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HEWLETT
(bﬂ PACKARD
SAFETY SUMMARY

The following gensral safety precautions must be abserved during all phases of aperation, service, and repair of this
instrument. Failure to comply with these precautions or with specific warnings elsewhere in this manual violates
safety standards of design, manufacturs, and intanded use of the instrument. Hewlett-Packard Company assumes no
liability for the customar’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 piugged into an approved three-contact electrical outlet or used with a
three-contact to two-contact adapter with the grounding wire (green) firmly connected to an
electrical ground (safety ground) at the power outlet. The power jack and mating plug of the
power cable meet International Electrotechnical Commission (IEC) safety standards.

DO NOT OPERATE IN AN EXPLOSIVE ATMOSPHERE

Do not operate the instrument in the presence of flammable 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.

DANGERQUS 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.
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I WARNING I

NOTE:

Instruction manual symbol: the product will be marked with this
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 line).
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 Scrvice Manual contains infor-
mation required to install, operate, test, adjust, and serv-
ice the Hewlett-Packard Model 3325A. Synthesizer/Func-
tion Generator. The Operating Manual supplement is a
copy of the first three sections of the Operating and Serv-
ice Manual, plus the Operational Verification procedures
from Section IV. The supplement should be kep: with
the instrument for use by the operator. The part num-
bers of both the Operating and Service Manual and the
Operating Manual supplement are shown on the title
pages.

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

1-4. Additional copies of the Operating and Service
Manual, Operating Information Supplement, or Service
Notes can be ordered through 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 a 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 ohms). Any function may be dc
offset up to £4.5 V, or the output may be dc only up to
£ 5 V. An optional high voltage output produces up to
40 V p-p into =500 ohms load.

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

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

1-9. SPECIFICATIONS,

1-10. Instrument specifications are listed in Table I-1.
These specifications are the performance standards or
limits against which the instrument is tested. Any
changes in specifications due to manufacturing, design
or traceability to the U.5. Wational 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 IEEE Standard
488-1978, “*Standard Digital Interface for Programmable
Instrumentation”. HP-IB response times are given in
Table 1-4.

1-15. OPTIONS.

1-16. The following options extend the frequency
stability and output amplitude capabilities of the Model
3325A:

Option 001
Option 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 MNominal 220 V ac
Option 240 Nominal 240 V ac

I-1
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Model 3325A

Table 1-1. Specifications.

FUNCTIONS AND FREOUENCIES
Sine Wave:
Signal Output (Front or Rear Panel):
0.000 001 Hz ta 20 999 999.999 Hz
Auxiliary Qutput {Rear Panel):
21 Q00 000.000 Hz to 60 999 999.999 Hz
Underrange to 18 000 000.001 Hz
Square Wave: 0.000 001 Hz to 10 999 999.999 Hz
Triangle: 0.000 001 Mz to 10 999.999 998 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 108 of selected value {20° to 30°C)
FREQUENCY STABILITY (Standard Instrument)
+5 x 107 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 -65 dB
50 kHz to 200 kHz - 60 dB
200 kHz to 2 MHz -40 dB
2 MHz to 15 MHz -30dB
18 MHz to 20 MHz -25dB

Spurious: All non-harmenically 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: = -60dB (Option 001 Only) for a 30kHMz
band centered on a 20MHz carrier {excluding £ THz
about the carrier).

Square Wave:

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

Symmetry: = .02% of period + 3 nanoseconds
Qvershoot: < 5% of peak to peak amplitude at full cutput
Triangle:
Linearity, 10% to 90%, best fit straight line:
+ 0.05% of full p-p output for each range
Ramps (Positive or Negative Slope}:

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

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

AMPLITUDE
Amplitude Accuracy with no Attenuation {Attenuator
range 1) into 50 ohm Load. (No D.C. offset)

Function and Tolerance retative to
frequency range programmed amplitude
Sine Wave

001 Hz to 100 kHz + 0.1dB

Square Wave

.001 Hz to 100 kHz + 1.0%

Triangle

.001 Hz to 2 kHz + 1.5%

2 kHz to 10 kHz + 5%

Ramps

.001 Hz to 500 Hz + 1.5%

500 Hz to 10 kHz + 10%

Flatness with no attenuation Tolerance relative to
{Attenuator Range 1) into programmed amplitude at
a 50 Ohm load 1 kHz

Sine Wave

100 kHz to 20 MHz + 0.34d8

Square Wave

100 kHz to 10 MHz + 10%

Amplitude accuracy with Tolerance relative to
D.C. offset and no programmed amplitude.
attenuation {Range 1} into

a 50 ohm 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 Tolerance relative to
errors are additive with the programmed amplitude.
amplitude accuracy errors)

.001 Hz to 20 kHz
Attenuator Range 1 No Error

.001 Hz to 100 kHz
Attenuator ranges + 0.1 dB
2 through 8

100 kHz to 10 MHz
Attenuator ranges + 0.2 dB
2 through 8

10 MHz to 20 MHz
Attenuator ranges + 0.2 dB

2 through 4
Attenuator ranges + 0.5 dB

5 through 8
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General Information

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

Accuracy of DC Offset (into 50 ohms}:

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

*Except lowest attenuator range where accuracy is =
20 uV.

DC + AC, =1 MHz: £1.2%, Ramps +2.4%

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

Modulation Envelope Distortion: — 30 dB to 80% modula-

tion at 1 kHz, O V dc Offset
PHASE OFFSET

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

Resolution: 0.1°

Stability: + 1° phase/°C

Increment Accuracy: +0.2°
PHASE MODULATION

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

SYNC OUTPUT

Qutput Levels inte 50 ohms:

Square wave with Vhigh =+ 1.2V, V, = + 0.2V

low

X DRIVE QUTPUT

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 integral 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 565°C referenced to
+30°C)

Aging Rate;: +5 x 108 per week {after 72 hours
continuous operation)
+1 x 1077 per month (after 15 days
continuous operation)

OPTIOK 002
HIGH VOLTAGE OUTPUT

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

Amplitude:
Range: 4mVp-p to 40Vp-p {= 5000, < 500pF load)
maximum output current, + 40mA

Accuracy {at 2 kHz}: + 2% of full output for each
range

Flatness: + 10% of programmed amplitude

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

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

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

Fundamental No Harmonic
Frequency Greater Than
10 Hz to 50 kHz - 65 dB
50 kHz to 200 kHz - 60 dB
200 kHz 10 1 MHz -40 dB

Square Wave:

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

Overshoot: < 10% of peak amptitude 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 2.999 V1o 1.000 V
3 10 999.9 mV to 300.0 mV

4 30 299.9 mV to 100.0 mV
5 100 99.99 mV to 30.00 mV
6 300 29.99 mV 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

Na. Factor {Peak-to-Peak}

1 1 5.000 V 10 1.600 V
2 3 1.498 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 3325A

AC Function with DC Offset:

Range | Attenuation AC Function Maximum DC Min. BC
No. Factor Amplitude {p-p} {+ or -} {+ or =)
1 1 9.998 Vto 1.000 V 1.000 mV to 4,500 V 1.000 mV
2 3 989.9 mV to 333.4 mV 1.166 V to 1.499 V 0.100 mV
3 10 333.3 mV to 100.0 mV 333.3 mV to 450.0 mV 0.100 mV
4 30 9%.99 mV to 33.34 mV 116.6 mV to 149.9 mV 0.010 mV
53 100 33.33 mV t0 10.00 mV 33.33 mV to 45.00 mV 0.010 mvV
6 300 9.989 mV to 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 Voltage Output Option 002:
Amplitude and Ranges: 4 times the standard instru-
ment amplitudes

Qutput Impedance: <2 atDC to <10 0 at 1 MHz
Square Wave Settling Time: <1 us to settle to within

.05% of final value for frequencies of 10 Hz to 500 kHz,
tested at full output with no load

FREQUENCY 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 | 99.99 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 Frequency 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 + de]
from chassis [earth] ground)

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

+ 20 dBm inte 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 500 kHz (0 to
21 MHz carrier frequency)

Sensitivity: 5 V peak for 100% modulation
input Impedance: 10 k{
Connector: Rear panel BNC

Phase Modulation:
Modulation Frequency Range: DC to § kHz

Modulation Depth

Function Depth {+ or —}
Sine 850°
Square 425°
Triangle 42.5°
Ramps 860

Input Impedance: 20 k2
Connector: Rear panel BNC

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

Auxiliary Frequency Output (ac coupled output):

Frequency Range: 21 MHz to 60,9299 999 999 MHz,
with underrange coverage to 18.000 000 001 MHz

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

1 MHz Reference Output (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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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.

Continuous: Low during sweep up, High during
sween 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 Qutput, Option 001, for phase
locking the 3326A to the optional high stability frequency
reference:

Amplitude: 0 dBm, 50 ohms

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

REMOTE CONTROL

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

Amplitude: O to + 10 V linear ramp proportional to .

Frequency Switching and Settling Time:*
<10 ms to within 1 Hz of final value for 100 kHz span
< 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 tock for 20 MHz fre-

qguency change

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

*Times shown are in addition to programming time
GENERAL
Operating Environment:
Temperature: 0° to 66°C
Relative Humidity: <95%, G° 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 optiens, 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 001 for connect-
ing the rear panel Reference Qutput 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 Voltage 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 thewsame 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 to 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 mapual. An instrument manufactured after the
printing of this manual may differ in some respect from
the information in this manual. In this ¢ase, a yellow
Manual Changes supplement included with the manual
explains how to adapt the manual to your instrument,

1-24. SAFETY CONSIDERATIONS.

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

Model 3325A

Table 1-3. HP-IB interface Gapability.

Code Function
SH1 Source handshake capability
AH1 Aceepter handshake capability
T8 Basic talker; Sarial poll; Unaddressed to talk
if addrassed to listen
L3 Basic listener; Listen enly; Uneddressed to
listen if addressed to talk
SR1 Service Reguest capability
RL1 Rernote/Local capability
PPO No parallel poll capability
[Blag| Device Clear capability
DT® No device trigger capebility
co No controller capability
ET Open collactor 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-
bol identifies important instructions required to prevent
darnage 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 im Table 1-5. Other equipment can be
substituted if it meets or exceeds the critical specifica-
tions listed in the table.
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Table 1-4. HP-IB Response Times.

General Information

Imput Data Device Output Data
Function Mnemaonic Transfer Time Time Transfer Time
Function (Waveform) FU 450-500 us 1600 ms 460-500 ps
1 Digit 225280 us 2.8 ms 225250 ps
Frequency FR 450-500 us 7.0 ms 4503-500 us
= 11 Digits + Decimal 225-250 ps each | 2.8 ms each | 225-250 us each
Delimiters MZ, KH, ar MH 450-500 us 12.5 ms 450-500 us
Ampfitude AM 450-500 us 6.8 ms 450-500 us
=4 Digits + Decimal 225-250 pus sach 2.8 ms each 225-250 us gach
Datimiters VO or MV 450-500 ps 90 ms 450-500 us
VR or MR 450-500 pz 130 ms 450-500 ps
DB 450-500 us 250 ms 450-500Q ps
DC Offset QF 450-500 ps 6.8 ms 450500 ps
= 4 Digits + Decimal 225-250 us each | 2.8 ms each | 225-250 us each
Delimiters VO or MV 450-5Q0 us 82 ms 450-500 ps
Phase PH 450-500 us 5 ms 450-500 pus
= 4 Digits + Decimal 225-250 ps wach | 2.B ms each | 225-250 x5 each
Delimiter DE 450-500 ps 28 ms 450-500 us
Sweep Start Frequency 8T 450500 ps 7.0 ms 480--500 us
=11 Digits + Decimal 225-250 ps each | 2.8 ms each | 225-250 w5 cach
Delimiters HZ, KH, or MH 450-500 ps 10.3 ms 450-500 ps
Sweep Stap Frequency SP 480-500 ps 7.0 ms 450--500 ps
=11 Digits + Decimal 225-250 us each 2.8 ms each 225-250 us each
Delimiters HZ, KH or MH 450-500 ps_ 10.3 ms 4B8Q-500 ps
Sweep Marker Frequengy MF 450-500 us 7.0 ms 450-500 us
=11 Digits + Decimal 225-250 us each | 2.8 m=each | 225-250 us each
Delimiters HZ, KH or MH 450..500 us 10,2 ms 450-500 us
Sweep Time T 450-600 pz 5.5 ms 460-500 us
=4 Digits + Decimal 225-250 us each 2.8 ms gach | 225-250 us each
Dejimiter SE 450-500 ps 7.0 ms 450-500 us
Store SR 450-500 us 11 ms
Racall RE 480--6500 ps 1700 ms
Assign Zero Phase AP 450-500 ps 5.2 ms
Amptd Cal AC 450-500 ps 16Q0 ms
Start Single Sweep 55 450-500 us 300 ms
Start Continuous Sweep sC 450~500 pus 300 ms
Interrogate | 225-250 us & ms
{Add Parameter
Mnemonic Time)
Mask Service Reguest 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
Self Test TE 450-500 us 10,000 ms
Sweep Mode 5M 450-500 ps 4.5 ms
Data Transfer Mode MD 4850-500 us 4.5 ms
Interrogate Function IFU G75-750 us 1603 ms
Interrogate Eeror IER 675-750 us 11.5 ms
Univarsal Cormmands ~ 225 us per byte
Amplitude Medulation MA 450~500 us 7.0 ms
Phase Modulation MP 450-500 ps 7.0 ms
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Table 1-5. Recommended Test Equipment.

Model 3325A

Requited For
Cper. Perf. | Adjust- Troubla-
Instrumant Critical Spacifications Vor. Tests | ments shooting Rocommended Madsl
Oscilloscope Vertical X X X X -hp- 1740A
Bandwidth: dc to 100 MHz
Deflection: 0.01 V to 10V/div
Horizontal
Swaep; 0.06 ps to 1 s/div
=10 Magnification
Delayed Sweap
Electronic Countear Frequency Measurement X X X -hp- BA28A with Opt 01
Freguency Range: to 20 MHz and 040 ¢r Q41
Resolution: 8 digits
Accuracy: t 2 counts
Tirna Intarval Average A to B
Resolution: 0.1 ns
Digital Voltmetar DC Function X X -hp- 3466A
Ranges: .1V, 1V, 10V,
100V
Accuracy: +.2%
Rasolution: 4% digits
AC Function
Ranges; 1V, 10V, 100V
Aceuracy: +.5%
Resolution: 4 digits
DC Funetion X X X -hp- 3455A
Ranges: .1V, 1V, 10V,
100 V
Accuragy: £ .05%
Rasolution: 6 digits
AC Function: True RMS
Ranges: 1V, 10V, 100 V
Accuracy: +.2%
Resolution: & digits
Crast Factor: 4:1
50-ohm Load Aceuracy: +=.2% X X X X -hp- 11048¢C
Fower Rating: 1 W
High Frequancy Frequency Range:; 1 kHz to X X X -hp- 141T/8552B/8553B/
Spectrum Analyzer 100 MHz 8566A/8568A
Amplitude Accuracy: +.5 dB
Low Fraguency Frequency Range: X X X -hp- 3580A/3585A
Spectrum Analyzer 20Hz-50kHz
Amplitude Acguracy: =.5 dB
Spurious Responses:
B0 dB balow referance
Sine Wave Signal Source Fraguency. 1 kHz X -hp- 204C
Amplitude; 1 V rams into 20 kO
Frequency Range: X -hp- 3235A 1 MHz-2Q
MHz
Amplitude Range: to
+7.0 dBm
Output Impedance: 50 0
Phase Noise (integrated):
9.9 MHz: < -63 dB
20 MHz: = =70 dB
Spurious: =75 dB below
fundamental
Double Balanced Mixar Impedance; 508 X -hp- 10534A
Frequency: to 20 MHz or 10614A
1 MHz Low Pass Filter Cut-off Frequency: 1 MHz X F882 1MHz Low Pass
Sg’gl;aang A;tf\;‘:_‘ Filter, Impedance 501,
¥ * C Shape Factor, Metal Can,
Stopband Freq: 4 MHz-80 MHz BNC's Allen Avionics, Inc.
224 E. Second 5t, Minaola,
NY 11501
15 kHz Noise Equlvalant Conzisting of: X
Filter Resistor; 10 ki +1% -hp- 0757-0340
Capacitor; 1600 pF 5% shp- 0160-2223

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

General Information

Raguired For

Oper. Perf. | Adjust: Troubta-
Instrument Critical Specifications Var, Taste | ments shooting Rocommended Madal
AC Voltmeter Ranges: 0.1 Vto 1V X -hp- 400 FL.
Frequency Range: 20 Hz-1 MHz
Input Impedance: =1 MQ
Meter: Log scala
Acc (100 Hz to 10 kHz): £1%
Resistor 1 kil +5% X -hp- QE83-1025
Oscilloscope Probe Divisian Ratio: 10 to 1 X X <hp- 10041A
Impedance: 1 M, 12 pF
DC Power Supply Volts: 0-10 V X X -hp- 6214A
Amps: 10 mA
Floating output
Frequency Standard Frequency: 5 MHz X -hp- 1058
{Required for Option Accuragy: 1 = 109
Q01 Qnly}
Caleulator HP.IB Contral Capability X X -hp- @825A with
tRequired for 28034A Interface,
sutomatic testing) General /O ROM,
Extended 1/0 ROM
System Voltmeter DC Voltage: O to 10V X =hp- 3437A
Sample/Hold Measurement
External Trigger: Low True TTL
Edge Trigger
Trigger Delay: selectable, 10 us
ta 140 us
BNC Tas Male-female-female X X X -hp- 1250-0781
Adapter BNC-to-dual banana plug X X X -hp- 1250-2277
BNC-to-Triax Adapter Famale BNC-to-Male Triax X, -hp- 1250-06595
Signatura Analyzer Signature: 4-digit hexadecimal X -hp- G004A
Characters:Othru 9,A,C,F.H,P,U
Thrashold
Logic 1: +2.2V
Logic O: +0.5V
Cloek Frequency: =1.5 MHz
Pulse Genarataor Pulse Rate: 500 kHz X -hp- 3312A
Pulse Width: =1 ps
DC Offset: 1V
Rasistar 56.200 1% 1/8W X X -hp- 0767-0395
Thermal Converter Input Impedance: 75 X b4 -hp- T1080A
Input Voltage: 0.5 V rms
Fraquency: 2 kHz to 20 MHz
Frequency Response: +0.05dB
2 kHz to 20 MHz
Resistive Divider Consisting of: X
Resistor: 36.5 @ 1% % W -hp- 0757-0996
Registor: 13.7 2 1% % W -hp- DE9B-4828
Resistive Divider Consisting of: X
Resistor: 40.2 0 1% % W -hp- 0698-5022
Resistor: 10 1% ¥a W -hp- D757-0984
Rasistive Divider Cansisting of: X
Rasistor: 30 0 1% % W -hp- 0698-7533
Resistor: 202 1% % W -hp- 0698-6296
Resistive Divider Consisting of; X
Resistor: 100 k{} 1% 1/8 W -hp- 0757-0465
Resistor: 162 k2 1% 1/8 W -hp- 0767-0470
Termination 50 ohm Feedthrough 1% X -hp- 11048C
Thermal Conveartar BNC Connectorg X -hp- 11060A
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Section 11

SECTION Il
INSTALLATION

2-1. INTRODUCTION.

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

2-3. INITIAL INSPECTION.

2-4. Inspect the shipping container for damage. If the
shipping container or cushioning material is damaged, it
should be kept until the contents of the shipraent have
been checked for completeness and the instrument has
been checked mechaniezlly 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.
Proccdures 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 ag 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, or 240 V ac, +5%, -10%, 48 to 66 Hz single phase,
Power consumption 1z 100 VA maximum,

2-8. Line Voltage Selection.

Before connecting ac power to this
instrument, make sure it Is set to the line
voltage of the power source. Also 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 electrical
shock, make sure the power cord is
disconnected before removing the instrument
cover,

2-9, The line voltage selection switches are set at the
factory to correspond to the line voltage option ordered.
This information may be found on the rear panel.

Option Line Voltage Selected
100 100 v
120 120 vV
220 220V
240 240V

If it is necessary to change the line voltage 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 observe the CAUTION in
Figure 2-1.

2-10. Power Cable.

2-11. In aceordance with international safety standards,
this instrument is equipped with a three-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:

10631 A I meter
106318 2 meters
10631C 4 meters

2-1
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A
% Y
B LINE
| 0OV c §2 o VOLTAGE | st | s2
OOV A D
(1 120v | B | D
220V A C
240V B C
A
é S|
B
120V c_S2
[
A
% Sl CAUTION
B
WHEN CHANGING THE LINE VOLTAGE
220V c 52 SELECTION, MAKE SURE THE CORREGCT
FUSE IS INSTALLED FOR FOR THE
] VOLTAGE SELECTED.
L INE VDLTAGEl FUSE | —hp~PART NO.
100/ {20V I A 21 10=0001
% A 220240V | .54 | 2110-0012
Sl
B AFTEBRE csHLﬁ%G t th ILNIDN% AVTC:ELTI;IGETHSEELR%%LI ON,
T | @]
240V ¢ S2 D PANEL THE NEW VOLTAGE SELECTED.
111}
3325A-29
SWITCHES VIEWED FROM
REAR OF INSTRUMENT

Flgure 2-1. Line Voltage Selection.
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8120-1361

81201348

ST0-B-4195
“UL LISTED FOR USE IN THE UNITED STATES OF AMERICA

Figure 2-2. Power Cables.

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

Section I1

CAUTION of Figure 2-3.

2-14. Cable Length Restrictions. System components
can be interconnected in virtually 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 “I” position. This
switch is used for troubleshooting only.

PIN | LINE
7 Dio1

2 D102

3 DI03

4 DI04

13 | Di0B

14 DI

15 DIO7

16 | Dlo8

5 EQI

17 REN

6 DAV

7 NRFD

8 NDAC

9 IFC

10 | SRQ

1 ATN

12 | SHIELD-CHASSIS GROUND

18 | P/O TWISTED PAIR WITHPIN 6

19 | P/O TWISTED PAIR WITH PIN 7

20 | P/O TWISTED PAIR WITH PIN 8 T“Ef\gg“"s
22 | P/O TWISTED PAIR WITHPIN 10 { GROUNDED
23 | P/O TWISTED PAIR WITH PIN 11

24 ISOLATED DIGITAL GROUND

STD- 0 - 4030

;CAUTION;

The 3325A contains metric threaded HP—IB cable mounting
studs as opposed to English threads. Metric threaded -hp-
10637A, 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 lockscrews s made by their
color, English threaded fasteners are colored siiver and metric
threaded fasteners are colored black, 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
0380-0644

LONG MOUNTING STUD
0380-0643

LOCKSCREW
1380-0360

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

Because the address swiwches are located
inside the instrument, they should be set by
trained service personnel only. To avoid
electrical shock, make sure the power cord is
disconnected before removing the instrument
{aver,

2-17. HP—IB Description.

2-18. A description of the HP-IB is provided in Scction
III 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 criteria 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 Oven Option 001, an external
connection must be made between the rear panel 10 MHz
OVEN QUTPUT and the REF IN connectors. A special
conneetor for this purpose, <hp- Part No, 1250-1499, is
supplied with instruments having Option 001.

2-21. OPERATING ENVIRONMENT.

{ WARNING I

To prevent potential electrical or fire hazard,
do not expose equipment (o rain or moisture.

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

Temperature 0to +55°C
Relative Humidity 95% at 40°C
Altitude 4600 meters

(15,000 feet)

2-23. Cooling System.

2-24. The cocling 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 (1% inch) on all sides of the instrument,
Failure to allow adequate air cireulation will result in
excessive internal temperature, reducing instrument
reliability.

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

frequently and cleaned 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 handiing the
instrument on the bench (see Figure 2-4). The kit is
shipped with the instrument if Option 907 is also ordered.
Otherwise, the [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
instrument 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 Mount 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 handie
assembly (-hp- Part No. 5060-9899, Option
07). To rack mount with handles, the
combination kit of item b (Option 909) must
be used (see Figure 2-4). If 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 2 ¢lean, dry

environment. The following environmental limitations
apply to both storage and shipment:

Temperature -40°C to +75°C
Relative Humidity 95% at 40°C
Altitude 15,300 meters

(50,000 feet)
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Table 2-1, HP—IB Addresses.
ASCHI Characters Address Equivalent Codes
Switches (Te 5-Bit Binary Switches)
Listen Taik (Binary Code)
Address | Address [ 5 4 3 2 1 | Octal | Decimal | Hexadecimal
5P @ 000 0 0] 00 00 00
| A Q0 Q0 0 01 (2} 01
" B O 001 Q| 02 02 02
A C o001 03 03 03
& D 001 0 0| 04 04 04
% E 001 01 05 08 05
& F 011 0| 08 06 06
) G o0 1 11 07 Q7 a7
( H 01 000 10 08 08
) | 01 0 0 11 09 09
* J O1 010 12 10 0A
+ K 01 0 11 13 11 0B
L o1 1 00 14 12 oc
M 01 1 01 15 13 [¢]n]
. N 1110 16 14 0E
/ (8] o1 1 11 17 15 OF
Factory a P 10 0 ¢ 0 20 16 10
Selected e Q 1 0 0 01 21 17 11
Address 2 R 100 1 0 22 18 12
3 S 1 00 1 1 23 19 13
4 T 1 01 0 0 24 20 14
5 U 1T 0 1 01 25 21 15
6 Y 1T 01V 1 0 28 22 16
7 w 1T 0 1 1 1 27 23 17
8 X 11 000 30 24 18
a Y 11 0 01 31 25 19
; Z 11 01 Q 32 26 1A
; [ 1T 1 0 11 33 27 iB
< N i1 1 00 34 28 1C
B | 1T 1 1 01 35 29 D
I ~ 11 1 % 0| 36 30 1E
] 1
 — —
O
o e Y Addrass Switches
 ——
—
[CT3| LON - Listan Only
1] ROM — ROM Dizable (For Test Only)

NGTE: The Equivalant Codes shown correspond only 1o the 5-bit binary switch
code. These bits are the same for both listan and talk addresses, and the sixth
and seventh bits determine whether the address is listen (01} or talk (10). Some
controllers distinguish betwean listan and talk automatically, requiring enly the

5.bit code equivalent to designate a davice.

2-5



Instatlation

[Dusnc TRIM
HANDLE KIT, BENCH OPERATION

OPTION 908 _ 7“‘“”

RACK MOUNT FLANGE/FRONT MANDLE KIT

2-6

Figure 2-4. Rack Mount and Handle Kits.
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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 teceived. 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 a 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. Scal the shipping container securely.

e. Mark the shipping container FRAGILE to assure
careful handling,
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SECTION 1
OPERATION

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

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

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

Table 3-1. Operating Information,

FParagraph Content Paragraph Content
3-3 PANEL FEATURES (Figure 1-1} 3-100 3325A REMOTE PROGRAMMING
3-5 POWER/WARMUP 3-101 3225A HP-IB Capsbilities
3.8 INITIAL CONDITIONS Table 3-8, Intarface Functions
310 SELF TEST 3-103 Developing an HP-1B Program
3-12 FRONT/REAR SIGNAL OUTPUT 3-107 Universal and Addressed Commands
314 SYNC QUTPUT 3.109 Placing the 3325A in Remote
316 EXTERNAL REFERENCE INPUT 3-111 The 3325A Address
"3-18 10 MHz OVEN OPTION 001 Table 3-8, Summary of 3325A Programming,
3.20 MANUAL PROGRAMMING ASCIl Characters
3-22 Clear Display Tahle 3-10, Programming Codes
3-24 Entry Errors 3-113 3325A Data Message Formats
3-28 Function Selection 3-118 Data Transfer Mode
3-28B Frequency Entry 3-118 Programming Data Transfer Moda
3-30 Frequency Limits 3.120 Programming Entry Parameters
3-32 Freguency Display and Resolution Freguency
3-34 Auxiliary Qutput (Sine Function Only} Amplitude
3-36 Amplitude Entry Offset
Taple 3.2, Ampiitude Limits of AC Funcrions Phase
3.39 Amplitude Calibration Sweep Start Freguency
3-41 High Veltage Output Option 002 Sweap Stop Fraguency
Table 2-3, High Voltage Output Amplitudes Sweep Marker Frequency
3-43 DC Offset Sweap Time
Table 3-4 end Figure 3-2, Maximum DC 3-122 Programming Waveform Function
Offser . 3-124 Programming Binary (ON or OFF) Function
3-46 Phase Entry High Voltage Output (Option QO2)
3.49 Fraquency Sweep - Amplitude Modulation
3-85 Sweep Marker Phase Modulation
3-58 Sweep X Drive Output 3-128 Programming Selection Functions
3-80 Sweep Z Blank Qutput Rear Quiput/Front Cutput
3-62 Amplitude Modulation Linear Sweep/Logarithmic Sweep
3-66 Phase Modulation Data Transfer Mode
3-68 Modify Keys 3-128 Prograrnming Execution Functions
370 Store and Recall Assgign Zerp Phase Refarence
3-72 OPERATOR'S CHECKS Perform Amplitude Calibration
3-74 Self Test Start Single Sweep
3.76 Qutput Chacks Start Continuous Sweep
3-78 QPERATOR'S MAINTENANCE Perform Self Tast
3-81 HP-IB OPERATION 3.130 Programming Amplitude Units Conversion
3-83 General HP-1B Description 3-132 Progremming Storage Repgistars
Figure 3-3, Interfage Connections and Bus 3-134 Service Requests
Structure 3-136 Serial Foll
Table 3-5, Genergl Interface Management 3-138 Status Byte
Lines 32140 Busy Fiag
3-88 Definition of HP-IB Terms and Concepts 3-142 Sweep Flag
3-89 Basgic Device Communication Capability 3-144 Masking or Enabling Sarvice Raguests
3-91 Message Definitions Table 3-11, SRQ Mask/Enable Data
Table 3-6, Definition of Mata Massages 3-146 Interragating Program Errors
3-83 2325A Response to Messages 3-148 Interrogating Entry Parameters
Table 3-7, tmplementation of Messages 3-150 Interrogating Function (Wavefarmi
3-95 HP-1B Work Sheet 3-152 Intarragating Miscelianeous Paramaters
3-27 HP-IB Addressing ' 2.154 Using the Interrogate Capability
3-156 3325A Programming Procedure
Appendices
A-3 META MESSAGES BLOCK DIAGRAMMED
B8-3 PROGRAMMING THE MODEL 3325A with the
Ag28A CALCULATOR

31
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(1) 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 suppiy circuits.

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

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

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

3-2

®

®

LOCAL key. Returns 3325A from remote to front panel
control untess Local Lockout has been programmed.
When preceded by the blue prefix key, this key causes
the 3325A HP-IB address to be displayed in decimal
code.

STATUS annunciator group. Thase annuncigtors in-
dicate the 3325A HF-1B status: Remote; Addressed to
Talk; Addressed to Listen; Request Service (SRQ).

ENTRY group. Prefix keys for programming signat
parameters.

ALPHANUMERIC display. Displays the value of the
parameter seiected, 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 Ciear key. When pre-
ceded by the blue prefix key, the keys in the left column
control the modulation functions.

MODIFY 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.

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

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

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

AMPTD CAL key., Automatically caiibrates the
amplitude and offset of the output signa! (see Paragraph
3-39). When preceded by the blue prefix key, initiates a
self test operation (see Paragraph 3-10).

CAUTION
The maximum peak voltage that can be safely ap-
plied between chassis and the outer conductor of
any of the 33258A input or output signal connec-
tors is =42 V.

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

AUX 21-60 MMz REAR annunciator. This annunciator is
on when the rear panel AUX output is active (see
Paragraph 3-34).

REAR ONLY key. In standard instruments, switches
signal output from front to rear panet and vice versa.
Rear panel output is active when the annunciator in the
center of the key is on. In instruments with High Voltage
Output Option 002, this key switches from normal to
high voltage output, and the annunciator indicates
when the high voltage output is on. The key is labeled
“40 Vpp, 40 mA, 0-1 MHz’'" for Option 902, in Option
£02 instruments, no rear panel signal output is pro-
vided.

SIGNAL ocutput. Standard output impedance is 50
ohms. High Voltage Qutput Option 002 gutput im-
pedance is nominally <1 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.
ds

10 MMz OVEN QUTPUT. This signal is present only in
instruments with Option 00 1. To make use of the Oven
Cutput, it must be connected to the REF [N connector,
item 21. A special connector, -hp- Part No.
1250-1499, is supplied with Option 001 for this pur-
pose. J3.

@

@

@
@

AC POWER input connector. E1.

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

HP-1B 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, ltem 17. J6.
{Instruments with Option 002 do not have rear panel
signal output.)

NOTE

The rear panel signal output is inactive (ne inter-
nal signal connection) If the instrument has the
High Voftage Output Option 002 installed. In-
structions are given in the Operating and Service
Manual, Section VIl, Service Group M, for ac-
tivating the rear pane! signai output in one of two
ways. 1} Placing the standard/high voltage out-
put on the rear panel only, disconnecting the
front panel signal output, or 2) Disabling the high
voltage output and enabling the standard
front/rear output configuration.

If the standard instrument signal output is not ter-
minated by an external 50-chm load fa high im-
pedance load, for example) undesirable distortion
may result, particularly at higher frequencies.
Similar conditions may result if the High Voltage
Qutput {Option 002} is terminated by less than
500 ohms.

@ BLOWER, B7.

@

® ® ® ®

®
®

PHASE MOD. Input connector for a phase moduiating
signal of =5 V maximum peak voltage (see Paragraph

3-66). J7.

AMPTD MOD. Input connector for an amplitude
modulating signal of =5 V maximum peak voltage (see
Paragraph 3-62}. J8.

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

AUX 21-60 MHz. A signal is available at this putput
when the sine wave frequency is programmed abave 21
MHz (see Paragraph 3-34). Jg.

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

X DRIVE. This output progresses from 0 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 a sweep up, and high

at completion of the sweep (see Paragraph 3-55}. J13.
Power Transformer, 11.

Line Fuse, F1.
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NOTE

The HP-IB is Hewleti-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 Model 3325A requires a power source of 100,
120, 220, or 240 Vac, +5% -10%, 48 to 66 Hz single
phase. The selection of line voltage and fuse is described
in Paragraph 2-8 and Figure 2-1.

3-7. The 3325A POWER switch has two positions,
STBY and OMN. 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
POWCT sOUrce to maintain a constant oven temperature,
eliminating the need for a long warm-up period. If an
instrurnent with the Oven Assembly has been discon-
nected from ac power no longer than 24 hours, a
I5-minute warmup period is sufficient to bring the
refercnce frequency to within =1 x 1077 of final value.

3-8. INITIAL CONDITIONS.

3-9, After the POWER switch has been set 1o ON,
the instrument status will be as follows:

Function....................... Sine
Frequency................... 1000 Hz
Amplitude. ....... ... vier o I mVp-p
Phase............cooiiiinnn 0 deg
DCOffset...................... oV
Front Signal Qutput
Sweep. .. .. ... ... Linear
Start Frequeney. ... ... 1 MHz
Stop Frequency............ 10 MH:z
Marker Frequency........... 5 MHz
Time. ... oo 1 sec
NOTES

1. If the display reads OSC FAIL the fre-
guency syvnthesis circuits are nol operafing
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 oceurs,
refer the instrument to qualified service per-
sonnel for repair,
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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:

LLED 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 OUTPUT.

The maximum peak voltage that can be safe-
Iy applied between chassis and the ouler con-
ductor aof any af the 23254 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
ONLY key. The lighted indicator in the center of this
key denotes that the signal outpul is at the rear pancl.

NOTE

The rear panel SIGNAL output is not pre-
sent on instrumenis equipped with the High
Voltage Ouipur Option 002.

3-14. SYNC OUTPUT.

3-15. A square wave sync output is provided at BNC
connectors on both the front and rear panels, This sync
signal is always in phase with the output signal, with the
Sync transition oceurring at the signal zero ¢rossing, or
when the signal crosses the dc offset voltage. The outpui
impedance of either front or rear panel sync output is
approximately 50 ohms. When connected to a 50-ohm
coaxial cable that is terminated 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 1o a 30-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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nunation of the 50-ohm system 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 Q dBm (50 ohms), and the fre-
quency must be within 10 PEM of 10 MHz or a sub-
multiple thereof down to 1| MHz (10, 5, 3.33, 2.5, or |
MHz). The front panel EXT REF annunciator will light
to indicate that an external reference is being used. The
internal reference oscillator is phase locked to the exter-
nal reference, and a phase lock detector circuit causes
the 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 15 at the rear panel 10 MHz OQVEN QUTPUT
connector, This output must be connected to the EXT
REF input. A special connector, -hp- Part No.

1250-1499, is provided with Option 001 for this pur-
pose,

3-20. MANUAL PROGRAMMING.

321, The following paragraphs describe the procedures
for operating the 3325A from the front pancl. 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 is
useful when an error is made while entering data.

3-24. Entry Errors.

3-25. The word “'Error’” will appear in the display for
approximately one second when an error in programm-
ing occurs. The incorrect entry will not be accepted.
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3-26. Function Selection.

FUNCT [ON —
ot ™ W = [
[e] (] [ [e]
2007 | oz 10KHz  1okME 1Dkt y

D0 OFFSET

c

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 oflset has been pro-
grammed (sec Paragraph 3-43), When the ac signal is
removed in this way, the instrument automatically
displays dec 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 offsct
has been programmed,

NOTE

The standard instrument sigral 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-
gquencies.

3-28. Frequency Entry,

ENTRY

ASCII
Numetic Error
1 Entry parameter out of bounds (for example, Freq = 61
MHz)
2 Invalid delimiter
3 Frequency too large for function (for example, Function
Triazngle, Freq = 11 kHz)
Sweep time too small or tog large
] Offset incompatible with amplitude, or amplitude incom-
patible with offset
] Sweep frequency too large for function; Sweep bandwidth
too small; Start frequency too small {log sweep); Start fre-
quency greater than stop frequency (log sweep)
7 Unrecognizable mnemonic received
B Unrecognizable data character received
9 Option does not exist (High Voltage or Rear/Front)

DATA 1

DO
1EEE
1O E&E
)

NOTE

A liehted indicator in the center of any eniry
key denotes it as the active eniry parameier.
For example, i the FREQ e¢niry key in-
dicqlor is on, It {5 ROl necessary (o press Hhat
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 is

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

Peak-to-Peak rms dBm (50 Q)
Function Max, Min, Max. Min. Max. Min,
Sine 10V 1 mv 3836V 0.354 mV +23.98 -56.02
Square 10V T my 5.000 VvV 0.5 my +26.898 -63.01
Triangle gV 1 my 2.888 YV 0.289 mv 22,22 -57.78
t. Ramp 10V 1mv 2.888 Vv Q.289 mV +22.22 -67.78

Operation

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

Sine wave 20 990 099 999 Hz
Sguare wave 10 999 999,999 H:
Trigngle 10 999,999 099 Hz

10 999.999 999 H:
10 999,999 959 Hz

Positive slope ramp
Negative 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 ¢x-
ample, an entry of 1.2 MHz is displayed as
1 200 000.0 Hz. Non-significant zeroes to the right of
the first digit following the decimal point are not
displayed except during a “‘modify’” condition (see
Paragraph 3-68). The maximum resolution is 1 pHz for
{requencies up to and including 99 999.999 999 Hz, and
I 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-
gquencies above 19 MHz to a maximum of 60 999
999,999 He. The oulput level is 4 nominal 0 dBm into 50
ohms. The output automatically 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 MHz". Irequencics between 19 MHz
and 21 MHz can be obiained at the AUX output only by
first entering 21 MHz or higher, then entering the
desired frequency. For example, if the degired frequency
is 19.5 MHyx, first enter “*FREQ 21 MHz", then
“19.5 MHz". Then, if a front panal SIGNAL output of
19.5 MHz (or any frequency between 19 MHz and
21 MH7) is desired, enter any frequency 19 MHz or
lower, then enter 19.5 MHz.

NOTE

Only one signal output is active at one time.
A lighted *21-60 MHz Rear'” annunciator in-
dicates that the rear panet AUX, 0 dBm, 2]-60
MHz output is active. A lighted *“Signal, Rear
Only'" annunciator indicares that the rear
punel signal oulpul is active. Neither light on,
indicares the front panel signal owlpul is
active,

3-36. Amplitude Entry,

ENTRY DATA 00 . o e

e

R E)

SmoweE

3-37. Amplitude iz 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 a 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 dBro key to
display the value as (+)23.98 dBm.

3-39. Amplitude Calibration.

AMETD CAL

SELF TEST

O EXT REF

2 MO AT ION

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
gualified service personnel for repair.

3-5
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3-41. High Voltage Output Option 002,

SYNC QuT

@
ih

[ SIGNAL——— AUX

40V -p, 40mA 21-60MHr
el — o}
2% MAX @ Q-1 MHz REAR

-

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-
qguencies. To assure square wave overshoot <3% of
peak-to-peak output, the total capacitance connected to
the output should be <500 pF. The same entry pro-
cedures and display features apply as in the standard
operation. Maximum and minimum amplitudes are
shown in Table 3-3. Maximum frequency for sine and
square wave functions is 1 MHz (10 kHz for triangle
and ramps).

NOTE

The rear panel signal owtput is inactive (no
internal signal connection) if the instrument
has the High Voltage Output 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
Sront/rear output configuration.

3-43. DC Offset.

DATA

v

-

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

Peak-to-Peak rms
Function Max. Min. Max Min.
Sine 40V 4 mV 14,14 V 1.42 mV
Square 40 v 4 mV 200 V 2.0 mv
Triangle 40V 4 mv 11.65 V 1.16 mv
+ Ramp 40V 4 mV 11.66 V 1.16 mV

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

NOTE

When the High Voltage Output is selected
(Option 002}, minimum amplitude for dc
only (no ac function) is 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 de 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 enter a dc offset
that is too great for the amplitude already
programmed, “Error 5 will appear in the
display momentarily, and the dc offset entry
wifl not be accepied.

2. After a dc offset has been entered, if the
amplitude fac) is then increased beyond the
fevel where the amplitude and offset are
compatible, “‘Error 5°° will appear in the
display momentarily, and the ac amplitude
entry will not be accepted,
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3. The minimum and maximum permissible
de offset voltages when the High Voltage
Output 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
dc offset) to the following:

Maximum dc offset = % - Am;td

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

3-46. Phase Entry.

BRI

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 ZEROQO 4 (PHASE) key.

3-49. Frequency Sweep.

—__SWEEP LINEAR/LOG Z:ﬂ
f_s';:w Y S
galclle
| aly aT.
| ERY AR re
|

logoNo)

I SINGLE MAR-eOF L6 — O

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

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

Tabte 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 G.001 mV 7 A = 1000
3.333 mVv with 3.333 mV
3.334 mV with 14.99 mV

to 0.001 mV 6 A = 300
9.999 mv with 11.866 mV
10.00 mvV 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
99.99 mVv with 116.6 mV
100.0 mV with 450.0 mV

to ¢.100 mv 3 A =10
333.3 mv with 333.3 mV
333.4 mVv with 1.499 vV

to 0.100 mv 2 A =3
988.9 mv with 1.166 V
1.000 v with 4,500 V

to 1.000 mV 1 A =1
3.988 VvV with 0.001 V

3.7
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DC OFFSET DC OFFSET

DC OFFSET

AC VOLTAGE |.000 N

TO 9.938V. MINIMUM
QFFSET= 1, 0mV M

s
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o | 2 3 4 5 6 7 a 8 10
PEAK-TO-PEAK AC VOLTAGE
AC VOLTAGE | MINIMUM QFFSET
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33.34mV TO 99._35mV 0.01my
3.334mV TO 9.999mV 0.00Imy
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1G.00mv TO 33.33mV 0.0tmV
|,000mvy TO 2.333mV 0.00ImV
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Figure 3-2. Maximum DG Offset With AC Functions.
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NOTE

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

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

TIME

8o

*CF Log— O

Log sweep indicator

3-51. Linear Sweep. In linear mode, ecither 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.

WY

I

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
y

l @//lndicator is ON during sweep

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

NOTE

Because of the computation time required by
the control 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, but always within
0.25%. The error decreases as sweep lime Is
increased.

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

Linear sweep, single or continuous. ..0.010 s

Log sweep
Single. ... o ol 2.000 s
Continuous. .. .....c.ovvvveeennn. 0.100 s

NOTE

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

stop frequency

045 ( [0 log start frequency

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

Sine............ (10 mHz/s) x (sweep time}
Square........., (5 mHz/s} x (sweep time)
Triangle....... (0.5 mHz/s) X (sweep time)
Ramps.......... (1 mHz/s) X (sweep time}

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

3-55. Sweep Marker.

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

3.9
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approximately 400 microseconds wide. The following

cquation may be used to determine the approximate
. [}

maximum marker frequency:

0004 x bandwidth
swegep time

Max. marker freq. = stop freq. -

The rear panel 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 output 13 present dur-
ing sweep down or during a log sweep. Set the marker
frequency by pressing the “*“MKR FREQ' key and
entering the numerical data and the frequency suffix.

3-537. 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 dogs not change the sweep bandwidth unless either
the new upper or lower limit would be beyond the fre-
quency limit for the present function,

3-68. Sweep X Drive Dutput.
3-59. The rear panel X DRIVE output is as follows:
Linear sweep:

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

Continuous: Increases linearly from 0 V to
= 4+ 10V during sweep up, then goes to 0 V at
beginning of sweep down and remains at G V
during sweep down.

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

NOTE

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

X DRIVE ouiput voltage is linear with time
in both linear and log sweep modes.
3-60. Sweep Z Blank Output.

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

Linear sweep:

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

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

3-10
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Log sweep: Goes LOW al start 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 voltage range: 0 V 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 ON”' (§TORE) 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
maodulation input must be connected to the rear panel
AMETD MOD input. The impedance of this input is
20 k@ (10 k@2 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 1o the AMPTD
MOD input to controf the 3325A output level, or a pulse
may be used to gate the output. Approximately +5 V
cuts off the output signal, while approximately -5 V
doubles the output. (Maximum output is 10 V p-p.) DC
or pulse inputs should not exceed =5 V peak.
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3-66. Phase Modulation.

{~
EXT MOD

.

3-67. To program phase modulation, press the blue

prefix key, the the “éM 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 +5 V results in the
following approximate phase deviation (+ 170° per volt
for sine function);

3325A Function Phase Deviation

Sine +850°
Square +425°
Triangle +42.5°
+ Ramp + 85°

3-68. 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, press the {1 or
key to move the bright digit cursor to the digit you want

to modify. Then pressthe ¢ 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 a slight delay. As the modified digit
passes 9 (incrementing) or 0 (decrementing) the digit to
its left will increment or decrement.

3-79. Stere and Recall.

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

Any phase information stored is invalid when
recalled because the instrument perforis an
amplitude calibration on RECALL., Phuse
relationship between the output signal aned
the reference is nor maintained when
AMPTD CAL occurs,

3-72. OPERATOR'S CHECKS.

3-73. The following checks provide the operator with a
means of determining whether the instrument is opera-
tional. They are not intended to verify any specitica-
tions. If the instrument fails any of these checks, it
should be referred to qualified service personncl 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 Sunc-
tioning properly. Refer the instrument [0
qualified service personnel for repair.

3-76. Output Checks.

3-77. An oscilloscope (-hp- 1740A or equivalent) is re-
quired 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 . ... i Sine
FREQUENCY.......... ... 2 kHz
AMPLITUDE. .................. 10V p-p

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. Select square wave, triangle, positive slope ramp,
and negative stope ramp and verily that cach function
indicates  the same frequency and  peak-to-peak
amplitude,

AMPLITUDE ANMD DC OFFSET
¢, Set the 3323A as follows:

FUNCTION ., oo . Square
FREQUENCY . ... . o 2 kHz
AMPLITUDE. .................. 0V p-p
I, Set the oscilloscope controls as follows:
Vertical oo L. 2 v/div
Horizomal, o000 e 0.5 ms/div
Trigeer oo Auto

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

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

. Change 3323A amplitude 0 500 mV p-p, and
change osciltoscope vertical to .1 V/div, Oscilloscope
display should be 3 divisions peak-to-peak. This checks
the + [0 attenuator section.

jo Change 3325A amplitude 10 50 mV p-p, and
change oscilloscope vertical to .01 V/div. The square
wave display should be 5 divisions peak-to-peak. This
checks the = 100 attenuator section.

k. Press the 3325A SQUARE WAVE FUNCTION
key to remove the square wave output, The indicator in
the DC QOFFSET Entry key should light and the 33235A
display should show 0.0 mVv.

[. Set the oscilloscope vertical control to 2 V/div.
Ground the input and set the trace to the center line. Sct
input 1o de coupled.

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

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

n. Enter f V offset in the 3325A. Trace should be on
the center line,

FREQUENCY

0. Sgt the 3325A as follows:

FUNCTION ..o Sine
FREQUENCY. ................... 100 Hz
AMPLITUDE. ... ... .. 10V pp

312
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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 OQUTPUT (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 1o
select the High Vollage output.,

L. Set the 3325A as follows:

FUNCTION . ..., Sine
FREQUENCY ... . ... s 2 kHz
AMPLITUDE. ....ooovieee . 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 cycle per division. This
checks the high voltage output amplificr.

3-78. OPERATOR'S MAINTENANCE.

3.79. Maintenance by the operator is limited to cleaning
or replacing the rear panel fan filter, or replacing the ac
line fuse 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

1007120 v ‘ 1 A
2110-0012

2207240 V 0.5A

3-80. The fan filter should be inspected frequently and
cleaned or replaced as necessary to allow free flow of
air. To remove the filter, disconnect ac power from the
instrument and remove the four nuis that secure the
filter retainer. Remove the filter and wash thoroughly
with soapy water, rinse clegn, gand air dry.

3-81. HP-IB UPERATION.

3-82. The Model 3325A is remotely controlled by
means of the Hewlett-Packard [nterface 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-1B system. It also lists the
capabilitics and requirements for programming the
3325A. Program examples using a specific Hewiett-
Packard calculator as the system controller may be

found in the Supplemiental 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 (asynchronousiy) 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, c¢learing 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 to talk, [itten,
st control

{e.g.. calculator)

DEVICEBR

Able to talk and
listen

{e.q., digital voltmeter| Control

DEVICEC

Only able to listen

Genwral |

{u.g.. signal genavator)

Data Bus
(8 signal Tines)

Dats Bvte Transter

(3 signal lines)

Managernant

{HANDSHAKE} Lines

nterface

Management (CONTROL) Lines

DEVICED

Onty sbie to talk

{e.9., tape reader)

DAy

IFC
—  ATN
L 5RO
REN
EQI

" {6 signal lines]

Zjowor... 8

NRFD
NDAC

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

Name Mnemenic I Deascription

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

Interface IFC Inttializes the HP-18 system to an

Clzar idle state (ng activity on the
bus.)

Service SRQ Alerts the controller to a need

Request for communication.

Remote REN Places instruments under  re-

Enable mote program control.

End Or EQI Indicates last data transmission

[centify during a data transfer sequence;
used with ATN to poll devices
for their status.

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

Address - The characters sent by a controller to specify
which deviee 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 (1alk
oniy),

Polling - Polling is a means by which a controller can
identify a device that necds interaction with it, The con-
trolter may poll 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 parallel
poll.

3-89. Basic Device Communication Capability.

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

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

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

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 iy defined as the current controlling
device on the bus. The system controller can take con-
trol of the bus even if it is not the active controller. Each
system can have only one system controller, even if
several controtlers have system control capability,

3-91. Message Definitions.

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

3-14
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called ‘“‘messages’’. Some of the messages consist of two
basic parts, the address portion and the information
portion. Others are gencral messages Lo all deviees.
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 iiself Is not a pro-
gram code or an HP-IB command, 1t is only
intended as @ tool ro transtaie a program wrii-
len as an algorithm into the controfter’s code.

3-93. 3325A Response to Messages.

3-94. The 3325A 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-
nmn.

3-95. HP-IB Work Sheet.

3-96. A work sheet is provided at the ¢nd 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 address 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 il 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-1B capabilities of the 33254,
which are compatible with IEEE Standard 488-1978.
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Operation

Table 3-6. Definition of Meta Messages.

Message Definition

Data The actual information (binary
hytest which is zent from a
talker to one or more listenars,
The informatien or data can be in
a numeric form or 8 string of
characters,

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

Clear A clear message will cause 2
devigel(s) to return 0 a8 pre-
defined device-dependent state.

Remaote The rermote message causes the
listening devicel(s} to Sswitch
from lacal front panel control,
t@ remote program contrel, This
message remains in effect so
that devices subscguently ad-
dressed to hsten will go inte
remote operation.

Local This message ciears the remote
message from the listening de-
vice(s) and returns the device(s)
to local front panel control.

Local Lockout The local leckout message is
implermnented to prevent the de.
vice aperator from manually in-
hibiting rermaote prograrm controf,

Clear Lockout and
Set Local

This message causes all devices
1o be removed from the local
lockout mede and revert 1o local.
v will also giear the remote mes-
sage for all devices,

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

Require Service

Messago Definibion

Stetus Byte A byte that represents the status
of a single device, One bit indi-
cates whethar the device sent
the required Service message
and the remaining 7 bits indi
cate operational conditions de-
fined by the device. This byta
iz sent from the talking device
in response 1o a ''Serigl Foll”
operation performed by a con-
trollar.

Status Bit A byte that represents the opera-
tionai conditions of a group of
devices on thc bus, Each de-
vice responds on a particular bit
of the byte thus identifying a
device dependent candition. Thig
bit is typically sent by devices
in response ta a parallel poll
oparation.

The status it message can also
be used by a contreller to spec:
fy the particutar bit and legic
level that a device will respond
with when a parallel poll oper-
ation is performed. Thus, mote
than one device may respand on
the same bit,

Pass Control This message transters the bus
managemant rasponsibilities
from the active controller to

anothar contralier,

Ahort The system contratler sends the
abort message to uncendition-
ally assume control of the bus
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, Basically, the 3325A iy programmed remotely in
the same manner as it is programmed manually, The sc-
quence in which the various parameters are pro-
grammed s not important. At the end of this section
(D) there is a summary of the HP-1B Programming
Caodes, This <hart may be removed from the manual
and/or copied to be used as a programming reference.

NOTE
It nay be necessury o refer to some para-
praphs an manwal operation for descriptions

af certain sighals and reguirements.

3-105. Several steps are needed o develop an HP-IB
Program.

a. Completely defline the operation(s) the system is
required to perform.

b. Write the program in {lowchart or algorithm
form. (An algorithm may be defined as a fixed step-by-
step procedure for finding a solution to 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

Remote

Local

Local Lockout

Clear Lockout and Set Logal
Require Scrvice



Operation

Table 3-7. 3325A Implementation of Messages.

Model 3325A

Interface Functions™®*

Message Implementation” Sender Receiver 3325A Response

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

Trigger NA

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

ALL C, SH DC, AR to imtial 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 C,, SH RL", AH Goes to Local.

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

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

Set Local C. Lockout.

Require Service ] C Sets SRQ True.

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

Status Bit NA

Pass Control NA

Ahort R C, Unaddress

*S = Send Only * *SH = Source Handshake

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

AH = Acceptor Handshake

T=Takker (includes TE = Extendec Talker)

L = Listener (includes LE = Extended Listener)
SH = Service Request

RL = Remote/Local

PP = Parallel Poll

DC = Device Clear

DT = Device Trigger

C = Any Controller

Gy = A specific controller {for example, Ca, Cgl

C.=The System Controller
X" =Indicates replication n times

Status Byte
*Status Bit
*Pass Control

Abort

*Not implemented by the 3325A

The meta message in itself is not a program
code or an HP-IB command. [t is only in-
tended as a tool to translate a program
written as an algorithm into the controller’s
code,

3.16

NOTE

Tahle 3-8. Interface Functions.

Code Function
SH1 Source handshake capability
AH1 Acceptor handshake capability
TG Basic talker; Serial Poll; Unaddressed to talk if
addressed to listen
L3 Basic listener; Listen Only; Unaddressed to
listen if addressed to talk
SR1 Service Request capability

RL1 Remote/Local capability
No parallel poll capability
Device clear capability

No device trigger capability
co No controller capability

El Open collector bus drivers
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¢. Define the operation in program codes that the in-
strument can use. Each instrument has its own sel of
program codes which are ASCII characters. The 3325A
program codes are shown beginning with Paragraph
3-120 or Table 3-9.

d. Convert the program into the controller’s
language. The conversion information is supplied with
cach controlter, For example, the -hp- 9825A Calculator
Extended 170 Manual provides a chart for program
code conversion.

NOTE

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

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

3-107. Universal and Addressed Commands,
3-108. The 3325A will respond to the following univer-

sal and addressed commands, which ar¢ sent in the com-
mand mode (ATN true).

Mnemonic Command ASCII Code
Universal:

*DC1, Device Clear DC4
LLO Local Lockout DC1
MLA My Listen Address (selectable)
MTA My Talk Address {selectable)
SPD  Scrial Poll Disable EM

SPE  Scrial Poll Enable CAN

UNL  Unlisten ?

UNT Untalk -
Addressed:

GTL Go to Local SOH

*SDC  Selected Device Clear EOT

*DCL and SDC commands set the 3323A to its initial
turn-on conditions (see Paragraph 3-8) and cause an
AMPTD CAL operation. Any data in the HP-1B input
buffer 15 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 true, and il receives its listen address,

3-111. The 3325A Address.

Operation

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

ASCII 5-Bil (5-Bit Qctal Equivaient)

Character Octal Degimal Hexadecimal
listen 1 21 17 11
Talk Q 21 17 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 prograruming 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 ({1I) there is also a summary of
the HP-IR programming codes. This chart
may be removed from the manual and/or
copied lo be used as a programming
reference.

3. The following front panel key actions can-
not be remorely programmed:

Modify group

Sweep bandwidth x 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 1o 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, EOS
Mnemonic, Data, EOS
Mrnemonic, EQS

I, Mnemonig, EOS

Where 1 is the ASCII 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
* = Agterisk = 32 octal

3-17
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Table 3-9. Summary of 3325A Programming {ASCil Characters).”"

Mnamonics
Parameter or ASCII ASCI _
Operation Code Data Code Delimitars Approximate Programming Time*
Data Transfer Mode NA
Data Mode 1 =MD 1 MD=4.5 ms
Data Mode 2 =MD 2
Function =FU 0=DC Only NA FU=1500 ms
1=8%ina
2 = Square
3="Triangle
4 =Positive Ramp
5= Negative Ramp
Frequancy =FR = 11 Digits HZ =Hertz FR=7.0ms
and Decimal KH = Kilohertz Each digit or degirmal = 2.8 ms
MH = Magahertz HZ, KH, or MH=12.5 ms
Amplitude =AM = 4 Digits VO =Volts (p-p) AM=6.8 ms
and Decimal. Also MV = Millivolts {p-p) Each digit, decimal or degimal=2.8 ms
— sign it nagative VR =Volts rms VO ar MV =80 ms
dBrn. + sign is val- | MR = Millivalts rms VR or MR= 130 ms
id but not required. | DB=dBm DE=250 ms
DC Offset = OF = 4 Digits and VO =Voits OF=6.8 ms
Decimal. Also — MV = Millivolts Each digit, degimal, or — sign=2.8 ms
sign if negative dg VO or MV =82 ms
offset. + sign is
valid but not
required.
Phase =PH = 4 Digits DE = Degrees PH=5 ms; DE= 28 ms
— minus sign Each digit and — sign=2.8 ms
Sweep Start Frequency 3T = 11 Digits HZ = Hartz 5T, 5P, or MF=7.0 ms
Sweep Stop Frequancy =5P and Decimal KH =Kilohertz Each digit or decimal=2.8 ms
Sweep Marker Frequency =MF MH = Megahartz HZ, KH, or MH=10.3 ms
Sweep Time =TI = 4 Digits SE=Seconds TI=5.5 ms; SE=7.0 ms
and Decimal Each digit and decimal=2.8 ms
Sweep Mada =5M NA SM=4.5 ms
Linear 1
Logarithmic p
Rear or Front Panel Qutput =RF NA RF=44.5 ms
Front Pane! 1
Rear Panal 2
Store Program =3R 1 Digit, 0-9 NA SR=11 ms:
Recall Program = RE RE=1700 ms
Execution Functions NA NA
Aggign Zaro Phase =AF AP=5.2 ms
Perform Auto-Cal =AC AC= 1500 ms
Start Single Sweep =55 55=300 me
Start Continuous Sweep =5C SC=300 ms
Perform Seff-Test =TE NA NA TE=10,000 ms
Interrogate Program Error = |ER NA NA IER=11.5 ms
Interrogate Entry Parameters NA NA
Frequancy =|FR IFR=10 ms
Amplitude =AM 1AM =9 8 ms
Qffset =I0F IOF=9.8 ms
Phase =IPH IPH =8 m=s
Sweep Start Freguency =I5T IST=10 ms
Sweep Stop Frequency =8P 1SP=10 ms
Sweaap Marker Freguency =IMF IMF=10 ms
Sweep Time =171 ITIa 8.5 ms
mterrogate Function =IFU NA NA IFU=1603 ms
Mask Service Requests =MS See Para. NA ME=4.5 ms
3144
Binary (ON/QFF) Funetions NA HV =48 ms
High Veltage Output =HV OFF=0 MA=7.0 ms
Amplitude Modulation =MA ON=1 MP=7.0 ms
Phaze Modulation =MP

3.18

**See Note 2 following Paragraph 3-112,

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

ASCI Binary Qctal Decimal Mexadegimal
Instruction Characters Code Code Code Code
Entry
Frequency F T000110 106 70 48
R 1010010 122 82 52
Amplitude A 1000001 101 65 41
M 1001101 115 77 4D
Qffset 0 19001111 117 79 4F
F 1000110 106 70 a8
Phase P 1010000 120 BO 50
H 1001000 110 732 48
Sweep
Start Frequency g 1010011 123 83 53
T TQ310100 124 84 54
Stop Frequency =S 1010011 123 83 53
P 10190°00 12¢ g° ne
Marker Frequency M 1001101 15 77 40D
F 100110 106 70 46
Time T 19010100 124 B4 54
1 1001001 111 73 48
Start Continuous S 1010011 123 B3 53
c 1000011 103 87 43
Start Single (must be sent twice) 5 1010011 123 f23¢1 53
S 1010011 123 83 53
Sweep Mode o 1010011 123 83 53
M TO01 181 115 77 4D
Numerical Data
0 0 01100040 060 48 30
1 1 0110001 Q61 49 31
2 2 0110010 062 50 32
3 2 0110011 062 51 33
4 4 0110100 064 52 34
5 5 0110101 065 53 35
<] 5] 0110110 066 54 36
7 7 c110111 067 55 37
8 8 0111000 070 5G 38
2] =] 2111001 071 657 39
J{decimal) 0101110 056 48 2E
- {minys) - 0101101 065 45 20
Data Suffix (Delimiter)
Hertz H 1001000 110 72 48
L 1011010 132 90 5A
Kilohettz K 1001011 113 75 48
H 1001000 110 72 48
Megahertz M 1001101 115 77 4D
H 1001000 110 72 4 A
Voits (p-p or da) vV T1T0110 126 86 56
Q TC01T1 11 117 79 4F
Millivelts {p-n ar de) M te0t1101 1186 77 4D
\Y% 1010110 126 86 56
Volts rms V 1010110 126 86 56
R 1010010 122 82 52
Millivglts rms M 13011017 116 77 4D
R T01T0010 122 82 52
dBm D 1000100 104 68 44
B 1000010 102 66 42
Degreas D 1000100 104 G638 44
3 1000101 1056 69 45
Seconds 5 1010011 123 83 53
E 1000101 1086 69 45
Store 5 1010011 123 83 53
R 1010010 122 82 52
Recall R T010010 122 82 52
E 10001017 1056 69 45

Operation
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Operation
Table 3-10. Programming Codes (Cont'd).
ASCI Binary Qgctal Decimal Haxadesimat
Instrustion Charactars Code Code Coda Code
High Yoltage Output H 1001000 110 72 48
v 1010110 126 g6 E6
Modulation-Amplitude M 1001101 115 77 40
A 1000001 101 B5 41
Medulation-Phase M 1001101 1156 77 4D
P 1010000 120 80 50
Rear or Front Qutput R 1010010 122 82 52
F 1000110 106 70 46
Data Transfer Mode M 10017101 118 77 aD
D 1000100 104 G8 44
Assign Zero Phase Reference A 100000 101 &5 41
P 1010000 120 80 50
Parform Auto Cal, A TQOQ0O001 ¥ =) 41
c 1000011 1032 67 43
Ferfarm Self Test T 1010100 124 g4 B4
E 1000101 108 69 4]
Masgk SRO M 1001101 115 77 40
s 1010011 123 33 53
Intarragate (Farameter) ! 1001001 111 73 49
Intarrogate Errar 1 1001001 111 73 49
E T000101 1056 [=32] 45
g 1010010 122 82 B2
EQS {End of String)
Line Feed LF 00010190 12 10 A
Asterisk * 01010148 52 42 2A

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

NOTE

A program string may Pprogram one para-
merer or all paramerers. For example, the
string “FUZFRIOKHAM3VO' programs the
Sollowing;

FU2 = Square wave function
FRIOKH = 10 kHz
AMIV0 = 3 V pp

The EQS character should follow the com-
plete string, or a maximum of 48 characters
(see Parggraphs 3-115 through 3-118).

3-115. Data Transfer Mode.

3-116. The 3325A accepts data from the HPF-IB in
either of two modes. If speed of communication is a
critical factor on your HP-1B system, Mode 2 ig prefer-
rable. The characteristics of the two modes are:

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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3-117. While the 3325 A 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

Line feeds and Asterisks (EOQOS 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.

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 contains 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
rernotely. It will then remain in Mode 2 until
Mode 1 is programmed or until the POWER
switch is set to STBY.



while this data is being processed the controller can
unaddress the 3325A to listen and then communicate
with another device. However, if the string is more than
48 characlers, 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 3323A processing time for communication between
other devices, a program string greater than 43
characters should be divided and an EQS character sent
after (or at a convenient place before) the 48th byte. The
remgaining program can then constitute a second string.
While the 3323A is processing input information, a
“Busy' MMag is set in the status byte (see Paragraph
3-136). This flag can be used to determine when the
33235A has finished processing.

NOTE

The 33254 will handshake bus communica-
tipns even though the POWER switch is set
to STBY. This will not interfere with the
operation af the bus unless it was sel to
STRBY while addressed to talk. Before it is set
to STBY, make sure it is nor addressed 1o
talk, or else disconnect the HP-IB cable
Jrom the 3325A. The addressed 10 talk con-
dirion can be cleared by an IFC command,
even when the 33254 is in Standby.

3-118. Programming Data Transfer Mode.

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

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

Frequency

Amplitude

Offset

Phase

Sweep Start Frequency
Sweep Stop Frequency
Sweep Marker Frequency
Sweep Time

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

Al program codes are shown in ASCIH
characters.

Valid mnemonics:
FR = Frequency

AM = Amplitude
OF = Offset

PH = Phase

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

Tl = Sweep Time

Valid data:

0 thru 9 = ASCII numerics (if t0o many
digits are sent, the extra digits will be
ignored or rounded)

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

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

. = ASCII decimal (floating decimal entries
not valid}

Valid delimiters:

HZ = Hertz

EH = Kilohertz

MH = Megahertz

VO = Vaolts (peak-to-peak or dc)
MV = Millivolis (peak-to-peak or dc)
VR = Volts rms

ME = Millivolts rms

|||1||

DB = dBm
DE = Degrees
SE = Seconds

NOTE

When operating in Data Mode 1, an EOS
chargeter is no! required. When in Mode 2,
the EQS character should not be sent until
the end of the program siring (or after 48
bytes; see Paragraph 3-1717).

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, EOS

Valid mnemonic:

FU = Functicn

3.21



Valid data:

Function off (de only)
= Sine

Square

Triangle

Positive Slope Ramp
Negative Slope Ramp

Lh e L B e T
I n i

3-124. Programming Binary (On or Off) Functions.
3-125. The programmable binary functions are:
High Voltage Qutput {Option 002)
Amplitude Modulation
Phase Modulation
The programming syntax for binary functions is:
Mnemonic, Data, EOS
Valid mnemonics:
HV = High Voitage Output (If the 3325A 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 darta:

f = Off

1 = On

NOTE

The rear panel signal output is inactive (no
internal signal connection) if the instrument
has the High Voltage Quiput Option 002 in-
stalled. Instructions are given in the
Operating and Service Manual, Section VIII,
Service Group M, for activating the rear
panel signal output in one of two ways: 1)
Placing the standurd/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
[front/rear output configuration,

3-126. Programming Selection Functions.

NOTE

The selection functions are similar (o binary
Sunctions, but instead of ON or OFF states,
selection is made between two mutually ex-
clusive operations.

322

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:
Mnemonic, Data, EOS

Valid mnemonics:
RF = Rear or Front Qurtput

SM = Sweep Mode
MD = Data Transfer Mode

Valid data for RF is:
1 = Select Rear Qutput

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

Valid data for SM is:

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

2 = Logarithmic Sweep
Valid data for MD is:
1 = Data Mode 1 (The 3325A turns on in Data
Meode 1. This function need not be programmed

if it 13 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 Calibration
Start Single Sweep

Start Continuous Sweep
Perform Self Test

The programming syntax for execution functions is:
Mnemonic, EOS

Valid mnemonics:
AP = Assign Zero Phase Reference

AC = Perform Amplitude Calibration
88 = Start Single Sweep
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5C
TE

Start Continuous Sweep
Perform Self Test

I

NOTES

1. The Start Single mnemonic must be sent
twice (S88S5). The first §S sets the output
fand display) to the start frequency, and the
second S5 starts the sweep.

2. While the 33254 is in Continuous Sweep
maode, {f il receives the mnemonics 5C, 58§,
FR, PH, AC, AP, or TE, it will stop sweep-
ing. It must receive SC again in order (o
resume continuous sweeping; or if a single
sweep 15 (0 be programmed, S5S55 is re-
quired.

3. The “Busy’' flag (bit 7 in the status byte,
see 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 Conversien.

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

Mnemonie, Delimiter, EOS
Mnemonic = AM = Amplitude

Delimiter = The units to which you want to convert:

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

Example: [f amplitude was programmed in Vp-p, it may
be converted to dBm by programming “AMDB. If
amplitude was the last paramcter 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 ar¢:

Store Data in Register N
Recall Data from Register N

Operation

The programming syntax for storage register functions
is:

Mnemonic, Data, EOS

Valid mnemonics:

SR = Store
RE = Recall
Valid data:

@ thru 9 = ASCII numerics specifying register
number

NOTES

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

2. An amplitude calibration is performed
when a register is recalled.

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

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

3.134. Service Requests.

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

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

3-136. Serial Poll.

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

Controller places ATN true (command rmode)
Controller sends Serial Poll Enable (SPE) on lines
DIO1-8 (ASCJI CAN, binary code x0011000)
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Controller sends 3325A Talk address, controller
Listen address

Controller places ATN false (data mode)

3325A responds by sending status byre on DIOI-8

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

Controller sends Serial Poll Disable (SPD) on
DIO1-8 (ASCII EM, binary code x 0011001)

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

NOTE

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

3-138. Status Byte.

3-139. A status byte consists of one B-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 & indicates that it did not request service. The
3325A status byte contains the following information:

76 54321 % Statusbyte bits
(87 654321 DIO lines)
FRFx 8885 F=Flag; R= Request Service:

’ § = Status
! = Program String Error

1 = Sweep Stopped

1 = Sweep Started

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

Failed Self Test

Failed Amptd Cal

Ext Ref Unlocked

Main Osc Unlocked

Sweep Flag. 1=5weep in Progress.
Dioes not cause SRQ.

RQS Message. 1= Service Request.

Does not cause SRQ.

3-140. Busy Flag.

3-141. The Busy Flag (status byre bit 7) i high (1) while
the 3325A is processing data. This bit can be monitored
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by the controller 1o determine when the 3325A 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 controller to determine
when the end of a sweep occurs.

3-144. Masking or Enabling Service Requests.

3-145. Bits 3 through @ in the status byte can be masked
50 that the corresponding conditions will not cause a
service request. However, a ©*17" will still appear in the
status byte if the condition exists, and can be cleared
only by a serial poll. At instrument turn-on all SRQ con-

ditions are masked, The programming syntax for mask-
ing and enabling SRQ conditions is:

Mnemonic, Data, EOS
Mnemonic = MS
Valid Data is 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=23325A 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-
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)
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Operation

Table 3-11. SRQ Mask/Enable Data.

Systemn Sweep Sweep Program
ASCH Bits Fail Start Stop Error
Character 3thru O Bit 3 Bit 2 Bit 1 Bit O
@ *Q000 Mask Mask Mazsk Mask
A 0001 Mask Mask Mask Enahla
B o0 Mask Masgk Enable Magk
C 0017 Mask Mask Enable Enable
[ Q100 Mask Enable Mask Mask
E 0101 Mask Enable Mask Enable
F 0114 Mask Enable Enable Mask
G 0111 Mask Enable Enable Enable
H 1000 Enable Mask Masgk Mask
| 1001 Enable Masgk Mask Enable
J 10 Enable Mask Enable Mask
K 1011 Enable Masgk Enable Enable
L 1100 Enable Emable Maszsk Magk
M 1101 Enable Enable Mask Enable
N S 1110 Emable Enable Enable Magk
G 1111 Enable Enable Enable Enable
*Inrtial turn-en conditions
The programming syntax for interrogating error is: PH = Phase
8T = Sweep Start Frequency
Mnemonic, EOS SP = Sweep Stop Frequency

Mnemonic = IER

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

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

Mnemonic = ER

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

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

3-148. Interrogating Entry Parameters.

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

I, Mnemonic, EQI

| = the ASCII character I and indicates interrogation
desired.

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

AM = Amplitude
OF = Offset

MF = Sweep Marker Frequency
TI = Sweep Time

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

Mnemonic, Data, Delimiter, CR (ASCII Carriage
Return), LF & EQI (ASCII Line Feed with EOl
sent simultangously)

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 (see 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:

1. Mnemonic, EQOS

I = The ASCII character I and indicates interrogation
desired

3-235
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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
& EQI (ASCII Line Feed with EQI sent simul-
tanecusly)

Mnemonic = FU

Data = One ASCIl numeric indicating function as
follows:

Positive Slope Ramp
Negative Slope Ramp

@ = DC Only (Offset)
1 = Sine

2 = Square

3 = Triangle

4 =

5 =

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

I, Mnemonic, EQS

I = 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,
HV® will be returned in response to either IRF or [HV,

After receiving an interrogation, the 3323A 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 EQI sent simul-
taneously)

Mrnemonic = The mnemonic of the parameter being in-
terrogated

Data = | ASCII digit specifying the state of the
parameter, This is the same digit that would be used to
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-
gram.
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3-156. 3325A Programming Procedure.

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

Example 1:

Address Controllar To
Talk, 3325A To Listen

Address controller to talk,
3325A to listen

Send Program Data

Sond Program Data

Exampie 2:
Address controller to talk,

Address Controller To
Talk, 3325A To Listen

J325A to listen
Send Program Data

Check for Require Servige
message

If yes, determine reason
from 3323A Status Byte

Take corrective action if
NECesSary

Send Program Data

Require YES

Service
7

Determing Reason for
SRQ {Status Byte)

Is
Carrective

NO YES

Action
Na%ded

Operation

Continue

Corrective Action

)

!

3-27/3-28



Model 33254 Appendix A

APPENDIX A

SECTION 1li
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= AGDRESSING —

oo 1-8
DATA — ATN UNLISTEN CONTROLLER TALK DATA MODE
MESSAGE — (TRUE) » DEVICE LISTEN
077
OR ATN DIQ 1-8
DEVICE DEPENDENT
IFALSE) DATA
)_ DEVICE 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.

f—— COMMAND MODE =
rigGER DO 1-8 BIO 18
— ATK UNLISTEN GROUP EXECUTE
MESSAGE (TRUE! ? LISTEN ADDRESS ]  TRIGGER
(GROLF EXECUTE} 0775 010y
L—— ADDRESSING —]

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

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

COMMAND MODE

CLEAR
MESSAGE — ATN Dia 1-8
_ (TRUE) DEVICE CLEAR
(ALL DEVICES) 0245

Al
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CLEAR

MESSAGE
(3ELECTED DEVICE}

COMMAND MODE

ATHN
ITRUE)

DIC 1-B
UNLISTEN
?
077y

LISTENER ADDRESS

b ADORESSING ]

Do -2
SELECTED DEVIGE
CLEAR
004g

Model 3325A

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

REMOTE
MESSAGE

DEVICE)

{FOR SELECTED

COMMAND MOQDE

REMOTE MESSAGE
[ENABLE ONLY)

AT Do 1-8
N UNLISTEN
REN (TRUE) . — LISTEN ADDRESS
n77g
\ e ADDRESSING —snmmd
AW
- REN
- (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-IB 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.

LOCAL
MEESSAGE

[

ATN
(TRUE)

COMMAND MODE
DIo 1-8
”'“'"'?m‘“ LISTEN ADDRESS
0775

QIG1-8

L ADDREsSING —]

GO TO LOCAL
GTL-00%g
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LOCAL LOCKOUT — The Local Lockout message prevents the operator from placing the
instrument into local control from the front panel. The controller must be in the command

mode to send the Local Lockout message.

LOCAL
LOCKOUT
MESSAGE

COMMAND MODE
DIO 1-8
(TJ;TUNEI LOCAL LOCKOUT
LLO-D21g

RENW MUST GE TRUE BEFORE EXE-
CUT!NG THE LOCAL LOCKOUT MES—

SAGE.

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

the HP-IB is in the local mode.

CLEAR
LOCKOUT/LOCAL
MES5AGE

COMMAND MODE

REN
FALSE

REQUIRE SERVICE — The Require Service message is implemented by a device setting the
SRQ linc true. The Require Service message and, therefore, the SRQ line is held true until a
poll is conducted by the controller to determine the cause of the request for service, or until

the device no longer needs service.

REQUIRE
SERVICE
MESSAGE

N

5RO
{TRUE)

*REFER TQ THE STATUS BYTE MES—
SAGE FQOR THE SPECIFICATIONS
REQVIRED TO FORCE SRO FALSE.
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STATUS BYTE — The Status Byte message represents the operational status of a single in-
strument during a Serial Poll. A controller usually Serial Polls devices in response to a Re-
quire Service message. The controller requests device status from one device at a time. The
status information byte (8 bits) sent by the device will tell whether that device needed service
and why. A device will stop requesting service upon being Serial Polled, or if it no longer
needs service. The controller initiates the message by placing the bus into the command
mode, sending the Serial Poll Enable command, and addressing the specific devices 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.

Mode] 3325A

Ad

COMMAND MODE
DIO 1-8 DIO 1-8
STATUS BYTE |=— ATN UNLISTEN SERIALPOLL | | ALK ADBRESS
MESSAGE —_ (TRUE) ? LISTEN ADDRE%S ENABLE [
077y 0305
DATA MODE

D-C

¢-D D-C 2RQ

FALSE STATUS BYTE (FALSE)

.

*THE $R0 LINE WILL NOT GO FALSE
- LNLESS THE DEVICE NO LONGER
REQUIRES SERVICE.

COMMAND FIODE
DIO 1-8
ATN SERIAL FOLL
{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
controller assigns each device a logic level and bit (on the bus data lines) for a poll response.
During polling, each device responds on its assigned data line with the appropriate logic
level. In Unconfiguring, the controller negates the bit and level assignments for all or
selected devices. Several devices may be assigned to the same bit and level, causing their
response bits to be logically ORed or ANDed.
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STATLS
MERSAGE BIT
{CONFIGURE)

5TATUS
BIT
MESSAGE
{POLLING}

STATUS
MESSAGE BIT
[UNCONFIGURE)

CONTROLLER TO DEVICE
‘ PARALLEL
PARALLEL FOtL
_— ATH Uwa;;:n ¢c:-o #OLL ENABLE
(TRUE) 7 LISTEN CONFIGURE PRE 1405
- 077g ADDIRESS FPE (058) THRU 1575
ATN
(FALSE]
DEVICE TO CONTROLLER
PARALLEL POLL RESPONSE
- Tom koI AR e OR
—_— ‘ i (TRUE! STATUS BIT
FROM DEVICES
" Eo
(FALSE)
CONTROLLER TO DEVICE
DO 1-B c-D PARALLEL PARALLEL
———r ATN UNLISTEN LISTEN POLL POLL
J— {TRUE} 7 ADDRESS CONFIGURE DISABLE
077g PR (05" PPR (160y)
OR PPE ASSIGNS THE LOGIC LEVEL AND DATA LINE OF
A DEVICE{S) RESPONSE. 140g THRU 147g AZ5IGN
THE LOW (TRUEF LEVEL ANG 150g THRL 1307g
ASSIGNS THE HIGH (FALSE) LEVEL, 14l AND 150y
ASSIGNS BIT 2° (DATA LINE 1), 141g AND 1575
WHICH ASSIGN BIT 27 AND i% THE LAST POSSIBLE
PARALLEL ASSIGNMENT.
—_— ATN POLL
—_— {TRUE) UNCONFIGURE
FEU (0265g)

The 3325A does not respond to Parallel Poll.

Appendix A
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PASS CONTROL — The Pass Control message transfers bus management responsibilities
from the active controller to another controller. In order to pass control, the active con-
troller must enter the command mode, send the tatk address, and the HP-IB characters for
talk control.

COMMAND MODE
DIO 1-8 E]
PASS —_ DIC 1-8
ATN UNLISTEN TALK ADDRESSING OF ATN
CONTROL —_— (TRUE} 2 ™| RECEIVING CONTROLLER TAKE CONTROL (FALSE)
MESSAGE o 017
8

*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.

IFC

ABORT — TRUE
MESSAGE — (UNADDRESSES
ALL DEVICES)
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APPENDIX B
SECTION I

PROGRAMMING THE MODEL 3325A
with the
MODEL 9825A CALCULATOR

The following basic examples are provided to assis the operator in developing programs for
the Model 3325A in an HP-1B system which uses the -hp- Model 9825A Calculator as the
system controller. The calcuiator must be equipped with a General 10 ROM and an HP-1B
Interface set to select code 7. The calculator (controller) normally holds the REN line true,

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

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

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

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

Change to data mode
Function
Frequency All alphabetics must
Amplitude be capitals
Offset
—— e p— i, —— | —— ————
Br owrt P17y "FULFRESEMAMEWOOFD, BVHT

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

For example, following the program string above, the offset (OF) may be changed to 1 V by
sending “‘1vO”’.

B-1
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Example: 2: This program sets up sweep parameters and initiates a single sweep.

W

Address the controlier 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 ''SS8*° must
be sent twice. The first **S58°° sets the 3325A4 fo the
Start frequency, and the second **S8' starts the
sweep.

7 = Interface select code

17 = 3325A address

-
[

Function

Amplitude

Start Frequency

Stop Frequency

.Marker Freg
-—— Sweep Time

Start Single

,_-_,,—A—..,',__A—_‘_.—A—u—._,—u—’ﬂﬂhu-—*-—-\,-—“—\

CEHLAMSVESTIKMER L ORAMFSEHT T 25ES 85"

Model 3325A
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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.

Browr oy

IELHENIGY

o FHITESHH 2. Program data contains an error. Stop frequency

Lr owait mm"@ (SP15KH) is too large for triangle function (FU3).
ol

X 1;£t?i$7£¢er— . .
: r ! ‘1 ‘l - @ 3. Wait statement allows time for sweep to start

R .
’ P é},a before reading status.

40 dep CPROCED 4, Read status byte from the 3325A and place in the
TH ORFROGRA l'| " calculator variable ‘57,
5 If bit 6 of the status byte = 1, the 3325A did request

T }
B b kit [HaSi=1 service. Go to subroutine to determine the reason.
el 1
! i ¥
: s

1. Enables all service request conditions.

TE e ;

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

"rll“”m_. kE. -
. I+' o E:f s 7. If service request resulted from a program string
L l: il ' error, interrogate the 3325A to determine the error
LS code and place in the calculator variable ‘“E’’.

Wi 1 EmIiport
" I:‘" [ I A 1 0oF e
for Furmetion”
WiiF Bemdiprt
COE L ilvu
Ty lie”
TRy 14 E=Nigrt
=H11“. et ol

e @

SR O AR

8. Determine the nature of the program error.

“Unrscoamizoable
M gl o™
Pas if E=fiers
Sl oA 1' i
flatn Okar
Ty ¥ E— fhpr
", 1] -
Mot Ewxlst —
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fodsinila =

"Hwe e

T8y 14 kit 8.
Sislipry "Sueer
Rl
if kBl
Sl=lipprt "Bus¥" |
ZEEoret ———-—-——.

Feaguest Sergioe
Frogvam BError
Dweep FPardmetesr
Evrrior

Reodqggesnl Seeglos
Sweep Started (2

FRL Y

[l -
b R

Model 3325A

9. Determine other reason for service request and if
““Sweeping’’ or ““Busy’’ flags were true.

10. Return from subroutine.
11. Printer records the results of the serial poll.
12. If the program string were corrected to make all

data valid, this printout would result from the above
program.

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

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

S
s ped
[

P
FIT M

Pa pri "Funotion

=y

CIEL

Line 8 Write statement interrogates Function; read
statement addresses 3325A to talk, calculator to
listen, and places data in variable W; ““fxd 6 fixes six
decimal places.

Line 1 Because only numerical data can be placed in
the variables, print statements may include in quotes
the parameter interrogated.
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Lt Lines 2 - 7 Other parameters are interrogated.
Yorwrl T W Amplitude data acquired by this program does not in-
L, LB dicate the units programmed. Frequency is always
returned in Hz and DC Offset in Volts.

PATe " TAM
Prwel LV OR

S A N S P R

AR IS R
fioprt "Offaet

wte [y T

Pt Do

BRI

LEEE, S0

fof o
e —— This printout results from the above program.
E LTI AARES

F il

dftewt =

M, HE1BaE

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).

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

ot POV TIFRUT
P FLV s HF
- E ‘ . - ErH T, FRY 2. This printout results when string variables are

TiFaF 43 used.

3 et FLFV T IAMY
e PV FE
Pt HE
At ot FLEeCIORS
nred LV g

oy D

| U l

R ] e
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Example 5: The 3325A can be made to sweep amplitude (in steps) if a for/next statement is
used in the calculator program. It is recommended that the upper and lower amplitude limits
selected be on the same range because irregularities in the sweep will occur if the attenuator
relays are switched.

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

Beowrt FAE CEFULR V maximum amplitude of this sweep.
ELEHOF RO EY O
L8 Fop =3 to Line 1 The sweep limits (3 to 10) are on the same
o W liuwrt range. The sweep increment is in .1 V steps. Because
REERERE ' amplitude was the last parameter programmed, the
Zh o mewt I write statement does not require the “AM”
A for I=18 to mnemonic.

EA R I T A
g

I Line 2 The calculator returns to Line 1 until I = 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. If a
slower sweep time is desired, wait statements may be added before the “‘next I’ statements.

B-6
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MODEL 3325A

SYNTHESIZER/FUNCTION GERERATOR

FUnction
DC only ]
Sine 1
Square 2
Triangle 3
Positive Ramp 4
Megative Ramp 5
FReguency
Hz HZ
kHz KH
MHz MH
&_l\jl'plitude
Volis p-p VO
mVp-p MV
Vrms VR
mVrms MR
dBm DB
DC QFfset
Volts VO
mV MV
PHase
T Degrees DE

Sweep STart Frequency
Sweep StoP Frequency

Sweep Marker Frequency

Sweep Time
Seconds SE
Sweep Mode
Linear 1
Logarithmig 2
StoRe Program
g -9
REcall Program
-9
Rear or Front Panel Qutput
Front I
Rear 2

Execution Functions
Assign Zero Phase
Perform Amptd Cal
"Start Single®
Start Coatinuous
Perform Sell TEst

{ASCIl Characters)

HP-1B PROGRAMMING CODE

High Voltage Output

On 1

Off @
Amplitude Modulation — MA

On 1=

Off 4
Phase Moduiation — MP

On 1

Off B
Data

5} ]

1 1

2 2

3 3

4 4

5 5

6 &

7 7

8 g

9 9

{Dccimal)

Interrogate Qperalions

Function IFU
Frequency IFR
Amplitude IAM
Offset 10OF
Phase IPH
Swp Start Freg IST
Swp Stop Freg 15P
Swp Mkr Freg IMF
Sweep Time ITI
Sweep Mode I5M
Rear/Front Qut IRI
High Volt Cut IHV
Error [ER
Program Mode IMD
Amptd Mode IMA
Phase Mode IMP

Error Codes (See Paragraph 3-146)

Appendix B

. Entry parameter out of bounds

. Ionvalid detimiter

. Sweep time too small or too large

1
2
3. Frequeney too large for function
4
3

. Offset and amplitude incompatible
6. Sweep frequency or bandwidth error

7. Unrecognizable mnemonic

&, Unrecognizable data character

9. Option does not exist

*Start Single code must be sent twice “‘S885". The first ‘S8 resets the sweep to starl conditions and
the second **S5 starts the sweep.
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03 LNIW31dW |

1ON=N

3A1303d ANV ON3S=YS

ATING 3A132334=Yy

ATINC ON3IS=S*

148089y

JOYLNOD SSYd

118 SNiv.s

31A8 SNLIVIS

J31A83S 341N03Y

W30 L3S ANV
1NOAS0T ¥¥312

AN0OX3071 V20T

A1L0N3Y

o0

4v¥3710

43991 dL

V1¥{d

¥NQ | LVINIWI 1M |

321A30

FOVSS3INW

Vi 23d

ATVL |SS3NAAY

N3LlS 1T

NO1LVOI 41 LN3d|
JJ1A3d
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Performance Tests

SECTION IV
PERFORMANCE TESTS

4-1. INTRODUCTICN.

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

a. Operational Verification procedures which are
recommended for 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 contains only the Opera-
tional Verification Procedures,

4-3. CALCULATOR-CONTROLLED TEST.

4-4. The only calculator-controlled test in thesc pro-
cedures tests the HP-IB interface circuits for proper
aperation. All input and ourput lines are tested. The
program used for this test is written specifically for the
-hp- Model 9825A Calculator but may be adapted to
other controllers. The calculator prints the test results.
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 VIII,
An Operational Verification Record is located at the
end of this section. For case of recording the test data at
various times, copies of the blank 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 Sync Qutput Check

4-22 Frequency Accuracy

4-24 Quiput 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 Equipment.

4-9. A list of test equipment required for the Opera-
tional Verification procedures 15 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 panel indications result from
this test.

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

The following messages are displayed for about
one second:

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

PASS or FAIL 1 - tests AMPTD CAL of sine
wave
PASS or FAIL 2 - tests AMPTD CAL of sguare
wave
PASS or FAJL 3 - tests AMPTD CAL of triangle

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

4-12. Sine Wave Verification.

4-13. This procedure visually checks the sine wave out-
put for the correct frequency and any visible ir-
regularities.

Equipment Required: Qscilloscope (-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. If your oscilloscope does not have a 50-ohm input,
use @ 50-ohm load (-hp- Model 11048C 50-ohm Feed-
thru Termination) at the input.

b. Set the 3325A as follows:

High Voltage Output (Option 002). . ... Off

Function .........oveeviinnenns. Sine
Frequency......ocovviviviennnn. 20 MHz
Amplitude. ... oL, 10V p-p

4.1
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Table 4-1. Test Equipment Required for Operational Verification.
Instrurnent Critical Specificationz Recommended Model
Qscilloscope Vertical: -hp- 1740A
Bandwidth: de to 100 MHz
Defleetion: 1 V ta 5 V/div
Horizontal:
Sweep: .05ps to 1 5/div
External Sweep Input
Electronic Counter Fraquancy measurement to 20 MHz -hp- 5328A

Accuracy: +2 counts
Resolution: B digits

with Opt. 040 ar 041

Power Rating: 1 W

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

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

High Frequency
Spactrurm Analyzer

Frequancy Range: 1 MHz ta 80 MHz
Amplitude Accuracy: +0.5 dB
Noisa: =70 dB below reference

-hp- 1417T/8552B/85538/
B8566A/8568A

Low frequency
Spactrum Analyzar

Frequency Range: 100 Hz to 50 kHz

Amplitude Range: 2 m V ta 20V

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

-hp- 3680A/3B85A

Resigtor 56.20 1/8W 1.0% -hp- 07657-0395
Adapter BNC fernale-to-dual banana plug -hp- 1260-2277
Calculator HF-1B Control Capability -hp- 9825A with
98034A Interface,
General /O ROM,
Extended /0 ROM
Resistor 4708 2W 5% -hp- 0698-3634

Model 3325A

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

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

e. Change 3325A frequency to 1 MHz,

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

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

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

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

4.2

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

k. Change 3325A amplitude to 40 V p-p. The
oscilloscope should display one sine wave approximate-

ly eight divisions peak-to-peak having no visible ir-
regularities.

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

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

b. Set the 3325A as follows:

High Voltage Qutput (Option 002) ..... Off
Fungtion ........................ Square
Frequency ........ccvvivvnnnn 1 MHz
Amplitude ..................... 10V p-p

c. Set the oscilloscope vertical control to 2 V/div,
horizontal to .2 us/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 (1 div.).

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

f. Adjust the oscilloscope vertical and horizontal
controls so that the square wave rise time between the
10% and 20% 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 1740A,
set the input switch to the 50-ohm position. If your oseil-
loscope does not have a 50-ohm input, use a 30-ohm load
(-hp~- Model 11048C 50-ohm Feedthru Termination) at
the input.

b. Set the 3325A as follows:

High Voltage Qutput (Option 002) ..... Off
Funchion .. .. ... .. . ... Triangle
| 5 0 1] 1 O 10kHz
Amplitude ..................... 10V p-p

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

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

Performance Tests

e. Change 3325A function to negative 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 function to triangle.

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

4-18. Amplitude Flatness Check.

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

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

a. Connect the 3325A signal output to the
oscilloscope vertical input. If the oscilloscope is an -hp-
Maodel 1740A, set the input switch to the 50-ohm posi-
tion. If your oscilloscope does not have a 50-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
Fonetion ......... ... i Sine
Frequency . ... it iiinnns 2kHz
Amplitude ................. ..., 10V p-p
Sweep StartFreq ................... #Hz
SweepStopFreq................. 20 MHz
Sweep MarkerFreq ............... 5MHz
SweepTime . ... i 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:

DISPIaY - oo e AvsB

Channel A Sensitivity .................... 1V/div
{uncal - adjust for full vertical deflection)

Channel B Sensitivity . .........covuven.n. 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.
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e. Press the 3325A START CONT key.

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

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

a. Connect the 3325A sync output to the oscilloscope
vertical input. If the oscilloscope is an -hp- Model
1740A, set the input switch to the 50-ohm position, If
your oscilloscope does not have a 50-ohm input, use a
50-ohm load (-hp- Model 11048C 50-ohm Feedthru Ter-
mination) at the input.

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

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

4.22. Frequency Accuracy.

4-23. This test compares the accuracy of the 3325A out-
put signal to the specification in Table 1-1; +5 x 106
of selected frequency.

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

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

b, Set the 3325A output as follows:

Function ...... ... ... ... _.......... Sine
Frequency ..........coviininnnn. 20MHz
Amplitude ...t 0.99V P-P
DCOffset ........... ... ... .vvusns 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 to triangle. Frequency auto-
matically changes to 10kHz, Move the counter input to

4-4
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the sync output of the 3325A. Set the counter to average
1000 periods, Electronic counter should indicate 100
000.00ns =+0.5ns.

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

4-24, Output Level and Attenuator Check.

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

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

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

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

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

d. Set the 3325A dc offset 1o -5 V, then press the
AMPTD CAL key.

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

f. Change 3325A dc offset to (+)5 V. Digital
voltmeter reading should be +4,980 V to +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 to0 0.01505 V
+4.999 mV +0.004979 to 0.005019 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 Qutput
{Option 002). Lighted indicator in the center of this key
indicates High Voltage Output is on.

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

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

4-26. Harmonic Distortion Test.

4-27. This procedure tests the harmonic distortion of
the 3325A sine wave output against the following
specifications from Table 1-1.

Harmonic Distortion (relative to fundamental)

Fundamental No Harmonic
Frequency Greater Than
0.1 Hz to 50 kHz —65 dB
30 kHz to 200 kHz - 60 dB
200 kHz to 2 MHz —40 dB
2MHz to 15 MHz —30dB
15 MHz to 20 MHz —-25dB

Equipment Required:

High Frequency Spectrum Analyzer (-hp- Model 1417/
8552B/8553B/8566A/8568A)

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

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

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

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

Performance Tests

a. Set the 3325A output as follows:

High Voltage Output (Option 002) ... .. Off
Function ............ ... ... ... ... Sine
Prequency ..........covivienn.ny 20 MH:z
Amplitude.................. ... YOmVp-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 3323A 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.

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

LOW FREQUENCY
SPECTRUM ANALYZER

2700 &2
2W /
56,20
TIBW

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

10kHz
1kHz
100H=

High Voltage Output (Option 2)

i. Connect the 3325A signal output to the low fre-
quency spectrum analyzer’s 308 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 spectrumn analyzer controls to display the fun-
damental and at least three harmonics. Verify that all har-
monics are 65dB below the fundamental.

1. Set the 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 ¢ircuits, The spurious signals must
be more than 70 dB lower than the fundamental signal.

Equipment Required: Spectrum Analyzer (-hp-3585A/
B366A/8568A)

a. Set the 3325A as follows:

High Voliage Qutput (Option 002) ..... Off
Function ..........0cceiiiiiininnnns Sine

Model 3325A

Frequency ..........ooovnnnn. 20.001MHz
Amplitude .............. ... 0. -2.994Bm
DCOffset .........cviiiiininn s ov

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

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

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

4.30. HP-IB Interface Test.

4-31. The following calculator program tests the opera-
tion of the 3325A HP-IB interface circuits. The pro-
gram 1$ 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
1/0 RCM and an Extended 1/0 ROM

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

b. Enter the program into the calculator.

c. Press RUN. Tests 4 through 7 in this program re-
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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tnstrument Returns To Known Conditions After Self
Test

Test 1 - Did Frequency Go To 1000 Hz?

Test 2 - Interrogate Freguency

Test 3 - Interrogate Amplitude

Test 4 - Test SRQ Circuits

Test B ~ Test Talk Circuits

Test 6 - Test Listen Circuits

Test 7 — Test Remote Circuits

PROGRAM FLOWCHART

Enter 3325A Bus Address

Perform Self Test

Freq = 1000 Hz?

Program:
Freq = 1234.56789 Hz
AMPTD = 50 mV

Is NO
Frequency

Correct

Is
Amplitude
Correct

NO

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

SRQ
Light On

Listen
Light On

REM
Light On

Print Results

{( End )

Performance Tests

ERROR

ERROR

ERROR

ERROR

ERROR

ERROR

ERROR
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Clear the 3325A to Turn-on State

CYERT 1t

Set HP-IB Remote Enable (Select Code 7)

Perform Self Test

L |:::i 0 r
Wt P 4

Faerd Ho b

interrogate Frequency

o FHLEEE L]

Read 3325A Frequency

T oEed

: TR
Flo "

S mE FEHHHT AMEHR "

Compare Frequency to 1000 Hz

“—SetFreqto 1234.567890 Hz, Amptd to 50mV

WET Pl TREE

H

Store Settings in Register 3

Wen Fy CRES

Clear the 3325A

Lt MuTIFH”

Recall Settings in Register 3

Interrogate Frequency

v Pl ;. i

Read Frequency

R T T I A s

wt M TR

Compare to Frequency Stored

Interrogate Amplitude

el b

Read Amplitude

T P BEs L es

4.8

Compare to Amplitude Stored
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"

et Fe TSTIEM SRLaEH SHy TLLESE pisF &% s tLin Sweep 1-—10kHz, Enable SRQ Mask
el Ty el W Clear Interface, interface to Local

o g dogprt UG LT GHT DM L0y i eee—e——Didd 3325A Initiate SRQ?

Read Status into Variable 5

Set Remote Enable

Read from the 3325A

CTELE LTGHT Q% 10"y S ————————Did 3325A respond to Talk Command?

b i @

Y Write to the 3325A, Interface to Local
TLTETER O LIGHT OR?e D=HO " s pin ——— Did 3325A respond to Listen Command?

o Remote Interface, Write to 3325A,
lI H 1 1 ¥ : - Clear Interface
CREMOTE L TGHT OMe s 1sH0" s ¢V —————Did the 3325A Respond to Remote?

R

Pt g
if orislipe
SO S A I
Fop ;
&1

Print Results of Tests

Self Contained Program may be
Linked or Llsed as a Subroutine
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4-10

Variables used in this Test Program:

A Address of 3325A (defaults to 717)

F  Frequency read from 3325bA in test #1

G Frequency read from 3325A in test #2

H Amplitude read from 3325A in test #3

I Counter used to print test results
r1-r7 Test results (0 =Pass, 1=Fail)

§  Status read from 3325A in test #5

Samples of Program Printouts:

EEREA SRR E

T T DT

HF"IE TEST

AEEEERERLEL LY

FELETE AR R FERES

TEST REGULTS:

TEST 1
FASS

TezT z
FRSS

TEST 3
FRZZ

TEST B

FHRIL

TEST 3
FHZE

TEST £
FAZS

TEST f
PRES

FERULL XL XX E R T LS

P L LT E

GFolE TEST

TEFRE L SR

TERERLLLEEFES

TEZT RESULTE:

TEST i
FAZS

TEST 2
F‘ H En :::

TEST A
FRZS

TEST 4
FREZS

TesT 3
PRI

TE=T )
FARSS

TEST 7
FRSS

FEFELLILLL N T TR F

Model 3325A
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4-32, PERFORMANCE TESTS. 4-43
4-33, The following procedures compare the instrument 4-45
operation to its specifications, listed in Table 1-1. A 4-47
Performance Test Record is located at the end of this 4-49
section. This Test Record lists all of the tested specifica- 4-51
tions and the acceptable limits. For ease of recording 4-53
data at various times, copies of the blank Performance 4-35
Test Record may be made without written permission 4-57
from Hewlett-Packard. 4-59
4.61
4-34. The Performance Tests include the following: 4-63
4-65
Par No. Test 4-67
R . 4-69
4-37 Harmonic Distortion 4.71

4-39 Spurious Signal Tests
4-41 Integrated Phase Noise

Performance Tests

Amplitude Modulation Envelope Distor
tion

Square Wave Rise Time and Aberrations
Ramp Retrace Time

Syne Qutput

Square Wave Symmetry

Frequency Accuracy

Phase Increment Accuracy

Phase Modulation Linearity

Amplitude Accuracy

DC Offset Accuracy (DC Only)

DC Offset Accuracy with AC Functions
Triangle Linearity

X Drive Linearity

Ramp Period Variation

HP-IB Interface Test

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

Accuracy: =0.2%
Resolution; & digits
Crest Factor: 4:1

DC Function
Rangas: 0.1 V1o 100V
Accuracy: +0.05%
Resolution: 6 digitz

Instrumeant Critical Specifications Racommendad Madsl
High Frequency Frequency Range: 1 kHz to 80 MHz -hp- 141T/8552B/B553B/
Spectrum Analyzer Amplituda Acquracy: £0.5 dB B8566A/8568A
MNoize: > 70 dB below raference
50-ohm Load Accuracy: £0.2% «hp- Model 11048C
Power Rating: 1 W
Resistor 56.2( 1/8BW 1.0% shp- 0757-0395
Low Frequency Frequency Range: 20Hz to BOkHz -hp-35B0A/3BREA
Spectrum Analyzer Amplitude Accuracy: = 0.5dB
Spurious Responsaes: BOdB below reference
Sine Wave Signal Frequency Range: 1 MHz ta 21 MHz -hp- 3338A
Source Amplitude Range: to + 13.01 dBm
Output Impedance: 500
Phase Noise (Integrated):
9.9 MHz: = —-63 dB
20 MHz: < -70 dB
Spurious: > 75 dB below fundamental
Double Balanced Mixer Impedance: 50 Q -hp- 10634A
Freguency Range: 1 MHz-20 MHz
AC/DC Digital AC function (Trua RMS) -hp- 3455A
Voltmater Ranges: 1 Vto 100V

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

FEB82 1MHz LPF
Allen Avianies, he.
224 E Second 5t.
Mineola, NY 11501

15 kMz Filter Consisting of:
Rasistor: 10 kD 1%
Capacitor: 1600 pF 5%

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

Distortion: — 60 dB

Resistor 4700 2W 5% -hp- 0698-3634
AC Voltmeter Ranges: 0.1 Vto 1V -hp- 4Q0QF,
Frequency Range: 2] Hz-1 MHz
Input Impedanca: = 1 M2
Meter: Log scale
Ace (100 Hz to TQ kHz): = 1%
Sine Wave Signal Frequency: 10 kHz -hp- 2048
Source Amplitude: 1 V rms inte 20 k{2
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Table 4-2. Test Equipment Required For Performance Tests {Cont'd).

Inztrumant

Critical Specifrcations

Recommended Model

Qscilloseope

Vertical:
Bandwidth: de ta 100 MHz
Deflection: 1 V to B V/div
Horizontal;
Sweep: 0.06 us to 1 s5/div
¥ 10 magnification

-hp- 17404

Electronic Counter

Frequency rmaasurement
Fraquency Range: tg 20 MHz
Resolution: 8 digits
Accuracy: = 2 counts

Time Interval Average A to B
Resalution: 0.01 ns

-hp- 5328A
With Option 040 or 041

DC Power Supply Volts: O te £5 V -hp- B214A
Amps: 10 mA
Floating Qutput

Thermal Convartar Input Impedanees: 50 4 -hp- 11050A

Input Voltage: 1 V rms

Frequency: 2 kHz to 20 MHz

Frequency Response: £0,05 dB 2 kHz to
20 MHz

Resistive Divider

Consisting of:
2 Resistors: 61.11 0 .1% 1/4 W
2 Resistors; 36.550.1% 1/8 W

-hp- 0698-00%0
-hp- 0G98-7163

Resistiva Divider

Capacitor: 300 pF 5%

Consisting of:
3 Resiztors: 13300 .1% 1/4 W
Resistor: 430Q 1% 1/8 W

-hp- 0160-2207

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

High-Speed DC
Digital Voltrmater

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

-hp- 2437A

BNC-ta-Triax 50 ohm -hp- 1260-059% Adapter
Adapter or 11172A RF Cable
Rezistive Divider Cansisting of:
+ 2.5 Resistor; 30 2 1% 1/4 W -hp- QE98-75633

Resistar: 200 1% 1/4 W

-hp- 0698-6296

Resistive Divider

Consisting of:

+ 2.6 Resistor; 100 k2 1% 1/8 W -hp- 0757-0465
Resistor: 162 k2 1% 1/8 W -hp- Q757-0470
Caleculator HP-IB Control Capability -hp- 9B25A with
9B8034A Interface,
General /O ROM,
Extanded 1/0 ROM
Adaptar Farnale BNC-to-Dual Banana Plug -hp- 1260-2277

BNC Tee

-hp- 1250-0781

Step Attenuator

0-12dB; 14B steps

-tip- 385C

4-35. Equipment Required,

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

Harmonic Distortion (relative to fundamental)

substituted for the recommended model.

4-37. Harmonic Distortion Test.

4-38. This procedure tests the harmonic distortion of
the 3325A sine wave output against the following
specifications from Table 1-1.

4-12

Fundamental No Harmeonic

Frequency Greater Than
0.1 Hz to 50 kHz —65 dB
50 kHz to 200 kHz —60 dB
200 kHz to 2 MHz —40 dB
2 MHz to 15 MHz —30 dB
15 MHz to 20 MHz -25dB
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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 56.20 1/8W 1% (-hp- 0757-0395)

a. Set the 3325A output as follows:

High Voitage Output (Option 002) ..... Off
Funetion ....... ... ... .cccivnn... Sine
Frequency ...................... 20 MHz
Amplitude .. ... ............ 999 Vp-p

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

¢. 3et the spectrum analyzer controls to display the fun-
damental and at least four harmonics. Verify that ail har-
monics are 25dB below the fundamental.

d. Set the 3325A to the following frequencies and verify
that all 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 floor.) Verify that
all harmonics are a least 65dB below the fundamental.

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

Performance Tests

that all harmonics are 65dB below the fundamental.

10kHz
1kHz
100Hz

High Voltage Output (Option 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 §5dB below the fundamental.

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

10kHz -65dB

200kHz -60dB

IMHz  -40dB

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

4-39. 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 not harmonically related
to the fundamental output frequency. All spurious sig-
nals must be more than 70dB below the fundamental sig-
nal or less than -90dBm, whichever is greater.

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

SPECTRUM ANALYZER

—

EEEEC N | B R B | Y | IR R
TP ! SRR e

2o z .1 o

\C

@\
=y

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. Set 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 100Hz
Resolution BW ......................... 30Hz

d. Adjust the spectrum anaiyzer 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 Fraquency Center Frequency

Model 3325A

14.100MHz 15.9MHz 1.8MHz
16.100MHz 13.9MHz 2.2MHz
18.100MHz 11.9MHz 6.2MHz
20.100MHz 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 ........c.covvvnvn.- 5.001MHz
Frequency Spanm ........o.oovvieeeninneann 1kHz
Video BW . ... s 100Hz
Resolution BW.......................... 30Hz

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 5.000001 MHz 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
VOLTMETER
REF N\ T )
rJJJ 1 - ] | I @
] m;:gﬁ’m 15kHz
ST = N FILTER
— N | MHz S '
LOW PASS :
FILTER P 10K : @
TS o
i L i \/
D 16005F J,
S1GNAL : 5% b
GENERATOR : bl
e — i P DIGITAL VOLTMETER
- — : P - ]
REF OUT 333 1 T i _J
33256-42 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:

— &0 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 k2 £ 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 ......ccvvvveeinn 19.901 MH=z
Amplitude .......... . .o 0dBm

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

Frequency ......cvvvvvinvnnens 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 digiral
voltmeter.

Performance Tests

g. Press the 33254 PHASE entry key. Using the
MODIFY keys, adjust the 3325A output phase for a
minimurn reading on the digital volimeter.

h. Disconnect the 15 kHz filter output from the
digital voltrneter 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 — 54 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 3335A.

4-43. Amplitude Modulation Envelopa Distortion Test.

4-44. This procedure tests the 3325A against the
amplitude modulation envelope distortion specification
in Table 1-1:

=30 dB to 80% modulation at 10 kHz, OV

dc offset

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

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

b. Set the 3325A output as follows:

Function ..........ceeervnnnernnons Sine
Frequency ..........c.c.vvninn. 1 MHz
Amplitude . . ............... ... 3Vp-p
DCOffset ................c.cco0otn ov
High Voltage Qutput (Option 002) .. ... Off
AM . e On

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

o | GNAL
GENERATOR

T0 AMPT 33254

SPECTRUM ANALYZER

[

X

MOD
INFUT

I325A-43

| = S
R H_l_l_l_lmi E;ﬂlj_Aﬂ
u“ S | wariariariurd B0 | W
) I (e a4 =
| — —

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

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

4-45. Square Wave Rise Time and Abberations.

4-46. This procedure compares the 3325A square wave
output to its rise/fall time and overshoot specifications
in Table 1-1.

Rise and Fall Time: <20 ns, 10% to 90% at
full ocutput

Overshoot: <5% of p-p amplitude at full
output

Equipment Required: Oscilloscope (-hp-
Muodel 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
Function ........................ Square
Frequency ............. . ovnts, 1 MHz
Amplitude ..................... 10V pp

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

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 oscilioscope 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 to the specifications in Table
I-1:

<3 pus 90% to 10%

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

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

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

b. Set the 3325A as follows:

High Voltage Output (Option 002) .. ... Off
Function ............ Positive Slope Ramp
Frequency ........coviviininnnn. 10 kHz
Amplitude ..................... 10V pp

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

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

4.49, Sync Output Test.

4-50, This procedure checks the voltage levels of the
SYNe output square wave:
Vign = +1.2V V, < +0.2V into 50 chms

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-ohm input, use a
50-ohm load at the input (-hp- Model 11048C 50-0hm
Feedthru Termination),

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

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

4-51. Square Wave Syimmetry.

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 ........................ Sguare
Frequency ........coiiiiinennnss 1 MHz
Amplitude ... ... oL 1Vrms
DCOffset ............ccvvvvvii.- 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.

Performance Tests

d. Change Slope A to —, Slope B to +. Reading
should be equal to the reading in Step ¢ £ < 3.2 ns.

3325A
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Figure 4-5. Squara Wave Symmetry.

4-53. Frequency Accuracy.

4.54, This test compares the accuracy of the 3325A out-
put signal to the specification in Table 1-1:

+5 % 10-% 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 ......ceininne oo . Sine
Frequency ...................... 20 MHz
Amplitude , . ... ..o oo L 0.99Vp-p
DCOffset ... e i ov

c. Set the counter to count the frequency of the A input
with 0.1Hz resolution, and adjust for stable triggering.
Eleetronic 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
1o the syne output of the 3325A. Set the counter to aver-
age 1000 periods, Electronic counter should indicate 100
000.00ns £ 0.5ng,

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

4-55. Phase Increment Accuracy.

4-56, This test compares the phase increment accuracy
of the 3325A to the specification in Table 1-1:

x0.2°
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 Qutput (Option 002) ..... Off
Function ........ccivviivervrnnenns Sine
Frequency .....oovvivinnnnnn.n. 100 kHz
Amplitude ... ... o o 13dBm

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

Frequency .......oovvvnvninens. 0.1 MHz
Amplitude ...................... 13dBm

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

Function .. ... ... Time Interval Avg, Ato B
Frequency Resolution, N.............. 105
Inputs ........ ...t 5012, Separate
SlopeAandB................... Positive
SampleRate .................. Maximum
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Figure 4-6. Frequency Accuracy.

e. Press the 3325A PHASE entry key to display
phase. Using the Modify keys, adjust the phase until the
counter reads approximately 200 nanoseconds. Press
the 3325A blue entry prefix key, then ASGN ZERO
PHASE.

f. Set the electronic counter sample rate 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 places) in the space for
“1° Increment Time Interval®’.

1. Determine the time difference between the counter
readings in Step h and Step f, and record in the ““Time
Difference’’ c¢olumn. 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. A and B
counter reading in the space for ‘“100° Increment Time Frequency Resolution, N.............. 10°
Interval’’, Inmputs .................... 50 2, 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 Output (Option 002) ..... Off
Function ............... ... iuvn. Sine
Frequency ...................... 100kHz
Amplitude ...................... 13 dBm
Phase Modulation ................... On

Frequency ......... oo, 100kHz
Amplitude ........... ... ... 13dBm

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

e. Using the digital voltmeter to monitor the dc
power supply output, set the d¢ voltage as near — 5.0000
V as possible.

f. Press the 3325A PHASE entry key to display
phase. Using the Modify keys, adjust the phase until the
counter reads approximately 200 nanoseconds. Record
the counter reading as a reference for the following
steps.

g. As soon as possible after recording the counter
reading, note the digital voltmeter reading and record
on the Performance Test Record in the **“DVM Reading,
X,"’ space.

h, Press the 3325A blue prefix key, then ASGN
ZERO PHASE.

i. Change the dc power supply output to —4.0000 V.

j. Using the Modify keys, adjust the 3325A phase to
return the counter reading to the value recorded in Step
f.

k. Record the digital voltmeter reading in the “DVM
Reading, x,"’ space.

1. The 3325A display indicates the phase change
resulting from the 1 V change in modulating voltage.
Record the phase display in the ‘‘Phase Difference, 2*'
space (positive value).

m. Press the 3325A blue prefix key, then ASGN
ZERO PHASE.
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n. Change the power supply output to the following
voltages and repeat Steps j through m for each. Recard
the dvmm 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 X, 4
—1.0000 V X5 5

0.0000 V Xg 6
+1.0000 V p 7
+ 2.0000 V Xg 8
+3.0000 v Xg 9
+4.0000 V X0 10
+ 5.0000 V Xy 11

o. Enter the cumulative phase change in the
“Cumulative Phase’’ column. That is, enter the 2"
Phase Difference in the v, space, then add the 'y, and
*‘3" values and enter in the y, space. Add the *‘y,"" and
4" values and enter in y,, etc.

p. On the Performance Test Record, multiply each x
value by the corresponding v value and enter in the ““x
times y'* column.

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

r. Square each x value and enter in the “x2'? column.
Total this column and enter in the Zx2 space.

s. Square the Ix value and enter in the (Zx)? space.

t. Multiply the Ex value by the Zy value and enter in
the ExTy space.

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

y=2ax+ g

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

Where: x 15 the value of the modulating
voltage, recorded as x, through x,;

v. First determine the value of a; using the following
equation: Fys
Xiy

n
x? - (X33 n

Exy -

4,

Where: Ix, Ly, Lxy, IxLy, Ix2, and (Ex)?
are the previously calculated values entered
on the Performance Test Record

4.20
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n = 11 (the number of points o be
calculated)

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

x. Calculate each value for y using the equation: y =
a;x + ag. Enter each result on the Performance Test
Record in the “‘Best Fit Straight Line Values’’ column,

(y, through (v, ).

y. Determine the test limits for each y value by in-
creasing and decreasing the calculated (y) values by
0.5% of the (y,,)} value. Enter in the Maximum and
Minimum columns.

z. Transfer the y, through y;, “Cumulative Phase’’
entries to the **Measured Cumulative Phase’ column,
Each value should be within the calculated limits.

4-59. Amplitude Accuracy.

4.60. This procedure tests the amplitude of the 3325A
ac function output signals against the accuracy
specifications in Table 1-1,

Equipment Required:
AC/DC digital voltmeter (-hp- Model 3455A,
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 314 .digit resolution, 1% microsec. or faster set-
tling time.
50-Ohm step attenuator (-hp- Model 355C)
50-Ohm 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 ¢a 0698-7169
Resistor 61.11 ohm 0.1% 0.25W 2 ea 0699-0090
Resistor 43ohm* 0.1% 0.125W 1 ea 0698-8264
Resistor 1330ohm* 0.1% 0.25W 3 ea 0698-7453
Capacitor 300 pF* 5% 1 ea 0160-2207

*Used only to test High Voltage (optien 002).
Amplitnde 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 002) Off
Function Sine
Frequency 100 Hz
Amplitude 3.536 Vrms(10 Vp-p)
DC Offset oy

¢. Press AMPTR CAL key.

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

¢, Change 3325A amplitude to 1.061 Vips (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 Vyys (£0.1 dB).

f. Change 3325A amplitude to .3536 Vs and set dc
offset to 1 mV, Set 3325A frequency to (100 Hz, 1 kHz,
and 100 kHz and read ac voltage, Verify that all three
readings are between 3411 Vpys and 3660 Vppe
(£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 0V
Amplitude 10 Vp-p
Frequency 99 9 Hz
Function Square

i. Set the oscilloscope as follows:

Display AorB
Vertical Sensitivity .5 volts/div
Trigger Ext
Main Sweep I msee/div
Delayed Sweep 5 psec/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
volis,

n. Change 3325A function to Triangle. Change
oscilloscope to:

Vertical Sensitivity .2 volts/div

Vertical Position 9 o'clock
Main Sweep S msec/div
Delay 500
Magnify X10
Delayed Sweep 1 psec/div

o. Adjust oscillpscope 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 to 3 o'clock and adjust intensified spot to
read pegative 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.

gq. 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 voits.

r. Change 3325A function to neg ramp. Change CRO
trigger to pos and take neg ramp reading as above,

s. Change 3325A function to square and frequency to
1 kHz. Set CRO as follows:
Main Sweep 50 psec/div
Delayed Sweep .05 psec/div
Read positive peak; push neg trigger and read negative
peak. Verify that sum is between 3.661 and 3.735 volts.

t. Change 3325A function to triangle and frequency
to 2 kHz. Set CRO main sweep to 20 usec/div and delay
to 610. Adjust delay and position and 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 frequenecy
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 Lo be between 3.643 and 3.754 volts.

4-21
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v. Change 3325A function to neg ramp and CRQ
trigger to pos. Verify Vpp of 3.643 to 3.754 volts.

w. Change 3325A frequency to 100 kHz and function
to square. Return CRO sweep vernier to calibrate and
set main sweep to .5 usec/div and magnify to off. Read
pos and neg peak voltages in the center of the screen. By
pressing pos/neg trigger. Verify Vpp of 3.661 to 3.735
volts.

x, Change 3325A function to triangle (frequency will
go to 10 kHz). Set CRO main sweep to 5 usec/div and
press magnify. Verify Vpp of 3.513 to 3.883 voits.

y. Change 3325A function to pos ramp. Set ¢ro main
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 ta 3,996 volts.

aa. Change 3325A amplitude to 3Vp-p, and remove the
voltage divider from the circuit. Reconnect the 3325A sig-
nal output to the oscilloscope and voltmeter through the
50 ohm feedthru termination. Set the 3325A frequency
to 99.9Hz and the function to square.

bb. Repeat tests i through z, New test limits are as
follows:
Test Frequency

m 99.9 Hz Square

Minimum  Maximum

2970V 3080V

Function

o 90.9 Hz Triangle 2955V 3.045V
q 99.9 Hz Pos Ramp 2.955V 3.045 V
r 99.9 Hz Neg Ramp 2955V 3.045V
& 1 kHz Square 2970 V 3030V
t 2 kHz Triangle 2.955 Vv 3.045 V
u 500 Hz Pos Ramp 2955V 3045V
v 500 Hz Neg Ramp 2955y 3.045 V
w 100 kHz Square 2970V 3,030V
X 10 kHz Triangle 2B50V 3150V
y 10 kHz Pos Ramp 2,700 V 3300 v
z 10 kHz Neg Ramp 2700 V 3300V

cc. Change 3325A amplitude to 1 Vpp, and set dc of-
fset to I mV. Set frequency to 99.9 Hz and function to
square. Set CRO vertical sensitivity to .05 volts/div for
all 1 Vpp tests.

dd. Repeat tests i through z. New test limits are as
follows:

Test  Frequency  Function Minimum  Maximum
m 9%.9 Hz Square 970 1.030
Q 899 Hz Triangle 960 1.040
q 99.9 Hz Pos Ramp 960 1.040
r 99.9 Hz Neg Ramp 960 1,040
§ 1 kHz Square 970 1.030
t 2 kHz Triangle 960 1.040
u 500 Hz Pos Ramp 960 1.040
\J 500 Hz Neg Ramp 960 1.040
w 100 kHz Square 970 1.030
X 10 kHz Triangle 940 1.060
y 10 kHz Pos Ramp .890 1.110
z 10 kHz Neg Ramp .390 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 voltmeter 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 Vgums (40 Vpp), Press AMPTD
CAL key. The AC voltmeter reading should be 13.86 to
14,42 VRMS-

hh. High Voltage Function Test. Connect 3325A
signal output to CRO and voltage divider via a 6 ft.
cable. Trigger CRO on 3325A sync output. Trigger high
speed DC voltmeter on delayed sweep gate from CRO

See Figure 4-9B.

ii. The voltage divider shown in Figure 4-9B is
built into a smali 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 4-98.

ji. 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 8 o’clock
Trigger Ext
Main Sweep 20 psec/div
Delayed Sweep .05 psec/div
Delay 615
Magnify X10

kk. Set 3325A to square wave and read positive peak
on DC vohmeter. Switch CRO to neg trigger, take ver-
tical position to 4 o’clock, and read neg peak. Verify
that peak to peak voitage 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 volts.

mm. Change 3325A to pos ramp. Change CRO main
sweep to .1 msec/div and delay to 500, Verify Vpp of
3.466 to 3.607 volts. Repeat for neg ramp by changing
CRO trigger to pos.

Amplitude Flatness: (Frequencies above 100 kHz)
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nn. Set the 3325A as follows;

High Voltage Qutput (Option 2) OFF
Function Sine
Frequency 1kHz
Amplitude 3Vpp

00. Set the 50 Q attenuator (-hp- Model 355C) to 3 dB
and connect to signal output. Connect 1 Vgps thermal
converter (-hp- 11050A) to attenuator output. Connect
DC 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.

qq. Set the 3325A modify key to the IMHz position
and bump the frequency in 2MHz steps from 1kHz to
20.001MHz, recording the voltmeter reading at each fre-
quency. In each case, allow the thermal converter several
seconds to stabilize.

rr. Verify that all flatness readings are within +
6.6% of the 1 kHz reference reading,

ss. 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 Output (Option 2) OFF
Function Square
Amplitude 10 Vpp
Frequency | kHz

vv. Connect the 3325A signal output to an
oscilloscope (-hp- 1740A) with a 500 load. Set the
oscilloscope as follows:

Vertical Sensitivity
Time/Div

2 volts/div
.1 msec

ww. Use the modify keys to bump the 3325A fre-
quency from 1 kHz to 10.001 MHz in 2 MHz steps. Two
lines will appear on the oscilloscope. Verify that they re-
matn within ¥4 major division of 5 divisions apart for all
11 frequencies.

xx. High Voltage (Option 2) Amplitade Flatness above
100kHz.

yy. Connect the 3325A output to an oscilloscope
(-hp- 1740A}) with a 500 @, 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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zzZ. Set the oscilloscope as follows:
Vertical Sensitivity
Time/Div

10 volts/div
1 msec

aaa. Set the 3325A to 40 Vpp sine wave (HV optien
on) and 1 kHz. Adjust oscilloscope intensity and focus
for a sharp trace,

bbb. Use the modify keys to bump the 3325A fre-
quency from 1 kHz to 1.001 MHz in 200 kHz steps.
Verify that the width of the bright region of the screen is
4 x .4 divisions for all 11 frequencies.

4-61. DC Offset Accuraey (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, capabie
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 +5.020 V.

¢, Change 3325A dc offset to —5 V. Digital volt-
meter reading should be —4.980 to —5.020 V.

Attenuator Test
f. Set the dc offset to the positive and negative

voltages shown below. The digital voltmeter reading
should be within the tolerances shown for each voliage.

DC Offset Tolerances
+£1.499V +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 t0 0.001519 V
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High Voltage QOutput Option 002 DC Offset

g. Remove the 50-ohm feedthru and connect the
3325A output directly to the digital voltmeter input,

h. Press the ““SIGNAL" key in the lower right corner
of the 3325A front panel to select High Voltage Qutput
(Option 002). Lighted indicator in the center of this key
indicates High Voltage Output is on.

i. Set 3325A dc offset to 20 V. Digital voltmeter
reading should be +19.775 V t0 20.225 V.

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

4.63. DC Offset Accuracy with AC Functions.

4-64. The specifications for DC Offset accuracy with
AC Functions given in Table 1-1 are as follows:

DC + AC, <) MHz: +1.2%, Ramps +2.4%
DC + AC, »1 MHz: +3%

Equipment Required:
DC Digital voltmeter (-hp- Model 3455A)
50-ohm feedthru termination (-hp- Model 11048C)

a. Connect the equipment as shown in Figure
4-10 A | Set the digital voltmeter to measure dc voltage.

b. Set the 3325A output as follows:

High Voltage Qutput (Option 002} . ... Off
Functlon ... iiii i e Sine
Frequency ........... 20.999 999 999 MHz
Amplitude ... ... ... 1Vpp
DCOffset ....ooiiiiiiini +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 dc 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 +4.440to +4.560V
de,

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 dc.
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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 t0 —4.560 V.

k. Set the 3325A function to + Ramp. The digital
voltmeter reading should be —4.380 to —4.620 V.

4-65. Triangle Linearity,

4-66. This procedure tests the linearity of the triangle
wave output 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 voltmneter (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-t0o-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 ..........iiiiiians. Triangle
Freguency ...........coviiiiinns 10kHz
Amplitude ......... .. ... . .. 10V p-p

¢. Set the digital voltmeter as follows:

RANge. .. ...... i 1V

Number of Reaciings . ........ovvvvron-. 1

B 4 Ext
NOTE

The Model 3437A (riggers on the negative-
going edge of the 3325A sync square wave,

d. Set the digital voltmeter delay to 00003 (seconds).
Record the digital voltmeter reading on the Perfor-
mance Test Record under “Positive Slope Measure-
ment, (10%) y,"’. This is the 10% point on the positive
slope of the triangle. See Figure 4-11.
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Figure 4-10. Triangle and Ramp Linearity Test.

€. 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 90
.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 Ey by 45 (which is £x) and enter the
result in the “*ExXy’’ space,

i. Muiltiply each y value by the corresponding x value
and enter in the “*x times y”’ column. Total these values
and enter in the ““Exy’’ space.
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Figure 4-11. Triangle Linearity Test,

j. The equation for determining the ‘best fit straight
line’’ specification for each y value is:

y = 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
Sfive decimal places.

k. First determine the vaiue of a, using the following
equation:

IxLZy
xy -
n
al =
(Zx)?
nx2 -
n

Where: Ix, £y, Ixy, ExLy, Ez?, and (Ex)?
are the previously calculated values entered
on the Performance Test Record,

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

l. Determine the value of a, using the equation:
Ty Ix

Bg=— "8 —
n n

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

y=alx+ao

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 Step m (10V + 2.5x0.05
%). 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
“Negative Slope Measurement’’ column should be
within the calculated tolerances.

4-67. X Drive Linearity.

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

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

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

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

DC power supply (-hp- MOde! 6214A)

BNC-to-Triax adapter (-hp- Part No. 1250-0595
Maodel 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
Function .......................... Sine
Amplitude ..__................. 10V p-p
Sweep Start Frequency ............ 1 MHz
Sweep Stop Frequency . . ..., ... ... 10MHz
Sweep Marker Frequency .......... 4 MH:z
SweepTime .. ..........co v, 0.01 sec

¢. Press 3325A START CONT key.

d. Set the digital voltmeter as follows:

Range.......... ... ... . i iiuin.. 1V

Mumber of Readings ................... 1

Trigger., ... oo Ext
NOTE

The model 34374 iriggers on the negarive
going edge of the Z Blank signal, which oc-
curs ar 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 90
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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. Muliiply Ey by 45 (which is £x)} 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:

ZxLy
EXy -
n
a, =
(Zx)?
Tx? -
n

Where: Ix, Ly, Ixy, ExZy, 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 L
g = — — a; =

n n

m. Caleulate the “Best Fit Straight Line' value for
each point (y; through yg) vsing the equation:

y=2X+ 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 ta the voltages calculated in Step m (10.5V + 2.6 x
0.1%). Enter these voltage limits on the Performance
Test Record under “Minimum’* and “Maximum®, The
voltages measured and recorded in the “X Drive Ramp
Measurement’’ column should be within these
calculated tolerances.

NOTE

The 3325A 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: < + 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-ghm input, use a 50-ohm load (-hp-
Model 11048C 50-ohm Feedthru Termination) at the in-
put.

b. Set the 3325A as follows:

Function............ Negative Slope Ramp
Frequency. ......c.oovevniinnnvnnns 100 Hz
Amplitude, .. ................. 10V pp

¢. Set the oscilloscope as follows:

Vertical,.......... e 2 V/div
Main sWeep. ..o v v ir s 2.0 ms/div
Delayed sweep................. 20 ps/div
TrHgger. ..o e 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
meore than ten divisions on the display.

£. Change the 3325A function to positive slopg ramp
and set oscilloscope trigger to negative to verify the
positive ramp.

h. Bump the 3325A frequency to 99.999995 Hz to

check the low frequency ramps. Verify that ramp period
variations do not exceed ten divisions.

429
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Figure 4-13. X Drive Linearity Test.

4-71. HP-IB Interface Test,

4-72. The following calculator program tests the opera-
tion of the 3325A HP-IB interface circuits. The pro-
gram is written for an -hp- Model 9825A calculator but
may be adapted for other controllers. The program is
printed on a foldout page for your convenience.

Equipment Required:
-hp- Model 9825A Calculator equipped with:
98034A HP-IB Interface (set the select code 7)
Any combination of ROM's that includes a General
1/0 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-IB
during this test.

b, Enter the program into the calculator,

4-30

¢. Press RUN. Tests 4 through 7 in this program re-
guire the operator to press CONTINUE if the test
passes, or 1 CONTINUE if the test fails. If the Test 4
question (SRQ LIGHT ON?, 1 = NO) does not appear
in the calculator display within 30 seconds after start of
the program (RUN), the 3325A and 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,



Mode! 3325A

Instrument Returns To Known Conditions After Self
Test

Test 1 - Did Frequency Go To 1000 Hz?

Test 2 - Interrogate Frequency

Test 3 - Interrogate Amplitude

Test 4 - Test SRQ Circuits

Test 5 - Test Talk Circuits

Test 6 - Test Listen Circuits

Test 7 - Test Remote Circuits

Performance Tests

PROGRAM FLOWCHART

Enter 33264 Bus Address

l

Perform Self Test

Freq = 1000 Hz? ERROR

Program:
Freq = 1234.56789 Hz
AMPTD = 50 mV

Is NO
Frequency

Correct

ERROR

Is NO
Amplitude

Correct

ERROR

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

SRQ

Light On ERROR

Talk

Light On ERROR

Listen

Light Gn ERROR

REM NO

Light On ERAOR

Print Results

End
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B dsr S g
ekl

GOADDRESES cont =7 LT v A

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

tas CTEST 1

Pl wpen H"TE" Perform Self Test

PR owen Ay UTFRT Interrogate Fraquency

L2 rad M F Read 3325A Frequency

Tan i FHLI8EAY tapd Compare Frequency to 1000 Hz
1

]

Lha UTEREST

s M UER HUEML ANGEMY " —————Set Freq to 1234.567890 Hz, Amptd to 50mV
Dot Fe TERET Store Settings in Register 3

nlroH—— Clear the 3325A

W e RS Recall Settings in Register 3

st Fe " TFRE" interrogate Frequency
Fed Fle i Read Frequency
Y : e Compare to Frequency Stored

CTETRY

Wit Ha U TRM Interrogate Amplitude

el Ha H Read Amplitude

A S & - I T Compare to Amplitude Stored

S I

et Py "n Tk S TIIESE WS m 'sLin Sweep 1—10kHz, Enable S5RQ Mask
cli Fitel F Clear Interface, Interface to Local

Fim oy L=k " e i ———Did 3326A Initiate SRQ?

]
.
1=

E

(ML SRR A AR

Read Status into Variable 5

Set Remote Enable

Read from the 3325A

CTELE L TGHT DR Teb0" e 1S ————Did 3325A respond to Talk Command?

iR

W Write to the 332654, Interface to Local
CLTETEM LTGHT e 1w e Did 3325A respond to Listen Command?

Remote Interface, Write to 3325A,
Clear Interface
' e D}id the 3325A Respond to Remote?
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Print Resuits of Tests
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LEl
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Self Contained Program may be
Linked or Used as & Subroutine

Variables used in this Test Program:

Address of 3325A (defaults to 717)
Frequency read from 3325A in test #1
Frequency read from 3325A in test #2
Amplitude read from 3325A in test #3
Counter used to print test results
r1-r7 Test results {0 =Pass, 1 =Fail)

S Status read from 3325A in test #5

—IGm)

Samples of Program Printouts:
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Hewleatt-Packard

Madel 3325A
Synthesizer/Funciion Generator
Seral No.

Par. 4-10

Par. 4-12
Step d

Step g

Par. 4.14
Step ¢
Steps d & e
Step |

Par, 4-16
Step ¢
Step d
Step e
Step f
Step g

Step i

Par. 4-18

Par. 4-20

Par. 4-22
Step ¢
Stepd
Step e
Step f

Tastad by

OPERATIONAL VERIFICATION REGORD

Date

Self Test

Sine Wave Verification
20 MHz: Frequency and Amplitude
Signal Purity
High Veoltage Output {1 MHz}

Square Wave Verification
Frequency and Amplitude
Abberations

Rise Time

Triangle and Ramp Verification
Triangle Freq. and Amptd.
+ Ramp Freq. and Amptd.
= Rarmp Frag. and Amptd.
— Ramp Retrace Time
+ Ramp Retrace Time

Trigngle Linearity

Amplitude Flatness

Syne Qutput Check High

Low

Frequancy Accuracy
Sina, 20 MHz
Square, 10 MHz
Triangle, 10 kHz (100,000 ns)
Ramp, 10 kHz (100,000 ns)

Spec

Passed

Passed
Pazsed

Passed

Passed
Passed

Passed

Passed
Passad
Passed
Passed
Passed

Passed

Passed

=+1.2V
<0.2V

—_—

Spec.

+ 100 Hz
+50 Hz
+ .5 ns

+ .5 ns



Qperational Verification

Par, 4-24 Qutput Level and Attenuator Check

(DC Offsat Only)

Max.
-5.020V
+5.020V

(£} 1.50499V
+0.50190 V

+0.15050 V

Entry Min.
-5V -4.980V
(+15 VY +4. 98B0V
*{x) 1.498V (&) 1.49300V
499.9 mV +0.48790 V.
149.9 myv +0.14830 V
49,99 mv +0.04879 V
14.99 mV +0.01483 V
4.999 mV +0.04979 V
1.499 mv +0.001478 V

* All entries and limits are +
High Voltage Output (Option 002)
20V +19.775 V
—-20V -19.7758V

Par, 4-26 Harmeonig Distortion

20 MHz
15 MHz
2 MHz
200 kHz
B0 kHz
10 kHz
1 kHz
100 Hz
Migh Voltage Output (Option 002)
100 Hz
10 kHz
200 kHz
1 MHz

Par. 4-28 Close-In Spurious Signal Test

Far. 4.30 HP-1B Check

+0.05019 V
+=0.01608 V
+0.005019 V
+0.001519 V

+20,225 V

—-20.22% Vv

All Harmanics Below!:
—-2548
- 30 dB
-40 dB
-60 dB
-65 dB
-85 dB
-65dB
-85 dB

- &5 dB

- 65 dB

=60 dB

=40 dB

Passed

Passed




PERFORMANCE TEST RECORD

Hewlatt-Packard Tested By
Model 3325A
Synthesizar/Function Generator Date e
Serial No.
Par. 4-37 Harmonic Distortion
Fundamental Frequancy Specification
20 MH:z -25 dB
15 MH:z -30 d8
2 MHz -40 dB
200 kHz -6Q dB
50 kMz -65 dB
10 kHz -65 dB
1 kHz -65 dB
100 Hz -65 dB
High Voltage Output {Option 002)
100 Hz -65 dB
10 kHz -85 dB
200 kHz -60 dB
1 MHz — 40 dB
Par. 4-39 Spurious Signal Tests
Mixer Spurious Test (2:1 spur/3:2 spur) —-70 dg
2:1 spur 3:2 spur
4.100MHz _ - -70dB
6.100MHz - - - 70dB
8.100MHz _ N -70dB
10.100MHz —— — - 70dB
12.100MHz - _ =~ 70dB
14.100MHz J— - - 70dB
16.100MHz S — —-70dB
18.100MHMz - - - 70dB
20.100MHz - - - 70dB
Close-in Spurioys Test
5.0001MHz - 70dB
5.00001MHz - 70dB
5.000001MHz -70dB
20.001MHz —70dB
—70dB
« 7048
- 704B
Par. 4-41 Integrated Phase Noise
19.901 MHz ~B60 dB
Par. 4-43 Amplitude Modulation Envelope Distartion - 30 dB
Par. 4-45 Square Wave
Rise Time =20 ns




Fall Time

<20 ns

Overshoot, Positive Peak <500 mV
Qvershoot, Negative Peak <500 mVv
Par. 4-47 Ramp Retrace Time
+ Ramp <3 ps
- Ramp <3 ps
Par. 4-49 Syne Output
Viigh >+1.2 V
View =+0.2 V
Par. 4-51 Squara Wave Symmetry »3.2ng
Par. 4-53 Fraquancy Accuracy
Sine, 20 MHz +100 Hz
Square, 10 MHz %50 Hz
Triangle, 10 kHz {100,000 ns) + .5 ns
Ramp, 10 kMz (100,000 ns) + .5 ns
Par. 4-55 Phase Increment Accuracy
Time
Minimum Difference Maximum
Zero Phase Time Interval
12 Inctement Time Interval 22,22 ns 33.34 ns
109 Ingrement Tima Intarval 272,22 ns 283.34 ns
100% Ingremant Time Interval 2772.22ns 2783.34 ns
Par, 4-57 Phasa Modulation Linearity
DVM Phase Cumulative
Reading Difference Phase X times y x2
X4 1 [\] Y4 0 0
X 2 Yo
Xg 3 Y3
Xy 4 Ya
Xg 5 Ys
Xg 8 Yg
Xy 7 Y7
Xg 8 Yg
Xg 9 Yo
%10 10 Yio
X1 11 Y4
Ex Ly Duy x?
(rx? ExLy



Best Fit Measurad

Straight Line Minirmum Cumulative Maximum
Phase Limit Phase Limit
(yq) Vi o
lyg) Y2
lyg) Y3
{y 4l Ya
fyg) Y5
{ygh Vg
{yq} Y7
lyg! Ya
lyg) Yg
tvig! Yio
¥aq) Yi
Specification: £0.5% of {yqq) = & ¢
Par 4-58 Amplitude Accuracy
Entry Minirnurm Measured Maximum

Sine Wave Test

Amplitude: 3.536 Vrms

Sine, 100 Hz 3,495V 3577V
Sina, 1 kHz 3.495 V 3.577 V
Sine, 100 kHz 3.485V 3,577V

Amplitude: 1.061 Vrms

Sine, 100 Hz 1.048 VY 1.073 v
Sine, 1 kHz 1048V 000 1.073V
Sine, 100 kHz 1.048 V 1.073V

Amplituda: 0.3536 Vims

pC, 1 mv
Sine, 100 Hz o3411V 0000 0.3660 V
Sine, 1 kHz Q3311v 0.3660 V
Sine, 100 Mz 0341V 0 0.3660 V

Function Test

Amplitude: 10 Vpp

Squars, 99.9 Hz 3eéev 3.738V
Triangle, 99.9 Hz 3643v 0000 3.754V
Pos Ramp, 99.9 Hz 3.643v 00000 3,754V
Neg Ramp, 99.9 Hz 3.643V 3.754V
Square, 1 kHz 3.661V 3.735v




Triangle, 2 kHz 2.843V
Pos Ramp, 500 Hz 3.843V
Neg Ramp, 500 Hz 3.643v

Square, 100 kHz 3,661V
Triangle, 10 kHz 3.513Vv
Pos Ramp, 10 kHz 3.328V
Neg Ramp, 10 kHz 3.328V

Amplitude: 3 Vpp

Square, 99.8 Hz 28970V
Triangle, 99,9 Hz 2955V
Pos Ramp, 89.9 Hz 2,088V
Neg Remp, 22.9 Hz 2.855V
Square, 1 kHz 2970V
Triangle, 2 kHz 2,956V
Pos Ramp, 500 Hz 2.956V
Neg Ramp, 500 Hz 2088V
Square, 100 kHz 2,970V
Triangle, 10 kHz 2,860V
Pas Ramp, 10 kHz 2,700V
Neg Ramp, 10 kHz 2700V
Amplitude: 1 Vpp
Oc: 1 mVv
Square, 99.9 Hz 0.870V
Triangte, 99.9 Hz 0.960 V
Pos Ramp, 99.9 Hz 0.960V
Neg Ramp, 98.9 Hz 0,960 V
Square, 1 kHz 0.970V
Triangle, 2 kHz 0.960 V
Pos Ramp, 500 Hz 0.960 V
Neg Remp, 500 Hz 0,960V
Square, 100 kHz 0.970 Vv
Triangle, 10 kHz 0.940 V
Pos Rarmp, 10 kHz 0.880 V
Neg Ramp, 10 kHz 0.820V

High Veltage (Option 002} Sinewave Test
Amplitude: 14.14 Vrms
Sine, 2 kHz 13.86 V

3.754V
3.754V
3.754V
3.7358V
3.883V
3,996V
3.896V

3.030V
3.045 V
3.045 V
3.045V
3.030 V
3.045 V
3.045V
3.045 V
3.030V
3150V
3.300V
3.300V

1.030 V
1.040 V
1.040 V
1.040 V
1.030 V
1.040 V
1.040V
1.040 V
1.030V
1.060 V
1.110 Vv
1.110 V

14.42 V



High Voltage {Option 002) Function Test

Amplitude; 40 Vpp

Square, 2 kHz 3.468v
Triangle, 2 kHz 3.466Y
Pos Ramp, 2 kHz 3466V
Neg Ramp, 2 kHz 3.4668Y

Amplitude Flatness

Sine, 3 Vpp, 1 kHz
(Reference)

Allowable tolerance
(+6.6%)
(0.934Y)
2.001 MHz
4,001 MHz
6.001 MHz
8.001 MHz
10.001 MHz
12.001 MHz
14,001 MHz
16.001 MHz
18.001 MHz
20.001 MH=z

Sine, 10 Vpp, 1 kHz
{Refarence)

Allowable tolerance
(£6.3%) .

(0.837Y)

2.001 MHz

4.001 MHz

6.001 MHz

8.001 MHz

10.001 MHz

12.001 MHz

14.001 MHz

16.001 MH:

18.00171 MHz

20.001 MH:

Squars, 10 Vpp,
Pass

High Voltage {Qption 002) Flatness

Sine, 40 Vpp,
Fass

{check ane)

{check one}

3.607V
3.607V
3.607V
3.807V

11.066Y)

(1.063Y)

Fail

Fail



Par. 4-61
Entry

8V

-5V
-1.499 Vv
1.499 V
499.9 my
-499.9 mv
-149.9 mv
149.8 mV
49.99 mv
-49.9 mV
-14.99 my
14.99 mV
4,999 mv
-4.999 mv
-1.499 mv
1.499 mv

OC Offset Accuracy (DC Only}

Minimum

+4.880V

Maximum

+5.020 V

-4.980V

-5.020 V

—1.49300V

+1.489300 V

+0.49790 V

—-1.50488 V
+1.50499
0.50180

- Q.49790 V

-0.14830V

+0.14830 V

+0.04879 V

—-0.04979 V

-0.01493V

+0.01493 V

+0.004979 V

-0.004878 V

-0.001478 V

=0 001479 Vv

High Voltage Qutput QOption Q02

20V
20V

Par. 4-63

4.5V
-4.8V

Sine 999.9 kHz
-4.5V
4.5V

Square 999.9 kHz
4.5V
-45V

Square 3.99829 MHz
-4,V

+18.775V

-0.50180
=0.15080
+0.15080
+0.05019

-0.01505
+0.01505
+0.006018
-0.005019
-0.001519

v
A
A
v
V
\'
-0.05019 V
\'
v
Vv
A
A
+0.001518 V

+20.225

<

-18.778 VvV

20,225 V

DC Offset Accuracy with AC Functions

Sine 20.999 999 999 MHz

Minimum

+4.350 V.

Maximum

+4.850V

—-4.350V,

-4.650V

—4,440V

-4.560V

+4,440 V

+4.660V

+4.440 V

+4.560V

—4.440 V

-4.560V

-4.350 V

-4.650V




Triangle 9.9 kHz

-4.5V -4 440 V -4.660V
Ramp 9.9 kMz
-4.5V ~ 4380V -4,620V

Par. 4-65. Triangle Linearity

Calculated Best Fit Tolerances
x Values Positive Slope Measurement % times y Straight Line Minimum Maximum
xp =1 (10%]) v, (yq)
Xp = 2 {20%) yoq {ya)
%q =3 {30%) yq (yq)
¥y =4 {40%) v, (vq!
Xg = 5 {50%) yg lyg)
Xg = 6 {60%) yg (vg!
Xy = 7 {(70%) y4 (y4)
xg = 8 {80%) vg (yg)
xg = 9 (90%) vq —_— (yg! -
Ix = 45 Ly Dxy
(Lx)2 = 2026  Exiy
Ex? = 2856
Par. 4-65. Triangle Lingarity (Con’d)
Far. 4-65. Triangle Linaarity
Calculated Best Fit Tolerances
x Values Negative Slope Measuremant X fimes y Straight Line Minimum Maximum
Xg = 9 (90%) yq lyq)
%g = 8 (80%) yg lyg)
Xy =7 {70%) y5 ly4) -
xg = B 80%) vg {yg)
Xg = B (50%) yg yg)
Xg =4 (40%) y4 lya)
Xg = 3 (30%) vy {yg)
Xy = 2 120%) v, {yq)
X =1 (10%) y4 {yq)
Lz = 45 Ly Exy

{Cx)2 = 2025  ¥xly

¥x2 = 285



Par, 4-67, x Drive Linearity

Calculated Best Fit Tolerances
% Values Positive Slope Measurament  x times y Straight Line Minimum Maximum
x, = 1 {10%} v-,l {yq}
Xy = 2 (20%} v {ya)
x3 =13 130%) y3 lya)
xy =4 (40%) vy (yq!
Xg = B {60%) vg (yg)
xg = 8 {60%) yg lyg!
Xy =7 (70%) v ys)
xg = 8 (80%) vg tyg)
Xg = 9 {90%) vq lyg)
Iz = 45 Ly EXY e
(Ex)2 = 20256 IxIy
Ix? = 285
Par. 4-69 Ramp Period Variation
Negative Slope Ramp, 100 Hz 00000« + 100ps
Positive Slape Ramp, 100 Hz - = £ 100 s
Positive Slope Ramp, 99.9 H: 0000000 = 4 100ps

Par. 4-71. HP-IB Interface
Pasg Fail or Attach Calculator Tapa
Test 1

Test 2

Test 3

Test &4

Test &

Test 6

Test 7




‘ WARNING I

Maintenance described herein is performed
with paower supplied to the instrument, and pro-
tective covers removed. Such maintenance
should be perfarmed only by service-trained
persannel who are aware of the hazards in-
volved (for example, fire and electrical shock).
Where maintenance can be performed without
power applied, the power should be removed.



Model 3325A

5-1. INTRODUCTION.

5-2. This section contains the procedures required to
adjust the 3325A 1o meet ity 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
5-7
5-8
58

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

Tahle 5-1. Test Equipment Required for Adjustments

_Recommended Model |

) Equipment Critical Specifications
AC/DC Digital AC Function:
Voltmatar 1 V Range

Low Frequency
| Spectrum Analyzer

Accuracy; =.5%
Resolution: 4 digits
BC Function:
Rangaes: .1V, 1V, 10V, 100V
Accuracy: £.2%
Resolutian: 4% digits

-hp-3455A/3486A

Frequency Range: 1 kHz - 50 kHz
Amplitude Accuragcy: 0.5 dB
Spurious Responses: 80 dB below
ref.

-hp-3580A/3585A

Resistor

T kit

-hp- Part No. 0683-1025

Elaatramic Counter

Frequency measurement: to 20 MHz
Accuracy: * 2 counts
Resoiutian: B digits

Oszillascope

Frequency Standard

. 10:1 Oscilloscope Probe
DC Power Supply

{for Option 001 only) |

-hp-5328A
with Opt. 040 or 041

-hp-17404A

Oscillator

Vartical:
2 channel
Bandwidth: de to 100 MHz
Deflection: 5 mV to 10 V/div
Horizontal:
Main and Delayed Sweeps
Main: B0 ns to 2 s/div
Delayad: 50 ns ta 20 ms/div ]
Fragqueaney: 5 MHz -hp-105B
Accuracy: 1 x Q-7
Impedance; 1 M@, 12 pF -hp-100414 .
Volts; 0 - 10V -hp-6214A
Amps: 10 mA__“ ) N
Frequency: 1 kHz -hp-204C

Amplitude: T Vrms

High Frequency
Spectrum Analyzer

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

Thermal Converter

Input [mpedance: 508, Input
Voltage: 1Vrms, Frequency; 1kHz
to 20MHz, Fraguency Response:
+0.05dB

-hp-141T/8552B/8553B/
856BA/8568A

-hp-1T1G50A

Resistor

2000 1% 1/8W

-hp- 0767-0407

500 1% 0.5wW

-hp- 0698-5965

138 1% 1/8W

-hp- 0757-0380

| 230 5% /4w

-hp- 0683-2505

1500 1% 1/8W

-hp- Q757-0284




Replaceable Parts

Table 6-1. List of Abbreviations.

Model 3325A

ABBREVIATIONS
AG silver  Hz ~. .. hertz (cycleis) per second) NPO L negative positive zero sl - e slicke
Al ... alumingm (zaro temperature coeflicient)  $PDT . single-pole double-throw
A ....amperelst 1D ..., ... . .inside diameter ns . L. nanasecond(s) = 109 seconds  SPST singe-poia single-throw
Al . gold  impg ... impregnated  nsr, ., ... . not separately replaceable
incd | . incandescent Ta ... ... e e tantalum
oo capacitor  ins . L insulatian{ed)  $2 L ohmis) TC. ... ........ ... temperaturecoelficiant
cer. ... . .. L ... _caramic ebd ... ... ... order by deseription TiQp ....... . .. titanium dioxide
coef ... coefficient 53 Lo kilohmis) = 10*3ghms QD L outside diameter  tog . . I . toggle
COM . . commaon KMz ... ... .. kilohertz = 10%3 hertz tol .. S .. tolerance
comp . L composttion P . .. _peak trim trimmer
conn L. L, connection L . L........... inductor  pA picoamgerels)  TSTR transistor
n o lingar taper pc . printed circuit
dep ... ... cdeposited  lcg e logarithmic taper pF picatacadis) 10172 farads v . o R - woltis)
DPOT . L double-pole deuble-throw PV L peak inverse voltage  vecw .. ... alternating current working voliags
opsT L double-pole single-throw  mA mithampereis) = 10-3 amperas  pio .opartofl  var ..., .. e ... wasiabie
MHr megahectz = 10*6 herez  pos position(s)  wdew ... dirgct curseat working voltage
elect electrolytic M2 . megohmis) - 106 ghms  poly . ........ ... polystyrene
encap -encapsulated _.metal fim  pol ... .potntiometer W ... ... wattls)
. omanufacturer  ppoL L peak-to-peak  w/ o e with
F o tarad{s e millisecond  ppm . . ... . parts per million  wiv e e working inversa voltage
FET ftield effect transistor ™19 ... ... .. ..., . B mogrmng prec . precision (temperature coeffient,  w/o . . . withowt
fud . e dixed MV . milfivolt{sl = 10" volrs long 1erm stability and/os tolerancel  ww .. ... ... wisewound
MF microfaradis)
GaAs Coo e gallium arsenice MBS ... L. . microsecondisl R T resistor
GHz . . .gigahertz = 10*9 hertz MV .. . microveltish = 106 volts  Rh .. . rhadium
od . L guardled)  my . L lear® rens, . root-mean-square optimum value selected at factory,
Ge.. . Ll germanium rot . rotary avarage value shown ipart may be omitted)
and. woundled) nA nanoamperets) = 10°9 amperes o no s1andard type number assigned
NG narmally closed  Se selenium selected or special type
Ho oo henrylies) Ne . LoReOn SBCT L . sectionis}
Hog . ........... mercury  NO . o narmally open Si . L. .. ... .. siican ® Dupont de Nemours,
DESIGNATORS
AL assembly  FL | oAl Qo0 L L transistor TS | termmal sing
a .. motor  HR . .heater CQCR ... . wansistardiode U . micracircuil
a7 .. battery 1T ... . . integrated circait - A, . resistor W vacuum tube, nean buib photoceil, et
Coovv o LLocapaciter 4 L. ... jack AT thermistor W o . ... cable
<R e diode K .......... relay S switch X ... B . .sockel
DL ... .delay line L ....... inductor T .. . L. transfermer X0S R lamphalder
DS . lamp M ... ... meter  TB ... . ... terminal board  XF T fuseholder
E .. mise electronic part MP . . mechanical part TC thermacouple Y oo . crystal
F R fuse P . o plug TP . . 1west point 7 e network

Table 6-2. List of Manufacturers.

Manufacturer Name

Address

6-2

Nippon Electric Co.

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

Texas Instr Inc. Semicond Cmpnt Div,

KDi 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

Cleveiand, 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 76087
Bradford, PA 16701
Santa Monica, CA 84040
Santa Clara, CA 25051
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 25051
North Adams, MA 01247
Florence, SC 06226
Waseca, MN 56093
Philadelphia, PA 19108
Des Plaines, IL 80016
Qgallala, NE 691563
Columbus, NE 68601




Model 3325A

¢. Set spectrum analyzer controls as follows:

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

d. Adjust the spectrum analyzer manual vernier con-
trol to place the display marker at the peak of the API
spur which appears at 3 kHz (3 display divisions).

e, Adjust the API 1 Adj (A21R76) to reduce the spur
to a minimurm,

. Change 3325A frequency to 5 000 300 Hz.

2. Adjust API 2 Adj (A21R74) to again reduce the spur
on the spectrum analyzer display to a minimum,

h. Change 3325A frequency to 5 000 003 Hz.

. Adjust APl 4 Adj (A21R88) 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 Refarence Oscillator.

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

NOTE

The instrurient must have been ON for at
feast 20 minutes before performing this ad-
Justmeni,

a. If theinstrument has the Option 001 High Stability
Frequency Reference instalied, the rear panel connec-
tien {rom 10 MHz Oven Output” to ““Ext Ref In®
must be disconnected.

b. Connect an electronic counter to the 3325A signal
output, using 50-¢ghm input termination.

¢. Set the 3325A as follows:

FUnClon ... i e e Sine
FretUMeDey: cosmmim mmsmisnsmss . 20 MHz
Amplitude, . ... o 10 Vp-p

d. Adjust the counter to measure frequency (20
MIl1z).

c. Adjust Ref (A3R30) for a counter display of
20:88q¢ 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- Maodel
103B)

NOTE

The rear panel **10 MHz Oven Quipud’* 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 minutes before attempting
this adjustment.

t. Connect the frequency standard 5 MHz output to
one vertical channel of the oscilloscope and trigger the
sweep from this channel.

c. Set the 3325A as follows:

Function........................... Sine
Frequency. ... ... 5 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 the 3323A
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 (A9R7) 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.

B.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.

A4 - see Section VII for alternate procedure



Adjustments

iECAUTION}

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

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

c. 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.

2. 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 dc coupled.

i. Adjust Offset Out (A3R68) to return the
oscilloscope trace to the center line (8 Vdc).

j. Set the 3325A to STBY. Disconnect the dc power
supply and the oscillator, and reconnect cable W23 to
A3]23

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 = .0040 Vrms.

0. Repeat Steps m and n until output voltage of .3536
Vrimns does not change when AMPTD CAL key is press-
ed.

p. Set the DC OFFSET to 0 V. The output voltage
shouid remain at .3536 Vrms + .0040 Vims.

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 (wo voltages into
tolerance.

5-14. X Drive.

Equipment Required: dc digital voltmeter (-hp- Model
3466A)

54
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a. Connect a dc digital voltmeter to 3325A rear panel
X Drive output.

b. Set the 3325A as follows:

Function..................... ... Sine
Ampliade. ... ... oL oo, 10 Vp-p
Sweep Start Freq. .. ..., 1 MHz
Sweep Stop Freq................. 10 MHz
Sweep Marker Freq................ 5 MHz
Sweep Time. ... .. .oouiniiinen .. 0.999 sec

c. Press RESET/START 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 to initiate a single
sweep. At the end of the sweep the digital voltmeter
reading should be +10.450 to +10.550 V.

g. If the reading is less than + 10.450V, adjust X Drive
(A14R6) slightly clockwise; and if reading is greater than
+10.550V, adjust X Drive slightly counterclockwise.

NOTE

The voltmeter reading will not respond to ad-

Justment of X Drive {AI4R6). The effect of
this adjustment can be observed only after
another single sweep. Following the end of a
sweep, the X Drive output voltage will drift
downward at = ImV per second.

h. Press RESET/START twice to initiate another
sweep. If necessary, readjust X Drive (A14R6), turning
clockwise to increase voltage and counterclockwise to
decrease voltage.

1. 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, AS

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
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b. Adjust the spectrum analyzer as follows:

Center Frequency................ 50 MHz
Bandwidth,...........covuenntn 300 kHz
Scan Width. . ................ 0-100 MHz
Input Attenuation................. 40 dB
Video Filter. . ... ................. 10kHz
ScanTime. . ... .ovivininnn. 10 msec/div
Log Reference Level. .. + 10dBm,10dBLOG
VeImier. e e eiiee i —5 dBm
ScanMode.............. ... ... . ... INT
Scan Trigger.....oovvvvivrnnennns AUTO

¢. Connect the 3325A signal output to the spectrum

analyzer input. Do not use a 50 Q feed through termina-
tion.

d. The spectrum anaiyzer should display the high
level odd harmonics and low level even harmonics of the
10 MHz square wave,

e. Adjust the bias, A14R275 to minimiz¢ the 20MHz
second harmonic. It should dip sharply to > 34dB below
the fundamental.

5-16. Ramp Stability.

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 does
not have a 50-ohm input, use a 50-ohm load (-hp- Model
11048C 50-ohm Feedthru Termination) at the input.

b. Set the 3325A as follows:

Function . . .......... Positive Slope Ramp
Frequency. .. ... ................ 100 Hz
Amplitude. . .......coii i it 10 Vp-p

Remove the RMP test jumper

¢. Set the oscilloscope as follows:

Vertical ... i 2V/div
Main SWeep - i s s civimaimims e 2ms/div
Delayed Sweep ................. 20pS/div
Trigger ..ot Negarive
DYEYAV: i i s iy oo o i s 1 6 6 o Mid Screen
Display ....ovvii 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
Al4C110 to reduce the jitter.

i. Repeat the ramp jitter measurements of steps d and
f, adjusting A14C110 as necessary to reduce the jitter to
60ps or for the best compromise between the (wo,

NOTE
If ramp jitter cannot be adjusted sutisfactor-
ily, troubleshoor the ramp generating circuitry
{Service Group J).

J. The RMP test jumper can be left off if it results in
the best possible adjustment.

]

Figure 5-1. Ramp Reset Waveform.

5-17. Amplitude Flatness. AS

Equipment Required: 1Vrms/50Q Thermal Converter
{-hp- Model 11050A), Digital Voltmeter (-hp- Model
31435A/3466A), Resistor 2008 1% 1/8W 0737-0407,
Resistor 50Q 1% 0.5W 0698-5965, Resistor 130 1% 1/8W
0757-0380, Resistor 250 5% 1/4W 0683-25035, Resistor
1500 1% 1/8W 0757-0284

a. Set the 3325A as follows:

Function ........viviinnnriniiinnns Sine
Amplitude .......... ... ..o 10Vp-p
Frequency ...........-cccociinna. 1kHz

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 time
to settle and adjust to surrounding tem-
perarures.

¢. Note and record the dc 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 A14R142 to ob-
tain the same reading as recorded in step ¢. Repeat step
d, adjusting A14C217 as neccssary.

A5 sce Section VII for alternate procedure



Adjustments

f. Set the 3325A to 16MHz. The voltmeter reading
should be within = 0.15mV of the reference recorded in
step c. If not, decrease padding capacitor A14CI101 using
the capacitors shown in Table 5-2. Repeat steps d and e.

£. Set the 3325A to 20MHz. Bump the frequency down
to IMHz in IMHz steps. Note the d¢ voltage at each fre-
guency and insure that it is within £0.13mV of the refer-
ence recorded in step ¢,

h. If the dc voltage measured in the 19-21MHz range
is out of tolerance, increase or decrease the value of
A14C103 as necessary, using the values shown in Table
5-2. If A14C103 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
2 ts out of tolerance, repeat the amplitude flatness ad-
justment with the 3325A at both 10Vp-p and 3Vp-p until
all voltages are within tolerance.

CAUTION
Insure that the input voltage to the thermal
converter does not exceed 1 Vrms.

5.-18. Mixer Spurious Signal.

Equipment Required; high frequency spectrum analyzer
(-hp- Model 141T/8352B/8553B/8566A/8568A)

a. 3et the 3325A as follows:

Model 3325A

b. Set the spectrum analyzer as tollows:

Center Frequency .........o-..v s 10MHz
Bandwidth ........... ..o on, 30kHz
Scan Width . . .......... ..., 2MHz/div
Input ATLEOUALOL . . vv e v e aas 10dB
Scan TIme . .. cee i 20ms/div
Log Ref Level .............. . oot 0dB
255 0 11755 O PP —10dB
Scale . .. . e 10dB log
Video Filter . ......... .. oot 10kHz
Scan Mode....... . i Int
Sean THEEEr .. Auto

c. 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 A3R115 (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 IMHz steps. Observe the spectrum
analyzer for spurious responses. At 18MHz, check for
the 3:2 spur at 6MHz. Note that in all cases, all spurious
responses should be > 70dB befow the desired signal.

Table 52. Padding Values.

A14C101

&8pf -hp- p/n 014Q-0182
75pf -hp- p/n 0160-2202

A14C103

130pf -hp- p/n O140-0185
140pf*hp= pin 0140-0217

Function ................oiiiii... Sine g2pf*-hp- p/n 0160-0145 150pf -hp- p/n 0140-0196
Amph[ude .................... 0.999Vp~p *|_oaded Value
Frequency ........oovvivivnenn.. 20MHz
Digital Voltmeter
Il
S [ 1]
| Rt | I I 10Vp-p Pad
i e e e{i‘_, 2 =
33254 Y—“’ | 2008 | IN ouT
| {
i ! 1V/509
639 | Thermal
| | Converter
M

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

Digitat Voltmeter
= 1
d [ || = e R g S | S I !:l
" =52 31as
— i _J..J_Jj a::f\_\_; I3 I_E.’p_.piac.’”.__ul
 — T
3325A \ | 258 ouT
T AN f = =
! 1V/500
| 1800 | Thermal
| | Converter

e e e e i —

Figure 5-2b. Amplitude Flatness Adjustment (3Vp-p Pad).
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Model 3325A Replaceable Parts

SECTION VI
REPLACEABLE PARTS

6-1. INTRODUCTION.

6-2. This scction contains information for ordering replacement parts. Table 6-3 lists parts
in alphanumeric order of their reference designators and indicates the description, -hp- part
number of each part, together with any applicable notes, and provides the following:

a. Total quantity used in the instrument (Qty column). The total quantity of a part is
given the first time the part number appears.

b. Description of the part. (See List of Abbreviations in Table 6-1.)

¢. Typical manufacturer of the part is a five-digit code. (See Table 6-2 for List of
Manufacturers.)

d. Manufacturer’s part number.
P

6-3. Miscellancous parts are listed in Table 6-3 following their respective assemblies.
General miscellancous parts are listed at the conclusion of Table 6-3.

6-4. ORDERING INFORMATION.

6-3. To obtain replacement parts, address order or inquiry to your local Hewlett-Packard
Field Office. (See List of QOffice Locations at the end of this manual.) Identify parts by their
Hewlett-Packard part numbers. Include instrument model and serial numbers.

6-6. NOM—LISTED PARTS.
6-7. To obtain a part that is not listed, include:

. Instrument model number.

. Instrument serial number.
Description of the part.

d. Function and location of the part.

=

6-8. PROPRIETARY PARTS.

6-9. ltems marked by a dagger (7) in the reference designator columnn are available only for
repair and service of Hewlett-Packard instruments.

6-10. PRINTED CIRCUIT ASSEMBLIES.

6-11. Printed circuit assemblies are listed in Table 6-3. An itemized parts listing of each as-
sembly is located in the service group associated with each printed circuit assembly.

6-1



Replaceable Parts

6-2

Table 6-1.

List of Abbreviations.

Model 3325A

- e silver  Hz
o aluminum
.. .ampere(s)
gold  impg
ince
capacitor IS
.. ceramic

.. . composition
connection L .

deposited  log
......... double-pole deuble-throw
....... double-pole single-throw  mA

_coefficient w53, .

...... electrotytic M2 . .

AAAAAA megohmis - 10*6 ohms  poly .

ABBREVIATIONS
.. hertz (cycleis) per second) NPO

negative positive zerg sl

lzaro temperature coeflicient)  SPDT
. .inside diameter ns ... ... ... nanosecond(s) = 109 seconds  SPST
impregnateg  nsr, .., ... . not separately replaceable
. incandescent Ta ... ... e s
.......... insulatian{edl {2 co.oo.oohmish TCL L Ll
obd order by description TWQ3 .......

magahertz = 106 herez  pos . ..

position(s}
.. polystyrene

. slngle -pole double-throw
singte-pota single:throw

slice

... tantalum
(ummmturv coetficiant
titanium diokide

...... kilahmis) = 10*3 ohms  GD . outside diameter  tog . .. toggle

..... kilohertz = 10%3 hertz tol tolerance

P ... .peak trim trimmer

............. codinductor  pA L Ll picoamgperelsl  TSTR transistor
......... lingar taper pc . printed ¢ircuit

e logarithmic taper pF ... . pu:aurad(s? 102 farads v . _ woltis

PV . peak inverse voltage  vacw .. ... allernmng current working voliage

miiliamperais) = 103 ampsras  pic ... copartof  var Lo L variabie

.. . direct curreat working voltage

field effect transistor

" gigahertz = 10*9 hertz

-encapsuliated _meatal fim  pot .. polentiometer W ... wattls)
_manufacturer  pp .. L peak-to-peak  w/ ., ... with
...... tarad{s) millisecond  ppm .. .parts per million  wiv e wlxlung inversa vulmgp
mogﬂlmg prec ., . precision (temperature coeffient,  wio . L. ... withowt
. fixed mwllwontsl 1672 volrs long 1erm stability and/or tolerancel  ww ..., witewound
microfaradts)
. gallium arsenice . microsecondisl R e resistor
microvoltis) = 106 volts  Rh .. rhadium
quardfed) my .. L lear® rms, . FORL-MEaN-5quare . optimum value selecied at factoty,
@ermanium RO, L . .fotary average value shown (part may be omitred)
woundied) nA nanoamperets = 109 amperes R no standard type number assigned
NC e normally closed  Se selenium selected or special type
. benrylies) Ne . LLAEOA BET L . sectionis}
Cmercury NO normally open S . L sihcan ® Dupont de Nemours
DESIGNATORS
assembly  FL B 1 tranuster TS | termmal sitg
mator  HR . .heater GCR ... L. transistor diode U micracircuil
battery 1T ... . integrated circuit . A, . resistor W vacuum tube, nean huib photocell, etc
Locapaciter L. . jack AT thermister W .. cable
....... diade K .......... relay S . switch X o . .socket
....delay line L ....... nductar T .. . . L. transfermer X0S lamphalder
. lamp M ... ... meter TB ... . ........ terminal board  XF fusehoider
misc electronic part  MP . . mechanical part TC thermacoupie Y crystal
S Cfuse P . plug TF . . ... st point 7 network

Table 6-2. List of Manufacturers.

00000
00494
01121
. 01295
03888
04713
06383
07263
13606
18324
19701
24546
26654
{27014
. 28480
3L585
32293
32997
34335
51642
52763
56576
56289
72136
74970
75042
75915
84411
91637

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.

Mfr.
No. Manufacturer Name Address
S0b45 Nippon Electric Co. Tokyo, JP

Cleveland, OH 44117
Milwaukee, WI 53204
Dallas, TX 75222
Whippany, NJ 07981
Phoenix, AZ 85008
Tinley Park, IL. 60477
Mountain View, CA 94042
Concord, NH 03301
Sunnyvale, CA 94086
Mineral Wells, TX 76067
Bradford, PA 16701
Santa Monica, CA 94040
Santa Clara, CA 25051
Palo Alto, CA 94304
Somerville, NJ

Cupertino, CA 95014
Riverside, CA 22507
Sunnyvale, CA 94086
State College, PA 16801
Chattanooga, TN 13035
Santa Clara, CA 25051
North Adams, MA 01247
Florence, SC 06226
Waseca, MN 56093
Philadelphia, PA 19108
Des Plaines, IL 80016
QOgallala, NE 69153
Columbus, NE 68601




Replaceable Parts

Replaceable Parts

Tahle 6-3. Replaceable Parts
Reference HP Part !c e Mfr
: A Q Mfr Part Number
Designation | Number (0| “tY Description Code rPa
AR DAB2S-6H4502 |9 7 POWER BUPPLY ALKHY £8480 DAERG-HENH0R
apct DI160-3508 @ B CAPACITOR~FXD 1UF +80-20% 3uvDC CER 25480 0163500
A2C2 01603508 k4 CAPACTITOR-FXD 1U¢ +30-29% S0VRC CER 213490 0160-5508
A3 0140--34558 2 2T CAPACITOR-FXD ,1UF +-20¥% S0VDC CER 28480 01403558
AZCA 01503858 & CAPACTITOR -FXD 1UF +-20% SGVDC CER 28480 0160-3554
H20H 01802635 3 2 CAPACTITOR-¥XD 1000UF+50~-10% 35UDC AL 2H460 B1OD-263%
ATCH 014603508 ks CAPACITOR-FXD 10§F +00-20% SouyDpC CER 28480 01603508
HEo7 §180-0309 4 1 CAPACITOR-FXD 4,70F+-20% 10VRC TA 56289 196D47GXE010A2
ARCH 0180--263% 3 CAPACITOR-FXD 1U00UF+50-30% 3IGUDC AL 28480 N1B0 -2463%
AZLY 218046110 2] 1 CAPACITOR-FXD DDOOUF+50-107% 16VDC AL 23480 01804610
AZCIN0 0160--3B47 14 141 CAPACLTOR-FXD ,01UF +100-0¥% S0VDC CER 23480 B160-3847
L v B N 1603500 9 CAPACITOR-FXD 1Y +B0--20% SOVDC CER 204490 01460.-3508
APCLR D160--4571 B 28 CAPACTITOR-FXD 1UF +80-20% S0VD0G CER 261480 M160-4071
61901701 2 2 CAPACETOR-FXD & .8UF+~20% &VDC TA HH289 1HONELBIRGD06AZ
01603347 ? CAPACITOR-FXD ,01UF +100-0X% SO0VDD CER 28400 01603047
gl80-26823 1 & CAPACTITOR-FXD 470UF+50-10% &.3VDC AL 29480 0180-2923
01B0--0423 3 2 CAPACITOR-FXD 100UF+E0-10% 25VDC Al 289480 03g0-0423
0180~0423 3 CAPACITOR-FXD 100UF+50-10% 25UDL Al 289480 01800473
0t80--3008 ) 1 CAPACTTOR-FXD 470UF+50~10% 359DC AL 20481 0180-3008
01802023 1 CAPACITOR-FXD A70UF+50-10% &.3VDC Al 20440 01602023
1701 -0662 3 4 DIGDE-PWR RECT 100V A4 04713 MR 781
1901-0bb2 3 DIODE~-PWR RECT 100V 6A 14713 MR751
12010642 3 DIODE~-PWR RECT 100V 6A 04713 MRS
19681 ~DH62 3 DIODE-PWR RECT 100V bA 04713 MR7G1
AZCRY 1902-802% 4 2 BIOPE-ZNR 10V 5% DO~-35 PD=.4W TC=+,006% 28400 1902-p025
ARCR?7 17023214 9 1 DIODE~ZNR 16,2V 2% DBO-335 PD=,4W 29480 17023214
ASCRE 19019040 1 44 DIODE-SWITCHING 30V SOMA 2NS DO-35 20430 1901~0040
APCRS 19020777 3 3 DIDDE~ZNR iN825 6,2V 5% D07 FD=, 4l 04713 1NBEE
feCr10 10840266 G 1 THYRISTOR-SCR 286400 TO-228AB VRRM=G0 3LE8T ANEADD
AQCR12 1901-0040 1 DIODE~-SWITLHING 30V S0MA 2NS DG-35 Zoagi 1901-0049
ARGCR13 1901-0040 i DICDE~SWITECHING 30V SO0HA 2NS DO-35 28480 1901-0040
AZCR1A 1201-0940 1 DIODE--BWITCHING 30V S0MA 2NG DO-35 20480 19010040
AZUR1S 1?201-0518 ] 13 DIDDE-GH SIG SCHOTTKY 28480 1201~0518
ARCR1G 1201-0040 1 DIGDE~SWITCHING 30V S0MA 2NS DO~3% 28480 19010040
AZCR17 12010535 ? 9 DIODE-8M SIG SCHOTTKY 26480 1901-0538
H2CR19 1901 -0518 2] DIULE-BM SiG SCHOTTKY r8480 1901 -9518
ACK1 04%¢-0743 ? 1 RELAY 10 &VDC-COIL 1A 110VAC 28480 04700745
AZL 10603807 4 1 INDUCTOR RF-EH-#LD 110NH 5% . 166DX, 36ILG 28480 ?L00-3807
AZPY 12514246 8 4 CONNECTOR 3~PIN M POST TYPE 28480 12514246
ARP2 12813750 7 2 CONNECTOR 10—~PIN M POST TYPE 20480 1251 -37510
AZP3 1251-3630 n 1 CONNECTOR 6-PIN M POST TYPE 23480 1251-36308
AZP4 128514246 3 CONNECTOR 3-PIN K POGT TYPE 284817 129614245
A2P5 1261-3570 7 2 CONNECTOR 10-PIN M POST TYPE 28480 1261-3570
A2 0332566901 | 2 1 X8TR ASSEMBLY 28480 0332566701
ARR2 0332566902 | 3 1 XBTR ABSEMBLY 28480 0332566702
A2RI 03I2E-66703 | 4 1 X6TR ASSEMELY 28480 033R25-64703
ATRA 11354--0094 4 1 TRANGISTOR NFN ST PD=200MW FT=3S0MHZL 28488 18%4-0094
A2RG 185300679 ) 16 TRANGIGTOR PNP 2N4717 SI PD=200MW 87263 ANAY1LY
A2REH 1854~021% 1 ar TRANSISTOR NPN 81 PD==3S50MW FT=300MHZ 84713 2NIF04
AZR7 18530087 ] TRANSTSTOR PNP 2N4%17 §1 PD=Z200KHW 07263 2NaT L7
ARRE 1654-0215 i TRANSISTOR NPN Si PD=350Mk FT=300MHZ 04713 2N3704
AZRY 16054-0071 7 3 TRANGISTOR NPN 3T PD=300HW FT=200MHZ 263480 18540071
AZRID 1954 -0692 8 3 TRANSTSTOR NPN ST PR=15W FT=50MHZ 04713 MTE223
A2Q11 1853-008% S TRANSISTOR PNP ZN4T17 SI PD=200HW 07243 2NARL7
AZR12 1853-0450 4 2 TRANSISTOR PNP SI TOD-220AR PD=&0W 04713 MIE371K
heQ1d 18530066 8 4 TRANSIESTUOR PNP B3I TO-92 PD=425MU 28480 18530066
APR1 0757 -0283 ) 18 RESISTOR 2% 1% ,1#5W F TO=0+-108¢ 24546 CA-1/8~T0-2001~F
ARR2 67570263 [ RESIBTOR 2K 1% 24546 C4-1/8-T0-2001 ~F
A2R3 06832035 3 3 RESISTOR 20K 5% ,25W FC TC=-400/+800 g1121 LCH2035
APR 4 08112046 4 1 RESISTOR ,5& 5% .%5W PW TC=04-300 73042 W20~ 1/2-RG&-T
ASRE 0683-3925 2 ] RESTETOR 3.9K 9% 254 FC TC=-400/4700 niz21 Caseas
AZRE 07G7-0280 3 17 RESISTOR 1K 1% ,t25W F TC=0+-100 24544 CAa-~1/8-7T0~-1001~F
ARR? 0757-0280 3 RESISTOR 1K 1% .125W F TC=04-100 24546 Ca~-1/8-T0-1001-F
AZREB 1683-2035 3 RESISTOR 20K 9% ,325W FC TC=-400/+B80D 01121 CH203%
ARRY 0683-102% g 3% RESTSTOR 1K 5% 254 FL TC=-400/4400 01121 cu1025
AZR12 0811--0548 2 1 RESISTOR .47 9% .S& PW 7C=0+-300 7504z BUW2G-%/10~ ,47R~]
AZR11 068351025 2 RESISTOR 1K SX .28W FC TO=~400/+400 51121 CE1025
AZR1D 06Pp3-4715 ] 7 RESISTOR 470 S% .23W FC TC=-400/+600 n1iet CB4715
AZRI3 N683-1529 4 4 RESISTOR 1.5K G2 .25W FC TC=-400/+700 41121 ChH1%25
A2R14 0683-1019% 7 23 RESISTOR 100 5% .25W FC TC=-400/+500 01121 CB101S
ACRIE 07970404 3 1 RESISTOR 130G 1% ,125W F TC=0+-100 24544 C4-1/8-T0~131~F
ADRLY 07570441 2] ? RESISTOR B.25K 1% ,125W F TO=0+-1090 24546 24-1/B-TH-H25)
ABRL? 97570460 1 1 RESIBTOR &1,9% 1% .128W v TC=0-+r-1060 245446 Ca-1/8-TOh~6172-F
AZR18 06035125 a 2 REGISTOR %5.1K SX% .25W FC TC=-400/4700 01121 CEEI2T
AZRLD 0683--2705 4 1 RESISTCR 27 T% .25/ FC TO=-400/45830 01121 CER70Y
AZRZD 04698-6360 &6 7 RESISTOR 10K 1% . 1238 F TC=0+-25 20480 0699-6360

See introduction to this section for ordering information
*¥Indicates factory selected value
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AZRED ? REGISTOR 1060 5% ,25W FC TO=-400/+500 ni121 Cr101a

A2R22 ¥ 8 1 RESISTOR-TRMR 1K 104 € TOP-ARJ 17-TRN 2409 2100-32%6

ARRR2Y L= e} 3 RESTSTOR 15K .1% .125W ¢ TC=0+-2% 20aB0 0&LRE-HHLY

A4 N 6986820 8 5 RESIOSTOR 5K 1% ,125W F 0+~2% H30088 PMESS-1/8-T92-5001~F

AZRDE 06B3-1015 7 RESISTOR 100 % .2%5W FC TC 00/+500 0riz2y CEI01D

AZREL D678 -8191 O 1 RESISTOR 12,5k 1% ,1R6W ¥ TC=0+-213 19703 HF401/8-T9- 1252 -0

AARA7 0693-8060 7 1 REGISTOR B.64% 1% ,125W I TC=0+-25 1?2701 MF4C1/8-T7-B541 1

ADRZ8 0698--%512 4 1 RESISTOR 1.18K 1% ,128W F TC=0+-100 24%i44 C4~1/8-TO-110i-F

ARRZY 06031015 7 RESIBTOR 160 SZ .2TW FC TC=-400/4%500 si121 CRolols

ARRID 04&B3-1035 1 27 RESTHLTOR 10K 5% .25 FC TO=-400/+708 01121 GB1035

AARS2 0683~4720 i 4 4.7 SX .25W FC TC=-400/+700 01121 CR4720

ARZRI3 069846360 b 108 1% L 125W F TC=0+-25 8480 06986360

A2R34 06831045 3 7 RESIZTOR 100K 5% ,25W FC TC=-400/+000 n1iz21 LR10435

AYRIS H&83-2035 3 RESISTOR 20 %% 254 FC TC~-40G/+800 G123 CR2039

AR 36 06065115 2 1 REQISTOR S5td ©X .5W GO TC=0+5029 01121 EB5115

AR AL 06831005 9 4 RESISTOR 10 5% .25Y FC TC=-400/4500 o2 CE1005

A2R4Z 0HA3-1625 S 1 RESISTOR 1.6K 5% .285W FC TC=—400/+700 01121 CB1&25

ADRAY 06833025 3 1 RESTSTOR 3K 5% ,£5W FC TU=-400/+700 01121 CE3025

ALBL I01-1162 b 1 SWITCH-SL. SPDT MINTR .SA 12GVAC/DC PC 28480 I101-1162

ARGE F101--2042 3 1 SWITCH-SL DPDT STD 24 2%0VaAC SLDR-LUC 21489 Jloi-2042

A241 1706-00%76 7 3 DIODE-FW ERDG 200V 24 04713 MDAZOZ

AZLIR 1826046789 1 3 IC DP AMP GP DUAL TO--% PKG 27014 LMASEH

AZUS 1826~-06708 1 IC 0P AMP GP DUAL TO-9? PKG 27014 L.M3584

AZLA 18260678 1 IG OP &MP GP DUAL TOD-9% PKG 27014 LMAG8H

A2V 05370120 0 1 VARISTOR~130VAC 28480 OEX7-0120
1281-0600 0 34 CONNECTOR-SGL. CONT PIN 1, 14-HM-BSC-5Z SQ 28480 12515600
14000507 3 1 CABLE TIE ,062-2-DIA .0P5-WD NYL 28480 1400-0507
2200-0143 [} 3 SCREW-MACH 440 ,375-IN-LG PAN-HD-POZI 20480 22002143
22600009 3 1 NUT-HEX--W/LKWR 4-48~-THD 094~ IN-THK onnoo DRDER &Y DEGCRIPTION
2360-0113 2 b7 SCREW-MACH &332 ,25~IN-LG PAN-HD-POLL aoeno DRLDER 8Y DESCRIPTION
S0T0-D440 2 3 WASHER--BHLDR NG. 4 ,115-IN-ID .2-IN-0D 20480 F0%0-0440
T1A0-6712 & 2 LABEL~WARNING . S-IN-WD 1-IN-LG MYLAR 28480 7ian-6742
7121-1234 9 9 LABEL-CAUTION 1.925-IN-WD 2.24-iN-LG 28480 7121-1234

A% PATRG--66E03 | 0 2 HIGNAL SOURCE ABSY Laane 03325+ &6S0S

[HR 1M 01160-3558 9 CAPACITOR-FXD 1UF +-20% S0UDC CER 22480 0160G-3558

ATC2 01 60--3847 9 CAOPAUITOR-FXD . QI1UF +100~0% S50VDC CER 20480 0140+~3047

AAC3 H160-9362 7 e CAPACITOR~FXD S10PF +-5% J00YDC MICA 28480 0160-0362

A34 018600362 7 CAPACTTGR-FXD S510PF +-5% Z0EVDC MICA 20480 0140-0362

ASCH 0160-3847 9 CAPACLITOR-FXD ,81UF +100~0% S0UDC CER 28480 B160-3847

ALY 0160~2204 0 4 CAPACITOR-FXD 100PF +-5% 30CVYDC MICA 20480 01402204

AdCH 03000228 6 3 CAPACITOR-FXD 22UF+-10% 15VDC TA n6b28% 150D226X901582

AZCY §160-3558 9 CAPACITOR~-FXD ,1UF +-204 HOVDC CER 28480 0140-3554

f3011 0160-0174 ? 1 CAPACITOR-FXD ,47UF +B0-20% 25VDC CER 203480 0160-0174

#3012 01400191 8 4 CAPACITOR-FXD 56PF +-5%Z 300VDC MICA 72136 DH1BES60J0300WVICR

A3C13 0140-0%99 & 1 CAPACITOR-FXD Z40PF +-3% 300VRC MICA 72136 DH1SF241F0300WVICR

A3C14 0160-22464 2 1 CAPACITOR-FXD 20PF +-5% TOOVDL CER 04-30 20480 0140~22064

A3CIE 0160-3847 ? CAPACITOR-FXD . 01UF +100-0% S0VDC CER 208480 0160-3847

AIC1Y 0160--36147 b4 CAPACITUR-FXD .01UF +10-0% S0VDC CER 18430 0160-3847

ABC1A 0140-0204 4 1 CAPACITOR-FXD 47PF +-5X 500VDC MICA 72136 DM1GE470T0S00WVICR

A3G1T D160-~3847 ? CAPACITOR-FXD .01UF +1080--0¥ S0VDC CER 28409 $160-3847

AJL20 NM60-2252 a I CAPACITOR-FXD 6.2PF +-,25PF S00VDC CER 20480 D160-22652

AZCEL n186-01%7 a8 2 CAPACTTOR-FXD 2,2UF+-10% 20VDC TA 56289 150D225XP 02042

A3C22 0180-01%7 k) CAPACTITOR-FXD 2.2UF+-10% 20VDC TA 54289 1G0D225X7020A2

AUE23 01881744 S 23 CAPACITOR-FXD 1SUF+-10%Z 20VDC TA 562089 150D156X20R2002

AJCR4 01460-3358 9? CAPACITOR-FXD ,tUF +-20% 50VDC CER 20480 01460--3558

ABC2H 01603847 9 CAPACITOR-FXD ,D1UF +100-0% SO0VDC CER 28400 £1460-3847

A3CR7 D160-3247 ? CAPACITOR-FXD ,01UF #100-0% SOVDC CER 23480 014£0-3847

AZCEB 04 69-4847 9 CAPACITOR~FXD .01UF «100-0% S0VDT CER #8400 0)£0-3847

ABCZEY 01460-3847 9 CAPACITOR-FXD .01UF +180~0% 30VDC CER 28480 0160~3647

ASL3 ¢1gn--022% 7 1 CAPACLITOR~-FXD 33UF+-10% 10VDC TaA 26289 150D3T6XF0 1082

A3C32 G180-174¢4 <] CAPACITOR-FXD 15UF+~10% 20VDC TA 56289 150D156X902002

AJL33 018017464 5 CAPACITOR-FXD 1SUF+-10% 20UDC TA SHABY 150D186X9 02082

A3C34 0160-3847 ? CAPACITOR-FXD .01UF +10G-0% S0VDC CER 28430 0160 -3847

A%CIE 01603847 9 CAPACITGR-FXD ,01LUF +300-0% S0VDC CER 28430 0140~3D47

AICE7 0150--3B47 ? CAPACITOR-FXD ,01UF +100-0% S0VDC CLER 203480 0160-3847

AJRCI 3160-3847 g CAPACITOR-FXD ,01UF +180-0% SEVDC CER 26400 0160+-3B47

A3C3? 01603847 ] CAPACTTOR~FXD ,0D1UF +100-0X% S0VDC CER 2nago 0160-3847

A3CA 0160-3047 9 CAPACITOR--FXD ,03UF +1860-0% SGVDC CER 20480 014603847

AlC42 0160-3520 9 1 CAPACITOR~FXD 7HPF +-1% 100UDL MICA 28480 0160-3G20

A3 A5 04602254 0 1 CAPACLTOR-FXD 7,85PF +~ 25PF S0QUDT CER 28480 01602254

ARLA4 01602285 1 1 CAPACITOR-FXD 8,2PF -, 25pPF S00VDC CER 28480 116 0-2255

ASLAL 016056347 ? CAPACITOR-FXD ,01UF +100-0% S0VDC CER 20480 #169-3847

A3C47 01603085 7 1 CAPACITOR--FXE H1HPF +-1% 300UDC MICA 28480 0160-3088

AACAB 0166-2199 2 1 CAPAGTTOR-FXD J0PF +~5% 3IG0VDE MICA 28400 01682199

See introduction to this section for ordering information
*Indicates factory selected value
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N’»(Iﬂ‘? 160 3847 ? CAPACITOR-FXD . 01UF +100-0% S0VDC CER 26480 0140-384%
ASET 14 603047 @ CAPACTTOR-FXD .01UF +100~0% S0VDL CER REA80 01 60-3847
harED 0160-3347 9 CAPACTTOR-FXD  N1UF +100-0% 50UDC 28480 0160-B047
AS0ES 01 603047 » CAPACLTOR-FXL . DI1UF +106- 0% S0UDC 20480 11603047
ABCEY 2140- 3847 9 CAPACTTOR -FXD L B1UF 4108 0% S9VDE CER 263430 0160-3347
0160 -2265 3 » CAPAGTTOR-FXD 2A7F +-57 S06YDC CER 0430 70490 D160~2265
U160--2265 3 CAPACTITOR-{'XD 220F % S00VDEe CER C+4-30 28480 0140-2246%5
01603847 7 CAPACITOR-FXD .DI1UF +100-0% S0VDL CER 2pago 014603547
AL 3140 -3347 e CAPACITOR-FXD . 01UF +100-0% S0YDC CER 2480 03160-2847
A3C101 D 1ab- S0 9 CAPACILTOR-FXD | 1UF +-2 50VDC CER 20480 016033458
AZCI0D 0140-3847 ? CAPACTITOR -FXD .01UF +190-8% 50UDC CER 28400 01460-3847
AR08 N140-3847 9 CAPACITOR-FXD .@1UF +100-0% S0YDE CER 28480 0160- 3847
AZCL0A 01G0-1746 5 CAPACITOR-FXD 13UF+-10% 29YDL YA Hezee 15001 56XPRE0RS
AZC104 01602250 8 CAPACITOR~FXD &, 2PF +=—.250'F S060VDC 20480 0160-2252
A3G107 01460-2286 4 1 CAPACITOR -FXD 24PF +-5% S500VDC CER npago 01602266
A3L10B 01BN 1746 4] CAPACITOR-FXD 15UF+-10% Z0UDC TA BHADY 15001 S6XP020H7
ABGCLOY Bih0- E 7 1 CAPACITOR -FXD 51 .5PF &-1% S00VRC MICA 20480 D160 -21393
ABGI1 PRV 1 1 CAPACITOR-FXD 10PF 4-%5% T04VDL CER O+-30 20480 0160-2263
A3C112 0160-2372 3 A CAPACTTOR-F XD 4791 2% J00VRC MICH 28400 n150-2372
AJLI1E 01602060 3 1 CAPACITOR-FXD 13PF +-5% S00VDL CER 0+-30 PEA20 01402260
A.ZL,HA QL&D - 3 CAPACITOR~FXD 47PF +-2% 300VDC MICA nHAB0
0180-17464 51 CAPACITOR-FXD 15UF+-10% 20VDC TA 36289 ‘ISEIDIJBX‘J’O"DH:’
01460-3847 9 CAPACITUR-VXD .01UF +100-4% H0VDC CER 23480 0150-3847
UL 6038347 @ CAPACITOR-FXD ,§1UF +100-0% 30UDI CER 28480 $140-3B47
0140-3847 2 CAPAGCITOR -¥XD . D1UF +190-0% JGVDC CER 6480 014603047
A3 129 0160 -2244 a8 b1 CAPACLTOR-FXD 3PF +-.2TPF S00VDC CER 28480 0160-2244
Aat1e1 0140-019¢ ? 4 CAPACITOR-FXD 37FF +-5% 300VDL MICA 72136 DH1SE3P0T 03008V ICR
AZC1E2 0162251 7 2 CAPACITOR-FXD %, 4PF + , 25PF S00VDL CLR 28480 044022501
AZCIRE 0140-01%0 7 CAPACITUR-FXD A9%F +-5% J00VDC MICA 736 DM1SE320T0300WVICR
AZCARA 01602244 iE) CAPACITOR~FXD 3P§F +- 2GPF S00VDC CER 8480 01602244
a3L10 L 01400196 7 CAPACITOR-FXD 39FF +4-5X% 300VDC MICA 721306 DM‘l.;EI":‘)DJ‘uZDIJUVI(‘R
ABL12Y7 01602351 7 CAPACITOR-FXD 5.6PF +-.28FF S00VUDC CER 20480 Rat
AZC1ER 0140-01%3 7 CAPACITOR-FXD I9FPF X J00VDC MICA 72136 DM15EE ?U.TO'WOUV'L('N
ATC129 01&0—-22A4 8 CAPACTITOR-FXD 3IPF +-,25PF S00VYDL CER 20489 0160-2244
ASGTH1 01602847 ? CAPALTTOR-FXD .01UF +100-9% SOVDC CER 2B4B0 0140-3847
AZC1ED 0160 ~5847 7 CAPACTTUOR-FXD ,01UF +109--0% S0VDC CLR 28480 014&0-3047
ASC1IHZ 0160~38B47 ? CAPACIVOR-FXD .Q1UF +100-0% SOVUC CE 28480 G160-3847
ARG1S4 01603847 9 CAPACTITOR-FXDL ,0tUF +100-0% SOVDC 20400 03603847
AZCT D6 16038347 ? CAPACITOR -FXD L O4UF +100-0% SOVDC CER 28480 G1&60-3647
ABCIS7 N180-17456 ) CAPACLTOR-FXD 15UF4-10%4 20VDC TA G6ZO9 150D156XP 02 0 B2
AJCTHE 0163-3B47 ¥ CAPACITOR-FXD .01UfF +100-0% SO0VDL CER 28480 D160-3847
ABCRI 19061 -0040 1 DIODE-SWITCHING 30V SOHA 2NS DO-35 28480 12016440
AJLRE 17010040 1 DIODE -BWITCHING 30V 50MA 2NS5 DO-35 2B4BY 1901-00490
AZCRA 1901-p518 8 DINDE~-SH SIG SUHDTTKY 284810 19010510
AJCR4 1903-03148 a8 DIODE~SK BIG SCHOTTKY 28480 i#01-0518
AZLREG 1992-3149 9 2 DIODE-ZNR 9,09V S% DO-35 D=, 4W 28480 19n2--3349
AZCRY 7 3 DIODE~ZNR 3.01V 5% DO~7 PD=,4W TC=-,067% 23480 1902-3030
AZCRY 5 3 DIODE~YUC 29FF 10% C3/C25-MIN=E BUR=3I0V 94713 MU169
AJCR1O 1762-0C25 4 DIODE-~ZNR 10 8% DO-35 PD=.4W TC=+,086% 2B480 1792-002%
ASCRL 1901-0518 B DIODE~SHM SIH SCHOTTKY 28481 12910518
ABCRLD 17201-0518 [} DIDDE-SH BIGC SCHOTTKY 284060 1901~-6518
ABLRI01 1706~0207 2 1 PLODE-MATCHED 28480 1906—-0207
AJCR10R 12010535 ? DIODE-3M SIGC SCHOTTKY 283430 190 1-353%
AJKCRIOI 1981~-0%35 9 PIONE-8M SIG SOHOTTICY 26480 19010535
AsTl 1251 -6547 0 b CONMECTOR 21-PIN M POST TYPE 20480 125 1-6567
A2 12580441 B 2 JUMPER-REM 20480 128580141
A3TE 1251-2969 [ CONNEGTOR-PHONG SINGLE PHONG JACK; DIP 28480 4
ABIS 14512969 8 CONNECTOR~PHONO SINGLE PHUND JACK; DIP 2BAg0
HIJO 12512967 o CONNEGTOR-PHOND SINGLE PUONG JACK) DIP 20480 lé'i‘l 2769
AZI7 1251 --2969 g CONNECTOR-FHOND STNGLE PHONO JACK; DLIP 20480 1251-2969
ARIB 1251-2969 ] CONNECTOR -PHONO SINELE PHOND JACK; DIP 28480 1251~296%
p3F? 1251-2969 -] CONNECTOR-PHONG SINGLE PHOND JACK; DIP 20480 1251-2269
AZT10 1251-2%69 B CONNECTOR--PHOND SINGLE PHONG JACK; DIP 28480 12581-296%
AXT11 12812949 a8 CONNECTOR-PHOND BINGLE PHONE YACK; DIP 28480 1251-29469
ARTIE 1eE1-2767 a CONNECTOR-PHONO SINGLE PHOND JACK; DIP 28480 1251-2%969
A3L1 9100-3551 5 1 Coil-Mld 1uH 5% Q=50 28430 9100-3551
AJL.2 P100-1791 1 14 INDUCTOR 2%0HH 20% ,23DX.3735LG 28400 ?108-1791
ABL3 7130-0210 1 5 INDUCTOR RF-CH~MLD 100UH 5% ,1466DX,385L6G 28480 ?140-0210
A3L4 ?148-0210 1 INDUCTOR RF~CH-MLD 100UH 5% ,166DX,380LG 2846t 21404210
ALY 91730894 1] 4 CORE-SHIELDING RBEAD 28480 2170-08%4
A3lb 21400210 1 INPUCTOR RF-CH-MLD 100UH 5% .164DX, 385L6 20480 ?140- 0210
ABLY 1490210 1 INDUCGTOR RF CH-MLD 1B0UH % L 166DX.3BELE 28480 21400210
A3L.B 1903560 & 1 INDUCTOR 5,6UH 5% ,166DX., 3IBELEG 28480 ?100-3569
AJL Y P140-0253 2 1 INBUCTOR - T00NE 1% L 166DX, 3B5LG 28480 ?140-02483
ASL20 2100-14629 4 1 INDUCTOR RF-CH-MLD 47UH 5% .16&6DX, 30UGLG 20430
AJL0D $160-3801 kil 4 INDUCTOR RF-DH-MLD 1UH SX . 166DX, 383LG 284010

See introduction to this section for ordering information
*[ndicates factory selected value
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A3L101 2100-1791 i INDUCTOR 2%0NH 20% | R3DX. 375G 2344310 ?108-1721

AdL1g2 100179 1 INDUCTOR 290NE 20% .23DX.37%LG 20480 2100179

AZL 10T 214002565 b 2 INDUCTOR RF-CH-MLD 1.6 S% ,1640X,385L6 20480 2140-02465

asl.104a 91003552 & 1 INDUCTOR RF-CH-MLE 1.5U SZ4 ,166DX . 265LE 20480 21003552

A3L103 9140--034% 7 2 INDUCTOR R§¥-CH-HMLD 1.1UH S% ,1646DX.33SLG 28480 P144-0449

AL INE P140--0 285 [ INBUCTOR RF-CH~MLD 1.86UN 54 166DX.5B5LC af4a80 FLAN-DTES

AZLI07 FHO0~3537 3 4 INDUCTOR (M ITEM) 20480 P100-0E3Y
ASLIDB 91400142 8 1 INDULTOR RF- -MLD Z.2UN 10% L 103DX, 26L5 23480 140-01432

#3L111 21003315 ? 2 INDUCTOR RF: S-MLD B20NH 9% L 166DX . 385LE 28480 2100-3%

AdlL112 PL00-3TLS 9 INDUCTOR ®F MLE B2UNH 5% ,146DX.38B5LE 28480 F100~3319

A3L113 2100--3546 13 4 IHDUCTOR RF-CH-MLD 1.3UH 5% 155DX, 37516 28480 2100-3546
A%L.114 Pin-3546 8 INDUCTOR Ry ~CH~MLD 1.3UM 5% .15%DX,375L6 20480 F108-35406
#3L11E 21003544 8 INDUCTOR RF-CH-MLD 1.3U4 S% ,1885DX,375L06 20480 21003540
H3LHY Q1003548 a INDULTOR RF~CH-MLD 1,301 5% .155DX, 374906 26460 1003544

A3LIYL 100--1791 1 INDUCTGR 270N4 20X . 23DX.375LG 28440 F100-1771

A3L 152 2100-033% 3 INDUETOR (MIBTC ITEM: 28460 100053
ABLLSS 1400210 1 TNBUCTOR RF -CH-MLT {DOUH 5% . 166DX. 3B0LE 2pan0 Y140-0210

AZMY ] 0¥305-20601 | 3 SHIELD, TOP 28404

AXMPI 03325-20402 | 4 SHIELD, BOTTOM 28480

AJBMPS G:532%-04101 | 4 1 COVER,; 1 28480

AZMP 4 03325%-04103 | & 1 COVER, 3 28480 0322504103

A3F2 12514822 & 3 CONNECTOR 3-PIN H POST TYPILL 23480 1801 -4B22

A3 1054 -0449 ) o TRANSTOGTOR i nazia M SHE1

AJER 19550081 1 & TRANSISTOR J~FET N-CHAN D-MODE SI aEaA80 18550031

AJZR3 1BE3~0089 53 TRANGISTOR PNP 2NaAT17 S1 PD=20DMW D7EH3 2NgP1 7

AR 1854-00%2 24 1 TRANSIBTOR NPN SI PD=200MW FT=&600MMZ HE400 13540022

MARE 19540215 1 TRANGISTOR NPN SI PD=ATO0NW FTe300MHZ 04713 2NIF04

A3GL01 18530089 G TRANSIGTOR PNP 2NAP17 81 PDR=200MW D763 2N4D17

A3R1LZ2 1B5.3--0089 5 TRANSTSTOR PNP 2N4717 S1 PD=200KMY U7263 2Na 7

A3R1 B683-4705 8 37 RESISTOR 47 9% ,25W FOU TC=-400/+200 21121 S

AR 01678-3432 7 2 REGISTOR 26.1 1% .128W ¥ TC=0+-1G0 03808 S%--1 /8- 4-36R1-F
AR 0'757-07398 4 3 RESIGTOR 75 1% ,125%W F TCw04-100 24546 Ca~1/8~TE=-7ER0~F
AdRE 0603 -2 3 20 REGIBTOR 2.2K 5% .25W FC TC=-400/+700 g1121 CE2225

ARR7 098~3439 A 2 RESISTOR 178 % .128W F TC=0+-1{40 24544 C4r1/8-T0-170R~F
AJRD 07570377 3 ] RESISTOR 6B.1 1% 1254 F TC=8+-1349 245446 Ca--5/B+TO-6BR)-F
ABRYT 0 4LB3--4715 1] RESISTOR 470 5% .25W FC TC=-400/+609 01121 CH4721%

ASR10 07570403 1] 12 RESISTOR 180 1% .125W F TC=0+-1010 24544 Ca-1/8-T0-10%~F
AZR1 0757-83%97 3 REGISTOR 68.1 1% L128W F TC»0+-100 240545 4-~1/8-T0=60R1-F
A3R12 06831245 5 1 REGISTOR 120K 5% .25W FC TC=-800/+700 91121 CRi24%

AGR13 B 6834735 2 RESISTOR 4.7K 5% .25W FC TO=-400/2700 21121 Cho472%

A3R14 0683-102% 9 RESIBTOR 1K 5% 254 FC TC=-400/t408 01121 GBI 022G

AZR1SE 06831025 9 RESISGTOR 1K 5% ,2%W FC T ~400 /%600 63121 cmoas

ATRTT 04B3-222% 3 RESIBTOR 2.2K 5% .25W FC TO=-400/+700 01121 CB22R%5

ABR1B 0757-0442 k4 i3 RESTSTOR 10K 1% ,1285W F TC=0+-140 245456 Ca=-1/8-T0-1002~F
AZR1? N683-1045 3 RESISTOR 100K 5%  29W FG TC=-4080/+800 01121 CB1045

AXR21 0683-1025 g RESISTOR 1K %% ,20W FC TC=~400/+600 0112t Cri02s

ABR22 3757-0279 113 & REGISTOR 3,16K 1% .125W F TCx=Ga—100 240464 C4-1/8-T0-31b61-F
AGR23 07570438 3 11 RESISTOR %, 11K 1% ,125% F TC=D+-1080 24548 G4a-1/8-TU~5111~-F
A3R24 0683--2225 3 RESISTOR 2,2K ©% .25W FC TE=-400/4790 p11 CRZZZ0

AIR2E D757 0283 & RESISTOR 2K 1% .12%W F TL=0+-100 HAL AL Ca-1/8-T0-2001~F
ASR2Y F757-0442 ° RESISTOR 10K 1% 125W F T ] 00 24544 Ca-1/8-7T0-1002-1
ASRZA D 6HOB 4490 [ 1 RESISTOR 29.4% 1% 125W ¥ TC=04-100 24544 C41/8-T0-2942-F
ABRDY D4PE--3154 L] 2 RESIUTOR 4.22K 1% .12%W F TC~0+-100 PEHTTA C4-1/8~TO~422%F
AZRI0 29.00-3748% 4 2 RESISTOR-TRMR 28K 10% C TOP-ADS 17-TRN 20480 2100-378%

AZRID N6B3I-192% N4 RESISTOR 1K &% .25W FC TC=-400/+600 ¢i121 CE1025

ABRIZ 2t00-378% 4 RESISTOR-TRMR 20K 10% C TOP-ADT 17-TRN 28480 2100-3749

AZRI4 0699-0191 1 1 RESISTOR 1.68BK .1Z .125W F TC=3+-29 POa400 0699-01%1

AZR3GL 0679--0189 7 1 RESISTOR 259,46 .1% .12%5W F TC=0+-25 28480 06990189

AZR37 D&H3--7535 8 1 RESISTOR 5K 5% .25W FC FC=-400/4G00 01121 CB7535

AJREB 06950084 ] 2 RESISTOR 2.15K 1% .128W ¥ TC=g+~100 24546 41 /8-T0-21591-F
ABRAD PPO7--0274 11 1 RESIBTOR t1.21K 1% ,125W ¢ TE=0+-100 24%46 GC4--1/8-T0O~-1211~F
A3RAL 0&B3~1 029 9 RESISTOR 1K 5% ,25W F£ TCx=-400/+600 41121 EHB107%

AJR 42 0D757~0467 b ” RESISTOR 280 1% ,123W F TC=0+-106 245446 CA-1/8=-T0-201~F
ABRAS 16983155 1 3 RESISTOR 4.64K 1% ,120W F TO=0+-100 BATAL Ca- 1/8=-TlH~ 4641 -F
AZRA44 04620-3155 1 RESISTOR 4.64K 1% 1254 F TC=0+4--100 24546 C4-1/8-T0-4441 F
H3IRAT 0698-31%58 2 & RESISTOR 14,.7K 1% .12%W F TC=0+-100 2AY4L C4-1/8-T0- 1472~
A3ZRAL G6Y8-3156 2 RESIGTOR 14.7K 1% .128W ¢ TC={4-100 24546 C4-4/8-TO-14782-F
AJ3RA7 1 &£83-4705 B RESIGTCR 47 % .25W FC TC=-400/+500 0i121 CH4A705

AZRAB 06H3-4715 0 RESTATOR 470 5% 256 FC TC=~460/+600 hi1121 CR4715

HIR AT 1 RESISTOR 10K %% .25W FC TG=-400/+700 g1121 LELORS5

AJRE4 n 1 RESISTOR 30.1K 1% .125W F TC=0+-~100 24540 Ca-1/8-T0-3¢32~F
ABREE 0 11 RESISTOR 4,99K 1% ,1235W F TC=0+-100 24%546 D41 /B=-T0-44 01 -F
AIRSS g RESISTOR 1K 3% .25W FC TC=-400/+&00 01181 CB102E

AXRY7 06983879 0 REGISTOR 4.99% 1% 1230 F TC=0+-100 248546 Ca-1/8-T0-4991~F

See introduction to this section for ordering information
#Indicates factory selected value
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ASRSB DOHPR-0172 2 1 RESIBTOR 3,094k 1% . 125W F TO=04-25 ofHaR0 DHF P Ul‘?:.!

AZRSS 016831025 9 RESIGTOR 1K 9% . 20W FG Thw- 400740600 01 Cirnz

AIRAD 2003280 [ 1 RE ITOR- TRMR 10K 10% G TOP -ARJ 17-TRN s .'?E’u ‘1 1 0%
ASKO1 0 5H83-A4705 & R DR &7 5% 20u FC ¥ 400 /4560 n1121 CBAYGS

AJRLE 0757 -0440 9 REGICTOR 10K 1% 125K F TC=04-100 2A%AL SLAR=TD- 1002 ~F
AJRL3 0698-3156 2 RESTSTOR {14.7K 1% 129w F TC=0r-100 24540 Ca 1/78-%0 1478~F
AIRGA B678-4437 4 1 ICTOR 2, 94K 1% ARGW [ TCwg+-100 24546 C4-1/78-TG~2%941 F
ASRLSL N737-0436 1 1 (OR 4,32K 1% 12TW F JC0+~100 D4 B4AL G4 1 /8-T0~4281-F
AIRGY BOH2B-a47h 3 1 OR 10.7K 1% 1238 7 TC=Gr-100 D24%46 ca- 1 /4-1T0-1078-F
ATREB #100-3207 1 1 GTOR-TRMR SK 107 € SIDE-ADJ 1- TR P0460 0o -3287

ASRAGT 69831356 5] 1 RESIGTIOR 17 0K 1% 12%W T TLw=04-100 24544 TA-L/B-TO-)78:2 W
AZIR?0 065983497 4 1 3TOR &, 04K 1% TG=0F- 300 P2ATANL S4BT O hOAR-F
AJR7I 06834705 9 OR A7 5% 4004504 D121 CRAZON

AJR73 06983442 9 3 DR 237 1% 0t-100 PATAL Ca- 178 Th 2U7R F
ASR7 6 DHB3~4795 B 3TOR 47 5% .25 FG TC 400/ +5300 i1l Cu4705

ABR77 06983 -4402 3 4 RESISTOR 97,6 3% (12%W F TC=0+-100 2AGAL S1ABTh Q7R A
AURT7E n&720-4402 3 3TOR 97 0 1% ARGW F TCa0r-100 24546 - ¥
AZRT7Y 04603279 0 RESISTOR 4.9%K 1% " TC#0+~-100 24540

ASREB0 0690 3561 7 2 RESISTOR 13,71 1% 3 A 140 2446

AJRBL 0 &98-- 381 7 RESISTOR 13.7K 124 .i20W F TO=0+-100 RN LA /BT -1 0
AJRB N7H7-0273 4 7 RESISTOR 3.01K 1% . 12%W § TC=0+-1060 =1 /8-T0-300 1 1
ASRB3 07370273 4 RESISYOR 3,01 1% L 120W 7 TCx0+-100

ABRE4 07570273 4 3TOR 3,01 1% 1286 ¥ TC=01-100 (-

AZRES 06984402 3 RESISTOR 97,6 1% ,12%9W F TCw IH 100 Ca-1/8-TO-27RE
ABRBS 0498 -3187 3 1 RESISTOR 19.46K 1% ,129W F TO= 180 C4-1/8-T0-1960 7
AZRE? 0483--102% @ RESISTOR 1K S% .25W FU TC=-400/4600 1121 E}TH}E“:

A3R OO 0663-2025 3 RESISTOR 2.2K S% ,26W F[ TE=-400/+700 01121 Lpate

AJRID 0498-4402 3 REGISTOR 97 .6 1% .12%BK F TC=0+~100 24544 (4 1/8 “Th-97Ré F
ABRTP1 06784467 0 1 REBISTOR 1,08K 1% ,125W [ TC=0+-100 BAGAL A 1 A8-TO- 108 - F
AJRY2 06831025 4 RESISTOR 1K %% .2%4W FC TC=-404/+5600 prim CR102%

AJRGS 01603-4705% & RESINTOR 47 G% ,20W FC TCw400/+500 01321 Coa?0%

AJRICGT 06834715 0 RESIETOR 470 5% 254 FC TC=-400/+000 411 CHA715

AJRL G2 075702791 & 1 RESIBTOR 24.,% 1% 12594 F TC=0+-1060 19701 HMFACT/B8-T0~2470-F
AZRILE 0 46B3-332% & & RESISTOR 3,3K TZ .25W FC TC=-400/+700 1121 .

AJR104 nN757-0397 & 1 RESIGTOR 02,3 1% .125% F TC=0+-180 RESET CA- 1/0 TO-B2RG ~F
AJR136 0696-4435 2 2 I"SI STOR 2,491 1% 1254 F TC=D+-100 24546 Ca-1/8-T0-2491~F
ASRLDY NeEVE--A156 2 TSTOR 14,7k 1% 4250 F TC=0+-100 24546 C4-1/B~T0-147E
ASRE0BD navYB-4037 0 2 R IGTOR 46.4 1% 1290 F TC=0+-100 DA 4 CA-1 /BT h-A40R
R3R107 0757 -927% 0 SIGTOR 3,10k 1% 1254 F TC=0+-100 BEIETS Ca-1/0-TO~Bif1F
AJRLITL 07570279 ] RESTISTOR 3.14K 1% .125W F TC=0+-100 2446 G4 1/8-T03141-F
A3R112 9757-0407 & RESISTOR 200 1% .125W F TU=0+~100 240446 CA-1/B-TB-204-
ABRIZ 14783444 1 4 RESISTOR 31& 1% 1254 F 0109 247546 LA 1/78-TH-316R
AJR114 0676-3444 1 RESISTOR 316 1% 1259 F TC=0+-3100 24546 C4-1/B-TU-Z16R~F
AZRITS 21000568 1 1 RESIGTOR-FRMR 4100 10% C TOP-ADJ i-TRN 70400 2100-05608

ABR11G 0787-0331 5 1 RESTSTOR 15 4% .125W F TC=0+ -100 19703 MFAC1/8~T 0~ 151 0--¥
ABR 117 049035444 1 RESTSTOR 316 14 . 123W F TC=0t+-100 24546 4 1/8-T0- 310‘41\--F‘
A3IRT11B B&aPE-3444 1 RESISTOR JI1é 1% t20W F TC=0+-100 RATA6 C4-1/8-T8 -
AJR1LY 0757 -027% b 2 RESTIGTOR %13 1% 12%W F 7 0+=100 THDAL Ga-1/0=-T0-1 ) AR -F
ASR1Z0 D&EFE--3440 7 3 RESIBTOR 176 1% . 12%W F TC=0+-100 24546 £4-1/8-T01 F
AZRIZY 0757--0397 3 RESISTOR &8.1 1% ,120W F TC=0+-100 243446 Ca-178=TO~H8R ] F
A3R122 0757-0397 3 RESIGTGR 6B.1 1% ,125W F TC=0+-130 245456 C4-5/8-T0~6BR 1 -i—"
AJR123 07570275 & RES ISIT.IR 113 1% ,125W F TC:=0+-100 R4Tidh C4-1/8-T0-113R-
ASR1E1 0757-0397 3 RESISTOR &#8.1 1% .128W F TC=0+-140 24546 C4 - 1/3 ~TO~68R 1~ b-
ABR153 06831029 ? RESISTOR 1K % .25W FL TC=-400/+600 91121 cel02

AJR1G4A N6B3-1325 9 REZISTOR 1K 3% .2%W FC TC=-400/+4D0 [F R §:5) C‘BH]”‘

A3R1GH 0683-1015 7 RESISTOR 100 5% ,(25W FC TCw-400/+500 1121 GE1D1S

AIRLS7 0683~470% B REBISTOR 47 5% 25 FO 400/4500 01121 GR4705

MA3R 158 06983439 4 RESISTOR 178 1% .125H F oTC=0+-100 24544 (34~ 1/9*‘TU“'17!‘:IR“-F
A3ZR15Y 068 225 3 RESIHTOR 2.2 5% W F ~400/4700 01i21 c

AJZR1461 0757--0276 7 3 RESISTOR 61.9 1% 24544 L4 1/n TO~&192~F
A3R161 07570276 7 RESISTOR 61,9 1% ,129W ¥ TC=0+-100 2A%4AL C4-1/8=-T0-0198F
ASTY ?100--4038 1 1 TRANSFORMER HEAD CORE; WITH CT PRI & SEC 203480 21004038

nIv2 MEDHI-4044 1 1 TRANS & TURNS 713480 1E%S2-56044

AJLL 1820-1991 1 1 IC CNTR TTL LS DEGD DUAL 4-BIT SNTALGIPON

A3U2 1220-0629 o 10 IC FF TTL B J-¥ NEG-EPGE-TRIG EN74B11EN

A3L3 18280321 g 2 TE COMPPAPRATOR GP TO--99 PG SNY2710L

A3U4 if2e-1199 1 3 TC OINV TTL LS HEX 1 -IWNP GN74LE0AN

AZUS 18200693 8 & 1€ FF TTL 9 D-TYPE FOE-EDGT--TRIG GN74G74N

A3UA 1320-8683 [ 3 IC INU TTL & HEX 1-INF 01295 GN74B04N

AZLT7 1620--1%924 0 1 IC INV TTL § HEX 18724 HATYAN

AZUB 18246-0043 4 2 IC 0P AMP GP T0-?% PKG 31.58% CAZ07T

ABUT 1820—-1568 8 3 IC BFR TTL LS BUS QUAD 01295 BN7 4151 20AN
A3ULD 1820-1195 7 4 IC FF TTL LS D-TYPE POS-EDGE -TRIG COM 0129% SN74LE17EN

See introduction to this section for ordering information
*Indicates factory selected value
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Al i3 1 IT MULTIPLIER 4 DIP-T FKG M1 ASSL
7 kS I SWITCH ANLEG 8-DIP-P PG TL&EO1GP
% 1 IC OF AMP LOW -BIAG-H-IMPD DUAL 3-DIP-F TLO72ACP
d G 2 TRANGTISTOR ARRAY 14-PIN FLBTD DIP CHABIORE
AL 18580040 8 1 TRANSIGTORR ARRAY 16-PIN PLSTC DIP CAZ1E7E
ASLLE 1858-005%9 2 1 TRANSISTOR ARRAY @-PIN PLSTC DIP 23480 18300057
AZUTY 1B2g-0802 1 2 T GATE ZCL NOR QUAD 2-1NP 047t3 #MLre102pP
AsLE 1820--1322 z o 1L GATE TTL 8 NOR QUAD 2- IND 01095 GN7AS0EN
AGLITY 1620~ 06279 i} IC FF O¥TL & J-K NEG EDPGE-TRIG 01295 HN745112N
AZUZD 18200818 1 2 1C 0P AMP GP 8-DIP-F PREG 284610 1R20-0E16
A3Y1 0419-111% 3 1 CRYSTAL-GUARTZ 30, 00080 MH1Z 2HB480 0410~7111%
03601715 0 i TERMINAL-GTUD SEL~PIN PRESH 28400 G340-171%
10600 13 CONNECTOR-SCL CONT PIN 1.14-4iM o 5B2 8B apa80 1251-0&00
A0E0-0080 & 4 WAGHER-FI. Nt MO, S .13~IN-1ID . L= 05 280 BOE0--0080
71211234 2 LABEL CAUTION 1.926-IN-WD 2.24-IN-LG 28480 71211234
B150-337% o] 1 RESISTOR~-ZERD DHMS 22 aWG LEAD DIA 28480 B1YUC-337S
A% 33ET-66805 | 2 2 KEY KOARD ABSEMBLY 28480 03325- 66509
N160-7 Q CAPACLTOR-FXD L, 01UF +£1004+0% S0VDC CER 20480 01603047
D 1an-38 2 CAPACTTOR-FXD . BIUF +104~0% BOYDC CER 284810 0140~3047
G 1560-3047 ? CAPACITOR-FXD ,01UF +i00--¢% S0UDC LER 28480 01460~3B47
2100006 3 1 CAPALITOR-FXD J00UF r75-18% 4GVDC AL 20400 T130-0062
01603847 g CAPACITOR-¥XD ,01UF +1£0-0% SSVLC CER 26480 01603647
AlGH 01603847 7 CAPARITOR -FXD .01UF +100--0% S0VDC CER 2480 01460-3047
ABLT 0160-~3847 7 CAPACTTOR-FXD ,DiUF +100--0% [0VDT CER 28480 ni60- 3847
01503847 g CAPACITOR-FXP L 01UF :100-8% S0vDC CER 23480 n160-3847
0930--p012 3 [} CAPACITOR-FXD ., 01UF +-20% 1KVDE LER 56289 COPIA102T103NE28
D1G0-0022 3 CAPACTTOR -FXD . PILF 4-20% 1KVDE CER B6209 £02341027103M538
49900533 4 14 LED-~LANP LUM-INT=13M0D TF 28460 HOH2-ab58
12200932 4 LED-LAMP LUM-INT MCD I¥ 28400 SOR2-460E
1970--DBIF 4 LED=LAMP LM~ INT=19MGCD SF =2 0MA~MAX 284080 B8R~ 4658
ATLRE 1992-0605 3 21 LED-LAMP LUM-INT=1HCD 1V=20MA-HAX BUR=HY 28480 19220-0665
ATLRS 1970~ G665 3 LED-LAMP LUM-LNT=tNGD IF=20MA-HAX BUR=5V 20480 192808665
ABCRT 1 ORe-0665 3 LUM- 1 NT= 1 MED 284840 12700605
AYCRE 19900665 3 LUM~INT=1MCD 20460 19980665
ASBCRY 1PR0-0605 3 LUH-INT=THCD BUR«HY 20430 199 0-0665
ASCRLD 199004665 3 LUM-INT=1MCD IF=20MA-NAX BVYR=LV 28408 19900641
ABCRTY 19700665 3 LUM~-INT=1MCD TF=20MA-HAX RUR=3V 28480 1920-066%5
HEURIZ 19900665 3 LED-LAMP LUM-INT=1MCD IT=20HH-MAX 20480 1990-0bb%
ATICRYS 19900865 3 LED-LAMP LUM-INT=1HCD T oMA~MAX 23430 1990-06467T
ASTR1 4 1920 bbk 3 LED-LAMP LUM-INT=IHCD T OHA-MAX 20480 1290--0665
AFLR1S 1920-1646% 3 LED~LAVP LUM-INT=1HCL IF=2(MA-HAX 2B480 1920~0660
ASDR16 190 -0645 3 LED-LAMP LUM-INT=1IMCD IF=20MA-HAX BUR=SY 20480 12900665
1920--953% 4 LED~LAMP LUM-INT=1SMCD IF=20MA~MAX 28480 “O82-4608
4 LED~LAMP LUM-~INT=1BMOD TF w2 DHA-HAX 26480 A2 4658
g 4 LED ~LAMP LU -INT=15MCD IF=20MA-HAX 20460 GERR-4658
AGCR20 19900533 4 LED~LAMP LUM~-INT=15MCP IF=20MA-MAX 28480 5062-4638
ASCR2T 1920-0533 4 LED-LAMP LUM-INT=13MED IF=20MA-HAX 28480 5EB2~4658
ASDREZ 19920~-0%533 4 LED-LAMP 28400 5002--4650
ASCR23 19900533 4 LED~l.AMP 28480 5082~4658
A%SLR2A 1998~ 0%33 4 LED-LAMP LUM~TINT=15MCD 23480 noRe-~-46%0
ABTR2E 195 0~0533 4 LED-LAMP LUM-INT=1ZMCD IF DMA-MAX 28480 S1B2-4658
ABCR26 1990~0533 4 LED=-LAMP LUM-INT=15MCE IF=20Ma~MAX U400 S0ER-44658
19260533 4 LED-LAMP LUM-INT=1SHCD I/=R0MA-MAX 28489 HIBR-4658
14900645 3 LED-LAMP LUM~-INT=1MCD IF=20MA-MAX BYR=5Y 20400 1950--066%
19900665 3 LED=LAMP LUM-INT=1MED L 0MA~MAX BVR=5Y 28480 19P0-0665
ASCRID 1990 Db 3 LED~LAMP LUM-INT=1MCD I OMA~HAX BUR=5V 29408 1970--0645
ABCR31 19900664 3 LED-LAMP LUM-INT=1MCD IF=20MA-HAX BVR=D3Y 28480 1770-05663
ASCR3Z 19900665 3 LED~LAMP LUM~INT=1MCD IF=20MA-MAX RIVR=GEY 28430 19908665
ALDRES 12900640 3 LED-LAMP LUM-INT=1MCD T OMA-MAX BYR=GV 28400 1990~0665
ASGRIA 19900 hét 3 LED-L AMP LUM-INT=18ED 1 0MA-MAX BVR=GY #0480 199006645
AUCR3S 1290 0645 .8 LED -LAMP LUM INT=1KCD I 0MA~HAX BYR=5Y Zp4BN 1720-0H65
AHER3E 2P0 -064% 3 LED-LAMP LOM-INT=1KCD IF=20MA-MAX BUR=SY 208480 i990 0665
ATS1 1240~-0473 & 2 HOCKET-XG 146-CONT DIP DIP-SLDR 20400 1200-0473
Ak ST 04T 0943 ) 1 KEY Car LOKaAL 28480 HH41-0043
50431 -0364 5 [ KEYLAP -BMOKER IPE 22480 5041-03B4
ALKES 5041~0304 & KEYLAP-SHOKERIPE 28480 5041~ 0384
ALKEA %041 -0384 & KEYCAP-SMOKEPIPE 20480 n045-0384
ADKSS 0410918 2 | KEY CAP-FRER 28400 50410918
5041-091%7 3 1 KLY CAP--ANMPTD 2O460 F04%-091%
S041--0384 & KEYLAP ~SMHOKEPIPE 20480 S041-0384
r41-0304 é KEY{AP~SHOKEPIPE 20480 5041-0384
HO41--0384 & KEYCA? -SHOKEP IPE 28480 50410304
04l -0920 5 1 KEY CAP-PHASE 28400 S5041-DP920
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ASG1 G041-0921 7 1 KEY CAP-DCOFFSET RDARD B041-0921
HKS12 G041 --0451 B 1 KEYCAP~BLUEPIPT 26480 J041-045%
ASISE13 FG041-0907 b 1 REY CAP STORE 2UABD 50410987
ATKE1 4 G4 -0017 n 1 KEY CAP-7 28490 5041-0817
ANKS1S H041-0818 1 1 KEY CAP-B 20480 5041-0818
ASKE1L 0410816 7 1 KEY CAP-g& 284490 H041-0816
ATKE1Y HN41-0%25 1 1 KEY CAP-MHZ YOLT ZEAB0 Gla1-0%h
ANIKSLE Hh41--0810 3 1 KEY CaP REGALL 2BABY) 50410810
ABKE1Y 5047 -0B14 7 1 KEY CAP-4 284640 S041-0314
ADKEZD Goal--081%8 B8 1 KEY ChP -5 28480 S41-0819
AGKERZ H041-0926 a 1 KEY CAP-KHZ My 203480 5141-0%24
ALKSE2S S041-0948 fH 1 REY CAP CLEAR 23480 H0At 0946
AtkS24 S0a1-0B1% 4 1 KEY CAP-1 283480 Lin41-0811
ASKE2Y S041--08172 13 1 KEY CAP-2 20480 G041~ 2
ASKEEH H041-0813 b ] KEY CAP-3 2B S0a1-0813%
AGICH27 H041-0927 ) 1 KREZY CAP-HZ VRHEG 28450 G04L--092%
MHEKERA 3041--0758 B 1 KEY CAP-DAGH 28480 50471~07
ASKa29 5041--0819 2 1 KLY CAP-d 2p480 Sua-0e1e
ATKEID 50410800 9 1 KEY CAP PERIOD aB480 S041-0808
ATIKS3] G041 -gue9 ) 1 KEY TAP-SEC 28430 GH41--0929
ASKEIZ Ho41-0920 4 1 KEY CAP-DEG 284160 0410928
ATIKS33 H0M ~ 0756 & & KEY ARROW 284480 H041 0756
ATKG34 S041-0756 & KEY ARROW 28489 G041-0750
ATKS3L Y 0410722 9 2 KEY CAP-LEFT aROD 2400 H041-0908
ABKS 36 S041--0722 a KEY CAP-LEFT ARQ an4a0 S04i-0922
HSK B3I H041-0318 & 5 LK CAP PTY GRAY 28480 G041 -850
ASKSIB Jn4a1-0318 b LK CaP PTY GRAY ZRAB0 HBoAl-0318
nKE3Y S4L-031B & LK CAP PTY GRAY 25480 0411318
AGKE40 Sha1-0318 3 I.K CAP PTY GRAY 28480 S041-0318
AlKE41 50410318 b LK CAP PTY GRAY 28480 G041-0318
ALKSAZ G041-0418 7 1 KEYCAP -ERDNYPIPE 28480 S041-0410
ATIKEY3 S041-0293 2] 1 KEYCAP -PEARIPIPTE 20401 S041--028%5
AK 44 B3041--0%44 L 1 KEY CAP PWR 284810 S041-0944
ABL 1 P100-3334 2 jad TNDUCTHR 25UK 1072 3D 28400 1003354
ATHP 1 40401001 3 1 STRIP-PLABTIC .28-IN-WD D1 -IN~THK 285480 40401001
ASHMPR AD4D-1307 2 1 REFLECTOR 284480 307
oyl 2t} 0850540006 | 2 3 LED ANN GD A 40006
ASQY & ] TRANSTETOR PNP ST 7092 284010
ASRE B TRANSTSTOR PRP 51 TD-92 28480 1 [INIRN:Y
ATRT ] TP 284010 1 LN
ATR4 19930816 2] TR-72 28480 YREDI-N01 6
ATNG 183530014 8 TRANSTIGTOR PNP 8T T0-923 Phz300MY 2400 185350018
ASRE 1EEI 0016 5] TRANSISTOR PHNP §1 T0-92 PL=300MW 28480 1853-0016
ASNT7 16830014 ) TRANSISTOR PNF 31 TO--92 PD=300%W 28430 H N1 b
ATAE 5] TRANSTSTOR PNP GL TO-92 PO=I00MW 23480 1 ~0lila

NeAE~2205 9 18 RESISTOR 22 %X 256 FL 7 4n0/+500 011l

GeB3 2205 9 ISTOR 22 Sk 254 FiO 7 40074500 1121

0683--220% 5 EETOR 28 9% .2%W §C A0/ ¢500 n1121

0583 -2200 7 RESISTOR 22 5% 25W FC 4002660 n1121
AYRG 0583 105 ¥ RESISTOR 22 S% .2%W FC 7 400 /4300 D112
ATR & NoB3-2045 2 RESIZTOR 7 11124
AGR7 N&HBT--2205 ¢ RESIGSTOR 27 A 41121
ATRA 0GBX 205 7 REFISTOR 22 2 400/ 2500 0112
ASRE N&HB3-1325 E B RESISTOR 1,3K % . 29W FG ~-a%0/+700 01123
ABR1N Ne83-1325 2 REGISTOR 1,3K 5% .20W FO -400/+700 0112
ARR T 05683 -132% 2 RESISTOR 1.7 i 400/4700 [ W H]
ARRIE HR3-1323 2 RESIGTCOR 1 ,7¥ 2 Bo/sx709 o111t
ViR13 N&HEF-132% 2 RESICTOR 1.7K FCOTC=-400/+7600 01121 LI E I g
ASN14 06031325 2 RESIHIOR 1.3K TC 40070700 o142t E122%
ABR1LYS 0&B5-152% 2 RESISTOR 1,3K %2z . 20W FU ~4Q0 700 11 [ S fk)
ASRLH N6HZ-1325 2 RESTSTOR 1.3K 5% ,28W FC TC=-400/+v700 01121 SR132S
ASRZ0 1810-0135 ed 1 NETWORK-RESG &4-5IP10. 0K 4 X 0 204910 1$)10--013%
ALREY L0164 7 2 NETWEGRIC R Q514,78 OHM X 8 P1H37 CBPOPL07-472Y
ATR2Y 1810--0 1464 7 NETWORK - 28TP4, 7K OHM X 8 1 GOPo9oE? 4707
ASRAI T8t 0-0085 ] 3 HNETUURK -RES #-310140,0K OHM X B 2BAED 1810 G085

BH0E0--F436 7 43 PUSHIUTTON SWITSH P, MOUNT Fillbl- 9434

SEE0--P43L 7 PUSHIUTTON SWETESH PLC. MOUNT S5060-9436

H60-Y 434 7 PUSHBUTTON SWITGH P B, MOLNT BUGO-PARE

S060--P436 7 £ LG STTON BWITCH PG MOUNT Sih0-FPATE
A% S0an-9 456 7 PUSHDUTTON SWITGH PG, MOUNT 0 H0-FARE
HGEH SHO0- P44 7 & CUITON PG, MOUNT BOL0-P430L
ASHT7 S060-% 434 7 FUSH SULTCH PG, ROUNT HO0AD -9AGE
[} D060 Ya3n 7 PUSHELTTON SWITCH P.C, MOUNT 294890 HHLO-2 436
AT E040 -0 476, ? PUSHTUTTON SYITCH P L. MOUNT ag0 GHEN- 2478
A3510 S060-28434 7 PUSIGUTTON GRITCH PLE MOUNT 24860 GNEQ-PA3E

See introduclion to this sevtion [or ordering information
*Indicates Tactory selected value

6-9



Replaceable Parts

Table 6-3. Replaceable Parts

Replaceable Parts

Reference HP Part |c . Mfr
. p umber
Designation | Number |D Qty Description Code Mfr Part N
a%511 G0460--2436 7 PUSHEUTTON SWITCH P.OT. MOUNT 23480 50609436
ASH12 % 0a0-FA4386 7 PUSHDUTTON SUITCH P.C, MOUNT 28490 TGRHD-P43E
ATB13 5060?4360 7 PUSHDHTTON SWITCH P.C. HOUNT 28480 L6 0-9436
ASH14 HH60-9438 7 PUSHEUTTON SWITCH #.C. MOUNT 23480 HL60-9436
ASH1G S06D-9436 7 PUBSHEUTFON SWITCH P.C. MOUNT 28460 S060-9436
AS814 50609436 7 PUSHOUTTON SWITCH P.C. MOUNT 20480 GOL0-7436
ADRB1Y 30402436 7 PUSHEUTTON SWITCH P.C. MOUNT 28480 G0601-2436
ALE1B S064-9430 7 PUSHEBUTTON SWITCH P.C., MOUNT 28480 G060-9436
AGt Y B0&H0~9436 7 PUSHBEUTTON SWITCH P.C. MOUNT 28480 S5060-2434
A5a20 50602430 7 PUSHEUTTON SWITCK P.C. MOUNT 28480 GR6H0-P436
ABS21 0&0-7436 7 PUSHEUTTON SWITCH P.T. MOUNT 20480 HN6E0-2436
AlBE22 5069-2436 7 PUSHBUTTON S%ETCH P,C. HOUNT 28480 S060-9436
A5323 H6G-74346 7 PUSHBUTTON SWITEH P.C. MOUNT 28480 S060-7434
ADSE24 50602436 7 PUSHDUTTON SWITCH P.C. MOUNT at4B0 T06U-94046
nNg82s H060-2436 7 PUSHEUTTON SWITCH P.C. MOUNT 2BAB0 5060-2436
AGSEE GO&0~F434H 7 PUSHBUTTON SWITCH P.G. MOUNT “ 6480 G060-92436
ABG2Y 5060-7434 7 PUSHEYUTTON SWITCH P.C. MOUNT £B4ABY 5060-92436
ASG28 S06L--72434 7 PUSHEUTTON SWITCH P.C. MOUNT 23480 S060-9436
ABGER G060-7438 7 PUSHEUTTON SWITCH P.C. HOUNT 2480 5060-9436
ADSBID 607438 7 PUSHREUTTON SYITCH P.C. MOUNT 28480 G060-9436
ASE31 B0AHE-F436 7 PUSHEUTTON SWITCH P.C. HOUNT 28480 H5060-9436
AGHI2 50607434 7 PUSHBUTTON SWITCH P.C. MOUNT 20480 GN6HN-~9436
AB333 H069--9436 7 PUSHEUTTON SWITCH P,C. #OUNT 2BaBh H060~9436
ALG34 G060-9434 7 PUSHERUTTON SWITCH P.C. MOUNT 20480 50609436
AB3 IS 50689434 7 PUSHEUTTON SWITCH F,C. MOUNT 28480 GN60-9436
ANESL BH06) 9436 7 PUSHEUTTON SWITCH B.T. HOUNT 20480 50607436
Aahg3I7 B060-2436 7 PUSHEUTTCON SWITCH P.E. MDUNT 28489 5060-9436
ATE3B H060~P436 7 PUSHBLTTON SWITCH P.C. MOUNT 20480 S060-94%6
AnEA? H060-2436 7 PUSHZUTTON SWITCH PL,C. MOUNT 28480 S060-9436
AtE40 SUak--9438 7 PUBHBUTTON SWITEH F.C, MOUNT 8480 B060--9436
ABGAL HU60~7436 ? PUSHBUTTON SWITEH P.C. NHOUNT 28480 H60-9436
ANSAZ G060~P 434 7 PUSHBUTTON SWITCH P.C., HOUNT 5480 S060-9436
ALi43 G06G-7434 7 PUSHEUYTON SWITCH PG, MQUNT 28480 S060-2438
AYBa4 J3101-2441 & 1 SWITCH~PB DPDT ALTNG ,5A 100VAC 28480 31012441
A%5U1 16828+1200 51 2 IC TNV TTL LS HEX 91295 GN7ALG DTN
AR 143580047 ] 4 TRANGISTOR ARRAY 1&6-PIN PLETE DIP 13406 ULN-~2003A
ABLE 1820-143% [ 3 IC SUF-RGTR TTL L8 R-8 SERIAL-IN FRL-OUT 0127% GN7ALB1 64N
AL 1958-~-0047 ] TRANSISTOR ARRAY 16-PIN PLSTC DIP 13606 ULN-2003A
AU 1620-1200 5 IC IV TTEL LS HEX 01295 GN74LE0EN
AlLE 192014335 & 1C BHF~RGTR TTL LS R-% SIRIAL-IN PRL-DUT 01295 GN7ALS1 64N
asL7 1058-0047 =} TRANSISTOR ARRAY [&-PIN PLSTC DIP 136006 UL.N--2003A
ASUR 16820-1568 g 1C BFR TTL LS BUS QUAD 01295 SN74L.81250AN
ALl 13291730 L3 [} IC F¥ FTL LS D-TYPE POS-ZDGE-TRIG COM 01295 SN741L5273N
ATIUID 199004592 & 11 DISPLAY~NUM-8EG 1-CHAR ,43-H L8480 GOHE-7653
AZULL 1920-0G%2 kil DISPLAY-NUK-SEG 1-CHAR . 43-H 28480 HUB2-7653
LGP0 0592 B DISPLAY~NUM-SEG 1-CHAR . 43-1t BEaE0
1990-0892 8 DLGPLAY-NUM~SER {~CHAR (A3-H 28480
1990992 ) DISPLAY-NUN-SEG 1-CHAR ,43-H 23480
ASUTS 19900092 9 DISPLAY-NUM-DED 1-CHAR ,43-H 28400 SOB2-7653
ASuUle 19900592 ) DIGPLAY-NUN-SLE 1-CHAR . 4%-4 20480 S002-7653
ASU17 100592 S DIGPLAY -NUH G 1-CHAR 434 28480 S0B2-7603
AlLE 1999-0592 5 DISPLAY-NUM--S8EG 1-CHAR ,43-H 28480 GoB2-7653
ASU1? 1990-35%2 1) DIGPLAY -NUM-BEG 1-CHAR . 43-H 22480 H0ER2-7653
AT U20 1999-0%592 g DISPLAY -NUM-SEG 1-CHAR ,43~H 28430 HA8R-7653
ASXUTY 1200-86328 7 il BOCKET-IC 14-COKT DIP DIP-GLDR 2BA4830 1206-0638
ALXUL 12006630 7 SOCKET~IC i14-CONT DIF DIP-~SLDR ©B4as 12009638
ASXULR 120004638 7 SOCKET-IC 14-0ONT DIP DIP-5LDR 2134380 1200-0638
ABRULS 11200~0638 7 SOCKET~1C 14-CONT DIP DIF-SLDR 28480 12800638
ABXU14 1200 -3638 7 BOTKET-IC 14-CUNT DEP DIP-GLDR 28400 1200-0638
ATXUIS 1200063240 7 BOCKET-IC 14--CONT DIP DIP-GLDR #0480 120680638
AGXU 1S 12001639 7 SOCKET-IC 14-CONT DIP DRIP--SLDR 203480 12000638
ADRULTZ 12000638 7 GOCKET~IC 14-CONT DIP DIP--S5LDR 20480 12000638
AUxing 1200 -0638 7 SOCKET-IC 14-CONT DIP DIP- OLDR 28480 1200-0638
AHEANY 12000638 7 SOCKET-IC 14-CONT DIP DIP-SLDR 20480 1200-0638
ASXUR0 1200-0638 7 GOCKET ~IL t4-CONT TAP DIP -SLDR 28484 120 0-0636
Na24-DR227 7 1 SUREW-TFE 4~40 25-IN~LL PAN-HD-PDZI STL pooen ORDER BY DEGCRIPTION
1B20-0164 4 1 SLEEVING 'FLEX .84 REMA-Z 01 F-WALL 6ooto OROER BY DESCRIPTION
1460-13364 4 24 WIREFORM CL BRT~TIN 28480 14069-13%4
7121-1234 9 LABEL CAUTION 1.925-IN-WD 2.24-IN-LG 28480 7121-1234
JUMPER 9 GUT JUMPER 29480 JUMPER
ah DIBLG 6aG0e | 3 4 CONTROL ABBEMELY etz L] NBIRF-66TG06
AO1 01800970 1 1 CAPACITIR-FXD 1500PF 1% S00VDGC MICA 240 0600976
AHLCRE B160-3847 ° CAPACITUR -FXD . J1UF #100-D% SIVDEC CER 2880 0160-3847
ALLTS 01600337 b 2 CAPACTITOR-FXD $60PF +-1% J90VDE MICA 20480 01690337
ALLCA B140-0337 & CARACITOR-FXD 160PF + -1% 300VDC MICA LEany N160-0337
ALLS 1603647 9 CARPACTITOR-FXD . 01UF +i00--0% 50VDC CER “Has0 01H0~3047
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Reference HP Part |c e Mfr
. . Q n Mfr Part Number
Designation | Number |[D ty Descriptio Code be
niBo--1228 & CAPACTITOR-FXD Z2UF--10% 15%YDC TA Th2NY l'!UD""fDX?D‘lJ]"
01 60--3347 @ COTRE +100-0% S0UDE 20400 s
0160~ 3047 @ JOLTUR $100-0% S0UDE 2ga0h 01560-3847
G140 -H5847 ? CAPACLITOR-FXD L QIUF +i00--0X SOUDC 2nas0 0160- 3847
N1H0--5847 ? THPACITOR-FXD L 01UF +108- 0% HIVDRC 20480 0160-3847
160~ 3847 b CAPACLITOR-FXD | §10F +160-0% S0VDC 0460 01148--3847
216030247 ? CAPACITOR-FXD  0D1UF +7100-0% 50VDC 20480 0160-3R247
N 16G-3847 9 CAPACITOR-FXD .01UF +100--0% 30VDC =Dang 01403347
01602847 @ CAPACITOR -FXD L OLUF #1060 0% BOVDC 21430 160-3047
ne027 0160-3047 ? CAPACITOR~FXD ,D1UF +100- X SO0VDC 204040 0160--5847
ABLRE 14603247 ? CAPACITOR "FXD L 0D1UF +100-0% SOVDC CER 28480 071603847
AOLEY 071603347 v CAPACLTOR-FXD  BIUF +100- 0% S0VDU CER z0409 D160 'Sﬂﬂ?
AGLE0 G160--3947 ” CAaPACITOR~FXD L GIUF +100-0% S0VUDE CER 28480
ALLSY 073 68--3947 ? CAPACTTOR-FXD (O1UF +100- 0% 50VDC CER 204080 Z
ALY 1560 -3847 v CAPACITOR-#XD ,01UF +1B0-0% SIVDE CER 28482 0160-3347
0isL- 5847 ? CAPACTITOR-FXD .D1UF +100--0% SOVDL TILR 2B4aau G1&0- 3847
01603847 9 CAPACTITOR-FXD JQIUF #3500 0% . 23480 B1AH-3047
M_.{ 3‘ 01603047 ? CAPACITOR-FXD .01UF +1G0 -0% S0VDC CER 20400 014G 3347
ALL3E B186--2323 b CAPACITOR -FXD 47007 ¥50-10% 6,3WDEC AL 28400 0180-2823%
ALLIY 018¢-2827 1 CAPACITOR-FXD A7ZIUF+HI-104 &.3VE0 AL 20480 01E0- 2823
ALLIB 8180 ~N652 5] 3 CAPACITOR -FXD U0UE+S50-10% 35VDC AL 00474 JBVEBL220
ALL3T (1 180- DKF? 8 CAPAZITOR-FXD 22BUT+HI-10% FHVEC AL 10494 AUNTGLZE0
ALL40 01B60~2823 1 CAPACITOR ~FXD 470UF+50-10% &,3VDC AL 203480 V1G0-2823
ALLAL 0160-3847 7 CAFACITOR--FXD ,01UF +190- 0% S0VDC CER 28430 41603847
ALCELZ niBe-zZB23 1 CAPACITOR -FXD A70UF+50-10% 6.3¥DL AL 23460 N1B0-2823
ALT U 0190~2824 4 1 CAPACITOR-FXD 1000UF+50-10% 16VDC Al 28480 0180-26240
ALLCSDA D160~ 'L;. ki CAPACETOR-FXD 1UF +-20% 50VULEC CER 20580 1560-3558
ALLYS 01 H0- 33 @ CAPACITOR-FXD 1UF +-29% SO0VDRC CER 28480 01403558
ALLBO 0160 38 P CAPACITOR-FXD . 01UF +100--9% SOMDC CER 28480 1140 47
ALCST 0 60--3347 g CAPACTTOR-FXD ,0tUF +t20-0% SOVDEC CER AHAR0 01603847
ALEEO 0160-3600 8 K CAPACITOR-FXD .1 180~ "‘D? 100vDC CER 2LAT4 21E0YSVI00R1 047
ALELS? 01603622 a8 CAPACTTOR-FXD iUy AhHHa F1F0YEVI00R I DAT
ALUOY 0160 3622 33 CAPACITOR -FXD ,1UF 3t 20654 2130Y5V100R1 D42
ALTEY 0160-2009 3 2 CAPACLTOR-FXD D2DPF FL0VDC HICA 20401 01602009
ALCL2 0140-200% 3 CAPACTTOR -FXD 829PF 45X J300VDC MICA 28480 014G-2009
ALCHA 01603550 ? CAPACTIOR-FXD ,1UF +-20% SEVYDC CER 20480 01483558
H6GHA f160-3508 b4 CAPACITOR-FXD J1UF 4-20% 30vDC CER 2B4B0 01 60-35548
ALK 19023153 b 1 DIDDE-ZNR 9,31V 2X DD-35 Ph=, 4W f8486 1902-315%
ALORD 1901--0040 1 SWITCHING 30y 50HA 2NG I)D 3% 282480 1901-0040
ALCRY 1981-004e 1 F-SWITCHING 30V S{M4 2ND =35 23480 19010040
AGLRY 1?01-~0D40 1 CSWITCHIRG 30V 50MA 2NE I/U -33 284680 17010040
AT 1280--0473 2 SOCKET-TIC 16~GONT DIP DIP-SLDR 249486 200- 0473
AbTR 1251--65467 0 CONRECTOR 21-PTN # POST TYPE 28480 1251-6967
ALT3 12816567 0 CONNECTOR 2i-PIN M PDST TYPE 203480 12516567
ABTA 1231 ~6567 0 CONRECTOR 21 -PIN M POST TYPE ZB4BY 1251-63067
ALTH 1200--0639 3 1 SOCKET~ TG 24-CONT DIP DIP--GLDR 28480 12000634
AL Z100-245% ] 1 INDUCTOR RF-CH-MLD 1210H 1% . 166DX, 3BHLEG 2400 F100-245%
ALIL2 ?100-1637 4 1 INDUCTOR RF-CH-MLD 12084 $% 166DX. 50510 20480 F160-1637
ALLS3 F1L0~ 33324 i INDUCTOR 25UH 10% .3D 20480 Fi00-3334
AGMIL 12050298 5 3 HEAT SINK PLETC-PUR-CS 28480 12850298
ALMP Y 0340--05564 2 5 INGULATOR -XBTR THRH-SNDCT 20480 0340-0564
AGMP3 1258-0141 8 Connector-Shorting 28480 1258-0141
ARG 12518730 7 CONNECTOR 10-PIN M POST TYPE 23480 122‘»1 37460
Ah1 26 1#251 48920 & CONNECTOR 3-PAIN M PODST TYPE 20480 ST e
ALPHBR 1eS1-4245 7 1 CONNECTOR 2~pXN i PDST TYPE ag480
AGIRT 10854-0071 7 TRANSISTOR NPN 8T PD=300MW FT=200MHZ 28480 1954-0071
A6HRE 18540215 l TRANBIBTOR NPN 3I PD=350MW FT=300KHZ 04713 2N3PD4
ALR 0698344 [} 1 RESTSTOR 604K 1% 1234 F TL=0+-100 283490 06988344
ALRE 016837525 & 1 REGISTOR 7.5¢ 5% 258 FC 1C=-400/+720 ai121 CR7E20
AGRI 06936815 1 4 RESISTOR £00 B4 .2SW FC TC=-a00/+6040 01121 CB&815
AHLR 4 06831835 1 REGIGTOR 10K 5% ,25W FC TC=-400/+700 01121 CB1235
ALRE 046831035 ¥ RESISTOR 10K 5% ,25BW FC TC=-400/+700 01121 L1035
AGRE TR10-0005 51 NETWORK ~RES ?-5IP10.0K OHM X B 213480 18100095
ALRY7 LOPB-5279 0 RESISETOR 4 99K 1% 1254 F TOm0+-100 2RTi46 C4-1/70~Td-4891~F
ABRE 067B-4020 1 1 HESTATOR 7, 53K 1% .IZEN I TC=04-10D P#‘Mé. C4~1/B-T0-9531 ~F
hHRS 18310-0074 0 1 NETWORK -RES 9-8IP1,BK 0#M X @ 29490 1810-0076
ALRI1D 4695-1825 7 2 RESIGTOR 1,8K 5% ,25W FC TC=-400/1780 B2 CE18E5
ABRTE 18100143 9 1 NETUORK-RES 4~9IpP22.01 OMM X 3 1637 CHPH4L07-225]T
ALR1A 9683~1035 1 RESISTOR 10K 5%  25W FC 1C=-400/+700 21121 CE1035
AORAYE b 2 RESISTOR 3F.&K 9% .25% FC TC=-4C0/+760 01121 CE3L2TS
ABR1EH ? RESISTOR 3.4K 5% 258 FC TCO=-480/+700 01121 CB36AD
ALRTT 16010-0229 5 1 NETWORK-RES 8-GIP330.0 OHM X 7 91121 “00A331

See introduction to this section for ordering information
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ALR1D 1810-008%5 5 NETWORK-RES 9 -SIP10.3K OHM X 8 aEaA 16810-0055
ABHR1F 0AB3--151E z a2 190 5% W L TC=-400/4&600 CELE1S
AERZD D&EB3~103% 1 10K DX W FC TC 0O/ #7050 CRr O3S
ALRZE 16F3-LB19 g F 1 A SWOF TU=0+-20 V&R
RORED 016990107 ? 1 4,758 VL 1288 F O TC=04-25 0&E79 -
ALGRPI Ne8%--S11% & 4 G510 O% 400/ +6010 0121
ALREA N&HEB3 911G & 514 9% =400/ 16010 01121
ALRRS 0aE3- L 03s 1 RESTIGTOR 101 5% i ANG/ 7098 nr12l (LB
AGRZE DEE3 - 1BID b 2 RESISTOR 18K 54 .05 4007800 21121 £B1335
ALREL 18100134 3 1 NETWORK=RES 10--8T0 MULTI-Ual UL 289481 10190136

10 0897 7 1 NETWORK-RES B-3103.3K OMM X 7 2f@agn 10910-02%97

056831035 1 RESISTOR 10K S% .26W FO TC=~400/+700 051zl CEL03S

Nt 115 0 REGISTOR 510 %% .2%% G TC=-400/4600 G1121 [¥: N &1
ALRSS 0&EB3-5115 & RESTSTOR 510 5% 254 FU TCo-400/44604 01121 GRS
b8t 31011626 g 1 GHITCH- THL DIP RER-ABSY 7 1A 1A BYDC 28480 3101-1026
Akl 18180702 5 1 T NMOS 32768 (F210 ROM  AS50 NG 3-5 U760 SYPRA3I2 MASIKLD
nGU2 181680703 & 1 T0 NMES 32760 {(32K) RDM  4%0-N6 3-8 S5E76 SYPOXI2 MAGKED
AGLS 161100704 7 1 T6 NMOS 32768 (32K ROM  45G0-NG 3-8 t 76 BYP 2N MABKED
AbU4 130700 2 1 16 NEOS 32768 (32K) ROM  4%50-NG 35 HuS7 6 SYPE3EL MASKED
YA TE20-1197 ? 9 L6 SATE TIL LB NANE BUAL 2 INP 01293 GNP ALBIEN
NOUH 10180438 4 1 T0 NMOS 4096 (4K STAT RAM  450-NS 3-5 niaws THG21 | 445N,
ALU7 189201195 7 TG FI°OTTL LS D-TYPE POS-EDGE-TRIG COM 0 3
MGLE 1B26- G100 0 1 TC TIMER TTL HMOND/ABTIL 01295 ¥
ALLS 18201691 8 1 I MIGPROC NMOS 28488 19201691
AGULD H20-175% 7 O 16 DFR OITL LS NON-INY BCTL 27014 DHMBILERTN
AL 19180199 4 @ IC ¥MOS 1024 (1K) STaT RaAM  SH0-RE AMPTIRAPL
AbLI12 TG~ G 19P 4 G MHMDS 1024 (1K) STAT RaM S00--NE AN 112APC
6113 1€20--1 1945 7 TC FE OTTL LY D-TYPTD PO ERGE-TRIG COW N7 A4LG17HN
AbUL A 1020-13946 8 [ 1C FFOTTL LS D-T1YPE POG-EDEE-TRIG COM SNT 4181 7AN
AbHLULS 132904174 [H 1 IC INV TThL HEX HBN7 404N
AGULA 1R20-12146 3 & IC BCDR TYL LE 3-TO-0-LTNE 3-INP 21275 GN74LS 138N
ALULT 1920--1216 3 IC DCBR TTL L% 3 TO-90-LINE J-INP 01295 GN74L81 30N
ALLLD G- 06R3 & IC INY TTL % BEX 1-INP 11275 GNZASDAN
ALY 18201759 I IO OBFR OTTL L8 NON-INY DOTL 27014 DHE1LEF7N
ALUZD 13201194 & ” T0OONTR TTL LS BIN UPADOUN SYNCHRO 21295 SN7ALE193N
AsM 1826-1194 b TE DHTR TTL LG BIN UP/ZDDWN BYNCHRO 1299 GN741 8193N
AOLER2 18281797 9 IC BFR OTTL LS NDN-IRV OCTL evni1a PHMBILEB?ZN
ALLIZT 168201197 5 1C GATE TTL LS NAND Qual A-INP 012938 GN741.800M
ALLRA 1B20-1208 3 2 IC GATE TT. L3 OR G2AD 2-INP 0129% ON74LSTIRN
ALLI2S 1620-1216 3 IC-DEDR TTL LS 3 -TO-2-LINE 3-INF 01295 GN74LST30N
nGLRE 1§20-1759 W IC BFROTTL LS NON-INY 0CTL 27014 DMBEILGRTN
AbLi2? 1820-1730 £ TC FF TTL LS D-TYPE POS~ERGE-TRIG COM 01895 GN7 419273
ALURE 1820-1759 b IC BFR OTTL LS RON-INY DCTL 27014 DMBLLER7N
ALLIZY 1820-1433 & iC SHF-RGYR TTL LS R-3 BCRIAL-IN PRL-QUT nN1293 GN74LS164N
ALGUIN 18320-11%7 e IC GATE Tih LS NAND QUAD 2-INF 01295 SHN74LE00N
YAV 1820--1200 3 IC GATE TTL L6 OR QUAD 2--INP 01293 BN7ALSEAN
ALU32 1820-11%5 7 1C FF TTL LB D-TYPE POS-EDGE-TRIG COM 011225 SN7 481 75N
ALLI3Z 181201197 ? IC GATE TTL LS NAND RUAT 2- INP 01875 SN741.S00N
AGLI4 tBag-1112 5] a 1€ FE TTL LS D-TYPE POS-EDGE -TRIG 01285 GNP ALEYAAR
ALLIS 1920-1%68 8 If BFR TTL LS DUS GUaD D129S N7 ALS120AN
AL S 1620 -5684 7 1 IC IMV TTL 5 HEX 1~Ikp 01893 BN748050N
ANT7 1820-1975+D | 1 1 IC SN73L5145N 28480 1820-197%9+D
ApLI3A 1323-175% A4 IC BFR TTL 1.5 NON-INV DCTL 27014 DHMB1LEZ 7N
AGLI? 1820-1144 & 2 IC GATE TTL LS NOR fUAD 2-INP 61299 GN7ALGD2N
ALLI4D 18201197 1 I INY TTL LE MEX 1-INP 1275 BN7ALE0AN
ALLI41 LR20~12046 1 1 IC GATE TTL L9 NOR TPL 3~ INP N1293 GN7ALS2TN
AbI42 1820-1112 & IC FF 7T LS D-TYRE FOB-EDGE~TRIG B1295 SMN74187 46N
ABLIAZ 1820-18723 8 1 IC PR OTTL L8 INY OCTL 2-INP 27014 DMOILE?BN
A4 18240477 b 1 0 OP AMP CP B-DYP-P PKE 51545 LPC3c1AC
AHUAE 16201 430 3 1 IC CNTR TTL LS BIN SYNOHRD POS~EDGE-TRIG D1a95 GN7ALS161GN
AOLAG 18281127 7 IC GATE TTL LS NAND GBUAD 2-INP Bi225 SN7ALBOEN
ALLIST 1970~ 0444 & 1 OPTO-ISOLATOR LED~PBID/XSTR IF=23MA-MAX 28480 HENLIL
AbLL2 19030577 b 2 OPTO-T50LATOR b 28480 S0B2- 485D
ALLISE 1990-0%77 -] APTO-IS0OLATER LED-PRIOD/XGTR IF= 20480 G062 4300
ALUGA 1590-0461 7 T OPTO-ISOLATOR LED-IC CATE 20480 SHR2-4364
ALLYT 1596--0461 7 QPTO-1S0LATOR LED-IC GATE IF=10MA-MAX 28400 S00e-4364
ALUGE 1820-p&21 2 2 10 BFR TTL WANT QUAD 2-TNP 31275 HSN7430N
ALLET7 1820-1300 b 3 I SHF-RETR TTih LS R-S PRL~EIN PRL~-DUT 01295 GN7ALG19548N
ALUSE 1820-1309 &6 I GHF -RGTR TTL LS R-5 PRL-IN PRL -DUT 01273 SN7ALE19SAN
ALLIST 18201300 & 10 SHMF-RGTR TTL L8 R-5 PRL~IN PRL-OUT 01295 BN7ALS170AN
AbULD 18201416 W o IC SCHMITT-TRIG 17TL LS INV HEX i-TRP 01295 BN7ALB1AN
AHLIE] 18201 440 &5 1 IC LCH TTL LS RUAD 0185 GNTALSRTEM
ALULE 18201197 ¢ LG GATE TTL LS NAND KUAD 2-TNP 01295 SNT AL G0N
AbLIGS 1820-1416 ] I SCHNMITT-TRIG TTL 1.8 INY HEX 1-ThN9 01295 GN74LG14N
ALULA 18201112 B IC FF OTTL LS D-TYPE POS-EDGE-TRIG 0129% SN7 457 44N
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AHLES 10260144 [ 1 IC 7eb% U RELTR TO-220 94713 MC7ROGCR
ALLIGE 1820--1558 & i3 IC UART TTL QuaAD 0471 MCIAALAP
ALET 1020~ 1558 & IZ UART TTL RUAL 04713 MCZ441AP
AbLLILE 18120--1 730 [ IC FF TTL LS D-TYPE POS~ERGE~TRIG COM 01295 GN74LERTIN
AL 13200621 2 IC EBFR TTL MNAND &UAD 2-INP 0129% BNYABEN
AOHLIZO AB20-1197 9 I0 GATE TTL LS NAND QUAD 2- TNP 0129% HN7ALG00N
ALUZ1 1828-1204 9 1 IC GATE TTL LS WAND DUAL 4-TNP 01295 SN7ALBZON
ALLIZE 18920-1197 C4 IC GATE TTL LS NAND QUAD Z-TNP 01899 SN7AL 500N
ALUT S 13201201 2 1 EC PCDR TTL LS 2-TO-4-1.INE DUALL 2-INP nans GN7ALE139N
AELIT4 1906-00% 7 DIODE-FW BRDG 20V 24 94713 MDA 0P
ALUTY 1201199 1 TC INV TTL LS HEX 1--LNP 012%5 BNZALG 04N
ALV 19700074 a 1 TUNE-CLECTREN SURBE VU PTCTR 264810 1970--0074
B3&N-1716 1 =9 TERMINAL --STUD ~PIN PRESHE-MTG 284BG F3H0-1716
N24-0227 7 SCREU--TPG 4-40C IN-LG PAN-HD-PGZT STL [UREEE ] ORPER BY DESCRIPTION
Q797 -0443 [ 1 RESIBTOR 11K 14 . 128W ¥ 1C=0+-100 245446 C4-1/8-Ti-1102F
12591-4481 4 [ 3 CONNECTOR 4-PIN M POST TYPE 20400 1291 - 4404
14401336 4 WIREFORM CUJ BRT-FIN 2B4BJ 1460-13384
ML F0-0913 g el WASHER -LK HLEL NG, 2 ,115-IN-ID 20400 21900713
22000147 0 SCREW -MACH 4-40 . 37S5-1IN-LG PAN-iD- POZI 26480 2200-0143
LQ260-0001 k] 2 NUT-~HEX~DBL-CHAM 4-40-THD ,0694-IN-THK 20489 2o4L0-0681
30500105 [ e WASHER-FI. MTLL NO, 4 | 125-IN-ID 23489 3050-0105
3050-0440 2 WASHER -SHLDR NO, 4 ,113-IN-ID ,2-IN-OD fats Eul ] 3050-p440
71206712 o LABEL ~WARNING . 35-TH--WD 1-IN-I.G MYLAR a2G4BYH 7120-6712
7121-1234 g9 LABEL-CAUTION 1.925-IN-WD 2.24-IN-LG 28480 7121-1234
AR 1332566500 |5 1 #HIGH VOLTADE QUTPUT ADSEMBLY (DPT ap2) 283489 03325 -bHT0E
AsCl Pib0 2055 ? 3 CAPACITOR-FXD . D1UF +30-28% 100VDE CER su4ag0 0160--2055
nsea DLHD-20E3 s CAPACITOR-FAD (D1UF 1B-20% 100VBE CER 28480 $1460-20%5
ARnc3 §190-2093 7 2 CAPACETOR~-FXD 10% S4VDC AL 20480 0104 -2R03
a8C4 01an 2603 7 CARACITOR-F XD -1 0% SOVDE AL 28480 01802003
ADGS 0190~2022 ] o CAPACITOR-FX{H 18l +54-10% BEVDE AL A0A480 0100-2p22
AlLH 0iR0-Z2B27 0 CAPACTITOR -FXD 10UF #50-10% SOVDG AL 203480
Ay 3 3 CAPACITOR~FXT 14PF +~5% SEGUDC TER 0+-460 20480
AfICH L6027 3 CAPAGCITOR-FXD 10PF +-0% S00VIRC CER G+-6B ~B400
ABC1L 01603047 9 COPACITOR-FXD .01Uf +100~-8% S0VDE CLER 284490 0L &0--3847
[TEI ) NLéHO-22a4 # CAPACITOR-FXD 3IPF +- 2%PF I00VDEC CER 234810 DEL0-20244
ABCLS 01602244 3] CAPAGITOR-FXD JFF +~ 25PF SO0UDE CER 20480 01402244
AECTA Nio-0210 & 4 CAPACTTOR-FXD 3, 3UF+-20% 15VDC TA nezny 1G0DABTHX001EAR
HECLS CLen-0219 b CAPACITOR-FXL J, 3 +-20% 15VDC TA THRBT IEODAIFRCOL0GAR
ADC LG N1 &0 Wiz 4 CAPACTTOR-FXD 1UF +-20% S0VDC CER 28460 D160 3558
A7 1140 ~3558 G CAPACITOR-FXD .UM +-20% S0VDC TR 20480 01460 -3558
ARC1B nipv-282% 3 w CAPACITOR-FXD Z2UF+HD -10% SIVDEC Al ZBAB 1 01Bn-28245
3160 25 3 CAPACTITOR-FXD 22 50~10% HIVYDC AL 28480 N30~
’ D160 3553 ? CAPACTTOR-FXD 1L ~20% S0VDC CER 20400 BHH0-BHTE
aCes RN 1] 9 CAPACITOR~FXD AUF +-20% S0VHC GER 213480 B e 3N
ARLRA 01603558 7 CAPACITOR-FXD .1UF +-20% S50UDLC (ER caap 0160-3558
ARLES DL&EN-—-3558 9 CAPACITOR-FXD . 1UF +~20% S6VDC CER Anage 014603558
ABTRT 17202-320% ] 3 NR 13V 9% DO-35 PD=,4W TC=+.057% 28480 1902-520%
ADCR2 1902 s 4] NR 15V 5% D035 Ph= AW TO=+, 0577 2040 1702 -320%
AULRY 12210040 1 TID SBWITCHING 30V S0Ma 2NS DO-3S Z04810 1261 -0040
1201-0640 i DIODE-SWITCHING 30V SCMa 2NS DO-35 26480 1201-0040
1901--0040 1 DIODE-SWITCHING 30V SIMA 2NS RO-3% 20430 1201 -0940
ABCRS 1202--320% 4] PIDDE--7ZNR 15Y G% DD-35 PD=. 4W TC=+ . 057% 2anaio 19823205
ABCRY 1202 0244 9 1 DIDDE 2Nk 33V 5% PD=1W IR=El4 23480 1902-0244
ARA 19010048 1 DIODE-SWITCHING 30V S50XA 2HS DD-35 29480 12010040
ABCRIL 1901-0040 1 DICDE -SWITCHING 30V S0Ma Z2NS DO-3% 213430 19010040
anorR12 190100490 1 DIGRE-SUITCHING 30V S0MA NS DO-35 28480 12401~-004%
ACLRILT 19010249 1 DINDE -SWMITCHING 30V SIMA 2HE DB--39 284840 1901-40410
ADCRLA 1201 ~-0040 1 DIGLE SWITCHING 30V S0MA 2HS 34 apas0 1201 ~00490
ABLRIY 170710049 1 DIODE- SWITCHING 29V SIHA ZNG DO-3T 23480 1201-0040
ABCR1G 192010050 3 2 D LD WIT NG 80V 200HA 2NS DD-35 2aga 1961-0050
eECR1Y 1201- 0050 3 BYODE -CHITOHING BV 260MA 2N5 DO-35 zt1a80 1201 -000%0
ABF 1 2110 0343 1 & FUSE (254 125V NTD 281X, 093 aipaBo 2110-034%
RERFEN 102512969 8 CONNECTOR-PHOND SINCLE PHON{ JACK; DIP “8480 18GE 2269
A T21 12512989 i) CONNECTOR-PHOND SINGLE PHOND JACK; DIP snapg 12512969
ABRMP 1 1Ta0- 0298 LT HEAT BINK PLOTEC -PWR-LH ey J-0ese
ABMP2 ~0011 0 HEAT SINK TO-5/T0 -39-C8 28400 0011
ABRMP 3 0564 3 TNGLN ATOR-XSTR THRM-CNDCT 20439 ~ Qb4
AR 1231 - 4246 & CONNECTOR 3-PIN ™M POSGT TYPLD prat E3 vt bl

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

Replaceable Parts

Reference HP Part |c Q i Mfr

: p t Description Mfr Part Number

Designation | Number |p| =YY p Code

ADQL 16854-0475 ] 1 TRANBISTOR-BUAL NPN PD=7501N 28480 1854-0473

ABRZ 1859~ 0215 1 TRANSIGTOR NPN &I FT=300MH7 44713

ASR3 1BE3-0034 2 2 TRANGISTIR PNP 51 FT=259MHY 204810

A4 18530042 13 2 TRANSISTOR PNP BI PD=318MW FT=200MHZ 284810

ABRS 1854-0213 1 TRANSISTOR NPN SI PD=IBIMW FT=300MHZ naz13

ABRS 1054—-021% 1 TRANSLISTIR NPM S5 PD=350MW FT=300HHI 04713 SN3R0A

nBaY 18530020 4 4 TRANSTIGTOR PP SI FT=180MHZ 28480 ABS3-D 020

ARRE 189583--0020 4 TRANGISTOR PHNP &I FI=150MHZ 25480 1853~-002¢8

ABRY1 18%4-0215 bl TRANBISTOR NPH SI1 F D OMKEZ 04713 AN3704

ABQL2 1853-0042 0 TRANSISTOR PNP SI PD=310MW FT=200MHL 284010 185%-0042

ABRI3 18540215 1 TRANSIBTOR NPN 51 PD=350MW FT=390MHIZ 94713 ANI? 04

ABAA 118354~0692 8 TRANSISTOR NPN &I PL=15W FY=SIMHZ 04713 HMIER23

ABRTS 1055303467 2 1 TRANSIBTOR PNP BI PR=10W FT=50MHEZ 04713 MIEZ33

ABR1 0496~ 3277 1] RESTHTOR 4,990 % 125W ¥ TC=0+-100 AaY4h CA-1/8~-TN-4921-F

ABR2 PFH7 -0 4NE 7 1 RESISTOR 51,1K 1% 125W F 7 24546 CA-1/78+-T0-5112-F

AR 1757 - 083 b RESISTOR RK 1% ,12%W F To=0 245946 Ca-1/8=T0-2001-F

ABR4 D257 0203 & RESTHTOR 2K 1% 125K F TC=D+~100 24046 C4-1/8-T0-2001~F

AORS B HB3- 4708 8 REGTISTOR 47 % ,20W FO T 4B 0/ +500 41121 CHA7E5

ADRG L&E3--4705 a RESISTOR 47 5% .25W FC TC=-A0G/+U00 $1121 CRA700

ABR7? 06583279 1] RESIGTOR 4,99K 1% .120W F TCO=0+-100 245484 C4-1/8~Tih~4991 -7

ADBRE DHPB-X223 4 1 RESISTOR 1,.24K 1% .125W F TC=0+-100 24546 Ca4-1/8~-TO~1241~F

anR11 0H?9-4447 8 1 REGISTOR 399 1% 1254 F TC=g+-100 24540 Ca-1/8-T0~J09R-F

ABR1E B&FB-56364 & REGISTOR 10K 1% 129W F TC=J+-25 aB48% PLPR-&L360

ABR1T 0 698--6340 & RESIGTOR 10K 1% 125W F TL"‘(H‘- 2ua0i0 046986360

Al 4 N&LPR-4453 &4 3 REGIBTOR 402 1% g 24646 C4-1/78-TD-402R~F

ABRIS 0¢:%9--4 453 4 RESIGTOR 402 1% B 2454h Ca-1/8-TH-402R~F

ABRT S neB3-1015 7 RESIGTOR 190 S22 .25W FG JC=-400/4500 nii2i CB1O1S

A7 0683-10158 7 RESISTOR t00 5% 258 FO TOs-400/+50¢ 61121 CRr191%

ABR'IB 0583+104% 3 RE'-"I STOR 100K 5% 2% FO Tia-400/+800 ni121 I G 4%

AEBR2 0787-0273% 4 ! J.01K 134 1298 F T ++100 24%45 Ca-1/8-TO0-3011-F

ABR”"‘ 0&PE--4400 7 ) [ HELLK 1% ARUM ¥ OTC=04--100 SATAG G4 -1 /8~T0-8362-F

ABRAZ 0'757- 0272 4 RESIGTOR 3.01¥ 1% .12WW F TC=0+4-100 D440 Ca-1/8-T0-F011-F

ALRDZA 0£33-47{09 8 RERIBTLR A7 9% ‘zgu FE2 TC=-430/4+590 a1121 GRA70%

AGREE D&EGR-470% 8 REGIGTOR A7 5% .26W FC TC=-400/+540 01121 CLA705

ARRZS 06B5--3305 2 Fia RESISTOR 33 B4 284 FOO T -4GD/+E00 o121 CE3300

ABR 27 06B83-3305 2 RESISTDR 33 5% .25W FC T 01121 CRAZ0G

ABRRE N483--0365 [£] 2 RESISTOR 3.6 S% L£25W FC T o111 CEI&HES

ABRIYL 0e7-028% & REGIGTOR 210 1% 12%W F TO= BT Ca -1/8-TO0-200G1~F

ABRIE 7P 0473 5 4 STOR 280K 1% 1264 F TC=0+-100 245446 C4-1/B-TO-200%F~F

ABRRIZ 07e7- 0472 5 RESISTOR 200K 1% .1239W F TC=0+-100 24544 CA4-1/9-TO-2003~F

ABR34 07570283 & RESISTOR #K 1% "‘NF TC=0+-10D 24548 a-1/8-T0-2001-F

ABRIS 0683~ 0365 a8 REGIGTOR 3.6 ﬁ“A 25 FT T 400 /490 8 01121 CRALED

ADRIé 0683~ D565 a 2 RESISTOR 5.6 S% 250 FG TC=-400/+500 01121 CBSOES

HARI? N&83-- 0365 0 REGESTOR 5.6 %% .2%W FC TC=-40C/ 4000 01121

ABRIE 06832205 ? RESISTOR 22 5% ,25W FC TC=-400/4500 01121

AdL 1 904--D0FG 7 DIODE-FW BRDE 200V 24 94713 MDARDZE

ARUZ 182604564 k! 1 IC v RGLTR TO-220 DAz MCTEMT HOP

ALY 1426~0214 1 1 (G V RGLTR TD-220 04713 MO 7RB0T
12851 ~0e0D 1] CONNECTOR=-EEL. CONT PIN 1, 14-MH-BED-57 5Q 28430 1251 -0600
L120~0004 @ 1 MO, 4 115 -IN-ID »neaidd 21%6~0004
RA209-0147 4 1 S--IN-LG PAN-HD-POZT 28480 2380-0147
REOHA~00A H 1 A=A -THD L 062 IN-THK 28400 aea0-0n0
23600113 2 GEREW-MACH &-32 ,D5-IN-LG PAN-UD-POTT ocpog CRIDER EY DEGLRIPTION
JBE-071 5 9 23 WASHER-FIL. MTLE MO, © ,128-IN-ID 20480 TACR0-0714
7121-1234 9 LABEL-CAUTION 1.825IN-WD 2.24 |N-LC: 28480 71211234

AR DE3ZL-6HUNT | b 1 CRYSTAL OVEN AGDEMELY (OPTION 0613 20430 03325 -6L509

AYCL DIBG-- 0692 £ CAYACITOR “FXD Z20UF+50-10% 35VEC AL 90474 ISVEEL22D

Fil-d el 0L60~3847 e CAPACITOR-FXD ,BLUF +190--0% SOVDC asanl 01403347

ARL3 B1éH0-3047 G CAPARLTOR -F XD .DlUF H100--0% SHVLE 2BA80 Q1402847

A4 }1E0-0493 @ 1 CAPACTTOR-FXD 10@0UF 501 0% 25VDC Al anaz4 2oVOSLI000

ATCR1 1201-0049 ] 24 RECT S0V 730MA DO-29 20480 1901-004%

¥ 1901--004% [ RECT SOV 750Ma& BDH-29 RO480 1281-004%

APER3 1e0a-0349 Fid 1 DIOLE--ZNR &,1%7Y 5% DO-35 Ph=, 44 28480 1903 -004%

ATE L BFLD-DA6T 7 1 OGCILLATOR 10MHZ 4010 B9&e0--H 445

ARILY 12512949 @ CONNECTER-PHONG SINGLE PHONO JACK; DIP =BA80 12512249

ATMIL 120810298 k<] HEAT SINK PLBTC~-PUR-GH et KAt 2 i

APMPR 03400504 3 INSULATOR - XSTR THRM -CHDET »3480 0Z40--05064

AP 12514048 B CONNECTOR 3-PIN W POGT TYPE 28480 1951 -3244
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Replaceable Parts

Tabie 6-3. Replaceable Parts

Replaceable Parts

Reference HP Part |c Q - Mfr
; , t Description Mfr Part Number
Designation | Number |[p| =Y P Code
ARl 540053 3 1 2218 81 TO-% PD=DOOMW 04712 PHERTEB
ATH2 10930458 4 [ ¥O-220a8 PD=OiW 0713 MIEI71K
AYRL N683-108% v REBISTOR 1 ¥ 112 [ N ek
AGRE 06831035 4 RESTHTOR 40K 5% 0112 CHLOMS
AYRE 0hAI-33ET 0 REGISTUR 3.3k O . 20W 2 n1z21 CB3S2
AYR4 0737 -0290 5 1 RESIGTOR A.15K 1% 12U ¢ 7T +-100 19701 M 401 /8-T0-6191F
NFRY VO5H-349B 1 § RESIGTOR &,66K 1% 1230 F 1{=0+ 140 24540 L4 1/8-TH-BHER-TF
AFRG 4983274 1 1 RESIGTOR 10K 1% 1290 F TC=0+-25 234886 H6H50--3274
AQR7 2100-3252 ] 1 RESISTCR-TRMR £k 10% C TOF-AD 28480 2100-3252
AYREB D4HA%-1 015 7 RESGIGTSR 100 5% .20W FT TO=—400/+500 01121 Coiets
AYRY BOAS-2025 1 2 RESLZTOR 2K 5% .29W FC TC=-404/4700 D123 chanas
ARUL 1820-0214 1 IC 02 aMP GP B-DIP-F PHG 28480 18200216
DI3AE 24509 | R 1 PC BD-BLK(Z2212) 28484 03325 -26%09
21903213 7 KASHER-LK HLCL NO. 4 115 -IN-ID 23480 21900913
2200-0103 @ 18 SUREW-MACH 4-40 ,25-IN~-LG PAN-HD-POZI 20480 L200-9193
2200-0143 1] SCAZW-MACH 4--40 ,375-IN~LG PAN-HD-POZT 234680 2200~0143
22600001 S NUT-HEX-DRL-CHAN 4- 40-THD . 094~IN-THK 204a40 AghLH(--0001
2360-0113 7 BCREW-MACH &--32 . 25-IR-L.G PAN-HD-POZI aapoon DORDER BY DEGCRIPTION
Z050-010% & WASHER~FL. MTLE NO. 4 125~ IN-ID 20480 F0E0~-01405
G0 0440 2 WAGHER~SHLDR NO., 4 ,115-IN-ID .2-IN-0D 28480 30500440
J050-0404 0 10 WASHER-FL MTLD 7716 TH 5 IM-1ID 20480 JFOE0-0604
JHEG-0714 1 WASHER-FL MTL.C ND. 5 .128-IN-ID 2544810 JFNH0-0716
71211234 9 LABEL-CAUTICN 1.925-IN-WD 2.24-IN-LG 28480 71211234
ntq 0332566514 | 3 2 FC ASSY-FUNCTION 28490 13 ~66H%1 4
At4CH n1go-17a1 2 CAPACTTOR-FXD &.8BUF+-268% &VDC TA T&LR09 150D46B5X0006A2
AL P16E0-3BAD 3 1 CAPACITOR-FXL 1UF +-2¥% 100VDC MET-PULYC 8480 D160-3560
Al1403 01 60-36347 G CAPACITOR-FXD . 01UF #1080 0% S0VDL CER 2a400 P160-3047
Al4CH 01 E0-AT32 1 ] CAPACITOR-FXD 1008PF +-20% B0VDC CER 204080 0160 AGAED
ALALCS D181 746 9 CAPACITOR-FXT 15UF+-1D% ZBVDC TA 150D1%6XP0200E
Al14CH 0180-1746 b+ CAPACITOR-FXD 13UF+-10% 20vDL Ta HoH2 8 150D156XP 02012
A1ACES B160-3B47 ? CAPACITOR-FXD . 0DI1UF 4100 -6 SIVDC CER 70400 N160-3847
ALALZ7 0160-3847 9 CAFACITOR-FXD 01UF +100--0% S0VDC CER 20480 P1O6-3F4T7
At4cCze D160-3R47 9 CAPACITOR -FXD .01UF +100--0% SOVDL CER wBAaan 0160-3B4Y
Al1alzy 0160~457%1 3 CAFACITOR-FXD . 1UF +80~207% S0VDC CER 2480 $160-4%71
A14CH D160-3IB47 5 CAPACITOR-FXT ,01UF +100--DX 50VDC CER Po480 N16H-3847
Alacza 0160--3847 ¥ CAPACTTOR-FXD B1UF +100-0% H50VDE CER 28400 41603847
ALAC3E 0161 -34bé it ] 4 CAPALLTOR ~FXD 100PF +-140% 1¥VDC CER wabo 01603456
Al4C34 D1a0- 4532 1 CAPACITOR-¥XD 1000PF +-202 S0VDC CER 28440 $1460-4532
ATACIS 016040714 B CAPACTITOR-FXD . 1UF +B3--29% SIYDC CER ZBABD 1160-4571
Alacis 0160-0182 bd] 2 CAPACITOR-FXP ,022UF +-10% 200VLC POLYE 78430 4160-0162
ALACH7 0160-01462 5 CAPACITOR-FXD | 0Z22UF +v-10% 200VDC POLYE 28400 016001462
A1 ACIH 01&60-3847 V2 CAPACYTOR-FXD . 01UF +1980--0% S0VDC CER 20480 0160--3847
AL4CHYP N16G-3847 9 CAPACITOR-FXD .01UF +100-0% 50vDC CER 2BaB0o D160-3B47
nlLACaL 01460 -4571 8 CAPACITOR-FXD ,1UF +B0-20% S0VDC CER 28480 B16H0-4571
ALACA2 1604571 [£] CAPACITOR-FXP 1UF +0B0-23% S0VDL CER 28430 N160-4571
A14C43 0lé6e-4137 2 1 CAPACITOR-FXD ,BiUF % 100VRC POLYSTY 84411 B63UW
Al4CA4 14600128 3 54 CAPACITOR~FXD 2.2UF % BEVDLT CER 2R4BN 01600128
Al4acas 1600128 3 CAPACTTOR-FXD 2.2UF +-RO0% TAVDC CER 2844910 91600128
A14C46 B140~5%335 4 3 CAPACETOR -FXD 1UF +4-10% 100¥RC RET-POLYE ZR480 01460-533%
A14CA7 0164~-3047 9 CAPACITOR-FXD ,01UF +10G--8% BOVDG CER 28480 01603947
Al4acan 8180-02110 ) CAPACITOR-FXD 3,3L6+-20% 15VDC Ta £462B9 130D33BX0015A2
AT ACA® 0n1B0~17486 5 CAPACITOR-FXD 15UF+-10Z 20VDC ThA 56289 150D1S6XP0205
ALACTO B1&60~-4574 3 CAPACTTUR~-FXD . iLUF +B0-20% SOVDC (CER 28440 t160--4571
AtALE] 014913335 4 CAPACITOR-FXD 1UF +-1C¢% 100VDC MET-POLYE 28480 0160 -533%
Mi4CH2 016D--D3T5 4 CAPACITOR-FXD 1UF +—10% 109¥DC MET-POLYE 204890 0160-533%
ALALES 0160--5306 e a4 CAPACITOR-FXD ,1UF +-18X%X 100VDC 28480 0160-5306
A14CHS 01685306 ? CAPACITOR FXD ,1UGF +~10% 3100VULT 28480 0160-5306
A14ACLEL 01605304 e CAPACITOR-FXD .1UF +-10% 100VDC 284810 016£0~-53006
AL4AC74 0168-4571 8 CAPACITOR-FXD ,1UF +00--20% S0yDC CER 20490 0140-4571
A1AC?7 0160-3847 e CAPACITOR-FXD .01UF +100--0% S9VDT CER 20480 G160 3847
A14G7H 01633047 3 CAPACTITOR-FXD ,D1UF +130-D% SIVDC LER 28480 B160-3047
ALATIDT % H160-0145 4 1 CAPACTITOR~-FXD BIPF +-2% 100VDC WIGA 28480 01640-014%
At40182 0168-2201 7 i CAPACXTOR-FXD SI1PF +~%X Z08VDL MICA 204830 0169-2201
A14C103 % 0140-0217 9 1 CAPACITOR-FXD 140pF 300V 28480 0140-0217
A14C1D4 H160-3084 ) 1 CAPBSTITOR-FXD AOPF +-2% S00VDC MICA Abapo 0160-30D4
a14C10% D160-2306 3 1 CAPACITOR-FXD 27PF »-0X% BOQULE MICA 28480 0160 -2306
A14C197 01409156 3 1 TAPACITOR~FXD 150PF +-5% Z09VDC MICA 72136 THLIBF1S1I 030 0WVILR
ATACIOD 0140-3847 b4 CAPACITOR-FXD . O01UF +108-0% SOVDC CER 2nAR9 014H0-3047
AL4ELDY 0160-3947 9 LAPACITOR-FXD ,01UF +100-9% SCVDC CER 28480 0160-3847
AlAC11D D1R1-0105 4 S CAPACITOR-~Y TRMR-CER P-357F 209V PL-MTH 02763 IN4F2A4 9/ 3TPF NGGO
AlaG11t 01860-22%0 b 4 CAPADTTOR-FXD 5. 1PF +- 25PF S00VDC TER 28480 01602250
ALAC112 01483047 ¥ CAPACITOR-FXD . 01UF +100-0% S0VDC CER 2480 Ni60-3047
A14E113 0160-3047 [ CAPALITOR-FXD . 0IUF +100-0Z SEVDC CER 28480 n160-3847
ALACT1S D AHE-A532 1 CAPACTTOR-FXD 1090PF 4-20% S0VDE CER 213480 1160~4532

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

Replaceable Parts

Reference HP Part |c A Mfr
: . Qt r rt Number
Designation | Number [0 ***Y Description Code Mfr Part Nu
Al1al1ib 814603847 ? CAPACITOR-¥ XD 10D D% BOUNE CER 23480 41683047
Al4aC117 0160-3847 9 CAPACTTOR-FXI +1G-0% S0VDE CER 2Hasn 01663047
Al14CtI0 0188~1744 ] CAPACTTOR -17XD 19Z 20UTC TA Se289 180D156XP02082
A14C11Y 1180-174% a9 CAPACTITOR-IXD ~-10% “0VYRC TA G4LE3? 1HIDIS6XFE0ED
Alaci21 0160-31347 9 CAPACTTOR XD +1009% JPVLLC CER 284890 6160 -3847
AL4C1ER 31603847 T COPACITOR-F XD L 0IUF +160-8% S0VDE CER agagn 1603947
B1ACI24 n160--0299 ? 1 CAPACTTOR -FXD 140007 +-10% 200UDC POLYE zeagn $160-06299
01603847 Q CAPACITOR-FXD L 01UF +120 8% HOVURC CER 28480 81663847
0140-3847 9 CAPALLTOR-FXD . DIUF +100--0% S0VDC CER 21460 N16H0-38347
ALACLEH 01683847 q CHPADTYOR-FXDH L 01UF +100-0% S9VRE CLEN 28480 0160 -3847
AL4C1R27 Diby-3347 F CARPADTTOR-FXD L NIUF +100--0% SIVDL CER 20480 B160-B847
A14C130 014602240 4 3 CAPACITOR~FXD 2PF +~,25PF 500VDC CER
f14C131 114603247 9 CAPACTTOR=-F XD L 01UF #10G-0% WavdG iR
ALACL3R 01403047 ? CAPACITOR~FXD  41UF +100~8% So0wbC anagg 0140
A14C133 D160-2234 6 CAPACITOR~FXD 5, 10F +-.Z5PF TOQVDL CER 20480 D160-2250
A140134 D140 3087 9 CAPACITOR-FXD .01UF +180-0% S0VDC CER 20408 31 460-3847
HLAT13Y 0160~2249 4 CAPACITOR-FXD £PF +-,23PF 500VDC CER 20480 1602240
AlAC136G 0140-3508 9 CAPACTITOR-FXD iU¥ +B0-20% SOVBC CER 28460 0146403508
A1AL137 0160-4%71 i} CAPACITOR -FXD L 1UF +B5-20% T0VDC CER 28480 B1&£0-457%
Al4C136B 0160~-4571 ;3 CAPACITOR-FXD . 1UF +BO-2§% S0VDL CER 20400 01694571
n14CLES N160-3B47 ? COPALTTOR -FXD , BIUF +108-0% SoVDC CER ZE480 0140-3847
AL ACL1A1 01&60-4571 B CAPACITOR-FXD .1UF +80-20% S50VDC CER 2a480 1604571
ATACI42 B140-01%6 7 1 CAPACTITOR -FAD 3P00PF +-30% 209VDC POLYE L0480 0169-01%6
A140143 GlLa9-0301 &4 1 CAPADTTOR-FXH 012UF +-10% 20OVDG POLYE 284080 01600301
AlaC144 01602414 4 1 CAPACITOR-FYD . 022UF + 5% 200VDC POLYE 73480 floh-2414
A140203 D140-3047 9 CAPACTTOR-FXD . G3UF +100-0% SUVDC CER 20480 D160--3847
A14AG205 01603485 B CAPACLTOR -FXD 1B0PF +-18% 1KVDE CER 2134380 B160-3446
AlACZ208 0160~-3B47 ? CAPACITOR-FXD .01UF +100--0% 50VRC CER 28480 01603847
MH1AC209 0460 -3347 & CHPACITOR-FXD ,31UF +100-0% S0VDC CER 203430 0160~3047
A14C211 N14HD-36847 9 CAPACITOR~FXD . 01UF +3:00-0% S0V0LC CUR 20480 01603047
NL4cz12 $140-3847 ? CAPACITOR-EXD . G1UF +120-0% S0UDC CER 23480 0140-30347
A14C213 01604532 1 CAPACITOR-FXG 1800PF +-20% S9VDC CER 28480 U160~ 38
A14CEL4 B146H0--4532 1 COAPACTTOR-FXD 1000PF 4+-20% S0vDC CER 213489 01460 - 2
A14acz17 01210452 4 1 CARALITOR~V TRMR-AIR 1,3-%.4PF 17494 749710 107-0105%-028
ATEL21E 14504571 B CAPACTTOR-FXD L 1UF +G0-20% H0VDE CER 213430 01L0-4571
A4 0180 ~1744 5 CAPACITOR-FAD 15UF+-10% 200D TA S6L209 150D156XP020B2
A1 AL220 9160 -4571 5] CAPACITOR-FXD . 1UF +80--20% S0VDC CER 284040 081460-4571
Al4atazl 01603847 ¢ CAPACITOR-FXD . 01UF +100-0% 9OVDC 20480 01403847
AlaC222 01682250 & CAPACITOR ~FXD 5.1PF +-,25PF 300VDC CER 284879 0160-2250
Alat223 N1&0-%8947 7 CAPACITOR-FXD ,01UF +10¢-3% S0UDC CER 284480 #1648 -3847
Al40224 N160-3847 9 CAPACITUR-FXD . BIUF +100--0% S0VUDC CER 28480 DL16E0-BE47
AlAac22s 0160~3047 ¢ CAPACITOR-FXD .01UF +160-0% HOVEC CER ra4an C166-3847
A14C226 1160-2240 4 CAPACITOR-FXD 2PF +-,2SPF GOOVDC GER 2B48D 0160-2240
Al 4aC2R7 01503847 g CAPACITOR-FXD .01UF +130--8% S0VDC CER 28480 016H0-3847
ALAC2ZE D160~ 3847 5 CAPACITOR-FXD .01LF +100-0% H0VDC CER 28430 0140-3847
Al 4229 1160-3047 Q@ CAPACTTOR-FXD .0iUF +1£0-0X% SIVDL CEH 28480 0160--3847
ALALD3D 01603647 L4 CAPACTITOR-FXD L 0IUF +100-0% S0VDC OhRR D160-3847
ALAC23Y {1806-1746 ] CAPACTTOR-FXD 15UF+~10% 20VDC TA 150 0156XPNRERD
Al4CR32 1604571 B COPACITOR-FAD L 1UF +B3-28% S0VDE CLR N60--4571
ALAC2ES pl1E0-0210 & CAPACITOR-FXL 3, FUE+-20% 15VDC TA 1HORIFSA00LEA2
n14Ce34 81469 -3847 ? CAPAGCITOR-FXD ,D1UF +100--8X BOVDC CER 23430 0160 -3847
A14C235 0160~-30D47 9 CAPACITOR~FXD ,81UF +180~-0% S0VBC CER 28403 Bi&0-3847
HIAC23H 11433466 £ CAPACITOR-FXD 100PF +~10% 1KVDL LER 23488 BlEG-3466
A14C239 D1&e0-2455 9 CAPACITOR-FXD L 01UF +80-20% 100VUDC CER 28401 01602095
A140239 0169-4571 8 CAPACITOR-FXD .1iUF +B-20% S0VDE DER 284806 N1608--4571
A140240 D180--3464 a8 CAPACITOR-FXD 100PF +-10% 1KVDC CER 283480 01403466
A14424) 01603047 9 CAPACITOR-FXD . DHUF +500--0% SLVBC CER 23480 0150 -3847
AlLAL242 0140--3647 L GCARPACITOR-FXD . D1UF +100--0% SO0VDL GER 26480 01403047
ALAG24A5 D180--1744 ] CAPAGITOR-#XD 15UF+-~10% 20UDC TA g62489 150D156X9021002
Al AC24a4 0180-1744 T COPAGITOR~FXD 15UF+-10% 20UDE TA T4R09 1H0NINEXPLAMERD
ATAC2HD 0166-4571 3] CAPACITOR-FXD . 1UF +B0-2p% S0VDC CER 2648 01604571
Alat2461 0160--4571 8 CAPACITOR-FXD .1UF +80-28% SOVDC CER 28480 iy 0 AT L
A14C262 D14 ~43571 a CAPACYTOR-FXD ,1LF +B0-20% GOVBE CER ZR480 0160-4571
AlAaC243 01A0-1744 5 CAPALITOR-FAD 15UF+-10Z 20VbT TA $Sa0289 150D1SEXPER0RE
Al14C2464 N168~4571 B CAPALITOR-FXD . 1UF +80-20% S0VDE CER 28480 01604571
A14CR1 15020041 4 1 DIDDE--ZNR 5,11V X% DO~35 PDw=, 44 20430 19020041
A14CR2 1701-0040 1 DICDE-SWITCHING 3DV S50Ma 2ZNE D033 2B480 1241-0040
A14CR3 1991-0040 1 DIODE~SWITCHING 30V SOMA 2NE DO-3T 294480 1901--0048
Al4CRA 1%01-0050 3 DIODE-SWITCHING B0V 2D0XA ZNS DD-35 2p400 1791 -00%0
At ACRS 19023345 7 1 BLODE-ZNR 51,1V 5% DO-35 PD=,4U 284490 1902 ~-3345
P1ACRA 1901-00%0 3 DIODE -SWITCHING 80V 200MA ZNG DO-35 2H480 1901--0050
H1ACRT 19201 -~0050 3 DLODE~-SWITCHING 30V 200MA 2NS DO-35 284810 12010050
ALALRT? & 1901-0040 b WITCHING 36V SOMA 2NG DD-3F 28480 19010040
Al4CR103 1901-0040 1 SWITCHING 38#V S0MA 2N DO-35 2846840 12010040
A14CR102 1901--0040 1 DINDE -BWITCHING 30V S0MA 2NG DO-33 28400 19010040
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ATACRTOS 1901--80410 1 DIDDE ~-SWITCHING A0V 51MA 2NS8 DD-35 23486 101G 040
ALACR104 1981-0040 1 DIODE-SWITCHING 30V S0kA NG DO-35 20400 1901-4040
AT4CR104 1901-0040 1 DIODE-GWITCHING 30V GiHA 2NG DD-30 28480 19010040
a14aCrR107 1901-0048 1 DICRE--SWITCHING 30V SOMA 2N3 DO-35 zaa0d 120149040
ATACRTOG 1901 -053% ? DIDDE-GM HIG GCHOTTHKY 20480 PO -00N3T
ALALRLED 1901-0535 ? DIOPE-SM 516 BCHOTTKY 204810 19014535
Al4CR119 19010040 1 DIODE ~-SWITCHING 30V 3dHA 2NE DO-33 onaid 1901 -0040
Al1ACR1ILY 1701~0040 1 DIGDE~SWITCHING 30V SOMA 2NS DO~35 “haag 1961-0040
A1ACRZ205 1902- 0631 2] pid DINDE-ZNR INSITIE 14V 52 PD=UW TC=+70% 14713 INS3E 1R
A14CR290 1Ph1-0040 1 DIORE~SWITCHING 30V S0MA 2MS DO-35 20480 19013040
ATACRZ20? 19010040 1 DINDE-SWITCHING 33V SDMA ZNS DD-3% 204800 1201 -0040
A1ACR21D 1901~-0049 1 WITCHING 30V S0MA ZNS DO-35 28480 19310048
AT4CR211 1201-00%50 3 WITCHING B9Y 200MA 2NS DD-33 26480 1201-0050
A1ACR212 1904-0050 3 DIOCE~-SWITCHING B0V 2E0MA 2NS DO-35 284810 19010050
A1ACR213 1202-3149 k4 DIODE--ZNRL 2,97V 3% D35 PD=,4W 28480 1202-%14%
A14CR214 19823030 7 PIODE~ZNR 3. 81V 5% GO~7 Ph=. 44 TC=-, 0671 20480 19423024
A14CR21T 12020631 8 DICDE -ZNR IND3G1E 14V 5% PD=IW TC=+753% 04713 INGIG1R
AlLACR?17 1901~0048 i DICPE-SWITCHING 30V S0MA 2NG DO-35 20480 1981~0040
ATACR21Y 1961-0040 1 DIODE -SWITCHING 30V S0KHA 2HS DO-3%F 20480 1901 -0040
A1LACRZZO 19¢5+~0049 1 DIODE-SWITCHING 30V 514 2HS DO-33 20480 1951-0040
ATACR22Y 1201-2040 i DIDDE- BWITCHING 30V SO0MA 2NS DO-35 2BABY 19010040
i) 1904-0235 9 BI6G SCHOTTKY 284810 1904 -053%
19810535 7 5I& BCHDTTKY 20480 19010535
19016535 ? BIG BCHOTTKY 28400 19610535
A1ﬂLRk‘2‘J 1201-093% 7 -G GIE GOHDTYRY 21480 101 -053%
AL4AF #2110-034% i FUSE 254 125Y NTD . 2B1X.093 28480 211003435
A14AFD 2150 0343 1 FUBE 254 128V NTD .ZB1X.193 28480 2110 -0343
ALAF3 21100343 1 UsE L 24 128V NTER .281X.093 284806 21100343
Al4ar4 21100301 1 1 FUBE .125A 123V .281X.093 28480 2310-0301
Al4TL 511 P-000% 9 1 RESISHTOR -ZERD OHMS 22 AWG LEAD DTA 20480 159-000%
ALATE 51 -296% [} CONNEGTOR -PHONO SINGLE PHOND JACK; DIP 2480 1251 -296%
AlAaly w51 -096% 8 CONMNECTOR~PHONG SINGLE PHONO JACK; DIP 28409 [
ALATS 12%1-296% B CORNECTOR-PHOUNG SINGLE PHONG JACK) DIP 28480 “
Alale 12916567 0 CONNECTOR 21~PIN ¥ POST TYPE 28480 1251 6867
ALATP 12518969 1] CONNESTOR-PHONG SINGLE PHOND JACK; DIP 20485 12U1-8F6F
LY NS 1291 2969 9 CONNECTOR-PHOND SINGLE PHONO JACK; DIP 20400
A1 12512969 [E] CONNECTUR-PHONG SINGLE PHOND JaCK; DIP 20480
AlAT1A 125129469 B CONNECTOR-PHING SINGLE PHONO JACK) DIP 23400
ATATRY 12%51-2%4% ] CONNECTOR-PHONG SINCGLE PHONG JaGK; DIP 28480
Aa1aI2a 12512969 ) COMNECTOR-PHOND SINGLE PHONG JACK; DIP 20400
Al14J2E 12512969 ol CONNECTOR-PHONG SIRGLE PHORD JACK; DIP 294890
H1AT30 1291-5064 0 2 CONNEGTOR 14-PIN M POST TYPE 240 1.--51]64
A14T31 1258-0141 e JUMPER-REM 28480 =014
~1 8126 1301791 1 FNDULTOR RPONH 20X ,23DX. 370LE 28400 21001791
A1AL2T7 PLo0 1791 1 INDUCTOR 270N 204 ,23DX,373LG apARY PI04 1791
ALALZE P100-1791 1 INDUCTOR 29240NH 20Z "":DX 375LG 29480 PIOC-1791
Al1ALT77 F100- 1771 1 INDUCTOR 278PH 20X . 23DX. 37016 2034086 21041791
A1AL7H 71091791 1 INDUCTOR 2%90NH R2U0Z ,23DX.3705L6 20486 ?104-1791
ALALTS ¥109-1791 1 INDUGTOR zwinit 2% . 23DX.373L6 13480 21081794
A14LB0 F10p-01u3% 3 INDUCTOR (MISC ITEM) 28480 21000539
ALsL191 ?140-0456 7 2 INFUCTOR RF-CH-MLD 470NM ZZ .1&6DX. ’SBSLL' 2BABD Q14D 0AGH
A14L102 21400446 7 INDUCTOR RE-CH-HLD 470NH 2% .1&5DX .7 284060 FA0-04%e
ALALTD3 2108 -2486 3 1 INDUCTOR RF-CY- MLD 332Nk OF L 166DX. 78480 2100 -2484
Alal.ina FL00-16272 7 3 INDUCTOR RF-CH-MLD 24UH S% .14L46DX. 385 29440 P16 1682
AT4L10Y 105~ 14626 3 1 INDUCTOR RF-CH-MLD 43UH S% . 166DX.3B0OLG ZEaph G100-10628
ALALZD1 F100~17%1 1 INDUCTOR 2F90NH 26% |, 23DX. 375LE6 20480 PLe0-17%91
NLaL20e3 21700894 n CORE -SHIELDING EEAD #easn 21700874
ATALZD4 21703874 0 LORE~GHIELDING BLAD 284840 1700094
Alaal 1855-0092 4 1 TRANGISTOR T-FET N-CHal D-MODC Tl] 18 81 28400 TOES-0 078
AlLAR2 1058-0406 4 2 TRANE P CHAN D-HDE i Irilg
A1AR3 1054- 0692 23 TRANSTGTOR < 04713 MIE2R3E
A1404 16550406 4 TRﬁNalaTOf? I F2ae Tt
ATA0LY 1B5T- 0410 0 1 /L'Mtlll 18%5-0410
Al 4R26 18530020 4 TRANGIGTOR 2040
ALAQ? 10509566 8 TRANSISTOR 23489
A1 ANRE 1854-0210 1 TRANGISTOR 04713 PNIRAL
A1 ARAD 58 10635 bl N?RM‘ $4-PIN PLY BLIES £A3l 02E
AlLAQLL 1958 ~0047 5 ARRAY 16&-PIN PL"»T(‘ niF 1346086 LN ~20 0364
A1407 6 354 noB7 K 1 NPN 5Y PO=363#W § T=70MNZ Z{3480 1ai4- 0087
ALAQLO Y 2 o NPN 8T TO-%2 PDw= 4713 MESH10
ALART D 9 1 PRP £1 PL=300MU o 04713 AN 0P
ATAQLOT i TRANSGTOHTOR PRP 2N4AP17 ST PD=200MW H7R63 217
nla1on ( 1 TRANGIHTIOR NPN §1 TO-10 PD=3I60MW 28400 1EG4-0404
ALARI0S Li354 1 TRANGTSTOR MPN 51 PD=3S0HW FT=200MHT 14713 2NEYCA
M14R106 é)i] v 3 TRANSTSIOR NN ST DARL PDR=n81 MM 04713 M s @l
ALAULD? ‘54 I]”l.J 1 TRANIIGTOR WPM SI PD=3544MW FT=300MH2I 94713 PMEN04
AR Ir Rl 16803-0083 » I TRANSTISTOR LUAL PNP PDa&0IMW B ETER] J-0aBE
AtaRinny 10%3-0085 2 TRANGISTOR-DBUAL PNP §D=b0 B 28480 Feo008d
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AT4R112 18540314 1 1 TRANSISTOR NPN SI PD=310MW FT=200MHZ 23480 16854-0314
ATARILE 1884-0540 b4 TRANSISTOR NPN &I DARL PD=310MW 84713 #whh Al12

Al46114 1854~02135 1 TRANSISTOR NPN BI PD=350HW FT=300MHZ bavi13 2H3%04

ALAGI16 1B853~00&6 B TRAMSIGTOR PNP 81 TO-92 PDw&25HW 28480 18530066
Alafl1? 1B53~0066 a TRANSIGSTOR PHP SI T0-922 PE=LR2TMW 28480 16530064
ATAQIB 1855~0081 1 TRANGISTOR J-FET MN-GHAN D-MODE ST ~8480 10590081
Ai4l11% 1854-05460 ? TRANSISTER NPN I DARL PD=310MM 04743 MPS AlLR

A1 48201 1854-6215 1 TRANSISTOR NPFN ST PD=330MW FT=300MHZ #4713 2M3I704

h14Q203 18994~0233 3 2 TRANSINTOR NPW 2N3B&6 &) TO-3% PD=14 31585 PNIB&E

A1460204 18354~0795 2 TRANSISTOR NFN SI TG-92 PD:=625MW n5713 MPSEH10

Al4G206 1E5H4--0215 1 TRANEISTOR NPN S PD=330MW FT=300nMHT 04713 2NAP D4

h148207 1054-0233 3 TRANSIGTOR NPN 2ZNZB&s6 81 TO-39 FPD=ill HaS INRB L

Alaga s 18540215 1 TRANSISTUR NN SI PD=IBONW FT=380HHZ 04713 23V 04

£A14R209 1853-0440 2 3 TRANSISTOR PNP §1 YO-3% PD=hW FT=000MHZ 64713 MM4016

A1AG21) 10E4- 0357 F4 1 TRANGTSTOR-DiJAL NPN PD=3&60HW 211480 1B8%4--0357
AlLAR211 18535~ 0440 ] TRANSISTOR PNP &1 TO-92 PD=4REMU 14713 MPaHE T

Alafjala 10530036 2 TRANGISTOR PP 31 PD=3100MW FT=28508nZ ceain 1RS3-0 036
ALAR213 1953-0440 2 TRANGISTOR PNP 5% TD-3% PD=35W FT=H00KMHZ 04713 MMA018

Al14G214 1¢ ~n9an 4 TRAMSISTOR PNP ST PH=300HW GameZ 28480 1853-0020
At4GR1Y 1 054-0215 1 TRANGTSTOR NPN ST PD=380MW FT=300MHL 64713 ANES04

Al4l21é 16540784 ? 3 TRANGISTOR NPN 2N38654 51 T0~39 PDwiY 4713 2NIBLLA

A1AR219 1H5%-0440 2 TRANSISTOR PNP S TH-39 PD=5SW FT=500MHZ 04713 MMan1e

ALARS 06283155 1 RESISTER 4,64K 1% 12%W F JC= 24544 C4e-1 /BT 02641 -F
A14RS 07970439 4 5 RESISTOR &.81K 1% 1280 ¥ T 24546 CA-1/8-Th-6811-F
AlLARS 3 ] 3 RESISTOR 2.2K HY . 25W FG TC= 01121 CurP223

Al ARA 7 ISTOR-TRHMR 58K 104 € TOR~-ADY 1-TRN 28480 a100-3253

ALART VHPB-4817 4 1 RESIGTUR PEIK 12 . 25W F TC=d+-100D SR80 N670-4817

Al4RE 0&93--78%0 i 1 RESIDTOR 2.458K 1% 1260 F sl =g 19701 MEACL/ Q- TP 4550 -F
ALARS B7E7--0A410 1 2 RESESTOR 301 1% .125W F TC= 300 24516 (41 /8-T§~30iR~F
AlARL1 0757-0410 1 RESISTOR 281 1% 1285W F TC 24544 Ca-1/8-T0~361R~-F
HLARES A683-288%5 3 REBISTUR 2.2K % .2 91121 Cuz225

A14R27 046932225 3 RESISTOR 2.2K 54 ,25W FC TC=-400/+700 01121 COARRs

AL4ARER 683 -2223 3 RESIHTOR 2.2K B% . 29W FC T 400/4¢700 J112 CRRZES

Al14R29 046932225 3 RESISTOR 2.2K 5% .25W FC TC=-400/+700 01121 Lrzens

A14R21 T683-1033 1 RESIGTOR 10K 5% .25W FFC TS h 4ii21 CE1O3%

AT 4R3I 0&683-1035 1 RESIGTOR 10K 5% .2%W FGC TC:=-400/+700 01121 CR1035

A14RD3 BOOE-1D25 & REGISHTOR 1K 5% .25W FL TC=-400/4400 p1121 CBLORT

Al 4R34 146835435 5 1 REGIBTOR S6K 92 . 2%W FC TC=-400/+300 g1121 CRTA3S

A14RG6 068%~2235 5] 4 REGIDTOR 22K 5% .25W FO T 400749800 01121 Crz23%

A1 4R37 D 6B3-R225 3 RESISTOR 2.2K B4 234 FC 7 400 /4700 niia2d Cp222s

ALTARIA BIL7-028% 2 3 REBISTOR 13.3K 1% . 128W F T +=-309 19701 MFaC1 /8-TO-133 F
AlaR3e 07E7- 0442 9 RESISTOR 10K 1% .125W F TC=0+-100 285446 C4-1/8-TO-1002-
A1 ARA40 2100-3214 il 1 RESISTOR~TRMR 108K 10X C TOP-ADT 1-TRN 23480 2100-3214

AlAR4Y 0757~02499 2 REBISGTOR 15.3K 1% . 125W F TC=0+-1010 19701 WF 401 /8701352 -F
flarR 42 D&% D124 il 1 RESISTUR 10.2K .1% 1254 ¥ TC=0+-25 20480 N679-0124
#14R4% D757 -0442 F RESISTOR 10K 1% .1285W F TC=0+-100 248540 C4-1/8-To~1002-F
A14R 44 07370441 ] RESISTOR 8,8%K 1% .128W F TC=84-100 245446 c4 -1/8-To-8251~F
A1LARAS 06834705 g RESTOTOR 47 32 254 FO T gi124 CHA705

ALAR 4B Dag3~108n ? REGISTOR 1K 9% 264 FC T g pi1121 Ghi 025G

Al4R47 N6HAS--220S 1 1 RESISTOR 2aM 5% ,2%W FC Ths-200/+1200 gi1z1 [} 5

AL 4RAB bOQE-4725 2 RESISHTOR 4.7K S% ,28W FL TC=-400/0700 01121 CHA7 G

A1 AR4R N797-0430 3 RESISTOR S.11K 1% 1204 F JC=0+-100 24746 C41/8-TU~S111-F
N14R51 POFI-2280 3 RESISTOR 2,2K 9% .2%W FC TC=-400/4730 pi121 Sheeen

A14R51 0'757~-0279 0 RESISTOR J.16K 1% 12%W F 7T =100 2ATi4 4 Ca-1/8-Tlh-3Lb61-F
A14R52 P77 -0430 3 RESTIGTOR . 11K 1% 123W F TC=04-100 24546 o4 -1 /8-T0-%111~F
A14RS3 D&TB-HT47 ? 1 RESIGTOR 1.%5¢ 1% .120W F TC=0+ 2831810 G&F0- 6347

AlARDA DAFB-AF3H 2 1 RESISTOR 156K 5% .125W F TO=D+-5D 20480 066936
Al4RES 07570280 3 RESTSTOR tK 1% 1258 F TC=dt-180 2ATAh Ca-1/8-THh-1061F
ALARSE 07570447 [ 3 RESIEIT0OR 20K 1% 122W F T¢ =300 24046 Ca-1/8-To-2o02~F
A14R37 06990121 7 1 RESTSTOR 2.03M 1%  125W F - aHaal 040121

ALARSE BOF9--0122 8 1 RESISTOR 4. BK 1% 12GW F T 20460 QOP9-0138
A1A4RLD 06HB3-101% 7 REBISTOR 140 5% ,2HW FC TC= g1121 E1015

Al 4REL FEB3-10D6 ? RESISTLR 1K 5% .Z5W FC TC=-400/+4£00 J1121 CHL 025

Al 4RA2 66HE3-101% 7 RESIGTOR 140 5% .35W FO T 400/+500 81121 Cniots

AL4AR 63 pPeGI -1025 ? REGISTOR 1K 5% 294 ¥ 4007486010 oLl CuiN2s

Al aR&4 0&83-100RS ? REGISTOR 1K 9% A0/ +H0 0 1121 CR1025

AY4RGN DHH3-1015 7 REGISTOGR 100 5% . ~4030/1500 1121 CELIDLT

ATARGT 05831025 9 1K 8% ,2%W FUO TCe- 112t Cri1425

ALARGE GLBZ~1025 2 i 5% L20W TG OTC 91121 CRLO2G

Al 4ARLY 7 RESYIGTOR 100 5% 254 FO 01121 CB1915

ATART7 6 1 RESISTOR 10K 5% . 065W FD 21121 CBLO3S

AlART7 3 REBISTOR 2.2% 5x 254 FC 112t CHaRRs

ALAR7B D6H33-1025 2 1K T% . 254 FCO T 400714609 01121 Chi1 028

At AaRo01 06832215 1 1 220 H% .29 FC T 400/+500 B1121 COaRs

AL4R10D 1Ha%-2225 3 2,7K S% 28W FC JC=-400/4700 a1121 20%

ALARLO n6LH3-2225 3 2.2%K BX .2EW FLOTC Qo/+700 gilat i1

AlLAR102 HOOF-470% ] 47 5% L FSW FC TE=-420/4530 13121 CB4703
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ATSRT1DS DFS7-0a73 4 REBTHTOR 5. 01K 1% 1290 F TOsD+- 24546 CA4-1/8-THh-5011F
ALARID4 975 f RESISTOR 2¥ 1% .123W F Ti =100 BATAGL LA 1/8-TD-2060)
ATARLAOS 07570356 4 RESISTOR 75 1% 1200 F T g 24546 C4-1/8-T0=-7300 -F
AlLARLOG 0460319 2 RESISTOR 150 ©X% ,20W FC 01121 CRIELs

A1ARLTD7 0% g i RESISTOR 90,7 1% .12Z5W F TC=0+-108 24544 Ca-1/8~TO-FIRP -F
ALARLIOH G498 e 1 RESISTCR 1.46TK 14 .120W F TC=0+-100 rAL 4L <4

ATARL P n7E7 - 3 1 RESIGTOR 750 1% 12%W 7 TO=0+-100 2AT46 ca-

AlARTLD 0685 3 RESISTOR 2.2¢ DU, 25W FC TOR-400/+700 g1121 CRR2

AlarE11 0433 g 3 REGIGTOR 2, 2K B4  25W FC TO=-400/+730 [N N:4Y CB22R%

AL4R112 DHB3-750% 2 1 REBISTOR 7% S54 .2%W FC TC=- 4060/+504 11121 RG50S

AlARL13 0757 0200 3 RESTHTOR LK 1% 125W ¥ JC=d+~100 24546 C4-1/B-TO0-10D1-F
ALtAR11 4 06936317 3 2 RESISTAR S0 1% 1258 F TC=0+-25 03808 PMESS-1/780-T9-580R-B
ATARI1E 2699 -6317 3 RESISTOR 500 1% . 12%M F JCed+ 2% B3ABBH PELES -1 /03-T? -BIOR-B
ALAR1L7 B6P8-4123 5 3 RESISTOR 499 1% 1254 F TC=0+-100 TATAL C4-1/8-T0-4P9R~F
AlAR11E HGE-R1ES G RESIHTOR A% 1% . 125W F TC=h+-100 24546 C4-1/0~T0-4397R ~F
AL4R11Y 06934435 z RESISTOR 2.4%K 1% 128w F TC=0+-100 it e 1) Ca- /3T 02491 -F
AlAR121 24683 -2205 3 RESISTOR 2.2K %X 22 FC TC=-40D0/4720 01121 CoLzaes

A1 4R12R2 69063460 ] REBISTOR 10K 1% 125W F TO=0+-25 20408 04693 4360

ATART123 DHPE H3FEN & RESISTOR SK 1% . 12%UW F TC=0+-28 0IBRS PALSS -1 /8-T7-5001-B
Al4R124 N&9e-6£320 k] RESIGTOR SK 1% .125W F TC=0+-23 03688 PHEGS-1/8-T9-5001~D
ALAR1ZE 6766320 8 RESISTOR DK .14 1254 F TC=0+-25 DABES PHESS-1/8-T® -G601~H
A14R127 6986360 & RESTHTOR 10K ,1% 1254 F TO 20480 0HPD~H6F6H0

nLAR120 BOTR- L3R 2 1 RESISTOR 7.9K 1% 125K F 7 h2BERA PHEDS-1/8-T?-9901 ~T4
AlLARL2Y 06F8--3279 i} REGLSTOR 4.99¢ 1z 1354 F T ot B2 ) CA-1/9-TH-A4%F1 -F

N1 AR13D 2109-3212 3 1 RESISTOR-IAMR 200 10% C TOP-ADT 1 -TRN 21400 21003212

A14R13Y {1757 -027% 0 REESISTOR 3.16K 1% 1254 F TC=0+-100 24546 C4--3/8-TU-3161-F
AlL&R132 Da?a-3177 b 1 RESISTUR 2.%95K 1% 1254 F 1C=04-109 24546 C4-1/B-TH-2551
A14R133 046834709 B RESISTOR 47 S% .25W FC TC=-400/+500 01121 Cra70%

AlLAR134 B757 043y 3 REGISTOR S.11K 1% 129K ¥ TC=0+-100 24546 CA4-1/8-TH~-5511~F
A14R1734 G678-3597 7 1 REGISTOR @06 3% . 125W F TC=0+-300 2ATi44 Ca-1/9-T0-BO6R-F
ALARTZY 07T 0416 7 4 RESTETOR 511 1% ,185W F TO=3+-100 2454 C4-1/B=-T0-S11R+F
ALARL3E 570260 3 REGISTOR 1K 1% 1200 24546 CAa-1/B-TO-~1001-F
NiAR13Y 07S7-0200 3 REGI 1K 1% .12 24544 C4-1/6-T0-1001 -F
A14ARL41 04HP0~4453 a4 RESISTOR 402 17 ,1254 F TC=0+-180 24546 C4-1/B8-Ti-402R-F
ALAR142 2100-3409 1 2 RESIDTER-TRMR 20 14% € TOUOP-ADJ 1-TRN n3400 2100--340%

ATAR143 0699-4037 ] RESISTOR 4&.4 1% 1254 ¢ TC=0G+-100 24540 C4-1/8-Th-4LHR4-F
ATART 44 neRa-327% ] RESISTOR 4.97K 1% 1254 F TC=0+-100 24548 C4-1/8-~T0-4981 ~F
A14AR14S G&683-4705 ] RESISTOR 47 S% .2%W FC =400/ +500 01121 Cnazos

ALAR146 Nase-Je7% ] REGISTOR 4.99K 1% 1258 F TC=0+-100 24544 C4+-1/8-T0-4991~F
pl4aR147 0757-0442 9 RESISTOR 101 1% ,12%W ¢ YC=0+-100 2anhab L4 1/0-TO0-1002-F
A14R148 V&P8--H6617 g RESISTOR 19K .1% 1296 F 1C=)+-25 23480 D623 6619

rl4AR14S BHYB-6360 ) RESIGTOR 19K 1% .125W F TC=0+-25 0408 06736360

AT4R1TH 01698 04607 o 1 RESISTOR 4.5K ,1% .128W F TO=§+--25 28400 B&H9B-B&0T7

Al1ARL G2 01699-0123 9 1 RESIGTOR &.739K 1% ,1E25W F TC=G+-24 28400 06290123

ATARTS3 fGES-1030 1 RESISTUR 10K % .2BW FC TCw-400/+700D p1121 CE103%

AL AR1IBA 0L83--4705 8 REBISGTOR 47 9% .2%W FC TC=-400/+508 81121 CHBA70%

NARTSH 0EG5-1035 1 RESISTOR 10K H% .2%W FC TCw-400/+700 ii121 CE1N3%

AlARIST NHB3~4705 a RESISTOR 47 S% . 25¥ FC TC=-400/+500 01121 CB4705

ATAN158 07E7-DA49 & RESISTOR 20K 1% 1256 F TC=p+-100 24546 C4-1/B--T0-2002F

Al ARLIST Q7S7-0447 & REGISTOR 20K 1% 31284 F TCw0+-100 24548 CA~1/8-T0-2002-F
ATARTAD 1683-1057 ] 1 RESISTOR 1M 3% 20w FC TC=-800/+7?00 01121 CR1B5T

AlL4R161 0737-0273 4 RESISTOR #.011 1% ,125W ¥ TC=8+-1E80 24546 CA=1/8+~TG-3011~F
ATARY LR D69 4473 1] 1 RESIGTOR ?.76K 1% 1258 & TO=p+-100 H3868R PHESS-1/8--T0- 9761 -F
ALARTES BHAZ-3935 4 1 RESISTOR BPK 5% .29W FC TCw-4$0/4800 01121 CEAPIE

Al4RI 44 0693 -4362 B i RESISTOR 52.3 1% .12%W F TC=0+-100 24544 04 -1/8~T0-52RS-F
A14R 166 07%7--2401 1] RESISTOR 180 1% ,125W ¥ Te=0+-100 2ATAG C4-1/8-T0-181~-F
A14R14LB 0683-6015 5 RESISTOR &80 5% .25W FC TO=-400/+600 01121 CLeB1S

Al AR16Y $6U3-1013 7 RESISTOR 140 5% ,25W FC TC2~400/+350C 9112t CEH101%

ATAR2U0 1757 -6433 3 RESISTOR S.16% 1% 1258 F TC=0+-103% 24546 G4-1/B~T0-5111-F

Al 4R20% D7E7-0458 3 RESTISTOR $.11K 1% ,12%W F TC=0+-100 26544 C4-1/8~T0~31131~F
Al4R211 FEBI-4735 4 3 RESISTOR 47K % .2%W FG TC=-400/+800 01121 CRA73N

Al4R212 0H83-1023% 7 RESTYTOR 1K 5% ,25W FC TC=-400/+600 01121 CEIL125

A14RZ14 2E6EBI-1025 ? RESIBYDR 1K S% .25% FC TC=-480/+600 01121 CB102%

A14R215 0403-1035 1 RESISTOR 10K 5% ,25W FC TC=-400/+7G0 1121 CBl03S

MN4ARZ216 06632235 5 RESISTGR 22K H¥% ,2%W FC TC=-4D0/+B0D ni121 CR2R23%

A14R217 1683 ~2235 b1 RESIGTOR 22K S% ,29W FC TCw=-a400/+B40 1121 CEBARIS

ATARZ1N BeO%-2205 L RESISTOR 22 5% .&%W FC TC=-400/+330 01121 Ceaans

Al 4R220 0757-040¢ i RESISTOR 100 1% 12054 F TC=g+-100 24546 04-1/9~T6+-101-F
AlARZZ21 N&HYa-6320 2] REBISTOR BK 1% .128W F TC=0+-25 1358680 PMESS-1/8-T% 3001--R
ATAR222 06483-4705 8 RESISTOR 47 5% .25W FG TC=-430/+580 01121 CERA70S

A1ARZZT 68354705 a RESISTOR 47 5% .25W FC TC=-—400/+300 01121 CB4705

A14R224 0797-0076 7 RESISTOR 61.9 1% .1235W F TC=0+-1100 24546 C4a-1/8-TO0~-L122~F
ALARZ2G B7D7-0437 2 1 REGISTOR 4,75K 1% 1250 F TC=0+-130 24546 C4-1/8~Td~4751~F

AL 4ARZZ2H 07387-040% 4 2 ISTOR 162 1% 1284 F TC=0+-140 24548 Ca-1/8-TO-1L2R-F
ALARZEY BEBI 2208 ? RESISTOR 22 5% 254 FC 1C=-400/+500 11121 CBE2RIG

See introduction to this section for ordering information

*Indicates factory selected value

6-19



Replaceable Parts

Table 6-3. Replaceahle Parts

Replaceable Parts

Reference HP Part |c e Mfr
. . B fr Par
Designation | Number [o| @ escription Code Mfr Part Number
ALAR23 D7E7-0277 o3 @ JTUR 49,9 1% 243546 C4-1/8-T0--4992 -F
ATARRIZ 075 N7 7 4 STOR 1,33k 2A4T98 Ga-1/9790 1331-F
ATAR233 BHH%-12585 7 2 RESISTOR 12 ©X g1i21 CRLI20%
AL AR234 H683-03APS 4 z RESISTOR 3.9 974 404 /+540 eii21 CRIA9ET
A2 3EG 0757043 3 RESILTIOR T.11K 1% EN I TC=04+-10D 24546 SA4-L/8-T0-5111-F
A1 AR237 n797~ D‘lEQ 3 REGISTOR 5.11K 1}1 1258 F TC=0+-10% DAD4L CA- 1/0 T6-3111-F
ATAR2IE 3 RE 3 A RO TGe= 400/ %300 pliai
Nl ARDAD 8 FCT 400/"406 1121
ATAR2A1 06634705 ] 51 o = I ADD/EDD [IRRRES |
Nl aR2aZ Q&HB7-~4708 & 4 RESTSTOR 4% 0% .5W CC +41e 71121
ATARCATS Nee?-4701 2 REGTETOR 47 10% %W LG TC=geqi EB4701
M1 4R244 07E7- i]‘ﬂuu b Kk RESIGTOR 100K 1% 1258 F TC=0+=-100 o= 1 /8-TH-1003-F
ATARD2AT ? COTRTOR 2R TX L 2NW O 400/0509 CR2Z0S
A1 ARR2AT ! 3 RESISTOR 1K 1% 1254 F T =100 "4‘.‘14(1 Ca=1/8-T6- 1801 -F
A14R247 07 7 U4(M ) RESISTOR 103K 1% L128M F TC=3+-140 24546 CA-1/B~T0~-1003-F
A14R248 683~ 2"[1": 9 SIGTOR 22 9% 284 FCO T A400/+¢T0G 41121 Cha: "0"'-
ATARD2AY 0633 e \d 2 RESISTOR 2.7 5% (234 FC TR=-400/4500 ptiz21 CEE
AL 4R2HD e GISTOR 10K 1% .128W F TC=0+-100 24546 £A- I/B*TU 10062-F
Al14R2T) % RESISTOR 2.7 5% (254 FG TC=-400/+500 ati2l CRE76E
AL 4AR2ED 06499~ nnm 7 i ISTOR S50 1% SWF T 28480 LR 0064
AlARAE3 n6a7-4701 2 STOR A7 104 5% CC TC=d+417 2i121 [ Ra7 01
&5 1 1 RESISTOR 110 1% .128W F nATAA CA-1/B=-TG-111-F
K3 RESGISTOR 1# 1% 1234 F T 24544 Cca4 1/8=-TH-1001 ~F
3 ATOR 1K 1% 125w F T 2A0AE G4-1/8-T0=-1901~F
) IBTUR 2K 1% J12%W F TC= 24594 C4-1/8-T0-200%F
At ARESE 06832200 A4 RESISTOR 27 5% 254 FC TC=-400/4%09 G1121 CH220S
AlAR2ST N757-0442 9 AESTBIOR 10K 1% 125W F TC=8+-100 243546 CA- L /8-T0--1002-F
ALARZED 06074701 2 REBISTOR 47 1@% .8W CC TC=01412 1121 ER4701
A14R241 N757 -0442 ? RESISTOR 10K 1% 1258 F TC=0+-108 Z4A[AL ca-1/7g-To-1042 -F
AT AR2AD DLBT~-4705 B RESLSTOR 47 &% 254 FC TC=-400/4500 1121 ChHa705
A1AR2L3 06030605 3 2 RESIBTOR &8 L% L 25W FC 400/+500 g1t21 CHAGOGS
) ARRLHS 06830685 5 i 5.8 57 25k FC TC=-400/+540 (Hl'-'l CEOHAGS
AT4R24S N6YR-4380 4 1 6.4 1% 1250 F T D+-108 CAn )1 /3T 063R04-F
ALARREL 06HP8- 4450 1 1 324 Y4 ,125W F T ~100 G- 478 TE-324R-F
AL4RE2AHE DLB3-470S i) 47 5% 25K FC TO=-400/4580 CB470%
A1ARZHY V757 ~03H6 2 1 REGISTOR 10 1% 128W F TOw~0t- 2456b C4-1/9 Tll"lnl‘lw'i’
ATARD70 1603492 9 1 ESISTOR 2.67K 1% .1zbu 24544 C4 1 /8~ TD-2671 ~F
Al AR2V 07457~ 0405 4 1 1462 1% A28 F T 24546 C43/8-TO~ Hu-'l?"-F
A14R272 N6E3-2219 ? RESISTOR 22 5% "“-;U O TO=-400/¢500 21121 CHAZ0E
Al AR273 07370277 B RESTSTOR 49,9 1% 1258 F TCw0+-100 24446 C4-1/78-TE-4993-F
ATARZ74 D757-0317 7 RESISTOR 1,33K 1% 1254 7 TO=4+-100 24044 C4-1/8-T0~1331-F
A1AR27Y 2100-3409 <l RESTHSTOR-TRMR 20 10% § TOF-ALJT i~TRMN 20408 24003409
A14RE274 06630395 4 REGSISTOR X.9 54 25w FC TC=-400/¢500 01121 CRIFGE
A14R277 8683-1209 7 RESISTOR 12 8% 23U FC T A400/+56G0 0:123% colaes
A1ARZT7H 07E7-02400 7 1 RESISTOR T, 62K 1% . 12%5W F TC=04-100 243546 C4~2/8--T0-5621-F
A14TPIB 1251 4822 & CONNECTOR 3-PEN M POST TYPE a8480 1%t
Al4U1 B20-11%6 a IC FF OTTL LB D-TYPE PO -EDREX-TRIG GOM 21295 SN74LL51 74N
AlAaU2 14 1197 G IC GATE TTL LS NAND QuUaD 2 INP 013295 GN74LE00N
nLAE 1826~ 0476 7 T0 SWITCH ANLE B-DIP-F PKG 112%3 TLLOLCR
AlAU4 16026--04746 V4 It SWITCH ANLG &-DIP-P PKE 212%% TL.601CP
A14US 18260304 1] 3 IC P AMP LDW-RIAS-H-IMPT TO-9% PKE 27914 LF35%H
Alatle 182941270 7 1 G0 CNTR TTL LS BIN UP/DOWH SYNOHRO 01278 SN74LS191N
Al1407 13251279 83 3 IC CNTR TTL LS DECD UP/DOWN SYNCURO 01295 SN741.S17BN
Al4ug 1020-1279 a8 IC CNTR TYL L5 DECD UP/DOWN SYNCHRO 11295 GNZ4LS190N
Al4Uy 1B20-1279 [§] IC CHTR TTi. LS DECD UP/DDWN SYNCHRO D12PS SN741L51 20N
A1AULD 1620~1% 282 3 b 10 FF TTL LS J-K BAR ROB-EDGUI-TRIG 01299 BN7ALS107AN
Al4uU1Y ig2t-1112 4] ¢ FF TTL L8 L-TYPE POS-LDCI-TRIG 1295 SNZALE7 4AN
AlAUL2 182861112 a IC FF TTL LS D-TYPE POS-EDGE~TRIG 0ia?n HNYVALS7AAN
A14U1T 1§20 ~1423 4 2 IC MY TTL LS MONDSTEL RETRIG DUAL SNYALS1PEN
Alalla 1820--069% 8 IC FF TTL 8 D-TYPE POS-ELDGE-TRIG BN7AS74N
A14U19 1381 --0001 4 4 TRANSISTOR ARRAY 14-PIN PLSTE DIP 3LEHS CAaxdan
Ala4Ls 18260304 0 IC OF AMP LOW-BIAS-H-IMPD TO-#% PKG a7n14 LF 355
ALALLT7 18260304 ] 10 OP AMP LOM-UIAS -H-IWPD T0O--%9 PKG 27614 LFASEN
Al4ULg 1326~0208 3 8 C P amP GP B-DIP-P PKD 27014 LMI1CN
Al4U1? 1H26-P20B 3 I¢ OP mMP GP 8-DIP-P PKG 27014 LH310N
Alauz2o 1026-0414 - 2 I SWLTOH ANLE QUAD 146-2IP-C PKE 27414 ILF13331D
Al4uz2i 132460208 3 15 0P AMP LP O-DIP -P PKG 27014 LM310N
A1 4URE 192602108 3 1C 0P AMP GP 8 DIP-P PKG 27014 LM3E1ON
A1AL24 1024 -0414 bl 1C GWITCH ANLG GUAD 156-DIP-C PG 27014 LF13%31D
At 425 1626-0708 3 10 9P AMP GF 8-DIP-? PKG 27014 ME16N
At4AL2E 10201730 [ e FF TTL LS D~TYPE POB-EDGE-TRIG COM 01295 SN7ALSR 7N
ALALRT 18201214 3 IC DCOR TTL LS J-TO~-B-LTNE 3-TNP 01295 GN74LG130N
Al4uRa 1620~11246 £ 0 FF TTL LS D-TYPE POS-EDGE-TRIL COM 11298 BN741.5174N
Al AU2% 16201730 & it FF TIL LS D-TYPE POS-EDGE-TRIL COM b1a9s GN7A4LSRT7IN
Al430 1BZ20-1441 3 2 I DRYR TTL L5 RBUS DRVR HIX 1-INP 31299 SN741.836GMN
fA1al31 1820-1199 1 I8 TNV TTL LS HEX 1-INP 01295 SN74ALGUAN
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Replaceable Parts Replaceable Parts

Tahle 6-3. Replaceable Parts

Reference HP Part |c — Mfr
; A ription rt Number
Designation | Number (D Qty Descriptio Code Mfr Pa
H14032 10201442 7 H IC CNTR TTL LS BECD ASYNCHRO IR BN74LSEPUN
A14U33 142 f IC FF TTL. § D-TYPE POG-ELGE-TRIG 01 2PY ENVABT7AN
A14U34 1n20-1112 3 IC FroTTL LS D-TYPE PRS ~TRIG 1129% GN7ABT /AN
AlAU3S 18920~ 0693 ] 10 FF 1T § D-TYPE POS-EDRG RIG 61293 SN7ABTAN
Al4AU36 10820 -0674 ? 1 IC GATE TTL 3 LXCL-DR Quapn 2-TNP [ adrda) BN74586N
Al4L37 18201202 7 1 IC GATE TTL LS NAMD TPL 3- INP 01299 ON7AL810N
ATAL3N 1826-0111 7 3 ic Gp éMp GP DUAL TO--29 PKG BLGOS CAL450T
A14U39 10260879 4 1 IC-LINEAR “BAS0 1826~0879
A14040 1858-0063 5 1 XSTR-ARRAY 14-PIN PLSTC DIP 0192B CA3102E
A14U41 1826-0111 7 IC OP AMP GP DUAL TO-89 PKG 3L585 CA1458T
A14U42 1826-0026 3 1 IC COMPARATCR PRCN TO-9% PKG 01285 LM311L
Al4U44 iBa2o-1112 a IC FF TTL LS D-TYPE PGS-EDGE-TRIG 01295 SN7AL874AN
AlAUgs 18120-1423 4 IC MV TTL LS MONOSTEL RETRIG PUAL £1290 SN7ALE1EUN
A14047 1920-0321 » IC COMPARATGR GP 19-99 PKG 0129% SN72710L
Al4use 1920-119% 1 IC INV TTL LS HEX 1-INP 0129% GN7ALSEAN
A14047 1B20-1730 ) IC ¥F TTL LS D-TYPE FOS-EDCE-TRIG COH 241295 SNT7SL8273N
A14U50 1858-0047 5 1 XSTR-ARRAY 16-PIN PLSTC DIP 13606 ULN-2003A
0360-1716& 1 TERMINAL~STUD SGL-PIN PRESS-MTE 204840 03401716
1200--0798& e 1 SOCKEY-IC B-CONT PIf DIP-SLDR 20460 12600796
1205-0011 0 2 HEAT SINK TO-5/T0-39-C8 284810 12685-0011
120%5-0059 7 2 HEAT SINK TC-18-C8 204080 1205-0018
1205-0033 & & HEAT SINY TO-5/T0-39-C8 28480 12050033
1251-0600 ] CONNECTOR- SCL. CUNT PIN 1.14-MM BIC-BZ BR zZB4B0 1261-0600
1460-133&6 a WIREFORM ©U BRT~TIN 28484 1460-1 534
71211234 9 LABEL CAUTION 1.925-IN-WD 2 24-IN-LG 28480 71211234
A1 N3325-66%521 | 2 2 P ABSGY-FFS D/A 26400 AR22N-p6G21
A21C1 D14p-94i91 B8 CAPACTTOR-FXD SiPF +-T7% 300VDEC HMICA 72136 DH1SEDHDT U3 0UVICR
A21C2 016030147 9 CAPACITOR-FXD .91UF +3100-0% SOVDC CLR 20480 01403847
AZ1CY NiBo-1061 3 3 CAPACITOUR~FXD 27UF+-10%Z {0VDC TaA 56207 150D276X901082
A21Ca 0190-174% ] CAPACITOR -FXD 15UF+-19% ZOVLC TA G6282 154D156XP020R2
A21CH 0140-0171 B CAPACITOR-FXD S&6PF +-3% 308VDEC MICA 72136 DMISESL0T0Z00WVICR
AZLTT7 01604571 ] CAPACITOR-FXD ,1UF +80~20% S0VDC CER 20409 01604571
AZICH D160 -3B47 P CAPACITOR-FXD .01UF +195-0% T0VEC Qagy 0160-3047
AZ1C? 01603847 9 CAPACTTOR~FXD ,01UF +100-0% S0VDTC CER 285430 0160-3847
ARICID 014H0 4371 8 CAPACITUR-FXD L 1UF +80-20% S0VDC CER ZB48a0 0160 -4571
A1ttt 0180~-1863 <] CAPACTTOR-FXD 27UF+~10% 10VDC Th GH2a? BODR76AXN01 T2
A21C1 Di4hD- 3047 & CAPACTTOR-FAD ,91UF #1080 0% GOVDRL CER 2Bas0 $160- 347
ALICIT 0169-225% b CAPADTITOR-FXD S.1PF 4+, 2P S00VDC CI'R 00 A1 60
AZ1014 V1&60-3847 bl CAPACITOR-TXD DU «100-0% SO0VDL CER B4R 01603347
ARLICLS 01 A0-222 2 1 CAPACTITOR-FXND 19%80PF +-85% J00VDC MICH 20400 G460 PRRE
aeiG1e 01460 -3847 9 COPACTTOR-FXD L 01UF +100-0% S0VDC CER 289840 B160-3047
A21017 0160--444 % ) 1 CAPACITOR-FXD 150FF 2.5% 160VDE POLYP 20400 014044461
AZ1G18 01460-2257 3 CAPACITUR-FXD 1EPF ¢ F0OVDEC CER 0440 >8480 01602267
AIC1Y 0180 -1744 © CAPACITOR--FXD 19UF+-10% 20V00 TA S6289 1E0D1SLXFN200R2
ARLC2Y 100-17486 b CAFACITOR- ¥XD 15UF+-10% 20VLE T8 H62E9 150D1 56 X902 012
Aice #160-5304 9 CAPAGCTITOR-FXD .1UF +-10% t00VDD 20430 03405306
A21023 1403847 2 CAPACITOR-FXD . TiUF +100--0% SOVBC CIR #8481 B160-2847
ARIC24 1430147 b 1 CAPALITOR-F XD AZ0PF +-5% 300VDC MICA 72136 DH1SFA71T030GUVICR
AZIC26 Bl&0--3847 9 CAPACTTOR-FXD L 0UF +190--04 J0VDC CRER 28480 014&£0--3847
AL 1427 01 60-2243 7 1 CAPACITOR--FXD 2.7PF +-.25PF S0CVDC CER 28400 0160 -2243%
ARICED B1&60~-2200 4 4 CAPACITON -FXAD 2J0PT +-5% 303VLBC MICA 2B4810 B1&60-222008
AP1C29 0168 -3047 v CAPACITOR-FXD .01UF +128-8% S0VDC CER 28480 03603847
ACIC3 Di60-3B47 9 CAPACITOR -FXD . DIUF +100 -0% 30¥DC CER 2B40D D160-3847
AXICI 01604571 8 CAPALITOR-FXD 1UF +80-20% 50VDC CER 203480 01460--4571
HIC3s 0160--4B47 9 CAPACITOR-FXD 01U 1IN0 -DX% HOVDC CER ZBaBe 61603847
ARICIE D140-8191 8 CAPACITOR -FXD S4PF +-0% F00VDC MICA 72156 DMLIBES60F0500WYICR
Pl | ol Beted 160 3847 4 CAPACITOR-EXD . 01UF +1D0 -0% HOVYLC (LR 28400 014603847
ARIC133 0160~3947 9 CAPACITOR-FXD ,01UF +100-0% SCUDC Crw 23440 0140-3347
A210134 0160-4571 kel CAPACITOR -FXD , 1UF «BO--20% SHIVYDC CER 28400 H160-4571
ARIC135 0160-3847 ? CAPACITOR-FXDE .041UF +1060-0% SOUVDEC CLR 294810 01603847
ANIC136 01603847 E COPACIIOR-FXD .01UF #1208-0% SOVLC LIR 20430 Di6H0-3047
A210137 0146D-3847 9 CAPACITOR~FXDL .01UF +100-0% S0VUDEC CIIR 20480 014603847
ALIC1T8 1140-520¢6 & 1 CAPACITOR-FXD 279PF +-5%X 300VDC MICA 72136 BMISF271T0500WVICR
A IC139 U140--3047 9 CAPACITOR-FXI: ,01UF +100-0% S0VDC CER “nagi 01403847
AZ1C140 1360 3047 9 CAPACITOR-FXD .01L4 +100-0% HIVOD CLR 28480 0160-3347
AliCial Bi80- 1744 5 CAPACITOR-F XD 15UF+-107 20VDC TA 20L207 150D1SLX2020E2
AcIC142 N160- 3047 ? CAPACITOR-FXD . 01UF +1G0- 0% S0vdDg CLR 204459 2160 3847
AC10143 D1460--3047 9 CAPAGITOR--FXD .G1UF 4100 0% S0VLC CER 284890 0140 -3047
A1C144 0180- 1861 - CAPACITOR-FXD TVUF+-10% 19VDE TA BEZBY 150DE7EXT0 D HE
A ICLAY B180-1748& ) CAPACTTOR-FX0 1DUF+-10Z 2eVDE TA 506839 150DISXT020E2
AZICT1HD 0160 -FHB7R 7 v CAPARTITOR-FXD . G1UF +-aD0% 190YDC CER 48480 21460 -3979
AZ1C163 51603847 ? CAPACTITOR-FXD (DIUF +180--0% S50VDHC 20400 G16G--3347
A2101464 M an-3B47 ? CARPACLIOR -FXD . 81U w100 0% TOVOO 2400 01 60- 3847
AR1C16Y Ny 603047 G CAPACITOR- XD L O01UF +180-0% H0YDE w3480 0i&ED 384V
AteLen D1&0-22 04 0 CAPACTTOR-EXD 100PF +-5% J00UTC MICAH SBALT 160-2204
a2ICI 6% 0 60~3647 9 CAPANTTOR-FXD . GIUF +100-0% SOVDC QER 28490 0160 -A847
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ARICI7 B180-1744 13 CAPACTTOR-FXD ISUF+-10% 20VDC TA S62B7 150D156X020E2
AM1C173 g1ai-n2:28 & CAPACITOR-FXD ZZUF+-10% 189VDC TA 562839 1500226X201 502
AZICLE74 014602204 @ CAPARITOR-FXD 100PF +--D% 300VDC MICA 20400 3140 -2204
AIC17H 01460-0%71 0 1 SAPADTITOR-FXD 474PF +-20% 100VEC CER 28480 01680571
AZ1C177 B1&0-3877 7 CAPACTTOR-FXD . DLUF +-20% 100vDE CER 28480 N160--3879
ACR1E178 01460-3047 g BHPACITOR-FXD L 01UF +100-0% S0VDC CER 20460 01603347
AZI1CI 79 01&60-403410 & 1 CAPACYTOR~FXD 1000PF +4-5% 100VDC CER 253480 01460-4040
AICIBY B163-22D4 1} CAPACITOR-FXD 100PF +-5% JL0VDC MICAH 28480 01402244
ARICIOR B1a0-4441 1 1 CAPACITOR-FAD 4%UF +-10% SOVRC CER 28480 014650-~4441
AR1C1S3 01469-0127 2 K LAPAZTTOR-FXD 1UF +-20% 25VDL CER ApaB0 Qt&0-03R7
ArIG184 316038347 ¥ CAPABITOR-FXD L G1UF +105-D% GOVYDC CER 213480 0160-3B247
ASITIA% d16t-5047 9 CAPARITOR-FXD . @1UF +100-8% S0VDC CER 28480 0160~3847
a210186 Ni&40--3847 2 CAPACITOR-FXD .01UF +148--0% S0VDC CER 23480 4160-3047
A2IC1BY PLAH0-3347 ? CAPACITOR-FXD ,91UF +104--8% S0VDC CER 2Ba8y 014603847
AZTC1EE 01469--0127 rid CAPACITOR-EXD 1UF +-20% 2%VDT CER 2E4B0 J1e0-0127
AR1C190 01404571 a CAPACTITOR-FXD ,1UF +30-20% S0VDC CER 283480 G160--4571
ARIRIRE DiHn-3876 4 1 CAPACTTOR-FXD 47PF +-20% 200vVDE TER 28480 $160-3878
ARIC194 01604283 9 hid CAPACITOR-FXD 1COPF +--D¥% A00VDC CER T1442 150--100--NPG--101.T
AZICLRY 160 -4283 ? CAPACITOR-FXD 108PF +-%% 230VDC CER S1842 150-100~NP 01047
ARTCRT 190t -0040 1 DINDE--BWITCHING 30V 50MA 2NS DO-35 28430 1901--0040
ARICR2 1901-0040 1 DINDE-GUITOHING 30V HidA 2NG DO-35 28480 17010040
AR1CRS 1907 ~0518 a DIDDE~3M SI6 SCHOTTRY 20480 1981-0518
ARICRA 12010518 B DIODE -3M BI6G SEHOTTHY 213485 1791-0%18
AR ICRYE 19010040 1 DIODE-BWITCHING 30V TOMA 2NS DO~35 28490 1901--0040
159020777 3 DIODE~ZNR INBES &. .2V 54 DO-7 Ph= .4l 04713 1NB25
19020777 3 DIODE~ZNR 1ND25 6.2V 5% LO~7 PD=,4W 04713 1NG25
; 1901 ~0%18 B DIODE--5M BIG BCHOTTKY 28400 19010918
AR1ERYS 1P01=-0018 a8 DIDDE-SM SIG SCHOTTKY 284840 12010518
AZ1tR11 1010049 H DIORE-SGWITCHING 30V S0MA 2MS D035 28480 1281--0040
AZICR1E 19010040 1 DINPE~SWITCHING 30V S0MA 2NS DD-35 28489 1701 -0040
ARICRLS 1901-0048% ] DIODE -BWIVCHING 30V S0MA 2NS DO--35 20480 1901-0040
1901-0040 1 DINDE-SWITCHING 30V S0MA 2ND DO-3T 26480 1701-0048
LR17 19023054 5 1 PIODE -ZNR 3. 65V 5% LDD-35 PD=.44 FB4BD 1212-3054
AR1CRIR 1902-00464 1 2 DIDDE~ZNR 7.5V T4 DO--35 PDe=, 4W TOw=r, 0924 28480 1902-0064
HP1LR1Y 19920064 1 FeZNR 7 BV HE DO-3T P, 4W TC=+, 057 ZR4BD 19030064
AR1GR2D 1901-0040 1 BWITCHING 304 S0Ma 2NS D035 20480 19010040
AZTCR1S1 133230830 7 -ZNR I, 01V 5% DD-7 PD=,4W TC=-, 167% 28400 19023030
ARLCRT (1 1901-0518 B SM GIG SCHOTTKY 28481 1201 ~0518
A2ICRIHT 1704 -0040 1 GWITCHING 30V S0MA 2HS D035 20480 190100490
ARLCRIGS 1201-0518 B DIODE-SM SIG SCHOTTIY 28480 1961-05182
AZ1CRIGA ni2p-0089 G DIODE-VIE BYPF 10% CE/C2T-MIN=D RUR=IY NA4A713 My109
AP ICR1&N 1901-0518 a PIODE-GM BIG STHOTTKY 20480 1901~-0518
ARICR 1466 niza-oees 3 DIODE~UVC 298K 10% C3/CR5 MIN=TG BUR=30V 24713 Y109
alldl 1251~ 65467 0 CONNECTOR 21~PIN M POST TYPE 28480 12514567
AL TBLG 0298 A 1 NETWORK-RESISTOR 16 PIN DIP; RES Z8480 1810 -02%4
A21IB 18 o969 8 CONNEDTOR-PHOND SINGLE PLOND JADK; DIP 284840 12512969
AZTTIS 1251 -2969 2] COMNECTER-PHOND BINGLE PHOND JhCk; DI #8400 12512959
EVAREYS 1251 ~2Pp5 a CONNECTOR =PHOND SINGLE PHOMD JALK; OIP 2480 12%1-296%
AZLTLI7A 1256 1~2949 8 33 CONNECTOR -PHOND SINGLE PHOND JACK; Dif 284380 LES1-PRED
AZ1IL7R 12512909 2] CONNECTOR-PHOND SINGLE PHOMO JACK; DIP An400 1R -296%
A2LTIEA 1251 2069 £ CONNECTOR-PHOND BINGLYE PHOND JACK; DIP 26480 182512969
AR1I1BR 1251 -DP0HY o COMNECTOR-PHONG SINGLE PHONO JACK; DIP 204010 1251 -296%
ARILY FLON-16H22 7 INDUCTOR RF-EH-MLD 24UH B% . 166DX.3B5HLG 213480 10015622
AL G¢100-1622 7 INDUCTOR RF--CH-MLD 24UH 5% ,166DX, 385LC 20480 FLOB-1622
A21LSE 101771 1 ITNDUCTOR 290NH 29% ,23DX.375L6G 213489 Ri00--1791
aril132 GLAR~1791 1 INDUGTOR 220MW 287 . 23D0%., 375LG 2a4a80 P100-1791
G170 324 1] CORE-SHIELDING EEAD 20480 4170-0B%4
AZ1161 P100+179% 1 INDUCTOR 290NH 20% 23D, 3756 23480 F140-1791
ARTLIAE #140--0460 3 1 co e 3%1NH-42YNH (=120 PC-MTE 20480 #140~-0460
A1L163 G1L0)-pBER 3 THD! DR {MYIBE IFEMY 28480 21000539
ARTLIOS 1400349 7 INDUCTOR RF-CH-MLT 1,148 S% ,166DX, IBOLG “babo F140-034%
10530440 13 TRANDIBTOR PR ST TD-P2 PD=625HMW 04713 Mp ol
1] TRENSISTOR PNP S TO-22 PD=OAGMU 04713 2
#4183 =) 3 TRANSTSTOR NPN 2N5179 S1 TO-72 PL=DG0MY 04713
A2104 i TRA 5T0R PNP 5T TO-92 PD=L2OMK 14713 &
ADTRE 5 TRAMSIGTOR PNP ZN4917 SL PD=200MW 273263 A7
AR B7 5 TRANSTHTOR PNP 2N4917 S1 PD=R2I0MM 07263 L
AR1E8 % TRANSISTOR PNP IN4AFI7 6§51 §7263 oHNAY1LY
Qe o] @ NPN ST TO-92 PO 1RG54--0E%8
A21810 i) PNP 2N4917 51 PI PNAPLT
AL B NPN ST TD-92 PD=310MK 1854 DR
ARz T TRANSTIGTOR PNP PR4917 &1 PL=208MW B70263 2NGF1T7
ARIRLE ] TRANSISTOR NPR 51 TO-72 PD=310MW PRand
AR1@la a9 NAp S1 TO-22 PD=310MW 284840
ARG 3 HPN 61 TD-22 PD=310MN 0401
ARIRL7 g 1 TRANGISTOR-JFET DUAL MN-CHAN D-MHOBE S1 28480
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A21F18 183%5- 0001 1 TRANGISTLR T-FET N-CHAN D-MODE SI a34B0
AR Y 1 TRANSIGTOR J-FET N- 2480
a21621 2 o TRANSISTUR J-FET P~ 28480
AR tH22 13540215 1 TRANSISTOR NPN ST PL=350MU FI=300MHZ 04713
AZIGEE 18540215 1 TRANSIGTOR NPN 3T PD=350MW FT=30 0kl 04713 2nN3via
ARZ1G24 18594-021% 1 TRANGISTOR NPH 61 PD=3G0MW FT=3LCHHZ 84713 HNZIPGa
1553 0DE? o TRANEISTOR PNP 2W4717 01 PD=20DMUY 7263 EN4TAY
18540219 1 TRANSISTOR NPN 81 P T=F0ORHT 14713 2MEP04
1055-0081 t TRANEIGIOR T-FET M- BT ZB4B0 10E5S- 0061
AR1INEB 10540296 9 TRANSISTOR NPN 9T TO-92 PD=310MW 28400 164 0294
ARTONY 10544296 2 TRANGISTUR NPH ST T0-72 PD=31{i1W “B4EY 10040296
AZ1a31 10530009 5 TRANSISTOR PNP 2N4717 §1 PD=200HW 07E63 2N4917
ARIG32 1854-0830 b 1 TRANSISTOR-DUAL. NPN PR=500 27914 LM374
AZ1RIZ 1855-0082 2 TRANGISTOR J-FET P-~CHAN D-MODE S1 20480 16550002
ATNB7 1854-321% 1 TRANSISTOR RON 81 PD=350MW FT=300nHZ 04713 2NER04
A214Q38 2 1 TRANSISTOR PMP G5 PD=310MW FT=4UMHZ 7014 2NTAT
A21E39 1 TRARSGIGTOR J FEY N-CHAN D MODE SI ZB3400 18550081
AR1Ra1 8 TRANSISTOR NPN SE TD-92 PhH=3LEMY 23480 18540276
A21QR42 : o) TRANSISTUR NPN SI TO-22 Pl 2480 1654 -02%96
AR1R43 19530089 5 TRANSISTUR PNP ENAR17 51 PD 07263 aMEPL7
AL1344 16330069 5 TRANGLGTOR PNP 2N4%17 31 PD=2000W 07263 284717
AP 1Q131 1033-0448 0 TRANSISTOR FNP ST TO-92 PD=L25HK 04713 M Gt
AIO132 1854-0071 7 TRANSISTOR NPN GI PD=300MW FT=230rMH2 2g441 1854-0071
AZIALS1 18%53-0448 0 TRANSISTOR PNP ST TO-92 PR=p2GHK 1A713 MPGHS T
ARLIRI 6D 15640 345 0] TRANSTHTOR NPN ZN317% 81 TO-72 rO=200Md 04713 SHEL 7Y
AZ1A163 13540345 3] TRANSISTOR NPN 2WE179 G TO-72 PL=210HW ©4713 aMG179
AZLA 64 16540345 B TRANSIGTOR NPN 2RE179 SI TO-72 PD=Z00HK 04713 2N51TY
AR1Q18S 1954-034% 8 TRANSISTOR NPN EN317% §1 TO-72 PL=200HW 04713 2NG179
ARIQTED 113%3-0448 ¢ TRANSISTOR PRP 51 TO-92 PL=625M4 BA713 MPS1H
AZIR 0757--039% 1 2 RESIGTOR 56,2 1% 1208 F TC=0+-100 24548 CA 1 /8- TO-SLREF
HRIRD 07S7--0419 9 3 REBIGTOR &B1 1% . 12%W F YC=0+~100 24546 Ca-1/8-Th -HBIR-T
AL IR B7E?-0417 0 RESISTUR ob1 1% 24546 Coel /8-TH-6H1R~-F
AZ1IR4 016034705 B REGIGTOR 47 % 01124 CRA70%
ARG 975704219 4 3 RESISTOR 820 1% 1254 F TC=0+-100 24745 C4-1/8-TE-B25R~F
AZIRY? 06BI~4715 0 RESLSTOR 470 5% .23 FC TC=-4080/4600 61121 Cr4a713
A21RE 04834705 8 RESISTOR 47 UL .284W FC TCx-400/+500 61121 CRa705
AZIRY 162834410 7 RESISTOR 196 1% .125% F TC=0+-100 ZATAbL CA-1/8~T0-19LR-F
AR1R1 06832205 ? RESISTOR 22 Sz .20W FC TC=-440/+500 01121 LR2205
A21R12 07570458 3 REBIGTOR 35.11K 1% 1200 F TCo0+-1090 24548 CA-L/8-Ta-B111-F
AZ1R13 07570438 3 RESISTOR H. 11K 1% 12450 F TC=0v-190 24548 Ca-1/8-TE~5111~F
AZIR14 07570419 k4 o RESISTOR 61% 1% ,128W F JC=04-102 24546 Ca-1/B-TN-61%R