23-2 = F2Ce
YES Troubleshoot
(WRN-1
Troubieshoot Troublesh
U113 Then U22 U23
S A 4
- |
YES Troubleshoot
U30-9 = 2609 —— 20
NO
Un7-1 = 38UH
U17-2 = 6924 YES Troubleshoor
Ui?7-3 = 1C92 1
U17-6 = 78FF
NG
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+5V = F26C +6Y = 576 NO Go To Signature Analysis
= Test O
YES YES
YES Bad RAM B Data NO Bad RAM C Data YES
U11-13 = AF27 uz?-9 = 3727
NOQ
Troubleshoot Troubieshoot NO U7.2 = AU22 YES
U25 or Device Gelect U7.7 = 2003
Failure
Troubleshoot NOI Ua6.6 = 7983
uble;hunt NC) YES
a6 U4s-5 = 330C
YES ND
W23-10 = G6P4F
Troubleshaot
U7
Troubleshaot
U2z
NO U46-4 = K136
WO YES
—— U238 = F2C8
Tatels K Troubhleshoot
- L2 2 a3 . Read/Write
Control Problem
hleshoot
U3g
hleshgot
u17
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sie Y
>
NQ i lysi
LBV = 5769 Go To Signature Analvsis
YES
NO Bad RAM C Data YES
uz-g = 3727
eshoot NO U7-2 = AU22 YES
pvice Select uU7-7 = 8003
Troubleshoaot NO) UaB-& = 7983 YES
NO YES
UAG-5 = 23UC At
Troubleshaot Troubleshoot
uz3
NO U4B-2 = F138 YE3
Troubleshoot:
J46
Read/Write

Us-10 =

APSC

YES

Control Problem

Troubleshoot

Figure 8-34(b). Signature Analysis Test 2.
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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:

Clock. ... e SA CLK (atleftof A6LI9)
StartandStop. ........ ... SAS/S(atrightof AGUILS)
Ground. .. ... e 3325A ground

(stiffener channel on deck between A6
and A2l, or any Ground test point)

d. Set the signature analyzer controls as follows:

| 51+ 1= OO On
¥ AP —_ (in)
1T o« S = (in)
CloCK oo e e e -/ (out)
Hold . oo e e e e Off
bega) | B =] A AR Off

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.

8-C-29
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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)

HHQHBHM

HHttttt

h. 5Set3325A 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. If it is not, go to the section of the diagram headed by the signature actually
observed. The tests associated with each signature heading are described as follows:

FC6A -Testpasses.

CAUH -Erroneous Turn-on signal.

PCUS - Erroneous bus interrupt.

AUHé6 - Errongous sweep limit flag.

CUSC - Timer error.

4525

5307 - Fractional N IC Datalost,

7112

1123 - Invalid Sweep Limit Flag ‘
1232 - No Sweep Limit Flag,

§-C-30
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St 15

232C - Processor receiving a VCO High signal.
8FAF - Processor receiving a VCO Low signal,
AFC6 - Missed Sweep Limit Interrupt.

C2HMA  -Missed 1 ms Clock,

NOTE

Unless otherwise identified, all IC’s in this test gre on the A6
assembly.




NO
+BV = FCBA J——up .
YES
Test Passes +5Y = CAUH
Turn-On Gircuit may be YES
tested by unsoldering
AgTPE and shorting VES e
ABR21. With 5.A. Probe Turn-0n Circuit Problem YES
on + 5V, Signature should . U3s-1 = FFEC Troublesk
be CAUL. U33-11 = Q000 . Wk 1.3
The 1ms Pulse from - NO NO
ABUSB-3 may be checkad
with an Oscilloscope,
U251 = F
YES U262 & A
U25-6 = 768P U25-3 n §
U26-4 = A
NO -
NO
Traubleshe
ua
NO YES
U3-16 = FFC3
Troubleshoot Troubleshoot
raubleshoo U1E
NO YES .
U33-13 = CAUH U33-9 = CAUH YES Trougfgghc
NO -
01 - YES
UaQ-3 = DOOO U17-1 = FSHB YES [r—
U17.2 = AFC7 Troublesh
U17-3 = 638H rouu;ag o
Ui17-4 = AFCY
Troublashoot Troubieshoot NO
Q1, u4a U440
Troubleshoot
ua




- ';ﬁ 835,
Shd 35

+8Y = PCUB
YES
PPN Troubleshoot
uas Errpnecus Bus Interrupt.
UZ28-1 = FEHEB
U26-2 = AFCY YES NG YES YE
m— UZ25-3 = 8638H U56.10 = PCUS USE-9 u PCUS -
U25-4 = AFCY
NO
NGO
Troubleshoat UT0-12 = 0000 YES Troubleshoot
1)=] U770
NO
YES
Troubleshoot
Troubleshoot Lig§3-3 = PCUB ' UUBB
Uzg NO
leshoat VES
15 _
uz2-8 = 0000 Erroneous Atm Signal
NO
YES
- Traubleshoot
LIG4-2 QOO0 B4
—— Troubleshaot NO
33
Troubleshoot NO . YE
US7. Go To S.A. Test 3 U72:12 = PCUS
SE— Troublfghcot
v NO YES

JB4-12 = 0000

Troubleshoot

US7. Go To 5.A. Test 3

Troubleshoot
Usa




[:j - 350
<A mg 5

Ervor

NO Flag

* U39-3 = AUHE
| YES YES
1= PCUS YES UBS-7 = 0000 u40-2 = PCUS )
NG NO NG
Troubleshoot Fractional N
Troubleshoat Control IC AZT1U1S
roublesngd
u40
Troubleshoot
Uss, UBE
YES Troubleshoot
J29.8 = 0000 "Uﬂggieéa?l‘?
NO —_
Troubleshaot
32
| YES YES _
2 - PCUSB YES U72-13 = PCUS ki U&a2.5 = 0000 ug2-6 w PCUS H:
NO NO NG
) YES 7
G ue2-4 = Q00RO
Erronecus Atn Zignal. Go DAV Signat
To §.A. Test 3 Erroneous g 5
nleshoot

UGa

Troubleshaot
U7z
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+5V = AUHC
YES

Erroneous Sweaep Limit
NOJ Fiag YES Troutleshoot

U35, U4l
U39-1 = AUHE

YES YES
S U38.3 = AUHE U3a8-2 = AUHS Trou&&g;ﬁnm
YES -
M—— NO NO
e Troubleshoot Fractional N Troubleshoot.
Control IC A21U19 uaz2
YES Troubleshoot
U33-8 » 0000 g Ay
NO
Troubleshoot
uaz
JES VE2-6 = PCUS JES Handshake Erfror
NQ
' YES Troubleshogt
Ug2-4 = 0000
nal ues2
NO
Troubleshgot
U7z

Figure 8-35(a). Signature Analysis Test 5.
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+5Y = CULC

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.

YES

NO

Troubleshoot
u3s Circuits With
Oseillascope

YES

Troublashoot
ui3g

YES

Troubleshoot
U334

Troubleshoot
U3

Troubieshoot
w7

YES
Uz1-6 = CUBC
NO
U34-11 = CUSC
NQ
y1g-1 = 0000
NOQ
Troubleshaot
ua
Ua1.4 = PCBE YES
NO
U17-1 = BUHD
U17-2 = 3B38 eSS
U17-3 & 301U
U17-6 = 3638
NO

Troubleshoot
ug
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+ 5%V = 4525

YES

Fractional N IC Data Last,
Connect one input of a
dual-trace oscilloscope 1o
AZT1UZE pin 1 and trigger

an this input. Use other {yES YES
Imput to observe ping 20 U18-12 = 15A21
through 23 of AZ21U1 9. pin :
20 should be at the tima NO
U2B-1 i low, and the othar
pins (21-23) shoutd be low U18-10 = HiHO  LIES y25-11 = pocc  LES
at this time,
NO NOQ NO
NO YES
oh ) _ Trou
Aem:k Cabie From A21 To Y1811 9414 AZ21U1.
e
Troubieshoot
uig
U25.1 = 33H1
YES U25-2 = UUBP’
U25-3 = CA3U
UZ5-4 = UUEP
NO
U16-1 = 33H1 V Trnul:lt-jje‘rashont
U18-2 = UUBP YES
Ute:2 = CA3ZL e H
U16-4 = Juap
NO
Traubleshoot
e
YES NO
U16.6 = F165 U916 = F165
NO

Troubleshont Troubleshogt
u1é Lo




+BV = 5307
YES
Eracrional N 1C 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
NO signals levets concurrent with the LRAD pulses YES
at the points listed below:
First Segond
YES ATU28 LRAD LRAD
— 425.11 = POCC Pirs Pulse Puise
3 High Low
NO 13 “Low Low
11 Law High
Troubleshaot o Low Law
AZ1U19, A21U28
Troubleshoot
AZ1U18, ATU2Z8
S Check Cable
From AZ1 To AG
Vo= 7112
s UZ5-1 = 33H1 +5
- Uzg-2 = UUBP’
— U25.3 = CA3U YES
u26.4 = JUGP
NO Eractional N 1C Data Lost.
Connact ona input of & dual trace
to A21028 pin 1. This is the LRAL
Troubleshoot ger on this input, Adjust swaep to ¢
LRAD pulses. Use the other inpu
NO signal levels goncurrent with the |
at the points listed below:
First Second
A1U28 LRAD LRAD
Rin Pitlse Pulse
a High Law
13 Low Low
11 Low High
. NQ YE. a Low Low
5 U9-16 » F165 2 Troubleshaot
NO
Check Cable
Troubleshoot From A21 To AS
us
Figure 8.
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7
Set 1o

Third
LRAD
Pulse

Low
High
Low
High

. P T > >
+ 5V a 5307
YE3
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
NO at the points listed below: YES
First Second
AlUzg LRAD LRAD
Fin Pulse Pulse
3 High Low
13 “Low Law
I 11 Low High
9 Low Low
-]
Trouhkleshaot
AZ1018, A11)28
Chack Cabla
From A21 To AG
+6Y = 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
'NO signal levels concurrent with the LRAD pulses YES
at the pointz listed below:
First Second
AlU28 LRAD LRAD
Pir Puise Pulse
3 High Low
13 Low Law
11 Low High
ES Troubleshoar 9 Low Low
— U1ls
Check Cabla

From A21 To AB

Troublaghoot
A21U19, AZ1Uz28

Figure 8-35(b). Signature Analysis Test 5.
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YES YES Troubleshoot
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NO NQ
YES
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u2s
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NG U35
‘ YES
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Data Bus
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Figure 8-35(c). Signature Analysis Test 3.
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Model 3325A Service

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:
+ AV anen C33 (Service Group F)
+ 15V e 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.

8-D-1




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
+35V 42 6MHzx

+ 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, Service 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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Model 3325A Service

g >..

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 A3U1IS pin 9 should be TTL low
(= +0.4 V). Voltage at A3U18 pin 6 should be high. If either voltage is not correct go to
Step g.

d. Set frequency to 29.999 999 999 MHz. Voltage levels should be the same as in Step c.

¢. Set frequency to 30 MHz. Voltage at 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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Service Model 3325A

Board Board Board Board Board
Designator Location Designator Location Designator Location Designator Location Designator Location m
¢l A CR11 B a1e1 F R81 [ R178 G
C2 A CR12 c Q162 G R82 C R177 G
C3 B CR13 c Q163 G R83 C R178 G
c4 B CR15 c Q164 G R84 c R179 G
CR16 C
C6 A CR17 8 Rt A RB& C R181 G
c7 C CR18 Cc R2 A R87 o3 R182 G
c8 A CR19 C R3 A RE8 c Ri183 G
co C R4 A RBY A R184 <]
c10 A CR131 ]

RB A R91 B R186 G
c1 C CRI61 G R7 A R92 B R187 €]
ez c CR162 G R8 B RO3 B R188 <]
c13 A CR183 G RS2 B R94 B R189 G
C14 C CR164 G
C15 A CR166 G R11 B R96 B R191 G

R12 B R97 c Ri192 G
c16 A J1 D R13 B R98 C R193 G
c17 B J8 A R14 c RS9 B R194 G
c18 B J15 G
C19 c J18 o4 R18 c R101 C R126 G

R17 [ R102 Cc R197 G
c21 D J17A A R18 C R103 C R128 G
c22 A J17B B R19 C R104 A R188 G
c23 A J1BA A R200 G
c24 A J18B E R21 c R106 A R201 G

R22 c R107 A
c2g A L1 [ R23 c R108 A TP1 E
caz7 A L2 ] R24 c R109 B TP2 D
cag A L3 ] TP3 D
c29 C R26 A R111 B

L1331 F R27 A Ri112 B TPS E
C31 c 1132 E R28 A R113 B TP6 F
c3z2 o L133 E R29 A R114 B TP7 D
TP8 E
1 E L1561 ] R31 A R116 B TPO B
c132 F L162 G R32 A R117 B TP1O A
€133 E L163 G R33 e R118 C TP11 A
C134 F R34 B R119 C
€136 ] a1 B Ut A
Q2 B R36 c R121 C Uz o
€136 F a3 B R37 C R122 C U3 B
c137 E 04 B R38 C R123 C uUa C
c138 E R39 c R124 C Ug D
€138 F Q8 C
a7 c Ra1 Cc R1286 C ue A
C1d1 D Qs C R42 C uz E
£142 F Q9 A R43 C R132 E us F
<143 E Q1o A R44 C R133 E ug s]
C144 E Ri34 F uio C
<1456 E an A R48 A R135 D Ut E
a1z A R47 A u1z F
Ci61 F a3 A R48 A R136 F u1s F
Ci162 G a4 B R49 A Ri37 F ui4 D
C163 ] R138 D uls E
C164 G me B R51 A
a7 B R62 A R140 D Uiz F
£166 G Q18 B R53 c R141 o] u1g F
C167 G a1g B RB4 < R142 E uie D
£168 G R143 E
<189 G Q21 B R56 c R144 D uz1 E
Q22 B R57 A uz2 F
C171 G Q23 c R58 A R145 B uz3 F
<172 G Q24 C RE9 A R146 E uz4 E
C173 G Q25 A R61 A R147 E
Ci174 G R62 A R148 E Uz6 F
Q26 c RE3 A R149 F uz7 F
C178 G Q27 A R64 A uzg [}
c177 G Qg B RE5 A R151 F uzg E
c178 G Q29 B R1562 F u3o F
ci79 G R66 A
Q31 B R67 A R161 F us1 F
ci181 G Qaz B RG8 B R162 G usz F
cie2 G Q33 Cc R69 8 R163 F u3s F
cloe8 D R70 A R164 F us4 G
c197 D Q37 c R165 F
Qas [ R71 B W1 A
CR1 B Q38 A R72 B R166 F w2 8
CR2 B R73 B R167 F W3 F
CR3 B Q41 B R74 cC R168 F
CR4 B Q42 B R75 B R16¢ F
CR5 [ 043 B R170 G
Q44 C R78 C
CR6 C R77 c R171 F
CR7 c Q13 E R78 c R172 F
CR8 B Q132 D R79 c R173 F
CR9 B R174 G

A21 Component Locations
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Model 3325A Service

®

Board Board Board Board Board
Designator Location Designator Location Designator Location Designatar Locatian Designator Location
c1 A cin E L106 E R4 % o R121 F
cz2 A c112 £ L107 F R42 c R122 F
c3 A C113 E L108 F R43 C R123 F
Ca A c114 £ L109 F R44 C
R45 C R151 G
cé A C116 F L1t F
Cc? A C117 F L112 F R46 of R163 G
c8 A c118 F L113 F R47 c R154 G
ca A c1ng F L114 F R48 c
R42 C R1E66 G
cn A Cc12% F L1168 F R157 G
ci1z 8 c122 F L117 F R56 D R158 G
€13 B c123 F RE7 D Ri69 a
ci4 B C124 F L1517 G R58 D
L1562 G RE9 o] T F
Cci18 B Cc126 F L1563 G T2 F
c17 B c127 F R61 D
C18 B c1z8 F P2 D RE2 D ™1 B
c1g B ci2g F R63 o] TP2 C
o)} A R64 D TP3 Cc
ca B c151 G Q2 B TP4 D
c22 :] €152 G Q3 B RE66 D
ca23 B €153 G Q4 c R67 D TPB E
c2a c Cc154 G Qe E RE68 D TP7 E
c28 c R&9 D
car C C168 G a1¢1 E R70 C Ui A
c28 B C157 G Q102 E uz A
c29 B C158 G R71 D us A
R1 A R72 C u4 A
oxc B B CR1 A R2 B R73 D us 8
c32 c CR2 A R3 A R74 D
Ca3 Cc CR2 A us B
C34 B CR4 A R& A R76& D uz B
R7 A R?7 D us B
C36 c CR8 A R8 A R78 D ug C
C37 [ CR? B RQ A R7¢ D u1o ]
C38 c CR8 C R10 A
Cc38 c R81 D U o]
CR101 F R11 A R32 o] Uiz b}
C41 C Rt2 A R83 D u13 D
C42 C J1 c R13 A R34 D utl4 o]
C43 c J2 D R14 A u1s E
Ca4 c J3 G RE6 D
R16 A RB7 o] u16 F
Ca6 C J7 bl R17 B RB8 D u1ly <]
C47 c JB B R18 B RB9 C uis G
Cc4B C J9 A R19 B uilg G
c49 [s] J10 A R o]
J11 A R21 B R92 o] ¥1 c
C51 D R22 B R93 W]
c52 ] J18 G R23 B Norm/Test D
C53 o] J23 C R24 B R101 E
[of:2:) D J24 D R102 E
R28 8 R103 E
C56 0 L1 A R27 8 R104 E
Cc57 n L2 B R28 B
[9}:1] D L3 B R2% B R106 E
C59 E L4 o} R30 B R107 E
L& B R108 E
CB1 E R32 B R10% E
L6 B R33 c
cic1 E L7 B R34 [ R111 E
c1a2 £ L8 C R112 E
c102 E Lg C R38 c R113 F
c104 E R37 c R114 F
L101 E R38 C R116 F
C108 E L102 E R3g c
cro7 E L103 E R116 F
c108 E L104 E R117 F
cic9 E L105 E R118 F
R11& F

A3 Component Locations
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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

. r‘

1000. if not correct, check A21UJ9, A2IU1L, AZ1U21, and A21U22,

AZ]1TP4 should be VCO + 1000. If not, check A21U12 and A21U22.

M AZITPS5 should be VOO

10, If not, check A21024,

AZITPT should be VCO 1000. 1f not, check A211129,

8-E-1



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.

Board Board Board Board Board
Dasignater Location Designator Location Designater Location Dasignator Location Designator L.ocation

c1 A C166 G L1 c Q131 E R51 A
c2 A c167 G L2 o] Q132 D R52 A
ca B C168 G L3 D RE3 C
c4 B c169 G @161 F R54 C

L1231 F 2162 G
[of 3 A c171 G Li32 E a163 G R56 [
c7 c ci172 G L1233 £ G164 G RB7 A
c8 A c173 ¢] RES A
[o:] C C174 G L161 G R1 A R59 A
cio A L162 G R2 A RE1 A
€176 G L163 G R3 A RE2 A
C11 [ c177 G R4 A RE3 A
c12 [ c178 G Q1 B RB4 A
c13 A c179 ¢] Qaz B (23] A RGE A

cl14 o] Qa3 B R7 A
c15 A 181 G a4 B RB B AG8 A
cigz G Rg B A67 A
3] A €196 o] as C RES B
c17 B c197 C a7 c R11 B REY B
c18 B as C R12 B R70 A

c1e C CR1 B Qg A R13 B
CR2 B Q10 A R14 c R71 -}
c21 D CR3 B R72 B
c22 A CR4 B Q11 A R16 [ R73 B
c23 A CRB C Q12 A R17 c R74 C
c24 A 13 A R18 C R75 B

CR& C Q14 B R19 c
cz6 A CR7 c R76 C
cz7 A CR8 B Q16 B R21 c R77 c
cz8 A CR® B Q17 8 R22 c R78 [
cz9 C Q18 B R23 C R78 c

CR11 B al9 B R24 Cc
ca1 C CR12 C R81 C
caz c CR13 c az1 B R26 A R82 c
CR16 [ Q22 B R27 A R83 C
€131 E CR16 c Q23 C R28 A R84 €

Cc1az E CR17 B Q24 c R29 A
c133 E CR18 c 025 A R88 c
ci34 F CR19 c R31 A R87 ¢
c135 ) Q26 c R32 A Ras ¢
CR131 o Q27 A R33 B R89 A

C136 F Q28 B R34 B
137 E CR161 G Q29 B R91 B
c138 E CR162 G R36 c R92 B
c139 F CR183 G Q31 o] R37 C R93 B
CR164 G Qz2 B R3B c R94 B

c141 D CR166 G 033 C R39 C
ci42 F R9& B
C143 E ) D Qa7 c Ré1 c R97 <
c144 E J8 A Q38 c R42 c Rag ¢
C1as5 E J15 G 039 A R43 c R3S 8
J16 c R44 c R101 c

c161 F Q41 B

C162 G J17A A 042 B R46 A R102 c
c163 G J178 B 043 B R47 A R103 €
C164 G J18a A Q44 c R48 A R104 A

Jigg E R49 A
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Board Board Board Board Board
Designatar Location Designator Location Designator Location Designator Location Designator Location
o3 & c1i1 E L1086 E R41 C R121 F
c2 A c112 E L1107 3 R42 C R122 F
c3 A c113 E L108 F R43 c R123 F
(o2 A c114 E L1089 F R44 C
R45 c R181 G
C6 A C116 F [RBA F ‘
c7 A c117 F L1112 F R4g c R153 G
ce A €ne F L1113 F R47 [of R154 G
ce A c118 F L1ia £ R48 c
R49 c R1E8 G
c1n A ci21 F L1186 F R157 G
ci2 B c1z2 F L1117 F RE56 [s] R158 G
C13 B c122 F RE7 ] R152 G
c14 B Cci2a F L1681 G R58 [
L1B2 G RS89 o] T F
€16 8 ci12é F L163 e] T2 F
ci7 8 c127 F RE1 o4
cte B ¢128 F P2 D R62 C TP a
ci18 B Ci29 F RE3 D TF2 c
a1 A RE4 o] TR2 c
c B C1B1 G Q2 B TP4 ]
cz22 B C162 G Q3 8 RG6 D
£23 B €153 G Qs c RG67 u] TP6 E
o) [of C1564 G aé E R&E D TR7 £
C26 c R&9 D
ey c . €158 G G101 E R70 c [} A
cas B C157 G G102 E uz A
c29 B C158 G R71 [v] u3 A
R1 A R72 c U4 A
Cc31 B CR1 A R2 B R73 D Us B
c32 c CR2 A R3 A R74 D
Cc33 c CR3 A uB B
C34 B CR4 A R6 A R76 D Uy 8
R7 A R77 8] us B
Cc38 C CR6 A R8 A R78 D ue c
c3? C CR7 B R9 A R78 D uo D
oxct:} C CR8 C R10 A
ca9 o R81 D Ui D
CR101 F R11 A R82 o] U2 D
Cal C R12 A R82 D U13 D
Cca2 C 41 C R13 A R84 D U4 8]
Cca3 c J2 D R14 A s E
‘ca4 c J32 G RBE o}
R1& A RE87 = Ui F
Cas c J7 D R17 B Reg o] uz G
C47 C J8 B R18 B RE9 o] u1g G
Ca8 c J8 A R19 B ula G
€49 D Jio A RA1 D
411 A R21 8 R92 o] Y1 c
£s D R22 B RE3 C
£e2 D J1b G R23 B Norm/Test D
CB3 D 423 c R24 B R101 E
C54 o] Jz4 D R102 E
R28 B R103 E
CE6 o] L1 A R27 B R104 E
Cc57 B L2 B R28 B
C58 o] L3 B R29 B R106 E
c59 E L4 c R30 B R107 E
LS B R108 E
Ca1 E R32 B R109 E
LB B R33 o
c10t E L7 B R34 c R111 E
c102 E Le o R112 E
€103 E L9 [ R36 c R113 F
C104 E R37 C R114 F
Li0 E R38 c R115 F
C108 E Li02 E R39 c
c107 E L103 E R118 F
C108 E L104 E R117 F
c108 E L1085 E R118 F
R119 F

A3 Component Locations
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These voltage levels are useful when troubieshootiﬁg amplitude |

problems {frequency 1kHz, TP ACD grounded, voltages p-p).

o ————
Pragrammed TP4 TP4
Amplitude 0Vde Dffset 2Vde Offset
. 1Vp-p 1.92 0.618
o 2Vp-p 3.88 1.27
L }:mwta- 3Vp-p 1.92 1.92
—¢ T MinER 4Vp-p 2.57 2.57
e o 5Vp-p 3.23 3.23
rep 8Vp-p 3.88 3.88
Al g 7Vp-p 4.53 -
o 8Vp-p 5.18 -
<ol $ SVp-p 5.84 -
10Vp-p 6.45 -
A
TOP ViEws
u3.u8,013 4,08, 0 7
TE T
— ] 10w
FRCR O

a4 - see Section Vi

33254 - 38/

iy o . [FEF 20T}
i ?—HJ EH ot _|

| QO KH 2> REFERENCE
To EW.E Paase [
COMPARATER

2MHe
TO /A COMVERTER I

Figure 8-40. 30 MHz Reference and Dividers, A3,
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Madel 3325A Service

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.

treransans +10V

A INTEGRATOR TP10

rrvransanre (OV

vervarvear +3V

B BIAS/ARPIQ19 50URCE

ravesasannssn 1V

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 1k2

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 to 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.
8-F-1



Service Model 3325A

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 veoltage at TP11 should be +5V. If not, replace U6, U
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 2 0.3 to 0.6us 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 ouipuis 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. 0
j. Conneet a spectrum analyzer through a 1k series resistor to A2ITP11.

8-F-2



Model 3325A

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 Frequemcy - oo oo e it nn s OkHz
Bandwidth. ... .. e 30Hz
Frequency Span ............ .. i 1kHz/div
Sweep Time/Div ... . . ... . ool 200s
Input Sensitivity .......... .. .. ool 10mV
Sweep Mode. .. ... ... e Manual
Vertical Scale .. ... .. . . it 10dB/div

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.

p. 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 Modulatiom . oo .ot i e i e Off
Phase Modulation Input. . ... oot e Open

Phase Modulation linearity problems can often be traced to A21CR18 and A21CRI19.

8-F-3
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Important
TP HP3325 Set Up Measurement Set Up Parameters Waveform
CH1 CPLG=DC
CH1= 1 V~Diyv
9 Freq 1.1 MHz Oscilloscope Pulse Height
Function Sine Chl Coupling dc and Width
Amplitude 10Vp-p Chl Volts/Div 1V/div
Time Div. 3.00usec
Trigger Chl
MT=CH1 !
Main= 3 u=x/Diwv
CH1 CPLG=DC
. CHim 1 YoDiw
9 Freq 19.9MHz Oscilloscope Pulse Height
Function Sine Chl Coupling dc and Width
Amplitude 10Vp-p Chl Volts/Div 1V/div
Time Div. 3.00usec
Trigger Chl
J
MT=CHIL
Mairn= 3 wussDiwv
CH! CPLG=DC
. CHl= 3 V~Diwv
10 Freq 1.1 MHz Oscilloscope Pulse Height
Funcion Sine Chil Coupling de and Width
Amplitude 10Vp-p Chl Volts/div 3.0V J \ ‘ \
Time Div 3.0usec \ \ ]
Trigger Chl
\.H. + \l \
N
MT=CH1
Main= 3 wus-0iw
CH1 CPLG=DC
CHl= 3 WrOiw
10 Freq 19.9MHz Oscilloscope Pulse Height

Function Sine
Amplitude 10Vp-p

Chl Coupling dc
Chl Volts/div 3.0V
Time Div 3.0usec
Trigger Cht

and Width

MT=CH 1
Maim= 3 us-Diwv

8-F-4

Figure 8-F-1. TP9 & TP10 Waveforms
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Board Board Board Board Board
Cesignator Location Designator Location Designator Location Designator Location Designator Locaton
c1 A CRYE B a161 F 81 C R176 o]
c2 A CRyz C Qlez [¢] R&2 C R177 G
C3 8 CR13 C Q163 G a83 C R178 G
C4 &) CR'S [ ais4 G R34 C R17% G
CRI18 C
ce A cR? B R A R85 c R181 G
c7 C CRI8 c A2 A RE7 C R182 i3
cs A CRi9 < R3 A RBB C R183 G
ce c R4 A RES A 7184 G
[oR1v] A CR131 o
REG A R91 B R186 G
cit c CR1G: G /7 A R92 8 R187 G
€12 [ CAR162 G RS 3] A93 B R188 G
c13 A CR163 G R9 B R94 B R189 G
Cc14 c CR164 G
C15 A CR166 3 R11 B R9G a R181 G
R12 B RG7 [ R192 G
Ci6 A Ji D R13 B RSB o R183 G
ctr? B J8 A R14 C RGS B R194 G
cig B J15 G
c19 c J16 c Ri6 C R10% c F196 G
R17 c R102 c R187 G
o D 174 A R18 o R103 C R128 G
c22 A J17B B R19 C H104 A R199 G
c23 A J18A A R200 G
c24 A J1BB E R21 c Rt06 A R201 G
R22 c R107 A
cze A L1 o R23 c R108 A ™1 £
car A Lz D R24 c R108 B TP2 ]
C28 A L3 ] TP3 D
c29 c R26 A R111 8
L1317 F R27 A R1i2 B TPE £
can C L132 £ R28 A f113 B TPE F
C32 c L133 E R2% A R114 8 TR7 D
TP E
cia E L1é1 G R31 A R1186 B TPS B
c13z2 F L162 G R32 A 17 B TP10 A
C133 E L1863 G R33 B "118 C TP A
C134 F R34 a R11§ c
€138 C o3} B u1 A
Q2 -] R36 c R121 C Uz C
C136 F Q3 -] R37 c A122 C us B
c137 E Q4 B R3& C R123 c U4 C
ci13g E R39 c R124 c us D
c132 F Q8 C
Qz? C R41 C R128 9 us A
Ci1a1 o] Qs c R42 c uz £
C142 F Q9 A R43 c R132 E us F
€143 E Q10 A R44 c R133 E Ug D
Cl44 E R134 F o [
€145 E an A R46 A R13% o] un E
Qiz A R47 A u12 F
C161 F Q13 A R48 A R1338 ¥ u13 F
ciez G Q14 B R42 A R137 F U4 8]
C163 G R138 b uis £
C164 G Q18 8 RS1 A
Q17 B RE2 A R140 D Uiz F
c168 G alg B RB3 C R141 o] U18 F
c167 G Q19 2 RS54 c Ri142 € ulg D
c168 G . R143 E
Cc189 G az21 B R56 [ R144 D uz21 E
Q22 B R57 A U2 F
cin G 023 c REE A Ri45 D uz23 F
c17z G 024 < R59 A Ri46 € uz4 E
€173 G Q26 A RB1 A R147 E
Ci74 G RG62 A R148 E Uzib F
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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 “*O8C 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 pin6 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,

8-G-1



Service

Model 3325A

c. 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 6-8Vdc
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 I.

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
svcr (— oay | wan
AL4-1 AL4-1
The Amplitude Calhbration Disable. ACD. 15 used 1o break the
o o o oo e ott s
PROCESSOR I— — —
Ab-LC FUNCTION VTYER " 30MHz I
I CIRCUITS Pegin ] SWITCH | o
ALd-J A3-6 TP4
PEAK ' pyurpuT ATTENUATOR HIGH VOLTAGE
DETECTOR © auwplIFIER Petul] OPTION 002
Ald-K | l AB-M
$ mmmmmmmmmwmwmdeT Iie5A-6-26
ACD

8-G-2

Figure 8-G-1. Sine Amplitude Control Path.
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Model 3325A

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 i5 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.

Service
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Service Model 3325A

f. The mixer output signal leaves the A3 board and enters the Al4 board as a current via cable Q
W24, A check of this current is made as follows:

1. Connect the ACD test point (Service Group K) to ground and cycle instrument power,
2. Move the Norm/Test jumper on A3 (Service Group H) to the test position.

3. Program the front panel for a sine function at 10Vp-p.

4. Remove cable W24 from connector J24 on A3 (Service Group H).

5. Place an oscilloscope probe on J24°s center connector. The signal should be close to 2.00Vp-p
with 2.2Vdc.

6. 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.

FRESET CURRENT DAT S/H MOLTIPLIER
COUNTER SOURCE Al4-1 AL AZ-G
AL4-1 A14-1
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 |——-——-|
A6-C FUNCTION HTXER : I0MHz
CIRCUITS i Pei | SWITCH —C
Al4a-) ) AZ-G
3—n PK | SR —
v
PEAK — gurPuT ATTENUATOR HIGH VOLTAGE
DETECTOR | aypLIFIER A73-L OPTION 007
AL4-K AB-M
l ﬁmmmmﬁxmmﬁmwmm”$T 3325A-8-28
ACD

Figure 8-H-1. Sine Amplitude Control Path.

8-H-2



‘ll'!

ﬁ} ¥

Skt gy

Dasignator

c1
cz
ca
ca4

cn
c12
c13
c14

Ci16
c17
C18
c18

e
cz2
c23
c24
c26
ca27
c28
cas

c3
c32
k)
C34

c36
c37
Cas
c3s

ca1

Ca3
Ca4d

cas
cay
cag
C4g

<81
<52
[3X]
-1

C56
cs7
Csg
os-1:]

cel

ci01
102
<103
C104

ct08
C107
c108
c108

Board
Location

DWOOONEE®E DOLRE mwond >PFER O BDBD

oCoon0 OO0 o000 w=No0om

mMmOUQ 9OoD0oo

m

mosit  mhm

mmmm

Designator

cIn
c112
c113
C114

C116
c117
€118
c11s

C121
<122
C123
c124

C126
C127
ci1z8
C128

151
Cc162
C163
C154

C156
c157
C1E8

CR1
CR2
CR3
CR4

CR6&
CR?7
CRE

CR101

J1
J2
J2

J7

J8

J49
Jio
J11

J15
J23
J2a

L1
L2
L3
L4
Ls

L&
L7
Le
Lg

L101
L192
L1a3
L104
L105

Board
Location

mmmm

MM

i e B |

oDPFr PPPPF OGH OOOGGE TMTMTT

QUn ™

OOwE WODEPF OO0 Prrrm0O

mmarmm

Dasignator

L106
L1g?
L108
L1098

L2111
Lt12
L113
L114

L1186
L1117

L1581
L162
L1563

P2

Q1
Q2
Q3
Q4
Qs

11
Q102

R1
RZ
R3

Ré
R7

R9
R10

R11
Ri2
Ri3
R14

R16
R17
R18
R19

R23%
R22
R23
R24

R26
R27
R28&
R2%
R30

R32
R33
R34

R36
R37
R38
R3g

Board
Location

MMM MM

mmm

momwm>» O OO

mm

WWwmr PFPPPr rXrPPFrP ok

mwtomw

D@mWoemr

OO0 oowm

Dasignator

Ra1
R42
R43
Rd4
R45

R46
R47
R48
R4

R56
Rs7
RE8
R58

R61
R62
R63
R64

R66
R67
RE8
RB9
R70

R71
R72
R73
R74

R76
R77
R78
R79

RE&1
RB2
RB3
R84

R&s
RB87
R88
R89

ROt
R92
R$3

R301
R102
R103
Ri04

R106
R107
R108
R109

R111
R112
R113
R114
R115

R1186
R117
R118
R119

Board
Locatien

(e Rs)

DO COoOOOo ocoCco OO0 oo oQRODOD DOQOo gOoo0OgO 0000 000

MM mmM mmmm mmmm

mmmT

Designator

R121
Ri22
R123

R151

R152
R154

R158
R167
R158
R169

T
T2

TP
TP2
TP3
TP4

TPG
TP7

Norm/Test

Board
Location

F
F
F

OO0 o o

mm oO0ON o ‘Hm

moDooo UOmmmw TF>»FPr

o 0O oo



[-=]
i
L!.m'i‘ v R 04—~ c111 &
T -R10§- - ___
g &8 s -R107- TPE Lip4
5 E3 heghe -C102- |, © —i 13— I
77 " -R108~ & . C106 @
E 10z z bt e 2:
ﬂiDlO CRigg- o & W _er
~R111- —ri08—
103
£120  -R129- -L105— ri111
| BiS .. 8 C121 122 pq23
1 W - -
e relg| 23 E BT i3 a2
F g, gE T ‘Q‘ —Lli11—  —111§—
R e w =112~ L4117
-y
EECER-ERF B33 -Liie— raes
J9FET By C126 r127 C128
) ~R160— c118

31325-r103

A3
0332566503
Rev C



,fj € -«
Skt 244

7 DIGNAL SOURCE
o AS O3525 -~bLb503

Pio
wan by
Fa ¢ et
+5\J——-‘l——1—r——°~<l : : +5v
L <
] |
& +
|1 |
|1
-5y

| D

MmIXER
JOMHx
RGFERENCE
EROM LWMLLT)
Lit? Lille
L3aH 13uH a2
34p7
Liey
Lita LUz il _Lcuns 4. cioB
. 11 [
-2t S crzi c.| N1
29pF
Lisz Lin
JB2uH JBZuH
gklzz Rz
8./ 24
1—‘ — 20 Hiz LPP
T2 === ~— TPe Z
LIO¥ Q13 e 1ot . Rio8
I, b H 1Bpe I8 pr Gk o s A4
=it 1€ iy e
CRio! Rizé
. o w10k Lio4 Lioy
| [ 1S Tkt Rifz )
\ 20038
ciao=%
JpF Cha = &2 == alen = Clo7 o
41pF ] WpE T SIeF] MeF T
F
1%
—LML-A. 9
Li0? L v
1Oan _NYTYY'\_
+sv ’ SYL >
PR Loz
~IGY _IWT\T—-—
e
‘ s 8 ! \54 st
: (AT S[Z CRI0Z
: 5
b PG '
-——r\ Mo L i o
R 160 3 > Rlbl
(AR} ML
Lioe
224H
Rk
e clg
ol HIXER AT 162 -
Nfa i
1LY 1Y
\ RIS
Ri3 RuI7 %0 piie Rikd
3l 3t = Fls
20 - Bomis i i v
FROM V€O
2
A4 - 2EE SELTI0M VI SEE PARAGRA
WHEN REFACI

COPYRIGHT 1977 BY HEWLETT-PACKARD COMPANY



KrB gW
ShE 92/ Y

MIXER \
Liay 210 wa/ea I
4, -
+5V ’ ' ] !
TEST WORM,
o) _Lc-o:, +, cion - "L
B ot ‘s RN NN
@icz)
R
— o T24 .
|
Wi MR OUT
F +iiSw b ' o z TO RuncTiow
I ) LIRCULTS
—_— TPe z I L3 12 All |
- Rlo8 :l7
% pF i
g hrridi A4 4
3 [\w |
3| ) E] |
Lioy
s bl Ruz 2 R103
——rn— 200 3 Rioth 3.3%
82.5
AN & e
oq e Ci0T e RICL
I I P £ 24.9
RIOTS
147K ¥
ZRIOL
>2.49¢
Loz |
—o|sv —_—rrL » >
cios L cioz
15 $ ol
|
|
B SECTOMN VI SEE PARAGRAPY 813
FWHEN REFLACING A3
- - 33254~ 34- L

Figure 8-41. Mixer, A3.
8-H-3/8-H-4




Model 3325A Service

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-on 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.

L0007V
A ANALOG SWITCHENABLE
M 0V
------ oV
B DACINTEGRATOROUT
e =102V

1 2 3 4 [ & 1 2 ¢ e »
1 = DAC Auto Zero (No TP) 0.0Vde
2 = Amplitude Calibration Level (TP +LVL) -10.2Vdc
3 = Output Amplitude (TP AMPL) -4.0Vdc
4 = DC Offset (TP O82) 0.0Vdc
3 = DC Offset Correction (TP QS81) 0.0Vdc
6 = X Drive (TP XDR) 0.0Vdc




Service Model 3325A

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 —4V
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 TF 032
+5Vde + 10V
—5Vde 10V

OS1: 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 fora 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.




®

Model 3325A

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 L.SD,
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.

l PRESET CURRENT
COUNTER SAOURCE

h

Ald-1 Ald-J A3-G

o DAC S/H MULTIPLIE

]

B mgall

The Amplitude Calibration Disable, ACD, is used to break the
feedback path during troubleshaating ¢f amplitude problems.

I Al4-1 Al4-1

Connert ACD to Gnd and cycle power off and on.

Each box contains a code such as A14-1. This lists first the beard l 14y -
number followed by the schematic number. JLBA-0-T8

ACD ouT

PROCESSOR
A6-C FUNCTION 30MH2
; CIRCUITS MIXER SWITCH o
Atd- A3-C
b PK
oo T s
: AMPLIFIER A23-L
ALA-K AB-M

Figure 8-1-1. Sine Amplitude Control Path.

Service
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Service Model 3325A

Board Boarg Board Board Board
Designator Location Designator Location Designator Location Designator Location Designator Location
c1 A c205 F Jao H R31 B R138 E
cz B Jz1 D R32 B R137 E .
c3 C cz08 F Jaz F R33 B R138 E
ca c c209 F R34 B R138 E
cs c L26 B
cé [ 211 F L27 B R36 B R141 E
cz12 F R37 B
26 A cz13 F L76 E R38 B R143 E
c27 A c214 3 L77 £ R39 B R144 F
c28 A L78 £ R40 B R145 F
c2e A c218 G L79 F
cz17 G R41 B R146 F
ca1 B c218 G L101 D R42 B R147 F
c32 B cz19 G L102 D R43 B R148 F
c33 B L103 D Ra4 B R149 F
Cc34 B cz21 G L104 F R45 C
cas C 222 G L1085 F R151 F
cz23 G L2¢1 F R46 B R152 F
c3s 8 c224 G R47 B R153 F
c37 B €225 G P31 [+ R48 B R154 F
c38 B P32 F R49 c R156 F
3% B c226 G R50 B R157 F
cz27 G at B R158 F
ca1 B c228 G a2 B R51 C R159 F
c42 B cz29 G a3 B RE2 c R160 F
ca3 B C230 H R53 C
ca4 B cz31 H Qzs B RE54 c R161 F
C45 B Q26 B R162 F
C233 G Qz7 c R56 C R163 F
ca6 B C234 G Q8 B R164 F
ca7 C c235 H RE7 c
c48 c C236 H Qare H RE8 c R166 F
cag C c237 H Q77 H
238 H Q78 G RE0 c R168 £
CB1 C cz2a9 H R169 F
cB2 c Q101 D RE1 C
CB3 [0} c241 H Q102 ] R62 c RZ08 F
c242 H Q103 E R63 C R209 F
fof:1] C C245 H Qic4 E Ré4 c
ce6 c C246 G Q105 D RE5 C R211 F
CR1 A RZ212 F
c78 c CR2 c Q106 E RE7 C
c77 D CR3 [= Q107 E RGS ¢ R214 £
for:] G CR4 B Q108 E RGS c R216 G
€101 D CRB B Q109 E R76 C R216 E
CRB A R77 D R217 F
103 D CR7 A a1z F R78 H R218 G
C104 D Q113 F R79 H R219 G
CR7B H Q114 F RO H
107 D RE1 H R221 G
108 =} CR10% D Q116 F R222 G
108 o} CR102 D Q117 F R100 D R223 G
c11o D CR103 E Q118 F R101 D R224 G
CR104 F Q119 F R102 D R226 G
c111 D R103 D R227 G
c112 D CR106 F Q201 F R104 D R228 G
c113 D CR107 F Q202 G R105 D R229 G
ci14 D Qz03 G
CR205 G Q204 G R108 D R231 G
c118 D CR208 G R107 b} R232 G
c117 D CR209 G Q208 ] R108 D R233 G
c11s 5 Q207 ] R109 D R234 G
c11g E CR210 G Q208 <] R110 D
Q208 G R238 G
c1z1 E CR211 G R111 D R237 G
122 E CR212 G az11 H R112 E R238 G
c123 E CR24%3 G 0212 H R113 E R239 G
c124 E CR214 G 0213 H R114 E R241 G
CR215 H Q214 H R242 F
c126 E R116 E R243 G
c127 E CR216 G Q216 H R117 E R244 G
c128 E CR217 H Q217 G R118 E
c129 E CR218 H 0218 H R118 E R246 G
CR219 H 0219 H R120 E R247 H
c131 E CR220 H R248 H
c132 E cr221 H R1 A R121 E R245 G
c13a E £1 B R122 E R250 H
F2 A R3 A R123 E
c134 E Fa G R4 c R124 E R251 G
C136 F Fa G RG5 B R252 H
R126 E R253 G
c136 F N F R6E B R127 E R254 H
c137 F Jz G R7 B R128 E R265 G
c138 F Ja H R ] R129 E
C139 F JB G RO c R256 H
R131 E R257 H
c141 F J9 B R11 C R132 E R258 H
c142 F Jiz A R133 E R259 H
C143 F 13 B R26 A R134 E R260 G
Cl44 F J14 c R27 A
R28 A
J23 F
C203 F 31 o R29 A

8-1-4
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Model 3325A Service

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.

m 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.

M 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.
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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 . L. e 0.1 us/div
0577 Int/ + slope

b. Setthe 3325A as follows:

Function. ... i s Triangle
T T3 5 U 1 Hz
Amplitude. . ... i e 10V p-p

¢. 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 U36 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 0
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 Tria