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SAFETY SYMBOLS

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

ik
O,

vy rrryryy

P CAUTION 4

I

FET Y YRR RN

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
voliage 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 (¢arth) 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 1o the frame (chassis} of
the equipment which normally inciudes 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.

P —
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WARNING I

Maintenance described herein is performed
with power supplied to the instrument, and pro-
tective covers removed. Such maintanance
should be performed only by service-trained
personnel 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.
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SECTION V
ADJUSTMENTS

§-1. INTRODUCTION.

5-2. This section contains the procedures required to
adjust the HP 3325B to meet its specifications. These
adjustments should be used following repairs or if
performance tests indicate a deficiency.

NOTE

5-3. EQUIPMENT REQUIRED.

5-4. Each adjustment procedure lists the test equipment
required to perform that adjustment. All test equipment
required for adjustments is itemized in Table 5-1. Any
equipment that satisfies the critical specifications given
in the table may be substituted for the recommended

model.

Table 8-3 lists the adjustment procedures that
must be performed after repair of cenain

circtiits.

Table 5-1. Test Equipment Required for Adjustments

Equipment

AC/DC Digital
Volimeter

Critical Specifications

Recommended Model

AC Function:
1 V Range
Accuracy: £.5%
Resolution: 4 digits

DC Function:
Ranges: 0.1V, 1V, 10V, 100V
Accuracy: £0.05%
Resolution: 4 1/2 digits

HP 34554/3478A

Low Frequency
Spectrum Analyzer

Frequency Range: 1T kHz—50 kHz2
Amplitude Accuracy: +0.5 dB
Spurious Responses: 80 dB below
ref.

o

Resistor

1 k@

HP Fart No. 0683-1025

Electronic Counter

Frequency measurement: to 20 MH2
Agcuracy: 2 counts
Resclution: 8 digits

HP 53284 with Opt. 010,
040, and 041/5328B
with Opt. 010

Analog Oseilloscope

Vertical:

2 channel

Bandwidth: dc to 100 MH2

Defiection: 5 mV to 5 V/div div
Horizontat:

Main and Delayed Sweeps
Main: 60 ns 1o 0.5 s/div

Delayed: SO ns 10 20 ms/div

HP 1740A/TEK 2245

Frequency Standard
tfor Qption 001 onlyl

Frequency: 5 MHz
Accuracy: 1 x 10-9

HF 1058

10:1 Oscilloscope Probe

Impedance: 1 MQ, 12 pF

HP 100414100404

50-ohm Load Accuracy: = 0.2% HP 11048C
Power Rating: 1W
Adapter BNC-to-dual banana plug HP 1251-2277
High Frequency Frequency Range: 1 kHz - 80 MHz HP 141T/8552B/8553B/
Spectrum Analyzer Amplitude Accuracy: .5 dB BEEBA/BEEBA

Thermal Converter

Input Impedance: 504, nput
Voltage: 1vVrms, Frequency: TkHz
to 20MHz, Frequency Response:

HF $1050A/Ballantine
Model 13954-1 with cable

12577A Opt 10 PO Box 97

+0.05dB Booton, NJ 07005
Resistor 2008 1% 1/8W HP 0757-0407
Resistor 500 1% 0.5W HP 083858965
Resistor 132 1% 1/8W HP Q757-0380
Resistor 250 5% 1/4W HP 0883-2505
Resistor 1508 1% 1/8W HP 757-0284
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5-5. ADJUSTMENT PROCEDURES.

5-6. The Power Supply and the D/A Converter Gain and
Offset adjustment must be performed before any of the
others are made. It is recommended that all adjustments
be performed in the order given. Location of all
adjustments is shown on Figure 5-3 at the end on this
section. Remove the top and bottom covers to gain access
10 all adjustments.

NOTE

The metal stiffener channel on the deck be-
tween the printed circuit boards may be used
as circuit ground jor ali measurementis.

§-7 Power Supply.
Equipment Required: dc digital voltmeter

| WARNING I

AC power line voltage is exposed at the rear
panel and on the power supply assembly.

a. Connect a de digital voltmeter between the —15V test
point on the Power Supply assembly, A22, and ground.

b. Adjust the =15V ADJ (A22R352) for a voltmeter
reading of -14.970 to -15.030 V.

¢. Meagure the voltages at the + 15V test point and
+ 5V test point on A22. The reading should be + 14.970V
10 +15.030V and +5.010V to +5.070V respectively. If
not, readjust the -15V AD]J control to bring all three
voltages within tolerance. These voltages maybe adjusted,

out of tolerance by Paragraph 5-8 Step [, but it is not a

cause for concern.
5-8. D/A Converter Gain and Offset.

Equipment Requircd:

digital voltmeter (HP 3478A)
50 ohm load (HP 11048C)

a. Connect the 50 ohm load dircctly to the 3325 Main

Signal output connector on the front panel. Connect the
digital voltmeter to the 50 ohm load.

b. Place the 3325in Special Test Mode 51 by pressing
the following keys:

Shift DegmVrms  SelfTest 5 1

¢. Press the O key to set the 3325 10 0 Vdc,

d. Adjust DAC OFFSET ADJ (A14R40) for a
voltmeter reading of less than 5 mVdc. Press the 0 key
again to verify. Readjust A14R40 if necessary.

e. Press the . (decimal) key to set the 3325 to + 5 Vdc,

52
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f. Adjust —15V ADJ (A22R352) for a voltmeter
reading of +4.985 Vdc to +5.015 Vdc. Press the .
(decimal) key again to verify. Readjust 15V ADJ if
necessary.

g. Press the - (minus) key to set the 3325 to =5 Vde.
Verify that the voltmeter reading is between ~5.015 Vdc
and -4.985 Vdc.

h. Repeat Steps ¢ through g until all readings are
within the tolerances.

i. Press the Local key to exit Special Test Mode 51.
Two numbers are displayed for a moment, Both numbers
should be within the +20 to —20 range. If they are not,
DC Offset Accuracy may not meet all specifications.

5-9. Voltage Controlled Oscillator (VCO
Frequency).

Equipment Required: dc digital voltmeter

a. Connect a dc digital voltmeter to test point
A21TP11,

b. Set the 3325 frequency to 60 MHz.

¢. With a non-conductive tool, adjust VCO ADJ
(A21L162) through the hole in the metal cover for a
voltmeter reading of —2.990V to -3.010V.

d. Set the frequency to 1 kHz. Voltmeter reading
should be between +9.4V and+11.0V.

5-10. Analog Phase Interpolation (API).

Equipment Required:

low frequency spectrum analyzer
resistor 1 k{)

a. Set 3325 as follows:

Function ....... .. coiuraeiinnnn. Sine
Fregquency. ................... 5.003 MHz

b. Connect the low frequency spectrum analyzer input
through a 1kf series resistor to A21TP11.

¢. Set spectrum analyzer controls as follows:

Start Frequency. . ...... ... ...... @ kHz
Bandwidth....................... 30 H:z
Frequency Span............... 1 kHz/div
Display Smoothing. ................. Max
Sweep Time/Div................. 200 sec
Input Sensitivity.........covviauns 10 mV
Amplitude Reference............. Normal
Amplitude Mode. . ............. 10 dB/div
Sweep Mode.................... Manual
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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).

¢. Adjust the API 1 ADJ (A21R76) to reduce the spur
to a minimum.

f. Change the 3325 frequencyto5 000 300Hz

g. Adjust APT 2 ADJ (A21R74) to reduce the spur to
a minimum,

h. Change the 3325 frequencyto5 000 003 Hz.
i. Adjust API 4 ADJ (A21R88} to reduce the spur to

4 minimurn.

j. Set the 3325 to 5.003 MHz and rcadjust AP11 ADJ
(A21R76) to its minimum value. Also check the harmonic
distortion performance test.

5-11. 30 MHz Reference Oscillator.

Equipment Required: electronic counter

NOTE

The instrumen: must have been ON for at
least 20 minutes before performing this ad-
Justment.

a. Ifthe instrument has the Option 001 High Stabilicy
Frequency Reference installed, the rear panel connec-
tion from *10 MHz Oven Output’’ 1o “Ext Ref In”
must be disconnected.

b. Connect an electronic counter to the 3325 signal
output, using 50-ohm input termination.
¢. Set the 3325  as follows:
FUnCHOn ... ..o iiie i cmeaaneanns Sine
Frequency. ........coovimaeenannn 20 MHz
Amplitude. . ....ociiiii e 10 Vp-p

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

e. Adjust REF ADJ (A3R30) for a counter display of
20,000 000 MHz.

5-12. Option 001 High Stability Frequency
Reference.

Equipment Required:

oscilloscope, 2 channel
quartz frequency standard, 5 MHz

NGTE

The rear panel *'10 MHz Oven Qutput™ must
be connecred 10 “Ext Ref In"".

Adjustments

a. This procedure is for instruments with the Option 001
High Stability Frequency Reference. The instrument
must have been connected to ac power in cither
STANDBY (&) or ON (I) for at least 30 minutes before
attempting this adjustment. To minimize subsequent
drift, the instrument should be connected to ac power for
at least 12 hours before attempting this adjustment.

b. Connect the frequency standard 5 MHz cutput to
one veriical channel of the oscilloscope and trigger the
sweep from this channel.

¢. Set the 3325 as follows:

| 75 U 110 1 H R Sine
Frequenty......o.ovvuvnivvceeenan, 5 MHz
Amplitude. . .. ... ...l 10 Vp-p

d. Connect the 3325 signal output to the second
channel of the oscilloscope.

e. Adjust FINE ADJ (A9R7) 1o stop the 3325 signal
on the oscilloscope display. (The frequency standard
signal must be stationary and the 3325 signal as near
stationary as possible.)

f. If FINE ADJ does not have enough range, proceed
with Step g

g Adjust FINE ADJ to mechanical center.

h. Remove the screw from the Coarse Frequency
adjustment in the end of the temperature controlled oven
assembly (A9E1).

i. Using a non-conductive tool, adjust COARSE ADJ
to stop the 3325 signal on the oscillope (as near stationary
as possible).

j- Replace the screw in the Oven assembly and repeat
Stepe.

5-13. Amplitude Modulator.

Equipment Required:

oscilloscope
10:1 oscilloscope probe

a. On the rear panel, connect the MOD SOURCE
output to the AMPTD MOD input.

b. Using a 10:1 probe, connect the oscilloscope to
A3TP4, Set the oscilloscope input to ac coupled and the
sweep 10 5 ms/div.

c. Place the 3325 in Special Test Mode 52 by pressing
the following keys:

Shift DegmVrms  Self Test 35 2

d. Adjust Y-OFFSET ADJ (A3R60) to null out the
square wave signal on the display. Change the
oscilloscope vertical gain as necessary to observe the
signal.

5-3
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¢. Ground the oscilloscope input and zero the trace on
the center line. Sct the input to dc coupled.

f. Adjust OFFSET OUT ADJ (A3RG8) to return the
oscilloscope trace to the ceater line (0 Vdc). Readjust
OFFSET OUT ADYJ, if necessary, to maintain the null.

g. Press the Local key to exit Special Test Mode 52.
The message ARB CLEARED is displayed 1o indicate
that the Modulation Source Arb memory has been set io
the default value by this special test.

5-14. Sine Wave Gain-Offset,
Equipment Reguired: none

a. Place the 3325 in Special Test Mode 53 by pressing
the following keys:

Shift DegmVrms  SclfTest 5 3
b. Repeatedly adjust SINE GAIN-OFFSET ADJ
(A3R33) and press the Amptd Cal key until the number

on Lhe Jeft side of the display reads between -10 and +10.

¢. The number on the right side of the display should
read between 0.8200 and 1.000. If it is not within this
range, troubleshoot the sine wave amplitude control and
amplifier gains.

d. Press the Local key (o exit this special test. Two
numbers are displayed for a moment. Both numbers
should be in the + 60 to—60 range. If they are not, the DC
Offset accuracy with the sine wave function enabled may
not racet afl specifications.

§-15, Square Wave Gain-Offset.
Equipment Required: none

a. Place the 3325 in Special Test Mode 54 by pressing
the following keys:

shift DegmVrms SelfTest 5 4

b. Repeatedly adjust SQUARE GAIN-OFFSET ADJ
(A14R130) and press the Amptd Calkeyuntil the number
on the keft side of the display reads between-~10 and + 10.

¢. The number on the right side of the display should

read between 0.8200 and 1.000. If it is not within this
range, troubleshoot the square wave amplitude control
and amplificr gains.

d. Press the Local key to exit this special test. Two

numbers are displayed for a moment. Both numbers

should be in the +60 to =60 range. If they arc not, the DC -

Offset accuracy with the square wave fuaction enabled
may not meet all specifications.

54
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5-16. X Drive
Equipment Required: dc digital volimeter

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

b. Set the 3325 as 'follows:

Funclion . .........coiiiiiiinanrnens Sine
Amplitude. . ...l 10 Vp-p
Sweep Start Freq. .........oo ot ! MHz
Sweep Stop Freq........ovvivvt 10 MHz
Sweep Marker Freq..............., 5 MH:z
SweepTime. ... 0.999 sec

¢. Press RESET/START key t0 reset sweep to star
conditions.

d. Digital volimeter reading should be less than
20mV.

e. Adjust X DRIVE ADJ (Al4R6) to mechanical
center.

f. Press the RESET/START key once to initiate a
single sweep. At the end of the sweep the digital voltmeter
rcading should be + 10,450V to + 10.550V.

g 1f the reading is less than +10.450V, adjust X
DRIVE ADJ (A14R6) slightly clockwise; and if reading
is greater than +10.550V, adjust it slightly counter-
clockwise,

NOTE
The voltmeter reading will not respond to
adjustment of X DRIVE ADJ (A14R6). 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 < I mV per second.

h. Press RESET/START twice to initiate another
sweep. If necessary, readjust X DRIVE ADJ (A14Ré6) by
torning clockwise to increase voltage and counter-
clockwise to decrease voltage.

i. Repeat Steps g and h until proper voltage (+ 10.450
to + 10.550 V) is measured immediately following the end
of a sweep.

5-17. Amplifier Bias .

Equipment Required: high frequency spectrum analyzer

a. With the 3325 in its turn-on condition, set the
frequency to 10 MHz, function to square wave, and
amplitude to .999 Vp-p.



Mode: 3325

b. Adjust the spectrum analyzer as follows:

Center Frequency................ 50 MHz
Bandwidth,.................... 300 kHz
Scan Width. ................. 0-100 MHz
Input Attenuation................. 40 dB
VideoFilter. ..................... 10kHz
ScanTime................... 10 msec/div
Log Reference Level. .. +10dBm, 10dBLOG
A5 4111 -5 dBm
ScanMode........ooiieiii i INT
Scan Trgger....ooivvvreivneenen. AUTO

¢. Connect the 3325 signal output to the spectrum
analyzer input. Do not use a 50 {2 feed through termina-
tion.

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

e. Adjust BIAS ADJ (A14R275) to minimize the
20 MHz second harmonic. Ii should dip sharply to
>34 dB below the fundamental.

5-18. Ramp Stability.

Equipment Required: oscilloscope, with delayed sweep
a. Connect the 3325 Main Signal output connector to

the oscilloscope vertical input. (Do NOT use a 10:1

probe.) If the oscitfoscope is an HP 17404, sct 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.

b. Set the 3325 as follows:

Function............ Positive Slope Ramp
Frequency........oovveeeriennn. 100 Hz
Amplitude. ...... oo, 10 Vp-p
¢. Set the oscilloscope as follows:
Vertical .....coviivvniniiinnninns 2V/div
Main Sweep . ......... . e 2ms/div
Delayed Sweep .......ooiivvnn.. 20uS/div
Trigger .. .covii i iiai e, Negative
Delay ..ooir i i e Mid Screen
Display ....cvvr i i iirreeienes AorB

(Do not use ALT or CHOP)

d. Set the oscilloscope to delayed sweep. Adjust the
deiay 10 see the ramp reset jitter and read the positive
ramp jitter in microseconds.

e. Press the Negative Ramp function on the 3323,

f. Change the trigger on the oscilloscope 1o positive and
note the negative ramp jitter in microseconds.

Adjustments

g. Bump the 3325 frequency to 99.999999H2z and read
the ramp jitter in microseconds.

h, If any of the above readings exceed 60us, adjust
RAMP ADJ {A14C110) to reduce the jitter.

i. Repeat the ramp jitter measuremenits of Steps d and
f, adjusting RAMP ADJ as nccessary to reduce the jitter
to 60us or for the best compromise between the two,
NOTE

If ramp jitter cannot be adjusted satisfactor-
ily, troubleshoot the ramp generating circuitry
fService Group J).

wa

Figure 5-1. Ramp Reset Waveform.

5-19. Amplitude Flatness.

Equipment Required;
1 Vrms 5002 thermal converter
digital voltmeter
resistors 2000} 1% 1/8W 50§ 1% 1/2W
130 1% 1/8W 250 5% 1AW
1500} 1% 1/4W
a, Set the 3325  as follows:
FURCHON « oo vvme v, Sine
Amplitude ...................... 10Vp-p
Frequency .............coiiviiann, tkHz

b. Connect the 3325 signal output {through the
10Vp-p pad and thermal converter) to the digital volt-
meter (see Figure 5-2a).

CAUTION

Insure that the inpur voltage to the thermal
converter does not exceed 1Vrms. Also for
best results, allow the thermal converter time
fo settle and adjust ro swurrounding tem-
peratures,

¢. Note and record the dc¢ voltage reading on the volt-
meter. This is the flatness reference voltage.

d. Set the 3325 frequency to 20 MHz. Using a
nonconductive tool, adjust 20 MHz FLT ADJ (A14C217)
to obtain the same reading as recorded in Step c.

e. Set the 3325 to 10 MHz. Adjust 10 MHzFLT ADJ
{A14R142) to obtain the same reading as recorded in
Step c. Repeat Step d, adjusting  as necessary.
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Adjustments

f, Set the 3325 to 16MHz. The voltmeter reading
should be within +0.15mV of the reference recorded in
step ¢. If not, decrease padding capacitor A14C101 using
the capacitors shown in Table 5-2. Repeat steps dand e.

g. Set the 3325 to 20MHz. Bump the frequency down
to IMHz in iMHz steps. Note the dc voltage at each fre-
quency and insure that it is within +0.15mV of the refer-
ence recorded in step c.

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 3325 amplitude to 3.0Vp-p.

j. Replace the 10Vp-p pad with the 3.0Vp-p pad (Figure
5-2b). Repeat steps d and g. If a voltage measured in step
g is out of tolerance, repeat the amplitude flatness ad-
justment with the 3325 at both 10¥p-p and 3Vp-p until
all voltages are within tolerance.

CAUTION
Insure that the input voltage to the thermal
converter does not exceed IVrms.

5-20. Mixer Spurious Signal.

Equipment Required: high frequency spectrum analyzer

a. Set the 3325 as follows:

Function .......c. i iveerivcnmnarsan- Sine
Amplitude. . ............... .. 0.999Vp-p
Frequency ........cooveeveeonne, 20MHz

Modet 3325

b. Set the spectrum analyzer as follows:

Center Frequency .............. ... 10MH:z
Bandwidth ...... ... iiini s, 30kH:z
Sean Width. . ... ... ... .. 2MHz/div
Input Attenuator. .. ........o.voiunen 10dB
Scan Time.............. ... oot 20ms/div
Log Ref Lavel .. ..................... 0dB
Vernier ......ccovvvmmmnaninnnsnnn - 10dB
Seale. ... e, 10dB log
Video Filter .. ... ... oiuiiinn, 10kHz
ScanMode..........co i, Int
Scan Trigger .....covvineiniiail, Auto

¢. Connect the 3325 signal output to the spectrum
analyzer’s 5011 input.

d. The 2:1 mixer spur should occur at 10 MHz. Using
a non-conductive tool, adjust MXR ADJ (A3R115) uatl
the 2:1 spur is at a minimum. Check the VCO/2 spur at
5 MHz.

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 below the desired signal.

Table 5-2. Padiing Values

A14C101
68pf -hp- p/n 0140-0192

At4C103

130pf -hp- pin 0140-0195
75pf -hp- p/n 0160-2202 140pt*-hp- pin 0140-0217
B2pf*-hp- p/n 0180-0145 150pf -hp- p/n Q140-0196

*Loaded Value

10Vp-p Pad

Digital Voltrneter

—

IN ouT

630 |
| Converter

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

1800
Thermal

y Digital Voltmeter
-
e E J]m 1
' -
el == & . o 3Vp-p Pad
3325 u [_ B8y ouT

i A — P vison
| 1500 | Thermal
! | Converter

_ Figure 5-2b. Amplitude Flatness Adjustment (3Vp-p Pad).

5-6



3-Tr58

Figurs 3. Locaiior of Adjustments.

Al
033Z5-845 )
REY O

=H

oo L
o @ # 'g};: . -

\ |5t
H sl BTy
] | B
LA E Y
s ¥z 33
T Va1

1o
W

a3
0ITL5-84509
REY &

PTT R
£

4 L g
e

5

T,
.

|
&
f

AZ2

A
A26
ATS B AZS
-
| - L1
L~ ]
Al
Al
A8 1‘

a2l

TOP ¥WEW

BOTTOM VIEW
ASSEMBLY LICATIONS

FRONT OF
lNSTRrIENT




Section VI
Replaceable Parts



SECTION VI
REPLACEABLE PARTS

TABLE OF CONTENTS

Paragraph Page
6-1. INUTOAUCHON . ... .o ittt it ce et ama et 6-1
6-4. Ordering Informmation . .......vvtiinereeineernreraneerorsennanaeanaananan 6-1
6-6. NON-LiSted Parts . ....ouvvrniriirnanareeeensssnancsssesssssnnsrssssnosss 61
-8, PIODIEtArY PaIlS ..\ vteeeieiiiieriansssrsnssnesssssssssonssssssssssanses 6-1

6-10. Printed Circuit Assemblies ... ...covvttiit ittt e e 6-1

LiST OF ILLUSTRATIONS LIST OF TABLES
Figure Page Table Page
6-1. Locationof Parts . . ... ........ 6-28  6-1. List of Abbreviations ........... 6-2

6-2. List of Manufacturers ....... .62
6-3. Replaceable Parts List .......... 63



_ Model 3325 Replaceable Parts

SECTION VI
REPLACEABLE PARTS

6-1. INTRODUCTION.

6-2. This section 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 guantity used in the instrument {(Qty colummn). 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.)

¢. Code for manufacturer of the part. (See List of Manufacturers in Table 6-2.)

d. Manufacturer’s part number.

. 6-3. Miscellancous parts are listed in Table 6-3 following their respective assemblies.
General miscellaneous parts are listed at the conclusion of Table 6-3.

6-4. ORDERING INFORMATION.
6-5. To obtain replacement parts, address order or inquiry to your local Hewlett-Packard
Field Office. (Sce List of Office Locations at the end of this manual.) ldentify parts by their
Hewlett-Packard part numbers. Include instrument model and serial numbers.
6-6. NON-LISTED PARTS.
6-7. To obtain a part that is not listed, include:

a. Instrument model number.

b. Instrument serial number.

¢. Description of the pan.

d. Function and location of the part.

6-8. PROPRIETARY PARTS.

6-9. Items marked by a dagger (1) in the reference designator ¢olumn 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.
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Modet 3325

Table 6-1. List of Abbreviations.
ARBREVIATIONS
Ay siheer M7 heety icvciels) oer moondt  NPO . e P TI iand
A, i Imamuumcommn SFOT .. ... .. GeeDDOMN OOuDN-Thidw
P o .. . wide hwmeter 1 . amomcondly s 10T meonen  SPST .. L. ... .. snghe Dok SO Thecer
Ay, mpg . . [Tt noi separaity Dl
wed ancangexant Te . .. o . iy
L. L mgulsvonled 12 . ahmig WC. . L vemoevmire corttasemd
cer . o L lorder by omcription T3 .. . . ... . IR T
coed (1A . kiewmist 1 103 ohms. OD . | Gutpade T B0 . e o -ty
som [ . kiloherty + 1073 merir L D werance
[ Q.. .. R - S 7. JARDIUREIPPIP  JL s
oy L. . Lonductor P, . oamperety  TETA .. rawiod
I . AL LB - printed circuit
oo . . cMpotited 04 . . L. OgMithrS gt BF Cprotmmn: W02 leats V. L L I T
pROT . L Mwomu.mrm [N L. pMEES PeTSE wORIBGE  wlkwr . ummmcmtmmm-m
DRST .. ... .. .... oouplepolevioginthrow ™ ...mmnmmu-rwmn pa L peot e Lo L. bl
MMz , megaherty = 10°G pery pos . poutonls  wew ... Mectwm: mqm
stecr .. tlectroiytic MR m-wnmm W05 ghems ey
Lt . encagiukated  meriim . L. e film pel W e . il
mir . manulmure  pR . L wf oL L., etk
F.o. . . terpgin ™ . .. millaatond PR pﬂﬂo«mll-m L . wkwlmu-dup
FET .......... Tl elbest wansinoe g - mognteq  pree wio ~
ug eieaen L meg  mV . m-ll-uoltlsl 190+ vakts Lang werm i by Mndior roterance) v . .. .—'nnwu
W . - mecrolasdigl
Gamt o gallium awnrde M. L - L mtrosmanaly R . MrsiTbor
GHx ... ... wm.,..o‘sm‘, W mecrovanisy = 108 ey Rh IR .
- e L quidtedl R O PO oo -mepvazeare T - - . Oolimem valor SCH 3 TaCtory.
Ge . . g mEnan ot L - MLy mmm:mmcmhmtwr
o | growngieal  ~A nanoanpirgl 31 1 109 amperm L. PO HSNGND Dy(E TmGe Fregned
N . Aoy =qud Se - T aeecie o SCL Tyget
L] | maneylagl  Me net wctioniy
Mg o .. marcory MO nuwvoﬂn T shcon @ Dhrport dr NevROury
OESIGNATORS
A, amembty FL fmer O wantape TS [Pr T T
a.. L. .mbtgr R . meas OCA ALArOr e L LT T
81 . oamery IS . L wtagraidd cogyn R L wituum lnb' mhlw ehe
c ..., | . capacitor . en AT L thermrastes W . .. c¥nke
€A o o W teley 5 ach X . m«
(=1 R - T T wnrtustor T . wandormer XDS .m
[ = - e . . lamp W mater THE e oMo XF [
E.oconv. L omia electrOn Dart  MP L machemcal part T Ihermeounie oL eynal
F, R L slug TP Wit pount T ArwOrk
Table 6-2. List of Manufacturers.
L M
: No. Manufacturer Mame Aiddsess
; 28480 HEWLETT-PACKARD CO PALO ALTQ, CA 94304
P 00493P0L UNITED CHEMI-CON INC ROSEMONT, IL 60018
! D0745PM ROHM CORFP IRVINE, CA 92714
. 01136101 ELCO INDUSTRIES INC ROCKFORD, IL 61101
: 01452P01 SANGAMO WESTON INC PICKENS, 5C 29671
i 01468F01 STETTNER & CO FRANKLIN PARK, IL 60131
' 01698F01 TEXAS INSTRUMENTS INC BEAVERTON, OR 97005
\ 01887P01 FERROXCUBE CORP CANQGA PARK, CA 91304
: 02010P01 AVX CORP MYRTLE BEACH, 5C 29577
_ 02037P01 MOTOROLA INC BELLEVUE, WA 98005
'[ 02123P01 EG & G INC SANDIEGO, CA 98123
02237F01 FAIRCHILD SEMICONDUCTOR CORP BELLEVUE, WA 98005
02367F01 CORNELL-DUBILIER EL ECTRONICS NEW BEDFORD, MA 02741-99%90
02995P01 MEPCO/CENTRALABINC - WEST PALM BEACH, FL. 33407
03273P01 GOWANDA ELECTRONICS CORP GOWANDA, NY 14070
03316P01 SPECIALITY CONNECTOR ?0 FRAMNEKLIN, IN 46131
03334P01 NV PHILIPS ELCOMA _ SMITHFIELD, R102917
0340601 NATIONAL SEMICONDUCTCR CORF BELLEVUE, WA 938004
03418701 MOLEX INC DOWNERS, IL 60515
: 03744P01 BOURNS INC RIVERSIDE, CA 92507
: 03923P01 SIEMENS CORP ISELIN, NJ 08830
04200P01 SPRAGUE ELECTRIC COQ VANCOUVER, WA 98684
04309701 UNIVERSAL INSTRUMENTS CORP CONKLIN, NY 13748
- 04568P01 BECKMAN INDUSTRIAL CORFP FULLERTON, CA 92633
f 05176P01 AMERICAN SHIZUKI CORF OGALLALA, NE 69153
05524P01 DALE ELECTRONICS INC YANKTON, 5D 57078
05826FP01 AMER PRCN IND INC EAST AURORA, NY 14052
08113P01 KAHGAN ELECTRONICS CORP HEMPSTEAD, NY 11550
09532P01 TUSONIX TUCSON, AZ B5740-7144
09939101 | MURATA ERIE NORTH AMERICA INC STATE COLLEGE. PA 16801
L1359D0) l PRIEBE ELECTRONICS REDMOND, WA 98052
|
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Table 6-3. Replaceable Parts

Reference HP Pant c De . Mir. M

. r. Part Number
Designation Number o Gty scription Code
Al 03325-45503 L] 1 | PC ASSY.SKG-SCE 28430 03325-§6503
AC1 0160-6506 3 4 | C-F .1UF 20% 50V CERMLr 09933P01 | RPEI21-5TOZ5UT04MS0V
A3C2 0160-3847 9 34 [ CAPACITOR-FXD D1UF +3100-0% SOVDC CER 02010P01 | SAIOSC103KAA
AICLCA 0160.0362 7 2 | CAPACITOR-FXD 510PF +-5% 300VOC MICA 01452P0
ANCE 01603847 9 CAPACITOR.FXD .01UF +100-0% SOVDC CER 02010P01 | $A10SCT103KAA
AT 01802204 o t | CAPACITOR-EXD 100PF +-5% 30MVDC MICA 0145201 | DIS3E101Y
A3Ca 0180-0228 & 1 | CAPACITOR.EXO 22UF 0% 1SVDC TA 04200001 | 150D228X9015B2.DYS
A 01606508 3 C-F .1UF 209% S0V CERMLr 0393500t | RPEI21-S7HZ5U1 0AMSOV
A1 01600174 9 1 | CAPAGITOR.FXD ATUF sBO-20% SOVDC CER D4200P01 | 2072547470504
A2 0140-0191 8 1 | CAPACITOR-EXD 56P¢ 2% 300vDC MICA 02367P0t | CDASEDSS0.03C
A3C13 0140-019% 6 1 | CAPACITOR-FXD 240PF +-5% 300VDG MICA 02367P0)
ACH 0160.60T4 a 1 | C-F 20PF 5% 500V CERTEr oos3ae0t | 301 089 COGO 2000
AXCIE17 0160-3847 ? CAPACITOR-FXD..01LF +100-0% SOVDS CER 02010801 | SAI05CI0IKAA
AICIB 01400204 4 1 | CAPACITOR-FXD 47PF +—5% S0UVDC MICA 02367P01
AIC1S 01603847 9 CAPACITOR-FXD .O1UF + 100-0% SOVDS GER 02030P01 | SA105C10IKAA
A0 0160-8667 g 2 | C-F 6.2PF % 500V CERTEr 09538P01 | 301 0B COHO 629C
AIC21-22 0180-0197 : 2 | CAPACITORFXD 2.2UF+10% 20VDC TA 0a200P01 | 1500225%9020A2-DYS
A3C23 O1B0-174% 5 7 | CAPACITOR.FAD 15UF+-10% 20v0C TA 04200P01 | 1500158%302082.0vS
A3C24 0160-6506 3 C-F .1UF 20% 50V CERMLr nesagr0t | mRPE121-378Z5U104m50v
A3C26.29 0160.3847 9 CAPACITOR.FXD .01LF +100-0% S0VDG CER 02010P0% | SAICSCIO3KAA
AICH 01680-0229 7 1 | CAPACITOR-FXD 33UF+-10% 10VDC TA 04200P01 | 1500336XS01082-DYS
A3JC32.33 01890-1748 s CARPACITOR.EXD 15UF+10% 20VDC TA 04200P01 | 150D156X902082.075
AIC34 01603847 9 CAPACITOR-EXD O1UF 4+ 100-0% SOVOC CER 02000P01 | SAI0SCI0IKAA
A3C36.39 D160.3847 9 CAPACITOR-EXD 01UF +100-0% S0VDC CER 02010P01 | SA10SCI0ICAA
A1 0180-3847 9 CAPACITOR.FXD O1UF +100.0% S0VDC CER 02010P01 | SATOECI03KAA
A3C42 0160-3520 s 1 | CAPACITORFXD 75PF +- 1% 100VDC MICA 01452001
A3CA3 0160.6069 % 1 | ¢.F 7.5PF 9, 500V CEATBr bes38enL | 301 589 SOHO 7550
A4 0160-6870 4 1 | &-F 0.2PF %, 500V CERTRY 45536P05 | 201 089 COHO B2SC
AIC46 01603847 o CAPACITOR-FXD G1UF +100-0% 50VDE CER 02010001 | SAI0BCI03CAA
AC4T 0160-3085 7 1 | CAPAGITORFXD S510PF +-19% 300VDC MICA 014520t1
A3ICAE 0160-2199 2 1 | CAPACITOR-EXD 30PF «-59% J00VDC MIGA D1452P01
AICAS 0160-3547 9 CAPACITOR-FXD QIUF +100-0% 50VDC CER 02010P01 | SA105C10IKAA
AICS1-53 0160-3847 9 GAPACITOR-FXD .0UF +100-0% S0VDC CER 02010POT | SATQ5GT0IKAA
A3CSE Q160-3847 s GAPACITOR-FXD .01UF +100-0% 50vDG CER P2010P01 | SAICSCI0IKAA
A3C57-58 0160-6845 7 C-F 22F 5% 500V CERTEY 05538003 | 301 0B COGO 2200
A3CS9 0160-3847 ] CAPACITOR.FXD .01UF «100.0% SOVOC CER 02G10PIY | SA105CTO3KAA
AJCE1 0160-3847 ] GCAPAGITOR.FXD G1UF 4100-0% S0VDG GER 0ZO10PO1 | 5A105C103KAA
AICT0N 0160-6506 3 C-F .1UF 2076 SOV CERMLr $9929P01 | RPE121.97BZ50104050v
A3C102.103 01603847 9 CAPACITOR.FXD .01UF +100-0% 50VDC CER 0Z010PO1 | SA10SCI0IKAA
AXC104 0180-1746 5 CAPACITOR-FXD 15UFs-10% 20VDC TA 04200P01 | 1500156X902082.DY5
AIC106 01560-6867 9 C.F §.2FF % 500v CERTEr 03536P01 | 301 089 COHO 629C
AIC14T 0160.6850 0 t | C-F 24F 59 SDOV CERTBr 08538P01 1 301 089 COGD 240,
AC108 O180-1748 5 CAPACITORF XD 15UF4+-10% 20VDC TA 0420001 | 1SO0D15EXS02082 DYS
AJC105 €160.2293 7 1 | CAPACITOR-FXD §1.5PF +-13 SG0VOC MICA 02367001
ACI1 01602063 1 1 | CAPACITOR-FXD 18PF +.5% SO0VDC CER (e-20 01480P01
AIC112 0166.2372 2 1 | CAPACITORFXD 4TPF .25 300VDC MICA 02267501
AC1IZ 01806872 £ 1 | CF 13PF 5% 500V CERTEr 09538°01 | 301 089 COGD 1304
A3C114 0160.2372 3 CAPACITOR-FXD ATRF - 2% 300VDC MICA 02357001
A1 01201746 £ CAPACITOREXD 15UF+-10% 20vDC TA 04200001 | 150D156xX902082-DYS
AIC1IT-119 0160-3647 § CAPACTTOR XD .01UF +100-0% 50VDC CER 02010P01 | SA30SC103KAA
AXC120 0160-6861 3 3 | CF 3PF % 500V CERTEr 0I536F0Y | 301 085 COJD 309
A1 0140-0190 7 4 | CAPACITOR.FXD 39PF +.5% 300VDC MICA 02367P01
AN122 0160-6865 € ¢ | &F s.epF % 500V CERTEr 0S538P0F | 301 0BS COHO 568C
A3C123 0140-0t50 7 CAPACITOR.FXD 39FF +-5% J0OVDS MICA 02367P01
AN124 0160-6861 3 GF 3PF --% SO0V CERTEr 03538P0 | 301 0B COJD 20C
A3C126 0140-0150 7 CAPACITOR-FXD 39FF +-5% 300VDG MIGA 02367P01
ANI2? 0160-6066 8 C-F 5.6PF «% SO0V CERTEY 03538P01 | 30t 089 GOMO 569C
A3C128 0140-0150 7 CAPACITOR-FXD 39PF +-5% 300VDC MIGA 02357P01
AIC129 0160.6861 3 C-F 3°F —% SO0V CERTEr 03538P01 | 301 0BY COJD 309C
A3C151.154 0160-3847 9 CAPAGITORFXD CIUF +100-0% 5QVDC CER 02010R01 § SA10SCI03KAA
A3CI5E 0160-3847 8 CAPACITOR-FXD .01UF «100-0% SOVDC CER 02010P01 | SA105C103KAA
AIGI5T 0180.1746 5 CAPACITOR.FXD 1SUFs-10% 20vVOC TA 04200R01 | 150D156X902082-DYS
A3C158 01603947 3 CAPACITOR-FXD . 0YUF +100.0% S0VDC CER 02010P01 { SA10SCI03KAA
ASCRI.2 18070040 1 2 | DIODE.SWITCHING 30v S0MA 2GS DO-35 02237001
ACRI4 1901.0818 € 4 | DIODE-SCHOTTKY SH SIG 26400 15010518
AXCRE 1902. 3149 g 1 | DIODE-ZNR $.08V 5% DO-25 Pha W 02037P0

See introduction 1o this section tor ordering information

* ingdicates 1actory galected values



Table 6-3. Replaceable Parts

Reterence HP Part c Deseription Mir. Mt
v . r. Part Number
Designation Number D Qty Pt
ANCRT 1902.3030 ? 1 | DIODEZNR 3.01V 5% DO-7 POw.AW TC=-067% QZ037PO1
AcAg 01200162 5 1 | DIODE-WWC 29PF 10% BVR=30V 03334P01
ACRI0 19020028 4 1 | DIODE.2NR 1OV 5% 00.35 Pl AW TCus 06% 02037P01
ACRIN-IS 1901-0518 8 DIOOE-SCHOTTKY SM 28480 1901-0518
AZCRIO 160€. 0207 2 1 | DIODE-MATCHED 28480 1906-0207
ACFI02-103 19010526 g 2 | CXODE-SCHOTTKY SM SIG 28480 19010535
A3 1252-2407 1 1 | COM-HEADER 21 CONT L1359001 | LCW.121.08-G.8.286
A2 12594022 § 1 | CONMPOST TYPE . ADG-PIN-SPCG 3-CONT 03418P01 | 22.03.2631
A3 1251.2969 8 8 | CONNECTOR-PHONG SINGLE PHONO JACK; DIP 02418001 | 15-24.0503
AL 1261-2969 g CONNECTOR-PHOND SINGLE PHONO JACK; DIP 03418003 | 15-24.0503
AINS 1251-2969 B coNNEc'ron-PHom SINGLE PHONG JACK; DIP 03418P01 15240503
ALIZE-24 12512969 8 ECTQR-PHONG SINGLE PHONOQ JACK; DIP Q34 18P01 15-24-0503
ALl 9100-3551 $ % 1nwc‘ron RF-CH-MLED 1UH 5% .1660X.3850G Q327IFN 15M101J
A2 9100- 3791 1 1 | CORE-FERRITE CHOKE-WIDEBANCKIMP> 360 018TP | VK200-19/4B
A3 §140-0210 1 5 { INDUCTOR RF-CH.MLD 100UH 5% ,166000.IBSLG 0582501 1537-76
AS 9170-08%4 0 1 | CORE-SHIELDMNG BEAD Q1BETPOT ] SE-5§0-65/4AE
A3LS 71750057 £ 1 | RESISTOR-ZERC OMMS SCLID TINNED COPFER 04309P01
AJLET 9140.0210 1 INDUCTOR RF-CHMLD 100UH 5% . 1660 X. 385LG 05a26P01 | 1537.76

1] S100- 3560 [ 1 | INDUCTOR RF.CHMLD 5.6UH 5% .1660X.385.G 03273P01 15M561J
A3LD 91400253 H 1 INDUCTOR RE-CHMLD 300NH 1% 1650, 3850G 03273P0 1584300F-1
A3L20 51001629 4 1 | DUCTOR RF-CH-MLD 47UH 5% 166001 851G QSRR 1537-60
A3L101-107 81040-1791 1 CORE.FERRITE CHOXE-WIDERAND;IMP:> 360 018BTFPD1 | VK200.18/4B
AILIO3 4140_0265 8 2 | INDUCTOR RE-CHMLD 1.8UH 5% 186D, 385LG 8480 §140.0265
A3L104 $100-3652 £ 1 { INDUCTOR BF-CHMLD 1.5UH 5% 1€6DX.3B5LG e3273P01 | 15M1510
AIL10S 1400349 ? 1 | INDUSTOR RF.CHMLD 110K $9% 15603 385LG 03ITIPM 151110
A3L106 $140-0265 6 NDUCTOR RF-CH-MLD 1 6UH 5% .1860X.345.G 26450 8140.0265
ABLIOY £100-0535 3 2 | MOUCTOR RE-CH-MLD $0UH 5% 156D 3TSLE 03273P04 15M102
A3, 108 91400142 8 1 | INDUCTOR RF-CH-MLD 2.2UH 1096 . 1050 260G 0SB2EP01 | 102528
ARIVINZ 2100-315 ) 2 | NDUCTOR AF-CH-MLD £20NH 5% 166000L385LG 0327201 | 1SME0)
ALTIF114 2100-3546 8 4 | INDUCTOR RF-CH.MLD 1.3UH §% 1550337506 0327aP0r | 1SV
AILT116-157 S100-3548 8 INDUCTOR RF-GH-MLD 1.3UH 5% 15502 3T5LG 03273PQ 15013101
A5 9100-1791% 1 CORE-FERRITE CHOKE-WIDEBAND;IMP:>380 D1887PO1 VE200.19/4B
AdL152 9100-0538 k! INDUCTCR RF-CH-MLD 10WH 5% .158DX.375.G DARTIPH 18M102J
A3L153 9140-0210 1 NOUCTOR RF.CH-MLD 100UH $% ,166DX.385LG 05826P01 1537-76
AZN 19530448 ¢ 1 | TRANSISTOR PNP S TO-92 PDwE25MW 02037P01
A302 1855-0081 1 1 | TRANSISTOR JFEY N.CHAN C-MODE S a@037P0l | SPFBIZ
A203 18530840 4 1 | XTR SMLIPN Q22ITPO1 | Sasaab
A304 18540092 2 1 | TRANSISTOR NPN SI PO=200MW FT«500MHZ 02037P
A306 18540215 1 1 | TRANSISTOR NPN SI PO=ISOMW FT=3000HZ 02037P01
ASD01-102 18530640 4 XTR SMLIPNP 2237001 | Sadad6
A3 0BEY-AT0S 3 7 | RESISTOR 47 5% 25W CF TCu0400 00T46P01 | R-250
AJR2 06583432 7 1 § RESISTOR 289 19 125W F TCafa-100 02995P01 | SFROSH
AIR3 0757-0390 4 1 ¥ RESISTOR 7S 1% .125W F TC=04-100 b2gusPa1 | SFR2SH
A6 0683-2225 3 & | RESISTOR 22K 5% .25W CF TCan 480 BOT46P1 25
AIRT 0688.3433 ‘ 2 | RESISTOR 178 1% 125W F TCale100 1 SFRSH
A3R8 Q757-0%97 ] & | PESISTOR 60.% 1% 125W F TCa0+. 100 02995P01 | SFRISH
A3R3 05834715 ] 3 | RESISTOR 470 55 25w CF TC=0-400 00746P01 | R-25J
AIMD GT57-0401 ] 1 | RESISTOR 100 19 125W F TCx0s-100 02995P01 | SFRSH
AN QTS57-0397 3 RESISTOR 6A.1 1% .125W F TC=0~10¢ 02995P01 | SFRESH
A2 05831245 5 1 | RESISTOR 120K 5% 25w CF TC=0-600 00745P01 | R-25J
A3 06034725 2 1 | RESISTOR 4.7K 5% 25W CF TC=0-100 ooreEP01 | F2SJ
AdRl1a 0683-1025 Ed 11 | RESISTOR 1K 5% .25W CF TC=0-400 poracPil | R-25)
AJRIS 0683-1025 Ed RESISTOR 1K 5% .25W GF TCa0-400 00746PCt | R-25J
AT 06B3-2225 3 RESISTOR 2.2K 5% .25W CF TCa0-400 GOT4BPOT | R-25¢
AIR16 0757.0a42 g 3 | RESISTOR 10K 1% 125W F TC=04-100 02995P05 | SFRISH
ARI9 D683-1045 3 1 | RESISTOR 100K 5% _25W CF TCa0u100 0O746P01 | R-25J
AIR21 0683-1025 ] ‘| RESISTCR 1K 5% .25W CF Tc-o-m 00746P01 | R-25J
A3R22 07570279 0 3 | RESISTOR 316K 1% .125W F TCa{w 02995P01 | SFRZSH
AR23 0757-0438 3 1 | RESISTOR 5.11K 1% 12EW F TG-Oa-lOD Q2995P01 | SFR3SH
A3R24 06RL.2225 3 RESISTOR 2.2 5% .25W CF TC=0-400 aD74EPT1 | R-26J
ARG a757-0083 [4 1 | RESISTOR 2K 1% .125W F TCa0w.100 02995P01 | SFREZSH
AIR27 0757-0442 9 RESISTOR 10K 1% 126W £ TC=0e—100 02995P0t | SFR2SH
ANB 08904490 9 1 | RESISTOR 29.4K 1% 125W £ TC=0s-100 (5524P01 | CMMF.S8.9, T-1
A28 06383154 0 t | RESISTOR 4.22K 18, 125W F TC=04-100 62995P0s | SFR25H
A3R30 2100-3789 a 2 | RESISTOR-TRMR 20K 109 & TOP-ADS 17-TRN 04568001 | BEWRZOK

" indicates factery sslected vahmes
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Table 6-3. Replaceable Parts

Reference | HPPart |C Deseription Mtr. Mir. Part Number
Designation Number |O| @ P Code
A3R2 ossa102s |9 RESISTOR 1K 5% 25W CF TC=0-400 DOTAERO1
23033 21003708 | 4 RESISTOR.TRMA 20K 10% C TOR-ADJ 17-TAN 04566PO1 K
AJRZL ceos1d | 1 1 | RESISTOR 1.688K 1% .126W £ TCa0s-25 02955P01 | 5033R
AIR3E cs9s.01a8 | 7 1 | RESISTOR 2596 1% .125W F TCa04.25 t2esse01 | S033R
AT 06837535 | ® 1 | RESISTOR 75K 5% 25w CF TC=D-400 DO74EPO1 | R.25J

A28 osveoose | s 1 | RESISTOR 2.15K 1% .125W F TCaf 100 02995901 | SERgSH
A3 ors7.0274 | 8 1 | RESISTOR 121K 1% 125W F TOuDe. 100 07995801 | SFRISH
A3Pat deaxioze |8 RESISTOR 1K $% .25W CF TCa0-400 gordgPel | m.28

AIR42 orsr.a07 | 6 2 | RESISTOR 200 1% .125W & TC~0+200 p2assPor | SFAZSH
AJR&La 06983155 1 2 | RESISTOR 4.64K 1% 125W F TCa(e-100 Q29495P0Y SFR2SH
AJRAS-4E 0E38.3156 2 4 RESISTOR 14.TK % ,125W F TCw(+.100 02985P0% SFR2SH
ATRAT 0BE3-4705 ® RESISTOR 47 5% .25W CF TC=0-400 00746P0Y | R-25J

A4 06034715 | 0 RESISTOR 470 5% 26w GF TCa0.400 Q0T4GPQ1 | Re25

AIRAG 0683-1035 1 1 | RESSTOR 10K $% 2%W CF TCa0-400 00746R0 R-25J

AIRS4 1570455 | 2 1 | RESISTOR 30.1K 1% .125W F TCa0u-100 0299501 | SFRzsH
A3RSS 0698-2279 | © 3 | RESISTOR 4.93K 1% 1Z5W F TGatw. 00 c2005p01 | sFResm
AIRSE 06831025 9 RESISTOR VK 5% .25W CF TCal=800 QO746P0N R-25J

AJRST 0598.3279 | o RESISTOR 4.99K 1% 325W F TCa0r.100 02995P01 | SFRZSH
A3RS oges.mig2 | 2 1 | RESISTOR 3.884K .1% .125W F TCa0s.25 pggsseol | spasr

AIRE9 ogex1025 | 9 RESISTOR 1K §% 26w CF TCm0-400 00746P01 | R-25

AZRED 21003286 16 1 | RESISTOR-TRMR 10K 10% C TOP.ADY 17-TRN nasenr1 | e7wR

AIRET 06834705 | 8 RESISTOR 47 5% .25 CF TC=0-400 00746PQ3 | R-250

AJRE2 orsromz | 9 RESISTOR 10K 3% .125W F TCx04. 100 02995P01 | SERpSK
A3RE3 oe9a-3t56 | 2 HESISTOR 14,7 1% .126W £ TCals. 100 02995P01 | SeRsEM
AJRGL 0698-4437 ) 1 RESISTOR 2 34K 1% 125W F TCal+w. 100 05524P01 CMF.85-1, T-1
A3ReS 750038 | 1 1 | RESISTOR 4.32€ 1% 125W F TGa0e- 100 02005001 | srRasM
AE? osseasre | 3 1 | RESISTOR 10.7K 1% 128W F TCatu.100 05624P01 | CMF.E5.1, T.{
Amca 21003297 | 1 1 | RESISTOR-TRMR 5K 10% € SIDE-ADS 1-TAN 03744P01 | T306X.¥ab 802
AJRSS 0630-2136 -] 1 RESISTOR 17.6K 1% .125W F TCa0+-100 02885P0 SFR2SH
A3RT0 63e-3437 | 4 1 | RESISTOR 6.04K £% .125W F TCa0+-100 02995801 | srresm
AmT2 96034705 | 8 RESISTOR 47 5% 25W CF TGn0md00 QUT4EPOL | Re25

ATRT3 oeob3a4z | 9 i | RESISTOR 237 15.125W F TGaD+-100 1 | sFRzsa
AIRTE 06834705 | & RESISTOR 47 $% .25W CF TC=0-400 00TaePY1 | R-25d
AIRTT-TR o59g4a02 | 3 4 | RESISTOR 87.6 1% .126W F TC=0+-100 05524P01 | CMF.$51, T-1
AJIRTY 0636-3279 '] RESISTOR 4.99% 1% . 125W F TC=0+100 o9ssen SFR25H
AJREO-81 ospa3s61 | 7 RESISTOR 13.7K 1% .125W F TCaDs-100 oegaseo1 | seres
AJRE2-B4 0750273 | @ 3 | RESISTOR 301K % .125W F TCaDe-100 299501 | SrRzsw
A3RES oszesanz | 3 RESISTOR 37.6 1% .125W F TGeBee100 05524P01 | CMF_E5-1,T-1
AJRES 0638- 157 3 1 | RESISTOR 13.6K 1% 125W F TCalw-100 Q2S5P01 SFR28H
AIRE7 06831025 | 9 RESISTOR 1K 5% 25W CF TC0-400 00746P01

AR oea3.2226 | 3 RESISTOR 2.2K 5% 25W CF TCa0-400 00746P01 | R.253

A3R90 pe9gsd02 | 3 RESISTOR 97.6 1% .125W F TCa0+-100 08524PD1 | CMF$51, T.1
AZR9Y 02964457 | B 1 | RESISTOR 3.05K 1% 125W F TCabs- 100 05524P01 | CMF.S8.1)T1
A3Ra2 0EaT1025 | § RESISTOR 1K 5% 25W CF T0=0-400 0746P01 | R.25)

A3R93 DER3-A 708 B RESISTOR 47 5% .25W CF TC=0-400 0O74€P01 R.25.)

AZRIDN peua?s | D RESISTOR 470 5% 25W CF TCA0-400 co7aemor | moasy

A3R1D2 07570291 | 6 1 | RESISTOR 22.9 18 125W F TCats-100 029980t | SFRZsH
A3R1D3 05BI 3325 | ¢ 1 | rESISTOR 33K So 25w CF TC-0-400 007a6P0Y | R-26J
AZRI 0757039 | ¢ 1 | RESISTOR 2.5 186 125w F TCabe100 02035P01 | SFR2EH
AR08 DESG-44 35 2 1 AESISTOR 249K 195 .125W F TCa0+100 55240 CMF-£5-%, T
AIRLOT 0E98-3156 2 RESISTOR 14.7K 1% . 126W F TCaD 100 Q2o95P01 SFR25H
AZR10E ossa4037 | 0 1 | RESISTOR 454 1% .125W F TCaDe100 C2935P01 | SFR2SH
A3R10S o7s1-t278 | o RESISTOR 316K 1% . 125W £ TCa0v-100 02995P01 | SFR2SH
AJRTIM 07sT-0273 ] RESISTOR 16K 19% .125W F TC=De100 02355P01 SFR25H
A3RT1Z 07570407 | 6 RESISTOR 200 1% . 125w F TCage100 cz995P01 | SRz
AJAT13-154 Q658 3444 1 4 | RESISTOR 36 1% . 125W F TCe+-100 02935P01 SFRZ5H
ARIS 21000668 | 1 1 | RESISTOR-TAMR 100 10% C TOP.ACJ 1-TEN Qa7adPT | 3386 Y46-101
ARG Q757.0381 -3 1 | RESISTOR 15 19% .125W F TCm(w-100 02595P01

AIRTIT.118 0638.3384 | 1 RESISTOR 316 1% .125W F TGelur100 02995001 smzsa
AJRITY 0757.0275 & 2 | RESISTOR 113 1% .125W F TCale 100 Q2595R01

AFRTZO 0838-3440 | 7 t | RESISTOR 196 1% .125W F TCaD+-100 0209501 | srrasmH
AJRIZ1-122 07570337 | 3 RESISTOR 651 1% .125W F TCa04-100 0299800 | SFRasH
A3R123 0757-0275 | 8 RESISTOR 113 195 . 126W F TCa0+.100 02305501 | SeRpsH
AIR15 07570337 | 3 RESISTOR 62.1 1% ,125W F TCalle-100 02oucen1 | SeRaEM
A3R153.154 0683-1025 9 RESISTOR 1K 5% .Z5W CF TC=(L400 0074ERON R-25J

* indicates Factory selectad valuey
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Table 6-3. Replaceable Parts

Reference HP Part o] e Mir.
‘ g n Mt Part Number
Designation | Number |0O | 91 Descriptio Code
AIR156 0683-1015 7 1 | RESISTOR 100 5% 25W CF TC=0-400 00746P01 R.25.
AJR1ST CE8I4T0S & RESISTOR 47 5% .26W CF TC=0100 00746P01 | R.25.
AIR158 0596-3439 4 RESISTOR 178 1% .125W F TCrl+-100 02995P01 | SFRR5H
AJR1SS 16832225 3 RESISTOR 2.2K 5% 25W CF TGa(-400 00iA6P01 | R-250
AIR160-161 0757-0276 7 2 | RESISTOR 6.9 1% .125W F TCaQu-100 02995P01 | SFRZSH
A3T1 91004038 5 1 | TRANSFORMER SEAD OORE: WITH CT PRI % SEC 28480 21004038
AJT2 DHSE2.6044 1 1 | XFM : - NEW DIV
A3TP14 1251-0600 Q & | CONNECTOR.SGL CONT PIM 1.14.MM-BSC-SZ SO OMIEFDY | 13060004
AITPE T 12510600 0 CONNECTOR.SGL CONT PIN 1.14.MM.BSC.87 S0 0M18P01 | 15.06.0034
ANJY 1820.1999 1 1 | 2 CNTR TTL LS DECD DUAL 4-BIT Q2237P
A2 1820-062% ] 2 | ICFF TTL § K NEG-EDGE-TRIG 01698901
A3 1820.032t ] 1 | K COMPARATOR GP TO-88 PKG G2I37POY
AJUd 1820-1199 3 1| KNV TTLLS HEX 1NP G1690PM
ANS 1820-0693 ] 1 | CFF TTL § D-TYPE POS-EDGE-TRIG 01688001
AIYE 1820-0683 ] t | KNV TTL S HEX 1-INP 01686P01
AT 1820-3633 2 1 | KO ALS THALS1004 HX [NV P14 01696P01
AlUB 1828-0043 4 1 | € OP AMP GP TO-33 PKG CI06P0
AII 1820-1563 ] 1 | G BFR TTL LS BUS QUAD MI630P1
A0 1820-1185 7 1 | (ICFF TTL LS O-TYPE POS-EDGE-TRIG COM 01696P01
AJUTL 1826.04 37 0 1 | IC MULTIPLIER 14-DWP-C PKG Q20ITPYN
A2 TH26-0476 7 1 | ANALOG SWITCH SPDT B DIP.P 01690P01
A3 1826-054T 3 1 | 1€ OP AMF LOW-BIAS-HIMPD DUAL 8-DIP-P 01638P01
A¥14 1858.0063 3 1 | TRANSISTOR ARRAY 14-PIN PLSTC DIP 04550P03
ANNS 1858-0040 S 1 | TRAMSISTOR ARRAY 16-Fid PLSTC OiP 04550P03
AZNG 1B5E-0059 8 1 { TRANSISTOR ARRAY B8-PiN PLSTC DI 28480 1858-0059
ANN7 1820.0802 1 1 | 1 GATE ECL NOR QUAD 2UNP 02037PO1
AR 18201322 2 1 | G GATE TTL S NOR QUAD 2NP U1698P0!
A3LM9 18200629 0 ICFF TTL £ J.K NEG.EDGE. TING I
A3U20 16240218 1 { | & 0oP AMP GP 6-DIP-P PKG 0223TPO1
A2 12860144 ] 1 | CONJUMPER REM .025P 02845P01 | 65474-004
AV 0101118 1 1 | CAVSTAL-DUARTZ 3000000 MHZ 43747001
0500080 [ 4 | WASHER-FL NM NS, S 13-INI0 25IN-GD o4rspo1 | mae2a2
21500363 3 2 | WASHER-FL NM NO. 2 05INID 15IN-GD a4rsTPon | 2-1185108
03A25.20601 3 3 | meHD SHLD.TOR 20480 GII25-20601
0332520602 | 4 3 | sACHD SHLD-BTM 28480 0332520602
A 0332546502 | S 1 | PC ASSY-HI VOLY 20480 4392566500
ADC1-2 0160.2065 9 2 { CAPACITOR.FXD .01UF +80-20% 100VDE CER 095301 | 80s-Ss04 YSv 1032
ABC3-4 0180.2803 7 2 | CAPACITOR-FXD 1000UF+50. 1% SOVDE AL 28480 0160-2003
ABCS.6 0180-2622 0 2 | CAPACITOR-FXD $0UF+50-10% SOVDC AL 04200P0 | 510005
ABG7-8 0160-2257 3 1 | CAPACITOR-FXD 10FF +-5% S00VOC CER D460 01468P0
ABCT1 0160.3047 9 1 | CAPACITOR-FXD 0VUF +100-0% 50VDC GER 02090P01 | SAI0SC103KAA
ABGIZ13 Q150-6861 3 3 | G-F 3PF % 500V 08538P01 | 301 083 COJG 309C
ABCI4-15 0190-0210 6 2 | CAPACITCR-FXD &M-—m 15VDG TA 04200P01 150D325X00SAZ.DYS
ABC16-17 0150-6506 3 6 | CuF ,1UF 20% 50v CERMLr 0933901 | RPE121.978Z5U104M50v
AQCB 0190-2825 3 2 | CAPACITOR.FXD Z2UF+50.10% SOVDC AL 04200P01 | 5100057
ARC21 0180.2825 3 CAPACITOR-FXD 22UF +50-10% SOVDIC AL 04200601 | 5100087
ABC22-25 0160-6506 3 C-F . 1UF 20% S0V CERMLY 09939P01 | RPE121-370250104MS0V
ABCR1.2 1502-3205 [ 3 | DIODE-ZNR 15V 5% DO-3S Phe AW TCas 057% 02037P01
ABCR3.S 19010040 1 - 9 | DIDDE-SWITCHING 30V SOMA IS DO.35 62297P01
ABCRE 1902-3205 & DIODE-ZNR 15V 5% DO 35 PO AW TCwe 057% 02037P01
ABCRT 1902.0044 8 1 | DIODE-ZNR 30V 5% PD=1W IRnSUA 02037TP0Y
ABCRA 19010040 1 10V SOMA NS DO-38 02237PM
ABCR11-15 19010040 1 DIODE-SWITCHING 30V S0MA INS DO-35 1
ABCR1BT 19010050 k- 2 | DIOOE.SWITCHING B0V 200MA JNS DO-35 62237P
AGFi 2100343 1 1 | FUSE 254 125V NTD 281,083 o4T0IPH | 275.250
ABH1-Z 0554 3 2 | MNSULATOR-XSTR THRM-CHNOCT 05447001 7403-05FR.51
ABMH3 1205-0249 5 1 | HEAT SINK PLETC-PWR-CS 02609P01 60300
ABJ20-2% 1251-2969 g 2 | CONNECTOR-PHOND SINGLE PHONO JACK; DIP 03418001 15-24-0503
ABP1 12514245 8 1 | CONN-POST TYPE ,156-PIN-SPGG 3-CONT 13418P01 08.65.1021
AR 1B54-0475 5 1 | TRANSISTOR-DUAL NPN FOR750MW 550P02
ABGH 1205-0011 ¢ 1 | HEAT SINK TO5/TO-39-CS 05782P01 | TXEBF.032.0258
ABG2 1854-0215 1 1 | TRANSISTOR NPT St PO=SOMW FTe300MHZ 02037P01
ABQI 1A53-0036 2 1 | TRANSISTOR PNP S PD=310MW FTe2SOMHZ 02037PO1
ABGS 18530042 0 1 | TRANSISTOR PP SI PDe310MW FTuZ000MHZ 02037P01
ABIS-6 1854.0215 } 1 | TRANSISTOR NPN S FO=3S00W FTa300MHZ aNI7e1
ABGT-B 1B53-0020 4 1 | TRANSISTOR PP Si PD300MW FTu1S0MHZ 02037P01

" Incticaten factory selected valkes
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Table 6-3. Replaceable Parts

Reference HP Part c De . M. M
p : . tHon 1. Part Number
Designation Number | D] % serip Code
ABGT1 18540215 1 TRANSISTOR NPN $1 BD=350MW FT=300MH2 02037P01
ABGI2 18530042 [+ 1 | TRANSISTOR PNP $I PD=310MW FTw200MHZ 62037001
ABQYZ 18540215 1 TRANSISTOR NPN. St PD=350MW FT=300MHZ 020171001
ARGE 18540692 8 1 | TRANSISTOR NPN 51 PDwt5W FT=S0MHZ 02037P01
ABONS 1853-0357 2 1 | TRANSISTOR PNP S| PDw15W FT=50MHZ 02031P01
ABRY 0658-.3279 0 2 | RESISTOR 4.98K 1% 125W F TG=0+-100 02995P01 | SFR2SH
ABRZ Q7570450 7 1 | RESISTOR 51.1K 1% ,125W F TC=0+100 02995P01 | SERZSH
ADR34 07570583 & 4 | RESISTOR 2K 1% .128W F TGsr+100 02893P0Y | SFR25H
ASRL.E 06834708 ] 4 | RESISTOR 47 5% .25W CF TCs0-400 00T46P01 | R.250
ASR? (69R-1279 0 RESISTOR 4.99K 1% .125W F TCa0+-100 02955P01 | SER25H
ABRB 0898.3223 4 1 | RESISTOR 1.24K 1% 125W F TCal+-100 02955P01 SFR25H
ASRH B 1 | RESISTOR 309 1% 125W F TCe(4-100 05524P01 | CMF-55.1, T.1
ABR12.13 =Tk 6 2 | RESISTOR 10K 1% .125W F TCa(s-25 D2935P01 S03IR
ABRI41S 65984453 4 2 | REQISTOR 402 t% 125W F TCuOv.100 P01 | CMF-55.1,T-1
ABRIE-1T L ERT ? 2 | RESISTOR 100 5% .25W CF TC=0-400 00746P01 | R.25J
ABR1B 06631045 a 1 | RESISTOR 100K 5% 26w CF TC=0-400 00746P01 | R-28J
ABR21 0757.0273 4 2 | RESISTOR 3.09K 1% 126W F TCaDe. 100 02895P01 | SFR2SH
ABR22 OE0E-A458 ¥ 1 | RESISTOR £3.6K 1% 125W F TCall-100 ass24PN CMF-55-1, T1
ADR23 0757-0273 4 BESISTOR 309K 1% . 125W F TCm04-100 02995P01 | SFR2EH
ABR24-25 06034705 g RESISTOR 47 &% 25W CF TCa0-200 oo7aePoy | R-254
ABRZE-27 0683.3305 2 2 | RESISTOR 33 §% 28W CF TC-0-400 to7aePm | R.250
AQR2B 06830365 8 2 | RESISTOR 3.6 S% 25w CF TC=0-400 00746P01 | R.25)
ABRJ 0757.0283 € RESISTOR 2K 1% .125W F TC=04-100 02995P01 | SFR2SH
ABRIR-33 O7ST-0472 5 2 | RESISTOR 200K 1% 125W F TCabs-100 42995001 | SFR2ER
ASR34 07570283 6 BESISTOR 2K 1% .125W F TCag.+-100 02396001 | SFR25H
ABR2S 2693-0365 9 RESISTOR 3.6 5% .25W GF TC=0-400 Q0746P01 | £.280
ABR36-37 06830565 9 2 | RESISTOR 5.6 5% 25w CF TC-0-400 Qo748P01 | R-25)
ABAJB 0583-2205 g 1 | RESISTOR 22 5% .28W CF TC=0-400 00746P01 | R.25J
ABTP1-7 1251.0600 [ 7 | CONNECTOR-SGL CONT PIN 1.14-MM.BEC.5Z7 50 03456P0Y 16-06-0034
ABU1 1506-0096 7 1 | DKIDE.Fw BRDG 200V 2A 02037P0 SDA26.002
4BU2 1B26-0464 3 1 | © vAGLTR-FXDPOS 14.4/15.6v TO-220 PKG Q2037PO
ABUI 18260214 1 1 | 1C v RGLTR.FXD-NEG 14.4/15.6V T0-220 PKG 02037FP01
22000111 2 1 | SCREW-MAGH #.40 5.N.LG PAN-HD-POZI 01136R0
2260-0009 3 1 ] NUT.HEX-W/LICWR 4=30-THD 094N THK 464P01
1214611 2 1 | LABEL-BMFORMATION .15:IN-WD J6-IN-LG 084 79PN LO01003
. AS 0312546509 § 1 | PC ASSY-OVEN 28484 0332566509
ASCH 0180-0692 g 1 | CAPACITOR-FXD 220UF+50-10% 3VDC AL 00433P0O1 SLISVB21T1EX25
ASC2.3 M60-3847 9 2 | CAPACITOR-EXD 01LF +100.0% SOVDC CER Q2010P)1 SATNSC103KAR
ASCA 0180-0693 9 1 | CARPACITOR.FXD 1000UF+50-10% 25VDC AL 00493P0 1 SL2SVB102T16X%3%
ASCR1.2 15010048 0 2 | DOODE.PWR RECT S0V TE50MA DO-29 620310
ADOR3 1$02-0049 2 1 | DIODE-INR 619V 5% D035 PDw.AW 0203700
AE1 Q9E0-0485 7 1 | OSC OCKO 10MHT VEONT TTL * 15v az532Ppm | OSC 73.52
AGH1 0340-0564 2 t | INSULATOR-XSTR THAM-CNDET 0544TPOT | 7403.08FR.51
ASH2 1205-0299 3 1 | HEAT SK PLETC-PWR.CS a2s0eP01 | 60300
ASHL 2190.0556 6 1 | WASHER-LK HLEL NO. 4 115-IN.D 28490 2190-0886
ASHS-6 2200-0103 2 2 | SCREW.-MACH 4-40 25 IN.LG PAN-HD-POZI 01138P01
ASHT 2500-0141 a 1 | SCREW-MACH 4-40 . 312-IN-LG PAN-HD-POZI o1125P01 | 4320
AgHE 226800001 5 1 | NUT-HEX.DRL-CHAM 440.THD .094.IN-THK 26460 2250-0001
AHZ.1Z 2360-0113 4 a4 | SCREW.MAGH 6-32 .25-B-LG PAN-HD-POZI 01136P01
A5H13 30500105 3 1 | WASHERFL MTLE NO, 4 ,1251NJD 4a21P01
ASHIS 3050-0604 ] 1 | WASHER-FL MTLC T716 N 5-IN-1O 05313rP01 | S710-94-16
ASHIE17 3050-0718 5 2 | WASHER-FL MTLC NO. § 12B-IN-ID 04a20P01 | NAS620.C5
Ad1 1251=4246 -] 1 | CONN-POST TYPE .156-PIN-SPCG J-CONT Q19PN 09-65-1031
4318 1251-2953 8 1 | CONNECTOR.PHONG SINGLE PHONC JACK; DIP 93418P01 15-24-0503
AN 1954-0053 5 1] TRANSISTOR WNPN 2N2218 Si TO-5 PO=E00MW 02037R01
ASQR 1553450 4 1 | TRANSISTOR PNP 51 TO-220AB PDaSOW 02037P01 | SJE1S80
ASR1 05831025 9 1 { RESISTOR 1K 5% .25W GF TC=0400 Q0746PDY | R25)
ASR2 GEEL-1035 1 1 | RESISTOR 10K §% .25W CF TGm0-200 O0TASPM R-25J
ASRI 0683.352% 3 1 | RESISTOR 13K 5% .25W CF TC=0400 QOTABPO R«25J
ASRA Q757-0290 L} 1 | RESISTOR 6.19K 1% 125W F TCw0s-100 02235P(1 FFA25H
ASRE 0598.3498 5 1 | RESISTOR 0.66K 1% .125W F TCal+. 100 02935801 SFR25H
ARG 089E-1074 5 1 | RESISTOR 10K 1% .128W F TCa04-25 02955k S5033R
AIRT M00.3252 6 1 | RESISTOR-TEMRE 5K 10% C TOP-ADJ 1-TRN Q3744P01 JIBEP-YAE502
ASRS 08331015 7 1 | RESISTOR 100 5% 25W CF TCal-400 0T46P0 R.25J
ASRS 06832024 1 1 | RESISTDR 2% 5% 25W CF TCa0400 00746701 R-264
AdUh 1820.0216 1 1 | K OFAMPGE B.DIP-P PG 02237P0N

" Ingicates tactory selecied values
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Table 6-3. Replaceable Parts

Reference HP Part < Descriptio MAfr.
L n Mir. Part Number
Designation Number | D[ 9% P Code
3050-0440 2 1 | WASHER-SHLDR NO, & 115D 2.IN-0D 05313P01 | 560745
Tt21.4611 2 1 | LABEL-ANFORMATION .15 IN-WD GIN-LG 03479P01 | L0003
Qptisns 0¥ and 002 Miscellanecus Farls
Ja 1250.1489 s 1 | ADAPTER.COAX RTANG M.BNC FENC 05769901 | 56-905-0019.910
wig 0312561610 [ 0 1 | CBL-ASM CXL MRCA/MRCA J05MM BL L120700%
w20 031561605 1 3 1 | CBL-ASM CXL MRCAMRCA 305MM BK 11287001
W1 p3328.63821 | 3 1 | CAL.ASM CXL MRCA/MRCA 216MM BL L128700
w29 oaxseEs |6 + | CBL-ASM DSC FHSE/FHSG 440MM ML 10549°01
2360-0113 2 4 | SCREW-MACH &-32 25 IN-LG PAN-HD-POZI 01136P0
1400-0611 0 3 | CLAMPFL.CA 1. WO 04726P01 | 34841000
3050-0716 5 2 | WASHER-F MTLC NO. 5 .126-IN-I0 o4a20P01 | NASB20-CS
22000103 2 2 | SCREW-MACH £.40 25-IN-LG PAN-HO-POZI 01136001
oMea0801 | © 2 | MOLD WSHR-5H D-SHAPE 20450 B0310-48891
00601 [ 1 | SHTF SHLD-R.F. AL 26480 03325.00601
7120.6712 6 1 | LABEL-WARNING S=IN-WD 1-IN-LG MYLAR 03211001
T120.8797 7 1 | LABELANFORMATION ,35-4N-WD .75-IN-LG 03211008
7120.8376 2 1 | UBLAD “OPTION 002" $X30 AGMY 05S07PO1
71208377 3 1 | LBLAD "GPTION 0017 5x30 AGMY Q5507P0H
1250.15% 7 1 | ADAPTER.COAX STR F-BNG F-RCA-PHONG 03EPeY | 29401263
A2 oxazsees12 | v 1 | HPIB P BOARD 28480 03325-46512
At oxseisis | 9 1 | PC ASSY-FUNGTION 2880 03325-66%514
A1401 0180-1701 2 1 | CAPACITOR.FXD E,BLIF«.20% 6VDC T, 1 | 15008B88x0006A2-0YS
Al4C2 0160-3560 2 1 | CAPACITOREXE UF «-2% 100vDC MET-POL‘!'C 05176P01 | HEW-243
A14C3 C160.3847 9 84 | CAPACITOR-EXD .01UF +100-0% SOVDC CER 02016F01 smoscmaxm.
A1404 0160-4532 1 5 | CAPACITOR.EXD 1000PF +.20% SOVDC CER 2010P01 | SAT0SCIQZMAA
AVACE 8 01801748 5 10 | CAPACITOR.FAD 15UF.- 108 20VDC TA 1 | 150D156X802082-DYS
AVAEIE-20 6160-3047 9 CAPACITOR-FXD OTUF +100.00% SOVDC CER 02010901 | SA105C103KAA
AVAC29 01504571 8 17 | CAPACITOR.FXD .IUF +£80.20% SOVOC CER 02010P01 | SA1GSEIDAZAA
A14CH-32 0150-3847 s CAPACITOR.EXD OIUF +100-0% S0VDC CER 02010P01 | SA10SCIO3KAA
A14C33 01603468 [ 4 | CAPACITOR.FXD 100FF + 108 1KVDC CER 09530P01 | B39.546 XSE 101K
At4C3a 01504532 1 CAPACITOR-FXD 1000PF «-20% SOVDS CER 0201001 | SA105CIQ2MAA
A14C35 1504571 9 CAPACITOR.FXD TUF +80-20% SOVDC CER 1201000t | SAI10SE104ZAA
AN4GI5 37 0160-0162 5 2 | CAPASITOREXD D22UF +.10% J0O0VDE POLYE O5176P01 | HEW-23BM
A14C36.39 0¥50.3847 g CAPACITOR-FXD 01U +100-0% SOWOC CER 02010001 [ SA105C10TKAA
A14C41.42 0160.4571 ] CAPACITOR-FXD .IUF +80-20% SOVDC CER 02050P01 | SAIGSE1042AA
Al4C43 01604137 2 1 | CAPAZITORFXD .01UF +-1% 100VDE POLYSTY os176P01 | BB3UW
ANICA4-45 0160-0128 3 1 | CAPACITOR.FXD Z.2UF +-20% S0WDC CER 04200P01 | 3caTzsuLsRSMOSOA
ANACAE Q160-5335 4 3 | CAPACITOR.EXD 1UF +-10% 100VOC MET-POLYE 02985P01 | TTSAIGGE105PKIDISE
Aracay 0160-384T 9 CAPACIVORFXD L0 HUE +100-0% SOVOC CER 2010P0 | SAIGSCT103KAA
A14CA8 0180-0210 6 2 | CAPAGITOR-FXD 3. 3UF+-20% 15VDC TA M200P01 | 130D35X0015A2-07S
A14C49 01801746 5| GAPACITOR.FXD 15UF+-10% 20V0C TA 4200P01 | 150D186X902082.0YS
ATAC50 0160-4571 8 GAPACITOR-FXD .IUF +80-20% SOVDC GER 2010001 | SA105E10428A8
A14CH1-62 01605335 4 CAPACITOR-FXD 1UF «-10% 100VDC MET-POLYE 1| T19AIGGEI05PK1015E
A14C63 1605306 9 3 | CAPACITOR.FXD 1UF «10% 100VDG 02995P01 | TISAICAIBAPKICISA
A14CE5-66 0160-5305 9 CAPACITOR-FXD 1UF . 10% 100VDC 02995001 | 719AICAIGAPK1015A
AVACTE 0160.45T1 8 CAPACITORFXD 1UF +80-20% S0VDC CER 02010P01 | SAIOSE104ZAA
AACTT-TH 0160347 ] CAPACITOR.FXD 01UF +100-0% S0VDC CER 02010001 | SA105C103KAA
A14C1014 180145 4 t | CAPACITOR.EXD E2PF +.2% 100VEC MICA (2357P01
A14C103+ 0140.0217 9 1 | CAPACITOR.FXD 140PF 2% 300VDC MICA 01452P01
ATALT04 0160-3084 ¢ 1 | CAPACITOR-FXD 6OPF 4-2% SHOVDC MICA 01452P04
AVACHOS 01602306 3 1 | CAPACITOR-FXD 2TPF +5% 300VOC MCA A1452P01
A4CI08 0165-2201 7 1 | CAPACITOR-FXD S1PF +-5% 200VDC MICA 0145201
AVCI0T 0140-0196 3 1 | CAPACITOR-EXD 1S0PF o580 JOOVDE MICA 02367PO1
A14C108-109 0160-3847 9 CAPACITOR-FXD .01UF +100-0% SOVDC CER 02010001 | SAINSCIOKAA
A14C110 0121-0105 4 1 | CAPACITOR-V TRMR-CER 9-35PF 200V PC-MTG 01460901 £ 304324 5/35PF NESO
AVICYTY 0160-6865 7 3 | G-F 5.49PF ~% SO0V CERTEr 03536P01 | 301 089 COHO 549C
A1ACY112-113 0160-3847 9 CAPACITORFXD 01UF +100-0% SOVDC CER U2010P01 | SA10SCT0ICAA
ANCT 14 1 CAPACTTOR-FXD 1000PF +20% 50vDC CER R2010P01 | SA10SC102MAA
A14C1 16117 0160-3847 9 CAPAGITORFXD 01UF +100-0% SVDC CER 02010P01 | SATESC10IKAA
A14C118-118 0B0-1746 5 CAPACITOR-FXD 15UF +. 10% 20VDC TA 1 | 1500156X902082-0YS
ANCI21.122 0160-3947 9 CAPACITOR-FXO O1UF +100-0% SIVDC GER 02010P01 | SATGSCI03IKAA

* Indicates factory selected values
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Table 6-3. Replaceable Parts

Reference HP Part Cla Descripli Mfr.
. scriplion Mir. Part Number
Designation Number |D vy pli Code
A14C124 0160.0299 9 1 | CAPACITOR-FXD 1800PF +.10% 200VEC POLYE 0S176P01 | WEW-238M
A14C126.129 0160.3847 9 CAPACITOR.FXD .01UF +100-0% S0VOC CER 02010901 | SA105CTDIKAA
AtAC130 01606659 g C-F 2PF % SO0V CERTRr 09538P01 | 207 089 COKD 205C
A14C130 01€0-2240 4 1 | CAPACITCGR.FXD 2PF . 25FF S00VDC CER 014€BPO1
AN4C13.132 0160.3847 s CAPACITOR.FXD OIUF +100-0% SOVOC CER 02010P01 | SA10SC10IKAA
A148139 01606065 7 C-F §.1PF —% 500V CERTBr 02536P01 ] 301 089 COMD 519C
A14C134 602047 8 CAPACITOR-FXD OtUR +100-0% S0VDC-CER 20N0P01 | SA10BC102KAA
A14C135 0160-2240 4 CAPACITOR-FXD 2PF 4. 25PF BOOVOC CER H1468P01
A14C136 0166-6520 ¥ 1 | C-F 1UF % 50v CERMLr §8939P01 | RPE113-90125U105Z60V
A14G137.130 01604571 e CAPACITOR-FXD .1UF +80-20% 50vDC CER 02010PO1 | SAIOSE1D4ZAA
AT 0160-3047 4 CAPACITOR-FXD 01UF +100-0% SOVDC CER 0201001 | SA108C103KAA
A14C14] 0160-4571 8 CAPACITOR-FXD . IUF +80-20% 50VDC CER B2010P01 | SA10SE104244
Al4C142 0160-0156 7 1 | CAPACITOR.FXD 3S00FF +—10% 200VDC POLYE 0S176P03 | HEW.238M
AlaG143 0160-0301 4 1 | CAPACITOR-EXD 012UF «10% 200V0C POLYE DS176P01 | HEW-2368M
ALAC1a4 0160.2414 4 + | CAPACITOR-FAD Q22UF +.5% 200VDC FOLYE 05176P01 | HEW.238M
A140203 0160.3847 9 CAPAGITOR-FXD 0T UF +100-0% SOVDC CER 02010P01 | SA10SC103KAA
AL4C205 0160-3466 8 CAPACITOR-FXD 100PF +-10% 1KVDC CER 08539P01 | 938-546 X5E 101K
A14C208-209 0160-3847 9 GAPAGITOR-FXD .01 UF »100-0% S0VDC CER 02010P01 | SALG5CI0IKAA
A14C211-212 0160-3947 ] GAPACITOR.F)D .0V UE «100-0% S0VDC CER 02010f01 | SATCSCIDIKAA
AMC21H214 01603532 1 CARPACITOR-FXD 1000PF +.20% SOVDGC GER 0207001 | SA105CT0ZMAA
A14C217 0127.0452 4 1 | CAPACITOR-V TRMR-AIR 1.3-5.4PF 175% 04E70PG1 | 1E7-0103-028
ALIC218 0160-4571 8 CAPACITORFXD . IUF +80.20% SOVDC CER 02010PG1 | SA10SE1MZAA
ALAC219 01801746 5 CAPACITORFXD 15UF+-10% 20VDC TA a4200P01 150D156xsozoez oYs
ATAC220 01604574 8 CAPACITOR-FXD 1UF +80.20% SOVDC CER 02010P01 | SAT0SEVMMZA
AY4C221 01603847 g CAPACITOR.FXD .01UF +100-0% S0VDC CER 0201001 | SA1 uscmsmn
AV4C222 Q180.8385 7 C-F 5.1PF ..% 500V CERTEr 05538001 | 301 089 COHD 515C
A14C223.225 91603047 $ CAPACITOR.FED O1UF +100-08% SOVOC CER 02010001 | SA10SCIOIKAA
A14C228 0180-2240 4 CAPACITOR.FYD 2PF 4. 26PF SH0VDC CER 0146BP01
A14C227.230 0166-3047 g CAPACITOR.FXD .01UF +100-0% SOVDC CER 02010001 | SAT0SCIOMAA
A140231 0180-1745 5 CAPACITORFXD 15U . 10% 20vDC TA, G4200P01 | 1SOD1SEXH02002-0YS
Al4C232 0180-4571 & CABACITOR-FXD ,1UF +90-20% SOVOG CER C2010P0t | SA10SE104ZAA
A14C233 0180-0210 6 CARACITOR.FXD 3.3UF+-200% 15VDC TA 04200001 | 180033BK0018A2-DYS
Al4C234.235 0160.3847 3 CAPACITQR.FXD 01UF +$00.0% 50VDC CER 02010201 | SA10SC10IKAA
A14C236 0160- 3466 g CAPACITOR-FXD 100PF +-10% TKVDC CER 09536PO1 | 039.346 XSE 101K
AV4C238 0160-2055 9 1 | CAPACITOR-FXD .01UF +80-20% 100VDC CER 03538P01 | 805504 Y5V 1032
AV4C229 1604571 8 CAPACITOR.FXD .1UF +80.20% SOVDC CER Q201001 | SAIOSE104ZAA
AAC240 0160- 366 B CAPACITOR-FXD 100PF +-10% 1KVDGC CER 0FSIEBP01 | B3IB-54E X5E 101K
A14C241.242 0160-3847 9 CAPAGITOR-FXD J01UF +100-0% S0VOG CER 02010POY | SATQSCI0IKAA
A14C245-246 0180- 1746 5 CAPACITOR.FXI} 15UF»-10% 20VDG TA 04200P01 | 1500156X502082.0YS
A14C260.262 0160-4579 (] CAPACITOR.FXD .1UF +80.20% S0VDC CER 0200R01 | SA10SE104ZAA
A14C263 01801748 5 CAPACITOR-FXD 154/F+.10% 20VDC TA 0420001 | 150D1S6X902082.07S
ALIC26L 01604571 ] CAPACITOR-FXD 1UF +80.20% mnc CER Q2010P01 | SAT0SE104ZAA
AR 1802.0041 4 1 | DIDDE-ZNR 5.11v 5% DO-35 FDw=. 02027P01
AVACR2-3 1901.0040 1 18 | DIODE-SWITCHING 30V SOMA 2ns no.ss 02237P01
AraCRE 19010050 3 § | DIODE.SWITCHING BOV 200MA 2NS DO.35 02237P01
A12CRS 1902.3348 7 1 | ©IODE-ZNR 519V 5% DO-35 POw AW 62037P01
AL4CHE-T 1901.0050 3 DODE-SWITCHING BOV 200MA INS DO.3S 02237P01
ATACRTE 19010040 1 DIODE-SWITCHING 30V S0MA 2NS DO-35 02337P01
ALCRI0N-104 1901-0040 1 DIODE-SWITCHING 30V SOMA 2NG DO.-35 02231001
AVACRI05-107 1601-0040 1 DIODE-SWITCHING 30V £0MA NS DO-35 02237P04
ARLCR108-109 19010535 8 1 | oiooe-scHOTTRY sMm siG 20480 1901-0535
AMCRI10-111 1901-0040 ) DIODE-SWITCHING 30V SOMA 2NS DO-35 022371P01
AACRI205 15020631 § 1 | DIOOE-2NR 1NSISIB 14V 5% PO-EW TC=+75% 02037P01
ACR208.210 1901-0040 i DIODE-SWITCHING JOV S0MA 2NS DO-3S 0Z237P01
ATSCR211-212 1301-0050 3 DICOE-SWITCHING 80V 200MA 2N DO-35 02237P01
AL4CR213 1902-3149 § 1 | DICOE.ZNR 9.08v 5% DO-35 PDa AW 02037F01
ATSCR214 1902-3030 7 1 | DIODE-ZNR 3.01¥ 5% DO-7 POw4W TCa-067% 02037P0
ATLCR21S 1902-0631 g DICDE-ZNR TNSIS1R 14V 5% PDaSW TCas75% D2037F01
ACR21T 1901-0040 i DHODE-SWITCHING 30V 50MA 2NS DO-35 02237P01
ATACRZ15-22 ¥901.0040 i DICDE-SWITCHING 30V 50MA 2N5 DO-=35 02337P01
ATACRZZ22-225 19010535 g 1 | DIODE.SCHOTTKY SMSIG 28480 1901-0535
ANSF1F3 2110.0363 1 3 | FUSE .25A 125V NTD .281X.083 04703001 | 275250
At4F4 21100301 ) 1 | FUSE 125 125v 201X.093 va70P01 | 275125
AlaHI31 1256-0141 | 1 | CONJUMPER REM 026 02946P01 | E5474.004
Atan 1252-2407 ¥ 1 | con-HEADER 21 CONT L135800% | LOW-121.08-5.5.205

* Indicates Factory tacted values
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Table 6-3. Replaceable Parts

Aefaronce HP Pan C Descr Mfr.

A tion Mir. Part Number
Designation Number | D[ 9 P Code
L3N 12512969 ] 10 { CONNECTOR-PHOND SINGLE PHONQ JAGK; DIP 031EP0 | 15240503
Aladd-Js 12512969 ] CR-PHOND SINGLE PHONO JAGK; DIF 03416P01 | 15-24-0503
A14J6 8159.0005 [} 1 | RESISTOR-ZERQ QHMS 22 AWG LEAD DA g312PN | 106
A14J9 1251.2969 e CONNECTOR.BHDNG SINGLE PHOMNO JACK: DIF 0 1EPOT | 15-20-0503
A1AJ12.14 12612669 [} CONNECTOR.FHONG SENGLE PHOND JACK; DIP 03418R01 | 15-24-0503
A14J23.25 12512969 -3 | CONNECTOR-PHONO SINGLE PHOND JACK; DiF 03418P01 | 15.24.0503
Al4J30 12516000 9 1| CONN.POST TYPE .100.PIN-SPOG 14.CONT a3416P0 1
A14)30 12522406 6 CON.HEADER 14 CONT L1359001 | LCW-114-0B-G-5-295
A1 1254.4822 € 1 | CONN-POST TYPE .100.PIN.SPCG 3.CONT 03318701 | 22.03.2031
A141.26.27 810017 1 1 | CORE-FERRITE CHOKE-WIDEBAND:; 200 nH 20% .230% 3755 ORETPO VK200.19/48
AlaLTe- Ty 91001751 1 CORE-FERMTE CHOKE-WIDEBAND; 250 nH 20% 230X .I75L6 aETPOI V20019748
A14L80 9100-0539 3 1 | INDUSTOR BF-CH-MLD 10UH £% 156D, 375LG 0327301 | 15MI02)
A14L101.102 91400456 7 2 | INDUCTOR RF-CH-MLD 470NH 2% .166DX.385LG 01213P01 | 1SMATOG
A14L,103 9100-2466 3 1 | INDUCTOR RF-CH-MLD J30NH 5% .166DX. 305LC 03213P01 | 15M230)
A14L104 91001622 7 1 | INDUCTOR RF-CH-MLD 24UH 5% .$66D. J85LG D5E26P01 | 153748
A14L105 9100-1629 3 1 | INDUCTOR RF-CH-MLD 43ULH 5% .166DX. 385U ose26P0t | 1537.58
Al4L200 001791 1 CORE-FERRITE CHOKE-WIDEBANG;, 250 nH zo% .230% 37515 D1887P01 | VK200-13/48
A14L204 9170-0654 0 2 | CORE-SHIELDING BEAD 01BETRDY | 56-590-65/4A6
Al8L211 1700854 [} CORE.SHELDING BEAD QIBETPD1 | 56.590-65/4A6
Alag 1855-0092 a 1 | TRANSISTOR JFET N-CHAN D-MODE TO:18 1 Q4550P02
A1402 18850625 9 1 | XTR SMLIJFETP SIXXXXXXX P92 0z03PO
A14G3 1854.0697 8 1 | TRANSISTOR NPN 51 POwISW FTu50MHZ 02037P01
AldQ4 1855.0625 9 XTR SMLLJFETR S1 X)XOX)00N P32 QZBA3R01
A14025 1855-0410 0 1 | TRANSISTOR J- FET N-CHAN D-MODE TO-18 St Q3406F01
AlM026 18530020 4 1 | TRANSISTOR PN S1 PDwI0IMW FTe1S0MMZ 02037PM
Alacay 18530066 [} 1 { TRANSISTOR PP S1 TO-32 PD=B25MW 022371P0Y
A48 18540215 1 1 | TRANSISTOR NPN S PD=IS0MW FT=3000MHZ 0203TP0
AVQTE 1854.0087 5 1 | TRANSISTOR NPN S PDuJE0MW ETaTSMK2 BIZO6POT
ANAL101 18540795 2 1 | TRANSISTOR NPN SI TO-52 PO=B25MW Q203TPN
A140102 18530408 [ 1 | TRANSISTOR PNP St PD=300MW FT=BSOMHZ 02037P01
AdD103 1853-0640 4 1 | XTR SMLIPNP 02237001 | S44446
A148104 16540404 o 1 | TRANSISTOR NPN St TO-18 PDe350MW 02037P01
£140105 1854-0215 1 TRANSISTOR NPN St PDu350MW FTa300MHZ 02037P01
AV40106 1 9 1 ] TRANSISTOR NN S1 DARL PD=310MW 02037P01
AN4C0T 1854-0275 1 TRANSISTOR NPN 51 PD=350MW FT=3000HZ 02037PO1
A14G108-109 185200083 9 1 | TRANSISTOR-DUAL PNP PD=GOGMW Q2237P01
AlaG112 1854-0314 1 1 | TRANSISTOR NPN S1PDe310MW FTe200MHZ QROITPO1
A140113 1854-0560 9 TRANSISTOR NPN S| DARL PO=3100MW Q2037P01
Alaa114 18540215 1 TRANSISTOR NPN 51 PDe3SOMW FTelQ0MKZ Q203TPO1
ANRIE-1T 18530066 ] TRANSISTOR PNP 5 T0.92 PDWG2SMW 02237P0N
AldG118 1855-0081 1 1 | TRANSISTOR J-FET N-CHAN D-MODE 5t 02037F01 | SPFBIS
AW 1S 18540560 3 TRANSESTOR NPN St DARL PD=3100W Q2037
AND201 1854-0215 1 TRANSISTOR NPN St PDe3SOMW FTel00MHZ 02037P01
AVQ203 18540233 3 1 | TRANSISTOR NPN 3866 S1 TO.39 PDuTW 02037P01
A0 12050033 3 1 | MEAT SINK TO5/TO-39-CS 212301 | 207.Cc8
A140004 19541139 ] 1 { XTR SMLINPN Q203TPM
ANC04 1205-0018 7 1 | HEAT SINK TO.18.CS 21230 | 203CB
AVA0208 18540215 1 TRAMSISTOR NPN S1 PDa3500MW FET=3000H2 QRO3TPM
A14207 1954. 1114 t 1| XTRSMLINPN SI OGO B39 O2037P01 | SAFS342
AL40207 1205-0023 & 1 | HEAT SINK TO-5/T0.36.05 0212301 | 207CR
A0 16540215 1 TAANSISTOR NP 51 PDw3SOMW FTw300MHZ A20ITPM
ANAD209 19530440 2 1 | TRANSISTOR PNP 51 TOLI) PO=EW FTaS00MHZ 0203TP01
A14Q208 1 [ 1 | HEAT SINK TO-5/70.33.C5 G120 § 207CB
AN4O210 18540357 2 1 | TRANSISTOR-DUAL NPN PO=360MW 02057P0M
A14Q210 1205.0011 0 1 | MEAT SINK TC.5/TO.39.C5 C5792P01 | TXBF.032.0258
A14@Z11 18530448 ] 1 | TRANSISTOR PNP St TOW92 PD«B2SWVIW C2Z03TPOM
ANS@2 11 1 8 7 1 | -HEAT SINK TO-1B-C5 @12 | 203ce
AMQR12 1853.0036 2 ¥ | TRANSISTOR PNP SI PD=310MW FTa2S50MHZ 02037P0
AMQ213 18530625 5 1 | XTR SMLIPNP S XXXXXXX B39 qz203TP1 | SRFSM3
AMQZ13 1205.0033 6 1 | HEAT SINK TO-5/TO-39-CS 1z3Fol | 207.C8
Al4QZ14 18530020 4 TRANSISTOR PP SI PDe300MW FTn1S0MHZ 02037901
ANQZS 1854.0215 1 TRANSISTOR NPN S1 PO=350MW FTw300MHZ 303TPO1
AVIO21E 1854.0784 9 1 [ TRANSISTOR NPM SNIBSEA SI TO-29 PD=EW €2037P01
ALAQ216 1205-0033 £ 1 | HEAT SINK TOS/TQ-39-CS a2i23p01 | 207cB
AlaQ219 18530440 2 TRAMSISTOR PNP S TO.39 PO=SW FTaS00MHZ 0203TPO!

* Ingiicates Factory salected values
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Table 6-3. Replaceable Parts

Reference HP Pat [ | o Desesiption Mie. Mfr. Part Number
Designation Number |D 4 pt Code
A140218 12050033 ] HEAT SINK TO-5/TO-3%.65 o2123F0 | 207CB
Atamn 0683.2215 1 1 | AESISTOR 220 5% .25W CF TC0-400 oordgro1 | R.25y
AV4R3 OBAE-3155 1 1 | BESISTOR 2 64K 1% 125W F TC04-100 029%6P01 | sFR2sM
AVaR4 0757.0439 2 1 | REGISTOR 681K 1% 126W F TC0,-100 02996P01 | SFRZEH
A14RS 0683.2225 3 13 | RESISTOR 2.2K %8 26w CF TC=0-400 00746P01 | R-250
A14RE 2100-3253 7 1 | RESISTOR-TRMA 50K $096 C TOP-ADS 1-TRN 03744001 | 3306P-Y45-503
AVaRT 0757-0408 3 1 | RESISTOR 809K 1% .125W F TCa0+-100 02805°01 | 50337
Al4EE 0757.0288 1 1 | REGISTOR 9.09K 1% .125W F TC=0,-100 02555001 | SFR2SH
A14R9 0757-041G 3 z | RESISTOR 301 1% .125W F TCa0y-100 02995p01 | SFR25H
AR OTS7-0410 1 RESISTOR 301 1% .125W F TC=04-100 02395P01 | SFR2SH
AVIR26:28 0682.2225 3 RESISTOR 2.2K 5% .25W CF TC~0-400 00745P01 | R-26J
ANR31.32 0683-1035 1 6 | RESISTOR 10K §% .25W CF TCa0-400 oorase01 | R-254
Al4RI3 06831025 3 10 | RESISTOR 1K 5% 25W CF TC=0-40G oQrasP0l | m-28)
ATaR34 0583.5635 5 1 | RESISTOR 56K 5% .25W CF TCm0-400 00746P01 | R.25)
AT8R3E 0683-2235 5 3 | RESISTOR 22K 5% .25W GF TCa0-200 00745PO1 | #-264
ANIRI7 06832225 3 RESISTOR 2.2 5% .Z5W CF TC=0u400 Q0745P01 | R-28J
A 14038 0757-0289 2 2 | RESISTOR 133K 1% 125W F TCaDs-100 029%6P01 | SFAZSH
A14R39 0757.0442 ] 6 | RESISTOR 0K 1% .125W ¥ TCa{l100 0Z9%POT | SFRZSH
A14R40 2100-3214 0 1 | RESISTOR-TRMR 100K 10°% G TOP-ADJ 1-TRN 03744PD1 | 33BEP-YAE-104
A18R4Y 0757.02a9 2 RESISTOR 13.3K 1% .125W F TC=0+-100 02995P01 | SFR2SH
AlaRa2 0692-0124 o 1 | RESISTOR 10.2K .1% 125w F TCa0s-25 02985P01 | S033R
Al4R43 075704482 8 RESIETOR 10K 1% .125W F TCa0+100 02895P01 | SFR25H
AtdRdd D757-0441 8 RESISTOR B.25K 18 125W F TCa0+.100 02995001 | SFRISW
A4R45 0683-4705 8 11 | RESISTOR 47 5% 25W CF TC=0-480 007T46PO1 | R-28J
Al4R4E 0683- 1008 a RESISTOR 1K £% 25w CF TC-0.400 00746P01 | R-25)
Al4R48 06834725 2 3 | RESISTOR 4.7 5% 25W CF TC=0-400 to746001 | R-25J
A14R48 0757-0428 3 7 | RESISTOR 511K 19 _126W F TCele-100 02985P01 | SFR25H
414RS0 06032225 3 RESISTOR 2.2K 5% 25W CF YCa0-400 00746001 | R-25)
A18RS51 0757-0275 o 2 | RESISTOR 516K 196 125W F TCa0s-100 02595P01 | SFR25H
AlaRSZ 07570438 3 RESISTOR 5.11K 1% 125W F TC-0+.100 02985P01 | SFR25H
AL4RES 0696-5347 P 1 | RESISTOR 1.5€ .1% .125W F TCa04.25 02995001 | 50330
A14R54 0598-6536 2 1 | RESISTOR 156K 5% .125W F TC=0e-50 02935P01 | 5033
A19RS55 O757-0280 3 7 | RESISTOR 1K 1% .125W F TCe0+ 100 02995P01 | SFR2SM
A1ARSE 07570429 5 3 | RESISTOR 20K 1% ,125W F TCa0++100 029s5P01 | SFR25H
A14RET 0633-0121 ? 1 | RESISTOR 2.05M 1% .125W F TC=0s-100 ps1Er | MKz
A14RSE 0693-0122 B 1 | RESISTOR 4.6K .1% ,125W F TCwOw25 02995P01 | S03IR
A14HE0 05821015 T 5 | RESISTOR 100 5% .25W CF TCa0-400 GOT46POT | R-25J
ALdRS1 0663-1025 ] RESISTOR 1K 5% .25W CF TC=0-400 0O746PD1 | R.25)
AVIREZ 05631015 7 RESISTOR 100 5% .26W CF TC=0-400 wreEP0l | B-25)
ANIRE64 0863-1028 ] RESISTOR 1K 5% .25W CF YCa0-40D 0O746P01 | R.25)
AV4REE 06831018 7 RESISTOR 100 5% 25W CF TCa0-400 o0MERD1 | R.2SJ
A14RET.60 05E3-1025 9 RESISTOR 1K 5% 25W CF TCatha00 0074601 | R-250
A14R89 0681015 ? RESISTOR 100 5% 25W OF TCa0-400 0074EP0T | R.26J
AL47TE 05621038 1 RESISTOR 10K 5% 25W CF TCa0-400 00748001 | R-28J
A4RTT 0882.2225 3 RESISTOR 2.2K 5% 25W CF TCa0-400 0074601 | R-25§
AY4R7E 0583.4005 g BESISTOR 1K 5% .25W CF TCa0-400 no7asPo1 | m.259
A4 50-101 083 2238 3 RESISTOR 22K 5% ,25W CF TC-0.400 00746°01 | R-28)
A1aR102 05834708 8 RESISTOM 47 €% 25w GF TCa0-400 00746005 | R-28J
A14R103 075%.0273 a 2 | RESIETOR 3.01K 1% .125W £ TCnle.100 02885P01 | SFRIEH
A14R10A 0757-0283 3 2 | RESISTOR 2K 196 .125W F TCa0+ 100 02988001 | SMR2EH
A14R105 a757.0298 | 4 1 | RESISTOR 75 1% .125W F TC-0+100 ozge5r01 | sPm2sH
A14RI0E U6B2-1515 z 1 | RESISTOR 150 5% 2% CF TCa0-400 00726P01 | R.25)
A14R107 0757.0400 9 t | rESISTOR 50.9 1% 125w F TCx0-100 02995701 | SFR2SH
A14RICE 05960427 z 1 | RESISTOR 1.65K 1% 125W F TCabe-100 05520P01 | CMF-55-1, T-1
AL4R10$ 0757-0420 3 1 | RESISTOR 750 1% ,125W F TC=0+-100 02895P01 | SFR25H
A1AR110-111 0683-2225 3 RESISTOR 2.2K 5% .25W GF TGa0-200 00786P01 | R-250
ALdA1SZ 0583-7505 2 1 | RESISTOR 75 5% .25W CF TC<0-400 00746P0T | R.25J
AMEAIS 07570280 3 RESISTOR 1K 1% ,125W F TCal+ 100 02995P01 | SFR25H
AL4R114 0696-6317 3 1 | RESISTOR 500 .1% .125W F TC=D4-25 05524P01 | CMF-55.1, 7.9
ANMRIE 0688.6317 3 1 | RESIZTOR 500 .1% 125w F TCatl+-25 05824P01 | CMF.36.1.7-8
A14R117.118 05584123 s 2 | RESISTOR 499 1% .125W F TCaD+. 100 02895P01 | SFR25H
AH4R119 644 2 1 | PESISTOR 249K 1% 125W F TCubv.100 05824P01 | CMF.5S.1, T.1
AR 21 08832025 3 RESISTOR 2.2K 5% ,25W CF TCa0-400 00786P01 | R.25J
AL4R122.124 0658.6350 5 3 | AESISTOR 10K 1% 128W F TCel+.25 02935001 | S033R
AVAR126 0658-6120 8 1 | RESISTOR 5K 1% .125W F TCu0+-28 05524P01 | CMF-55.1,T.9

* indicates factory selected values
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Table 6-3. Replaceable Parts

Reference HP Pant | C Description Mtr. Mic. Part Number
Designation Number |D aty. P Code

A14R127 05$8-6350 6 RESISTOR 10K ,19% .125W F TGa0#.25 gzsesenr | soam
A14R12G 06%8-6321 9 1 | RESISTOR 9.9K 1% .1Z5W F TCaD«w-25 05524P01 | CMF-55.1,T-9
AT4R129 06983279 0 3 | RESISTOR 438K 1% 125W F TGal+100 02995P01 | SFR2SH
A1AR130 2140.3212 8 1 | RESISTOR-TRMR 200 10% C TOP-ADY 1-TRN 03784P0) | 3386P.Y46.201
AlamIA 0757-027% 0 RESISTOR 316K 1% .1258W F TCal4-100 02935701 | SFR2SH
A1dR122 06903175 3 1 | RESISTOR 2.55%¢ 19 .125W F TC=04.100 02995°01 | SFResH
A14A133 05834705 |8 " | RESISTOR 47 5% 25W CF TCe0.400 po7acPol | R.259
ASR134 0767.0430 3 RESISTOR 5.8 1K 1% 125W F TCa0s.100 0299501 { SFRZSM
ARS8 05903557 7 1 | RESISTOR 806 1% .125W F TC-0+-100 0P995P01 | SERPSH
ANR137 0757-0416 7 1 | RESISTOR 511 1% .128W F TCabu-100 02995P01 | SFROSH
A14F138.138 07570290 3 RESISTOR 1K 1% .125W F TCale-100 D2Y95P01

AlaR141 0690.4453 4 1 | RESISTOR 402 1% .125W F TCaD+. 100 05824Ph1 | CMFE5.1 T
A14R142 2100-3409 s RESISTOR-TRMR 20 10% C TOP-ADJ 4-TRN O3744P0T | 3386P-v4E.200
A14R143 06964037 0 1 | RESISTCR 46.4 19 .125W F TC=0+100 6299501 RI5H
A14R144 0658-3279 0 RESISTOR 4.99K 1% ,125W F TCalh-100 02995P01 | SFR2sH
A1SR145 0683-4705 ] RESISTOR 47 5% 25W GF TCm0-400 oo7aePon | Rezso
A14R146 0696-3279 o RESISTOR 4.99K 1% ,125W F TCu(4-100 02995001 | SFR2SH
A14R14T 0757-0442 g RESISTOR 10K 1% . 125W F TC=0+-100 0z095P01 | seResH
AlaR1a8 0638-6619 g 1 | RESISTOR 15K .19% .125W F TCaQs-25 02995P01 | seamm
A14R149 0638-6360 € RESISTOR 10K 1% 125W F TOn0e-25 o230t | s0aw
Al4R1S 0638-8607 0 1 | RESISTOR 4.5K .1% .125W F TGa(+.2$ 02995001 | 5033R
ATdRI182 0895.0123 8 1 | RESISTOR 6.75K .1% .125W F TCales25 02395P01 | 5033R
ANRISY 05831035 1 10K 5% _25W CF TCa0.400 00748P01 | R-25J
AN4R1EL 0682.4705 8 RESISTOR 47 5% 25W CF TCe0-400 00746P01 | R-250
AVARIES 0683-1035 1 HESISTOR 10K 5% .25W CF TCa0.400 00746P01 | R.Z5)
AlAmST 06034705 B RESISTOR 47 5% .25W CF TCs0-400 00746F01 | R-25J
ALARHBA- 158 07670448 € RESISTOR 20K 19 _125W F TCa04100 029e5p01 | SFR2SH
A14R1ED 06831058 H 1 | RESIETOR 1M 5% 25w CF TCa0800 oonspm R.25]
AlaRig1 0767.0273 4 RESIETOR 201K 1% .126W F TCule.100 SFROSH
AraRIE2 05964475 0 1 | RESISTOR 8.76K 1% .12EW F TC=0.-100 os.sz-wm £MFE5.1, 71
AIR163 06633935 4 1 | RESISTOR 39K 5% 28w CF TC=0-400 00746001 | R.25J
A4R161 06964382 @ 1 | RESISTOR 62.3 19 .125W F TGx0s100 05524P01 | CME-85-1, T-1
AIIR166 07570401 ¢ 2 | RESISTOR 100 1% .125W F TC=04100 02985P01 | SFR2SH
A14R168 15 £ 1 | RESISTOR 620 5% 25W CF TC-0-400 00745P01 | R.25J
A14R169 0683.1015 7 RESISTOR 100 5% .25W CF TC=0-400 00746P01 | R.25J
ATAR208.209 07570438 3 RESISTOR 5,11K 1%..125W F 1C=0100 oza9se01 | SFRESH
AR 06834735 4 1 | RESISTOR 47K 5% .25W CF TG=0-400 00746P01 | R-25.
A14R212 05831025 ] RESISTOR 1K 5% 25W GF TGa(u400 00T46P01 | R.25V
Al4R214 0683-1075 ] RESISTOR 1K 5% 25W GF TCa(300 00746P01 | R-25J
A4R1S 06831035 1 RESISTOR 10K 5% _25W CF TCa(-400 00745P01 § R-25J
A4E216-217 0683.2225 5 RESISTOR 22K 5% 25W GF TCa(=400 00745P01 | Ru2sy
AldR218 0683.2205 9 6 S% 2SW CF TCa0-400 oo7ebe0i | R-25
A14R220 07570801 ] RESISTOR 100 19 .125W F TCal4-100 02995PH | SFR25H
A1RE2Y 0698.6120 ] B 19 125W F T CME.55.1, T-9
AVaR222 223 DERATOS ] RESISTOR 47 £9 25W CF TCa0A00 00746P01 | R-25)
AVdRP4 0757.0276 7 1 | RESISTOR 61.9 1% 125W F TCabe 100 02995P01

AVAR22G 0TRI_0437 2 3+ | RESISTOR 475K 196 _1258W F TCali- 100 02955P0! § SFROSH
AtdR23E 0757-0405 4 2 | eEsisToR 182 1% 12w 02995001 | SFR2SH
AtaR229 06832205 3 AESIETOR 23 5% 25W CF TCa0-400 00745P01 | R-25J
Al4RZ3 0151021} -1 2 | AEMSTOR 439 1% 125W F To=0+- 100 1] SFR2EH
Al4R232 HIST0317 7 2 RESISTOA 133K 1% . 125W F TC=l-100 02945001 SPRIEH
AIR233 05031205 ? 2 | RESISTOR 12 5% 28w CF TCa0-200 00746P01 | R-254
Al4R234 0683-03%5 4 2 | RESISTOR 3.9 5% 25w CF TC=0-400 00746P01 | R-254
A4R236-237 0757.0636 3 RESISTOR 591K 136 .125W F TCa0s-100 02995P01 | SFR2EH
AMIRZ30 0GR 1045 3 1 RESISTOR 100K 5% 25W CF TC=0-400 GOT4GPO1 R-25J
A4F238 06034705 9 RESISTOR 47 5% .25W CF TCa0-400 00146PQ1 | R.25)
AtaR241 06834705 8 RESISTOR 47 5% .25W GF TC=0-400 00746P01
AVIR242.243 0637-4701 2 4 | RESISTOR 47 10% 5W GG TCeDed 12 MBOTPOT 1 EB4TON
AVdRZ4d 0757-0465 6 2 | RESISTOR 100K 1% .125W F TCaDs—100 02995P01 | SFRZSH
AVRZ45 0757.0260 3 RESISTOR 1K 1% .125W F TCa(k=100 2985P01 | SFRESH
AVARZ46 OBRL2205 9 RESISTOR 22 5% 25w CF TC=(L400 DOTAGPO1 R-25J
AVaR24T7 07570465 6 RESISTOR 100K 1% ,125W F TCa0.-100 o2005pe1 | SFR2EM
AVARZAR 06832206 9 RESISTOR 22 5% .25W CF TCa0400 00746P01
A1AR249 06030275 9 2 | RESISTOR 2.7 60 . 25W CF T 00746P01 | R.25J
A14R2ED 0757.0442 9 RESIETOR 10K 19 125W F TCb100 02505001 | SPR25H

* indicatey tactony selected values
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Table 6-3. Replaceable Parts

Relerence HP Part c Daseription Mir. Mir. Part Number
Designation Number |D | O P Code

A14R251 06830275 9 RESISTOR 2.7 5% .25W CF TC-0.400 00746P01 | R-25.
A14A252 06350064 ¥ t | RESIETOR 50 1% SW F TC=0,-25 02595001 | 5053R
AL4A25] 0697-4701 2 RESISTOR 47 10% .5W CC TC-04d12 03607P01 | 84701
ANaR254 0757-0402 1 1| BEDSTOR 110 1% 125w F TCa0+-10D 92595001 | SFR2SH
AVIRZE5-256 0757-0280 3 RESISTOR 1K 1% .125W F TGa0u-100 0258809 | SFRSH
AV4F2ST 0757-0283 B RESISTOR 2K 1% 125W F TCm0+.100 oz905;03 | sSFRaSH
A14R250 06832206 ) BESISTOR 22 5% .25W CF TC=0-400 00746P01 | R-250
Al4RZEY 0757-0442 ] RES(STOR 10K 1% .125W  TCa0s-100 02995P0t | SFR25H
AV4AZED 0687-4701 2 RESISTOR 47 10% .5W CC TC=0s412 e =
AV4RZ61 07570442 ] RESISTOR 10K 1% .125% F TGw0+-100 02935P0

A4RZEZ VEBI4T0S | 9 1 | RESISTOR 47 5% 25W CF TC=0-400 007T46P01 | R-250
A14263.260 DEBL06ES | & 2 | RESISTOR 6.6 5% .25W CF TCa0400 00746P01 | R-25.
AVERZES 06384388 | 4 1 | RESISTOR 634 1% 125W F TCaG+.300 05524P01 | CMF-55-1,T-1
AVAR26E 0B8R 4450 1 1 { RESISTOR 324 1% .125W F TCa0w-100 05524P01 | CMF.55.%, T-1
A4R268 08834705 ] RESISTOR 47 5% .Z5W CF TCa000 00746P01 | R-25J
AV4R269 orsr.eme | 2 1 | RESISTOR 10 1% 125W F TCu(u.700 05524P01 | CMF-55-1, T-1
A4R270 06983492 9 1 | RESISTOR 2.67K 1% 125W F TCa04-100 02985601 | SFR2SH
A14R2TY 0576408 | 4 RESISTOR 162 1% .125W F TCa0r100 02805p01 | SFR2SH
AR 0682.2208 ) RESISTOR 22 5% .25W CF TC=0400 00746P01 | R-25J
ANR273 067570277 H RESISTOR 29.9 1% 125W F TCalu 100 02995P01 | SFRSH
A14RE74 07570317 7 RESISTOR 1.33K 1% .125W F TCx0.-100 02995P01 | SFR2EM
A4R275 2900-3409 s 2 | RESISTOR-TRMR 20 10% € TOR.ADJ 1-TRN 03744P01 | 3306P-Y46-200
Alam2te 05030395 | 4 RESISTOR 2.0 5% 25W OF TC-0.400 00746R01 | R.25)
Al4B2TT 0683-1205 1 RESISTOR 12 5% 25W CF TC=0-400 00746P01 | R25S
A14R2TE 0757-0200 | 7 1+ | RESSTOR Seik 1% 128w F TCa0s-100 02905P01 | SPEZEH
A14TP118 12510600 | 0 19 | CONNECTOR-SGL CONT FIN 1.14-MM-B5C-SZ $Q 03419P01 | 16.06-0034
Asay 1B20-1156 | 6 2 | ®'rF TTL LS O-TYPE POS-EDGE.TRIG COM 01698001

A18U2 18201197 H 1 | IC GATE TTL LS NAND QUAD 2-INP 01696P01

Aray3a 1626-0476 7 2 | ANALDG SWITCH SPDT 8 -OP-P 01638701

AUS 16260304 0 1 | IC OP AMP LOW-BIAS-H-IMPD TO-59 PKG 03406P01

ANUE 18201279 T 1§ 1G ONTR TTi LS BIN UP/DOWN SYNCHRO 01656P91

A14U7 1820-1278 ] 3 | 1C GNTR TTL LS DECD UP/COWN SYNCHRO 01 633P01

AlaUE-3 1620-1219 ] I GNTR TTL LS DECD UP/DOWN S5YNCHRO C1638P01

A13010 1820-1282 3 1 | ICFETILLS JX BAR POS.EDGE-TRIG 01688F 01

A14011.12 1620-1112 ] 4 | G FF TTL LS D-TYPE POS-EDGE-TRIG 01638001

Al4U13 1620.1423 | 4 2 | 1C MV TTL LS MONCSTBL RETRIG DUAL 01638PD1

A14U14 18200893 g 3 | & FF TTL S D-TYPE POS-EDGE-TRIG 01636P01

Atauns 18210001 4 1 | TRANSISTOR ARRAY 18.PIN PLSTC DIP 02037P01

A14U16.17 1826-0304 0 IC OF AMP LOW-BIAS-HIMPD T0.39 PKG 0340601

Al4UEE-1G 1826-0208 | 3 s | 1€ OP AMP GP &-DF.P £KG 03408P01

AtU20 18260416 | S 2 | ANALOG SWITCH 4 SPST 16 -CBRZ/SOR 03406P01

AU21 1826-0208 2 IC OP AMP GP B-DIF-P PKG 03406F01

AT4UZ3 1826-0008 3 IC OF AMP GP B-DIP-P PKG Q340EP0

A14U24 10250415 | 5 ANALOG SWITCH 4 SPST 16 .CBRZ/SDR 03406001

ATay2s 18260208 3 G OF AMP GP B.0IP.P PHG 0340601

A14uzg 18201730 g | 3 | c frrYTLLS D_TYPE POSEDGE-TRIG COM 01698P01

A14U27 1820-1218 3 t | 1€ 0COR TTL LS 27EB.LINE 34NP 0165801

A14U29 18201196 g IC FF TTL LS D-TYPE POS-EDGE-TRIG COM 01695P01

A14U23 1820.1730 8 I FF TTL LS D-TYPE POS-EDGE-TRiG Com 0169801

A4UZp 1820-1641 ] 1 | € DRVR TTL LS BUS HEX 1.1M¢ 04698P01

A14UTY 1820-1194 1 2 | e mav TTLLS HEX 1IN0 0165001

AtaU32 18201442 7 1 | IC CNTR TTL LS DECD ASYNCHRO 0163901

A14033 1820-0693 e IC FF TTL S D-TYPE POS-EOGE-TRIG 01656P01

AU 18201112 |8 IC FF TTL LS D-TYPE POS-EDGE-TRIG 01638P0)

A14U35 18200693 | @ I FF TTL § O-TYPE POS-EDGE-TRIG 01698P01

Al4U36 1820-0684 ] 1 | %G GATE TTL S EXCL-OR GUAD 2-INP 01638P01

A14U37 1820.1202 7 1 | 1C GATE TTL LS NAND TPL 3-iNP 01535F01

A)4U30 wze0il |7 1 | IC OP AMP GF DUAL TO-38 PKG 02037P01

A14U39 1826-0679 | a 1 | 1€ UNEAR

A14U40 1858.0063 | 5 1 | TRANSISTOR ARRAY 14-FIN PLSTC DHP 04550P03

AlaU41 1826.0111 7 IC OP AMP GP DUAL TO.8% PKG 02037P01

AlduL2 1626-0026 3 1 | IC COMPARATOR PRCN TO-99 PKG 03506P01

A14Ud4 18201112 8 IC FF TTL LS D.TYPE POS-EDGE.TRIG 01898P01

A14045 1820-1423 ] 4 IC MV TTL LS MONGSTBL RETRIG DUAL 01688001

Ald4U&T 1820-0321 9 1 | 15 COMPARATOR GP T0-98 PXG 02237001

¥ Indicates factary selected valves

See introduction 1o this section Tor ordering Information
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Table 6-3. Replaceable Parts

Relerence HP Part ¢l ot 0 : Mfr,
" . egeription Mfr, Parit Number
Designation | Number |D| ™Y P Gode
AlSKE 1820.1193 1 G INV TTL LS HEX 14NP 016598P01
AldLnas 1820-1730 [ IC FF TTL LS C=TYPE POS.EDGE-TRIG COM 01636P01
A14050 1858-0047 -3 t | TRANSISTOR ARRAY 16-PIN PLSTC DIP 04200P01
ATAW W2 1460-3338 4 2 | WIREFORM CU BRT-TN Q426,03

43100498 3 4 | MSULATOR-BEAD GLASS QUETROT KG12

43300952 [ 1 | INSULATOR-BEAD CERAMAC OI4PO1 | 10-2154A

1214619 2 1 | LABEL-INFORMATION 15-IN-WD B-IN-LG 08479P07 L&1003
A5 032544515 4 1 | PC ASSY ISPLAY DRIVER 28400 0332556515
A18C100-101 0160-3847 ] 2 { CAPACITDR-FXD W01UF +100-0% SOVDC CER 02010P01 SATOSCIO3KAA
ATSS102-103 03604571 ] 5 | CAPAUITOR-EXD .1UF +80-20% 50VDC CEA 02010P01 | SATOSEIG4ZAA
AISCI07-102 01604571 8 CAPACITOR-FXD 1UF +80-20% S0VDC CER 02010001 | Sat0SE10aZAn
AVSC110-121 0180-0229 7 12 | CAPACITOR.-FXD 33UF« 10% 1OVDC TA D4200P01 1500336X20%082-DYS
A1SJ100 T-46639 4 1 | CON-HEACER-21C 0318PN 22-12-2214
ALS4110 1251.7145 -] 1 1 CONNSPOST TYPE . V00-PIN-SPCG 2-CONT 03EPOY 22-12-2024
ALSLY 9100-3334 2 1 | INDUCTOR 25UH 10% SD 1 €5-2630
AISMP110.120 Q3325=-R000 1 | 11 | SPACER-LED 28480 03325-4.0001
ASEID1.102 18580076 Q 2 | TRANSISTOR ARRAY 14-PIN PLSTC TO-116 02037PG1
AISR100-107 06831035 1 £ | RESISTOR 10K 5% 25W CF TCa0-300 Q074 6RO R-254
AISA10.117 06934705 -] 8 | RESISTOR 47 5% .25W CF TCa0.400 OO745F0N R-25)
A1SR120-127 06832705 4 B | RESISTOR 27 5% .25W CF TCa0.400) O0T46P0Y R-25J
AI15R130.133 0BB3.2035 3 4 | RESISTCR 20K 8% 25W CF 00 00746P0 R-250
ATSRNIGY 18100162 -] 1 | NETWORK-RES 14.0IP 4.7 OHM X 13 02403P01 Te0-1.RA.TK
A1SANI03 1810-0903 2 1 | R-NDIP 2AKXE 2% 03744P0% 41168.080.242
A1SLIYDD 1820-3M12 ) 1 | ICFFTIL ALS B-TYPE POS-EDGE-TRIG COM Q1698P01
A1SLIT04 1020-3145 1 1 | CDRVR TTL ALS BUS DCTL 0165001
AT5)102.103 1820-1432 € 2 | I SHF.REYR TTL LS RS SEMQAL.IN FRL-OUT Q1E88POY
ATE5104-906 1858-004 7 L] 3 | TRAMSISTOR ARRAY 16-PIN PLSTC DiP Q4200P07
AISLN07-108 SR20-1200 5 2 | 2NV TTL LS HEX 01698PD1
AI5U110.120 19901235 5 11 | LED-DSPLAY-SCLID STATE 20480 1990-1238
AISXUT10-120 T-48012 1 11 | 1€ SOCKET - 14 CONTACTS 28400 TA8012

1200-0638 ? 11 | SOCKETIC 14-CONT DiP DIP-SLDR 02a14P01 | DILB14P-308T
A 0XILS-BES21 2 1 | PC ASBY-FFS /A 28409 0332546521
A 0160.6638 2 3 | G=F 56PF 5% 200V MICAS a1 P HPS550.35T
A2 Qren-3847 9 26 | CAPACITORFXD QtUF +100-0% SO0VDC CER 02010PD1 SAM0SCI0IKAM
A21C3 QIB0-1861 5 3 | CAPACITOR-FXD 2TUF+10% 10VDC TA G4200P01 150D2TEX M 10B2.0Y S
AZICHE Q180-1746 5 € | CAPACITOR-FXD 15UF+ 10% 20VDC TA 1 15001 56X902002.0Y5
A21C6 060-6638 2 C-F SEPF 5% 300V MICAS o8113P0 HP1S560JIST
A21C7 Q160451 [:] & | CAPACITOR-FXD .1UF +80-20% SOVDG CER ekl gt SA05E104ZRA
A21C8.3 0160-3647 9 CARPAGITOR-FXD L01UF +100-0% SOVDC CER Q20102401 SAI105C103KAM
A21C10 0160-4571 -] CAPACITOR.FID . 1UF +B0.20% SOVDC CER Q2010801 SA1DSE104ZAA
AZ1CHY 1801261 E CAPACITOR.FXD ZTUF+=10% 1IVDC TA 1 1500D276X301082-DYS
AQIC12 01603247 9 CAPACITOR.FXD .01UF +100-0% 50VOC CER 02010P01 SA105CT103KAA
A1C13 01606265 T 1 | C&-F5,1PF % S00V CERTEr 1 201 089 COHD §15C
A21C4 01603347 9 CAPACITOR-FXD JO1UF +100.0% 50VDC CER 0201¢P01 SA108C10AKAA
A21C15 1] 2 1 | CAPACITOR.FXD 1500PF «-5% 00WDC MICA 482P01
AZICI6 01803847 9 CAPACITORFXD OIUF +4000% SOVDE CER 0201 0PN SA0SCIH3KAA
AIC7 01604261 & 1 | CAPACITOR-FXD t50PF +2.59C B30V POLYP 03523001
A2iC18 0180-225T 3 1 | CAPACITOR.FXD 10PF +.5% S00VDC CER 0460 01460P01
A2C19 01801746 s CAPACITOR-FXD 15UF «10% 20UDC TA 04.200P01 15001 56X 902082 0Y S
A2IC2 019017268 -3 CAPACITOR.FXD 150UF 108 20VDC TA Q4200901 1800156 X902082.0Y 8
ANC2D ME0-5208 ) t | CAPAMTORFXD .UF +-10% 100VDC 02395001 | FISAICAI0APKIDISA
A21C23 0160-3847 g CAPACITOR.FXD (0ILF +100-0% SOVDC CER Q2010PN SA105C103KAA
AICH 01400145 § 1 | CAPACITOR-EXD 4700F 5% I00VDC MICA D1452P01
AZICEE 01803847 2 " GAPACITOR-FXD L01UF +100-0% SOVDC CER 02010P01 | SATOSCIDIKAA
AZICET 0160-2243 H 1 | CAPACITOR-FXD 2.7PF +.25FF sowoc CER 01464PD}
A2ICIR 0160-2200 4 t | CAPACITOR-FXD 230PF +5% 300VDC 1452P03
AZIC29 0160-3847 9 CAPACITOR.FXD [01UF +100-0% .wvbc CER 02010P0 | SA105C103KAA
AZICTH 0160- 384T 9 CAPACITOR.FXD .01UF +100.0% SOVDC CER Q2010P01 SA0SC103AA
ANICI2 GIEQA5T 8 CAPACITCR-FXD . 1UF +B0-20% SOVDC CER 020QPD1 | SAIDSEIOAZAA
AZ1CIT 0160.3847 9 CAPACITOR.FXD 0TUF «100-0% SOVDC CER C2010P01 | SA1OSC103KAA
AT QrEn-4571 8 CAPACITOR.FXD .1UF +B0-20% SO0VDC CER D2010P01 SAIDSETQ4Z AA
A21C3 3 1604819 7 1 | GAFACITOR-FXD 2200PF +-5% 100vDC CER L2010P01 SAIN AT AN

* Incticates factory selacted values
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Table 6-3. Replaceable Parts

Relerence WP Part |G Desctiption Mir. Mfr. Part Number
Designation Number D aty. pt Code
A21C13 01606638 2 C-F S6PF £9% 300V MICAs 08113P01 | HP1SSG0JIST
A21C132.133 0160.3047 9 CAPACITOR-FXD .O1UF +100-0% SOVDC CER 0201 0P01 SA105C10IKAA
A21C1 0160-4571 =] CAPACITOR-FXD .1UF +B0-20% 50VDC CER 02010P01 | SA0SE104ZAA
AZ1C135.137 0160-3847 9 CAPACITOR-FXD .O1LF +100-0% SOvDC CER 02010P01 | SA10SCIDIKAA
A21C138 G140-0208 6 1 | CAPAGITOR-FXD 270PF +-5% S00VDC MICA 02367P01

1C133.140 01603847 3 GAPACITOR-FXD .01UF +100-0% SOVDC GER 02010P01 | SA10SCI0IKAA
51&41 0180-1746 5 CAPACITOR-FXD 15UF . 10% Z0VOC TA B4200P01 | 150D156X902082-0YS
AZ1G142-143 0160.3847 s CAPACITOR-FXD 01UF +100-0% SOVDC CER 02010P01 {1 SAT0SC103KAA
AZ1C144 0180-1859 s CAPACITOR-F XD 27UF +- 108 10v0DC TA G4200P01 | 150D276X901082-DYS
AIC148 G150.1745 5 GAPACITOR-FXD 15UF +=10% 20vDC TA G4200P01 | 150D156X902082-DYS
A21C182 0160.6505 2 2 | C.F .01UF 20% 100V CERMLY 09935P0) APE121-978XTRIQIM 100V
ADICIEL 164 01560.3847 ] CAPACITORFXD J01UF +100.0% S0VDC CER 02010P01 SAIDSCIQIKAA
A21C16T 0180-384T g CAPACITOR-FXD .01UF «100-0% 50vDC CER 02010P31 | SA10SC103KAA
ACI168B $160. 6662 2 3 | C-F 100PF 5% 300V MICAC 09113F01 HPISINJIST
A21C169 0160-3547 ] CAPACITOR.FXD .01UF +100-0% SOvDC CER Q2010P01 SA105CTOIKAM
A21E11 0180-1746 5 CAPACITOR-FAD 15UF.-10% 20V0C TA 04200P0T | 1500156X902082-DYS
A210173 0180-0228 & 1 | CAPACITOR-FXD 22UF . 10% 15VDC TA 04200P01 | 150D226X901582.0YS
A2ICTT4 0380-6662 2 C-F 100PF 5% 300V MICA: 09113P01 | HP15101J38T
AR1C1T6 506519 9 1 | C.F 4T0FF 20% 100V CERMLr 09935P01 | RPE121-STEXTRATIMI00V
A7 0160-6505 2 C-F 01UF 20% 1007 CERMLr 08935P01 RAPE1LN.S78X TR103M 100V
A21C170 01603847 $ CAPACITORF XD O1UF »+100-0% S0VDC CER Q2010P01 | SA105CIO3KAA
AZIC1TS 0160-6522 3 1 | C-F 1000PF 5% 100V cenu 03956001 | APE21.578COG102.0100v
A216161 0160-6662 2 C-F 100PF 5% 300V M aH13P61 | HPI510103ST
A21C182 D160-4441 1 1 | CAPACITOR-FXD A?UF -ms SQVDC CER 2010241 SR3INSCATAKAA
A21G163 016(-6688 2 2 | ©F 1UF 20% S0V CERMLr 09939°01 | RPE11-S07ZEU105MSIV
AZIC1B4-187 01603947 2 CAPACITORFXD .01VF +100-0% S0VDC CER 02O10PN | SA10SCTOTKAA
A21C169 0160.6G88 4 C-F 1UF 20% 50V CERMLr 09339P0N RPE113-207Z4105M50V
AIC190 01604571 B CAPACITOR-FXD _1UF +80-20% 50vDG CER 02010P01 | SASE1042ZAA
AZ1C155 0603876 C-F 47TPF +-20% 200 VDC CER
A21C196-197 0160-4283 9 1 | CAPACITOR-FXD 1007F +.5% 200VDC CER 09539F01 | RPE110COG10MJ200V
AZICRI-2 1901.0040 1 £ | DIDDE-SWITCHING 30V 50MA ZNS DO-35 0223TPO1
A21CRI-4 1801-0518 ;] 7 ODE-SCHOTTKY SM SIG 28480 1901.0518
AMCRS 1901-0040 1 DIODE.SWITCHING 30V S50MA 2MNS DO.35 02237TF0
A2ICARE.T $902.0777 3 2 | CHODE-ZNR 1NB25S 6.2V 5% DO-7 PDw AW 02037P01
AZTCRALY 1801.0518 a OODE-SCHOTTKY SM SI 28480 1901.0518
ANCRIN-13 1501.0040 1 DIDDE.SWITCHING 30V SOMA 2NS DO-35 Q2237eM
A1CAE 1901.0040 1 OIODE-SWITCHING 30V S0MA 2NS DO-I5 02237P01
A21CRN7 1502.3054 5 1 | CODE-ZWR 3.65V 5% DO.35 PO-AW 062037PM
ANCATE1S 15020064 1 DIODE-ZNR T8V 53 D038 PDwdW TCas.05% 02037PON
ACR20 15010040 1 DIODE- SWITCHING 30V S0MA 2MS DO-35 02237P0
ARWCRAN 19023030 7 1 | DIODE.ZNR 2.01V 5% DO.7 POwdW TC--.067% 02037901
AZICRIEY 1801.081@ 8 DIDOE-SCHOTTKY 8M SIG 26480 19010518
A2NCME2 1504-0040 1 1 | DIODE-SWITCHING 30V S0MA NS DOIS 42237P0!
AICR1E3 1801-.6518 [} CODE-SCHOTTICY S0 516 2040 13010518
AZICRI64 bi22.;182 5 1 | DiODE-VWE 25PF 10% BYR=30V CA3}PO
ACR16S 19¢1.-0818 8| CIODE-SCHOTTEY SM SIG 28480 1901-0598
AZCHHEE 0122-0152 5 OIGDE-VWT 29PF 10% ByR=30v 03334P01
A1H24 9222-073t 5 1 | 6x20 METALIZED BAG wr26r0! | 200
AZ1J1 1252-2407 1 1 | CON-HEADER 21 CONT 11359007} 1CW-121.08.G-5-285
A2147.9 12512969 a CONNECTOR-PHONG SINGLE PHONG JACK; DIP 0M18PM 15-24-0503
A21J15-18A 1251-2969 8 CONNECTOR-PHOND SINGLE PHONG JACK; DIP 03418P0 159240003
AZIL1.2 91001622 T 2 | INDUCTOR RF.CH-MLD 2qUH 3% ,1660X. 38506 05826P01 1537-4€
AZIL3 F100-1791 1 t | CORE-FERRITE WIDEBAND;IMP:»360 01967PH1 | VKZ0Q-19/4B
AgIL132 91001791 1 CORE.FERRITE CHOKE-WIDEBAND,IMF>350 01887PON VH200-18/48
AZILTIR1IS 9179-0094 0 1 | CORE-SHIELDING BEAD 01587PYY 55-530-65/4A6
A10833 TIT50057 H 1 | RENISTOR-ZERG OHMS S0LID TINNED COPFER 04309707
A21L161 91001731 1 CORE-FERMTE CHOKE-WIDEBAND;IWF:>360 O18BTR)Y VE200-19/48
A21L162 9140-04680 3 1 | COIL-VAR 35TNH-429NH G=120 FC.MTG 08123FQ1 WP 3ST
A211163 91000539 3 1 | MOUCTOR AF-CH-MLD 10U 5% 156DX.3TSLG 03273P01 16W102)
A21L165 9140943 7 1 ] INDUCTOR RF.CH.MLD 1.1UH 5% .166DX. 385LG 03273P01 1SM111d
A21Q1.2 1853-0635 1 €& § XTR Q2037P01 SPS734BRL
A21Q3 18540345 8 1 | TRANSISTOR NPN 2N5178 S TO.72 PDe200MW 42037P04
ADIO4 18520638 1 ATR 4203703 spsraaem.
AZIDER 1953 0640 4 9 | XTR SMLIPNP 02237P01
AZI09 18541140 2 9 | XTR SMLINPM 020637P0Y spmunw

* Indicates factory selectecd valyey

See intraduction to this section for ordering information,



Table 6-3. Replaceable Parts

Reference HP Part Sl ivtion Mfr. Mir. P
; r. Part Number
Designation Number | D ¥ Deacrip Code
A21010 18530640 4 XTE SMLIPNP pzaaTem S4a446
A21014 1864 1140 3 XTR SMLINPN 02037P01 | SPS2IZRLRA
AZID12 1ES3.0640 4 XTR SML1PNF 02237P0L | S4dsds
AAO1L44 18541140 3 XTR SMLINPN 02037PN SPSZIZALRA
AZVQ16 8841140 3 XTR SMLINPN 02037P0 SFS212RLRA
AZIGNT 19550308 5 1 | TRANSISTOR.JFET DUAL N.CHAN D-MODE S1 02883701
A1C18.18 1855-0081 1 1 | TAANSISTOR JLFET N-CHAN DoMODE St - DRO3TFOY SPFE8
A1 1855.0689 s 1 | XTR SMLIJFET Q2037PN
A21G23-24 1954-1028 6 & | TRANSISTOR NPN 51 PD=350MW FT=300MHZ 02037P0N
AZIQ25 18830640 4 XTR SMLIPNP 02237001 | S44345
AZ1GEE 1854-1028 6 TRANSISTOR NPN S PDw350MW Fia3000MHZ 02037P01
AZ1QZ7 18550081 1 TRANSISTOR J-FET N.CHAN D-MODE 51 02037P0 | SPEmIG
A2YQ26-29 1854-1140 3 XTR SMLINPN G2037P01 SPEXMH RA
A21Q31 18530640 4 XTR SMLIPNP 0223101 | Sadaae
ARG 18550689 5 XTR SWMLIJFET 02037P01
A21037 1854-1028 6 TRANSISTOR NP S1 PO=350MW FTe300MHZ 02037P0
A28 19530569 [ 1 | TRANSISTOR PNP SI PD=310MW FT=40WMHZ 02037P01
A0S 18550081 1 TRANSISTOR J.FET N-CHAN D-MCOE Si 0z03Pe1 | seretg
AZI1041.42 19541440 3 XTR SMLINPN 01 | SPS212ALRA
AZ10M3.84 1852 0640 & XTR SMLIPNP 0223TP01 | S4daat
AHOI N 18530639 1 XTR Q2037P01 SPSTBABRL
A1 32 1654-102¢ 2 1 | TRANSISTOR NP SI PDw300MW FT=200MHZ Q20ITPOY
AZID161 16530639 0 TR 02037PD1 | SPSTB4BRL
AXER-185 18540145 ] TRANSISTOR NPN 2NS1T9 SI TD.T2 PD=200MW 02037R01
A210168 18530538 1 XTR 0203701 SFETB4ERL
A2t 015703685 1 2 | RESISTOR S6.2 19 .126W F TCal.-100 02995P01 SFR2SH
AZ1IR2.3 0757.0419 4] 3 | RESQISTOR 601 1% .126W F TCa0.-100 1 SFRIEM
AZ1R4 0602705 -] 14 | RESISTOR 47 5% 28w CF TC=0400 0D745PM R-25)
AZIRE 0757-0421 4 3 | RESISTOR B25 1% .125W F TC=0+-100 02995P01 | SrRatH
A21RT 06834715 1] 3 | RESISTOR 470 5% .25W CF TCaO-d0D GOT4EP01 R-25.)
AZIRE 06834705 8 RESISTOR 47 $% .25W CF TG=0-400 corasrol | RSy
A21R9 0638-3440 7 2 | RESISTOR 196 1% .125W F TCals-100 {$2935P01 EFR2SH
R 06832205 | 3 | RESISTOR 22 &% DOTAEPOY R-25)
AZIRY 213 075704 38 3 3 | RESISTOR 5.05K 1% .125W F TGaQs=100 02955P01 SFR2SH
A2R4 07570418 -] 2 | RESISTOR 619 1% .125W F TCa(k=100 02985P0 SFR25H
AR Q7570440 T 1 | RESISTOR 7.5K 1% .125W F TCeO«-100 Q2995F SFR25H
AR1T 0RSE- 1152 a i | RESISTOR 348K 1% .125W F TCav.100 Q2995P01 SFRZ5H
A21A18 07570444 1 2 | RESISTOR 12.1K 1% _125W F TCas.100 02995F0) SFR25H
AMA19 H757-0278 9 1 | RESISTOR 1.78K 1% .125W F TCa04-100 02395F01 SFR25H
AR HBB2-AT05 a RESIST ¥ 5% 25W CF TCa0-400 DOT46P01 R.Z5)
ARz 06831525 4 3 | RERSTOR 1.5K 83 25W CF TC=0-400 COT46P01 R-25)
A21A23 06336815 £ 2 | RESISTOR EB0 59% 258W CF TCa0-400 0OT4ASPO1 R-25J
A2 R4 06R3- 1826 H 1 SIETOR LEW 5% 25w CF TC=0400 QOTAEP0M R-25.
1RZE 0757-0395 1 FESISTOR $6.2 1% J26W F TCule 02995P01 | SFRZ5H
AZIRZ27-28 A757-ONT 7 2 | BESSTOR 1.33K 1% 125W F TCe0+-100 o2905P01 | sPR2SH
AZIR2Y 05RLATOS o1 RESISTOR 47 5% 25w CF T 00 on746P01 | R.280
AZIRN 05833225 6 & | RESISTOR 3.3K 5% .25W CF TCaD400 DOTABPOY R-25)
AZIR3Z EBLITIS o RESISTOR 470 5% .25W CF TC-0-400 00T46P01 | R-25)
AZIRIY 0583475 8 RESISTOR 47 5% 25W CF TC=0.400 00746P01 | R-25J
AZIRM 0757-0438 3 RESISTOR 5.91K 1% .125W F TCa04-100 02595001
A21RIE O7ST-0280 3 8 | RESISTOR 1K 1% .125W 02996P01
A21TRIT 0E96-3153 g 3 | AESISTOR 183K 1% .125W F TC=0«100 ¢2995P01 | SFR2SH
AZIR30 e 6 | AESISTOR 1.96K 19% ,125W F TCal4-100 0299501 | SFR25H
AZ1R3S 0757-0401 ¢ 9 | RESISTOR 100 1% .125W F TCa0+-100 02995P01 | SFR2SH
A2iRd4 0EB3-Ea5 -3 RESSTOR 580 5% .25W CF TC={-d400 VOT46POL R-25)
A21R42.43 06383153 8 RESISTOR 183K 1% .125W F TCwmD+-100 02985P07 SFR25H
AZ R4 -] RESISTOR 198K 1% .125W F TCal=100 02555001 SFR2SH
1R4E 0581015 7 g | RESISTOR 100 5% .25W GF TC=0-400 00746P01 | R-25J
A21R47 0683 8 RESISTOR 3.3 5% 25W CF TC=0-400 00FAGP0Y R-25J
A21R48 osaL1MS 7 RESISTOR 100 5% .25W CF TCaD-400 Qor45P01 R-25J
A21R4g 068E. 3443 0 1 | RESISTOR 287 1% .125W F TCals.100 1 SFR25H
AR5 0757-0418 9 RESISTOR 619 1% 125W F TC=0+.100 02355P01 SFR2SH
A2IRE2 O757.0404 1 RESISTOR 121K 1% .125W F TCelds.100 D2S95PO1 SFR25H
A21R53.54 07570280 3 RESISTOR 1K 1% _126W F TCa0W. 100 0298500 SFR2GH
A21REE 3 RESISTOR 1.56K 19 128W F TCafs100 02985P01 | SFR2SH

= indicates factory selecied values
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Table 6-3. Replaceable Parts

. Reference

HP Part c Dezcripti Mir.
. geription Mfr. Part Numher
Dasignation Number D aty Code
A21RS? G403 5106 4 1 | RESISTOR §1 5% I5W OF TC-0-40) o07a6P01 | R.28)
AZIRSS 05034715 o RESISTOR 470 5% .25W CF TC=0-400 00746P01 | R.28)
AZIASS 065831015 7 RESISTOR 100 £% .25W CF TC-0-400 0oT46P0t | R2S)
AZIREY 0663-1035 1 12 | RESISTOR 10K 5% .25W CF TCa0-800 oo7aepnt | RSy
A21RE2 0683.1015 7 RESISTOR 100 5% .25W CF TCa0-400 QaMePy | R25)
AZIRE3 07570419 0 RESISTOR 681 1% .125W F TCa0ra100 04935P01
A21RE64 0084 S 1 | RESISTOR 2.15K 1% ,125W F TC-C-100 0Q2995P01 | SFR2SH
AZ1RE5 07576001 0 RESISTOR 100 1% .125W F TCa(+-100 02995P01 | SFR2SH
A21RSE 06934705 g RESISTOR 47 5% 25w CF TCa(-400 00746P01 | RL25J
AZIRET 0636-0083 ] RESISTOR 1.96K 1% .125W F TC=(+-100 02995P01 SFRZSH
ATIRGE-69 2 2 | RESISTOR 14.7K 1% 125W F TCe0+100 ozgasPo1 | SFR2SH
A21RTO 07570401 0 RESISTOR 10D 1% ,125W F TCa0+-100 ozsaseol | SFRasH
AZRT § 1 | RESISTOR &4.2K 1% .125W F TCaDw100 02995P01 | SFR2SH
A2SRT2 08211005 9 11 | RESISTOR 1K 5% 25W CF TC=0-400 ooraePn | R.259
AR 06334705 B RESISTOR 47 5% .25W CF TCa(-400 00746701 | R.250
A2RTA 21003211 1 1 | RESISTOR-TAMR 1K 30% € TOR-ADJ 1-TRN 03744P0T | 3385P-Y46-102
AStRTS 07570442 9 4 | RESISTOR 106K 1% 125W F TC=D4.100 02956P09 R25H
A2iRTE 2100-3096 [ 1 | RESISTORTRMR 50K 10% C TOP.ACL 17-TAN D4S6EP0Y | 67WR
AZIRTT 06831045 7 1 | RESISTOR 10M 5% 25W £ TCa 800/ 1100 01607R01 | CR10ES
AZIRTE 0757-0428 E 1 { AESISTOR S00K 1% 126W F TC=0+-100 02535P01 | S03IR
AZ1RATS 97570401 0 RESISTOR 100 18 125W F TC=0.-100 02045001
AZ1RE BEH3-1035 ¥ BESISTOR 10K 5% .25W CF TC=0-400 0oMer1 | R28Y
AZ1RBZ 0683-5625 3 1 | RESISTOR 5.6¢ 5% 25W CF TCa0-400 Myl | R250
AZIRE3 06E3-2025 1 1 | RESISTOR 2K 5% 25W CF TC=0-400 0DoasRit | A28
AZIRB4 0757-028% 2 1 | RESISTOR 13.3K 1% .125W F TCaw-100 02995P01 | SFR2SH
AZIRDE 0757-0639 4 4 | AESISTOR 681K 1% .125W F TCa0s-100 02995P01 | SFR2SH
AZ21RET MEBIATOS 8 AESISTOR 47 5% 25W CF YCm0-400 QOTAP)T | R-250
AZ1RBB 100-3383 4 1 | RESISTOR-TAMR 50 10% C TOP.AQY 1. TRN 0374aP01 | 3396P-Y46-500
AZ1R8Y 06834705 2 RESISTOR 47 5% .25W CF TC=0-400 Q0146FD1
AJIAM 0638-0083 : RESISTOR 1.96K 1% .126W F TCa04=100 Q253sP01 | SFR2SH
A21Ra2 06831025 9 RESISTOR 1K 5% .28W CF TC=0-400 corern | Re2s
A2IRS-94 05821015 7 RENSTOR 100 5% 2SW CF TCa[-400 00maset | R25J
A21R36 0757-0421 4 RESISTOR 825 19 .125W F TCalw-100 02955808 | SFR2SH
A2IR57-50 0EG3-2225 3 4 | RESISTOR 2.2¢ 5% 25W OF TC=0-200 polasem | R250
RS9 06508-3154 0 1 | RESISTOR 422K 19% .125W F TC=0100 o2085P01 | SFR2SH
AZIEAO 068311028 $ RESISTOR 1K 5% .25W CF TCa0-400 DOTA6POY | A28
AZIR1O2 06032225 3 RESISTOR 2.2 5% 25w CF TC=0-400 orsPN | RS%:
AZ1R103 06834705 ] RESISTOR 47 5% 25w CF TC~0-400 20745P01 | R-25J
AZ1FI0a 06032235 £ 1 | RESISTOR 22 6% 28w CF TE=0-200 0T4EP01 | B354
AZIRL0E 05831035 1 RESISTOR 10K 5% 28w CF TCa0-400 00T45P0 | R-254
AIRI0T 2100-0567 o 1 | RESSTOR-TRME 2K 10% C TOP-ADYS 1-TAN 83744P01 | 2388P-v48.202
AZ1R108 06960043 ] RESISTOR 1.86K 19% .125W F TC=(+—100 02995P01 | SFR2SH
AZ1R109 0EB3-1015 ? RESISTOR 100 5% .25W CF TC=0-400 oorasPdy | R-250
P 0683105 7 RESISTOR 100 5% 25w CF TC~0-400 oorasPp1 | R25J
AZIR112 0757-0421 & RESISTOR B25 1% _125W F TC=0+100 02955P01 | SPRZSH
AIRT13-114 07570416 7 3 | RESISTOR 511 1% 125W F TC=0+-100 02995P01 | SFR25H
A2I1RVIE QGRI4705 ] RESISTOR 47 5% 25W CF TC=0-400 OO746PD1 | R-25J
AZIRNT? 0757-0435 r RESISTOR 601K 1% 125W F TCe0=100 02995P01 | SPR2SH
AZIRNB 0683-102% ] RESISTOR 1K 5% 25w GF TO=0-200 corasPgl | R-25J
A2IR119 06083-1835 9 1 | RESISTOR 18K 5% 25W CF TCa(-400 WrasPy | R2SY
AZIR 06831025 9 RESISTOR 1K 5% 25W CF TCeD-400 oor4ePor | R.25)
ARIR2Z 06383162 [ 1 | RESISTOR 464K 1% ,125W F TCalw100 02995P01 | SFR25H
AZIRIZS 0757.0465 6 1 § RESISTOR 100K 1%, 125W F TG=0+-100 02985P01 § SFR2SH
AZIR12% 0683-152%5 4 RESISTOR 1.5K 5% .25W CF TCa0-400 007Ta5P01 | R-25J
A21R126 0683.1025 L RESSTOR 1K 5% .25W GF TC=0-200 007a5P01 | R-25J
AZ1R130 06832225 3 RESISTOR 22K 5% 26W CF TCa0400 ooT4sP01 | R-25J
AZIR132 0757.0394 4 1 | RESISTOR 75 1% ,125W F TCu(+100 299sP01 | SFRASH
AZIR133 0656. 1432 7 1 | RESISTOR 281 1% .125W F TCall 100 0039501 | SFR2SH
ADIR134 0683-1035 1 RESISTOR 10K 5% 25W CF TC=(L400 00746P01 | R-25)
AZIRYYS DERL 2205 9 RESISTOR 22 5%, 25W CF TC«0.400 00748P01 | R-25J
AZIR136 0681028 9 RESISTON 1K 5% .25W CF TC»0-400 go745P01 | R-25)
A21m137 06831038 1 BEESISTOR 10K 5% 25w OF TC=0-400 @orase0 | R-25)
A21R138 0598444 3 2 1 1 RESISTOR 453K 1% .125W F TCm{s-100 05524P01 | OMESS.1, T.1
ASIR140 0583-1038 ' RESISTOR 10« 5% J8W OF TCa0480 o0746P01 } R-25)
a2R1ad 06982422 7 1 | RESISTOR 127K 1% 126W F TCal—100 05524001 | CmF-S5-1, T-1

. * Indicates factory selected values
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Table 6-3. Replaceable Parts

Reference HP Part (o] Mir.

. n Mir. Parl Number
Designation Number | D | 9" Descriptio Cede
AZ1IR142 0583-1025 g9 RESISTOR 1K 5% .25W CF TCa0-400 0OTA5R01 R-255
AZ1R143 05831015 7 RESISTOR 100 5% .25W CF TCa(=d(] QOTABFYY Re25)
A2IR144 05633325 B RESISTOR 3.3 5% .25W CF TCe0-40D Do7a6PM RA-25J
AZIR145 05831025 9 RESISTOR 1K 5% .26W CF TCa0400 DO7AEPO1 | R-25J
AIRIA6-14T7 Q6B 1035 1 10K 8% 25W CF TCal-40D DOFASPON R-25J
AZIR148 0BR3-7515 4 1 | RESSTOR 750 5% 258W CF TC=0-400 0e746R01 R-25J
AZIR145 06£3-1035 1 ' RESISTOR 10K 5% 25W CF TCul-i00 {DOTAEPUN R.254
A2IR1%0 08£3.3325 & RESISTOR 3.3K 5% 25w CF TCa0-400 GOTAER)L R-250
A2IR151-1862 0GE3-1035 1 RESIETOR 10K 5% .25W. CF TCa0400 00746P0% | R-25)
AZIR1G1 0883-2415 3 1 | RESIETOR 240 5% 25w CF TC=D400 O074EPDYT | R-281
AIR1G? UBS9-2054 - 1 | ar 100 OHM 1% 1720w HFO4 TO 05824P01 | CMP.80-21
AZIR163 QBRI 1045 3 3 | rEsisTOR 100K 5% 25W CF TC=0-400 00746001
AZIR164 06B3-4735 4 2 | RESISTOR 47K 5% 25W CF TC=0-400 00746P01 | R-254
AZIRIES oa1es | 3 RESISTOR 100K 5% 25W CF TG=0-400 0074601 | R.25J
AZIR1GE 683735 4 RESISTOR 47K 5% .25wW CF TCal-400 00746P01 R-25J
AZIRIGT 06834725 2 1 | RESISTOR &,7% 5% .25W CF TG=0-400" QOTAEPGE R-25J
AZ1R16B 05831035 1 RESISTOR 10K 5% .25W CF T(aQu40D TP R-25J
AZ1R169 0 1 { RESISTOR 7.22% 1% .125W F TCale=100 02995P SFRZSH
AARITD -3 1 | RESISTOR 24K 5% .25W CF TCa(u300 Q0T45PM R«25J
A21R1IT1 0757-1084 -] 1 | RESIETOR 147K 1% 125W F TCaDea 100 025935P0 SFR25H
AMRT2 0B83.1025 9 RESISTOR 1K 5% 25W CF TCa0-400 Q0746P01 R.2%J)
AXIRIT3 GERA2- 1045 3 RESISTOR 100K 5% 25w CF TC={.400 00746001 R-2584
AMRIT4 0683.5125 ] 1 | RESISTOR 51X S8 26w CF TCa0-400 00746901 R-25)
A21IR17€ 06834705 ] RESISTOR 47 5% 2EW CF TCa0-400 COT46P01
AT 07570417 ] 1 | RESISTOR 562 1% 125W F TCal+-100 02955P01 | SFR2SH
A2RTE OFE7-0401 ¢ AESISTOR 100 1% . 125W F TCa0.—100 Q25950M SFR25H
A210178 06833915 L1 3 | RESISTOR 390 5% 25W CF TCaD400 QOT4EPM R-25.)
AR 06933915 ¢ RESISTOR 390 5% 25w CF TCah 400 QO74ePO1 R-254
A2tRA2 06831525 4 RESISTOR 1.5K 5% 25w CF TCa0-400 HOT4EPOT R-25J
AZIRIBI 0683-1025 ] RESISTOR 1K 5% 25W CF TCe0-400 00746P01 | R-250
AZIR1B4 Q757-0280 3 RESISTOR 1K 1% .125W F TCul-100 02995001 .| SFR25¢
AZTR1IBG Q7570416 7 RESISTOR 517 1% ,126W £ TC=0+-100 Q2995PN SFR25H
AT 06384123 -] 1 | RESISTOR 499 1% 125w F TC=04-100 Q2995PM SFRISH
AT1IRYBE O75T-0280 3 RESISTOR 1K 1% .125W F TCe0+100 02535P01 SFR2SH
A21R1B3 07570401 1] RESISTOR 100 1% _129W F TCadw-100 0ZHISPOT SFRZSH
AR DFS7-.0280 3 RESISTOR 1K 1% 125W F TCalw=100 02295P0 SFR2SH
A21R192 Q570442 g RESISTOR 10K 19 .125W F TCa04-100 Q2995P SFR25H
A21R182 DE38-3279 ¢ 2 | RESISTOR 4.99K 1% ,125W F TCals-100 0Z535P0 SFR25M
A21R194 07570401 L4} RESISTOR 100 1% .125W F TCa0u- 100 02095P01 SER2EH
AZIR196 0757.0452 1 1 | RESISTOR 27.4K 19 .126W F TCale-100 02095P01 | SrREEH
AR9T 0698-3440 7 RESISTOR 196 1% _125W F TCa0u— 100 Q2985PN1
A21Q188 06389474 ] 1 | AESIETOR 845K 19 . 125W F TC=04-100 A5824P01 OME-S5-1, T-
ANRI19Y 0I57-0439 4 RESISTOR 681K 1% 126W F TCa04-100 02995P01 S
A21R200 07570254 & 1 | RESISTOR 51.1 1% .126W F TC-0+-100 02995P01 | SFR2%H
AS1R01 07570280 3 RESISTOR 1K 1% .125W F TC=0:-100 02995P04 | SFR2SH
A21R20Z 07570401 o RESISTOR 100 1% .125W F TCalu-100 02955P0% | SFR2SH
ANR202 08963279 0 RESISTOR 4.95¢ 1% 125W F TCals-100 02995P04 SFR2SH
A21RZ04 0757-0442 9 RESISTOR 10K 1% ,125W F TCa0e-100 02995P01 | SFR25H
AZ1R205 0757-0283 6 + | rESISTOR 2 19 A25W £ TCa0—100 02595001 | SFRAE5H
A21R206 0757-0280 3 RESISTOR 1K 1% .$25W F TC~0+100 02895F01 | SFR35H
AZIR207 06233315 4 1 130 5% 25W CF TCm0-400 00745P01 | R-254
AZ1R208 06534325 B t | RESISTOR 4.3K 5% 25W GF TCw0-400 op7acP0t | masg
AZIRZ09 06333915 0 RESISTOR 390 5% 25W CF TCa0La00 obrase01 | R2sy
AZIRZ10-211 06934705 B RESISTOR 47 5% .25W CF TC=0-400 on7dePnt | R.2sy
A2TR212 0757-0439 4 RESISTOR £.81K 1% ,125W F TCamDu- 100 02895PM SFR2SH
A2IR213 07570401 1] RESISTOR 100 1% .125W F TCa0n-100 Q2e35P01 SFRZS5H
A21RZ14 Q7570442 ] RESISTOR 10K 1% .125W F TGaDs-100 Q2835PN SFRZM
A21R215 06832205 ] RESISTOR 22 5% .25W CF TC=(-400 Q0746PD1 R.25J)
A2IR216 07570279 0 1 | RESISTOR 396K 1% .125W F TCalw. 100 Q2855P01 SFR25H
AZTPI-1T 1251.0500 q t1 | CONNECTOR.SGL CONT PIN 1.1-MM-BSC-SZ SO 03416P01 | 16.06-0034
A21U1 18200817 e 1 | I1CFF ECL D-M/S DUAL 02037P01
A21U2 16210001 4 17| TRANSISTOR ARRAY 14-PIN PLETC DIP 02037PN
A3 18400294 4 1 | NETWORK.RESISTOR 16 PIN DIP; RES 28460 18100294
A4 1820-1196 [} 3 | ICFFTTL LS B TYPE POS-EDGE-TRIG COM 01656801
A5 1820-1112 -] 1 | ICFFTTL LS D-TYPE POS-EDEE.TRIG Q1656901

* Indicates factory selected values
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Table 6-3. Replaceable Parts

Reterence HP Part [ De Mis.
A . gcription Mir. Part Number
Designation Number (] Oty pii Code
A21UE 18260021 8 1 | 12 OP AMP GP TO.93 PKG 53406PD)
A2IU7 18200629 b 8 | K FFTTU 8 K NEG-EDGE-TRIG 01698P01
A21U8 1620-0597 z 1 | 1 ORVE TTL S NAND LINE DUAL 4-INP 01558P0)
AZ1U9 1620-1219 ] 2 | & 6NTR TTL LS DECD UR/DOWN SYNCHROQ 01538P01
A6 1626-0043 4 1 | & OP AMP GP TO-99 PKG 0:3406P01
A21unt 182012795 B K CNTR TTL LS BECD UP/OOWN SYNCHRO 01558P01
AWz 1820-0681 4 3 | ICGATE TTL S NAND QUAD 2NP 015S8POY
A21U13 1820-0629 0 IG FF TTL § J-K NEG-EDGE-TRIG 01858P01
AZ1U14.15 1820-1196 8 G FF TTL LS D-TYPE POS-EDGE-TRIG COM 01698P01
AZWET 1820-4322 2 1 | IC GATE TTL § NOR GUAD 24NP 0153401
AZ1U18 18200629 ¢ IC FF TTL S J-K NEG-EDGE-TRIG OHEEHPO
AZIU18 18202004 9 1 | MISCHN 26400 1820-2004
A23U21 1820.0683 6 1 | G INV TTL S HEX 1-INP 169870
AZ1U22-23 1820.0681 4 IC GATE TTL § NAND GUAD 2-INP 01658P03
u2e 18200629 o IC FF TTL S JoK NEG-EDGE.TRIG 01638P01
A21U25.26 1820.0693 8 2| CFFTILS D POS-EDGE-TRIG 0165EPON
AU 1B20.0629 0 1C FF TTL S J.K NEG-EDGE-TRIG T1658PE1
AZ1U20 1820.1641 a 1 | K DRVR TTL LS BUS HEX 1INP 01698P01
AZ1U25.30 1820-0429 o IC FF TTL & J.K NEG-EDGE.TRIG 01698PO1
AZ1U3 TA20.1144 & 1 | & GATE TTL LS NOR QUAD 2-INP 01658POY
AZIU2 1820-0629 o 1€ FF TTL £ J4 NEG.EDGE-TRIG 01698P01
A21U33 18260111 7 1 | 1€ OP AMP GP DUAL TO-99 PKG 02037P0
A21U34 1920-0802 1 1 | IC GATE ECL NOR QUAD 2-INP £2037P01
AZTWi.2 1860-1336 4 2 1 WIREFORM CU BAT-TIN 04426P03
4330.0496 3 4 | INSULATOR-BEAD GLASS B1167P0 | KG12
79214811 2 3 | LAREL.INFORMATION 15.IN-WD B-IN-LG 08479001 | LO1003
0332520601 | 3 3 | MEHD SHLD-TOP 28460 03325-20604
03325.20602 | 4 3 | MCHD SHLD-BTM 28480 03325-20602
AR nnsesz |2 1 | PC-ASSY.PWR-SPLY 28449 0132564522
AZ2C120 0150-6520 1 4 | cF 1UF % sov CERMLS 08935P01 | EPE113.90125U105250¢
AZ2C122 0100-2045 4 1 | G-F 10000UF 20% 20V ALUME, 08709701 | ECESIEV10ZR
AZZC123 01504835 T 5 | CAPAGCITOR-FAD . IUF +-10% 5och CER 02010P01 | SAINSCIO4KAA
AZ2C130 01B0-3761 8 2 | CoF 2200UF 20% 50V ALUMEr 08709P01 | ECE-S1HU222C
A22C135 0160-6506 3 3 | G-F .JUF 20% 50V GERMLr 09935P01 | RPE121.970Z5L104MS0Y
AZXC126 " 3 G=F .1UF 20% 50V CERMLr 09935FUY | RPE121-97825U104M50V
A22C140 0180-3761 g C-F 2200UF 20% 50V ALUMES 0870901 | ECE-SIHUZ22ZE
0160-3847 9 9 | CAPACITOR-FXD 01UF +300-0% 50VDC CER Q010P0Y | SA1D5C193KAA
A22C202 01806520 1 GuF 1LF % S0V CERViLS 09939P01 | RPE11X90125U105250v
otBg17at 2 1 | CAPACITOR-FXD E.8UF+.20% 6VDC TA O04200F01 | 150DEESX000EAZ-DYS
A22C230 0180-3008 I 1 | CAPACITOR-FXD ATOUF450-10% 3SVDC AL 4200901 mnFuasemo
A220300 0160-3847 g CAPACITOR.FXD OTUF +100.0% SOVDC CER Q2010P01 | SA105CIOIKA
A220312 0180-6520 1 CaF 1UF --% S0V CERMLY 09839P01 | RPE1 13.901251.!1 05250V
A22C330 01800423 3 1 | CAPACITOR-FXD 100US+50-10% 25VDC AL 00493P01 | SL2SVBIOIT10X16
AD2C381 0160-3947 9 CAPACITORFXD .01UF +100.0% S0VDC CER 02010P01 | SA105CIOIAL
01603847 9 CAPACITOREXD LO1UF +100-0% SOVDC CER 02010P01 | SA105C103KAR
A22C412 D160-6620 1 C-F 1UF —% 50V CERMLr 09939P01 | RPE112.901250105250v
A22C422 D160-3847 s CAPACITOR-FXD .01UF +100-0% SOVDC CER £2010P01 | SATDSCIOKAA
AZ2CA30 0180-0423 3 CAPACITORFXD 1000UF+50-10% 25vVOC AL 0493001 | SL2SVB101T10X18
A22C801 0160-4835 ? CAPACITOR.EXD .1UF +—10P% S0VDC CER 02010P01 | SAI0SCICAKAA
AZ2CE00 01604835 7 CAPACITOR-FXD . 1UF +-10% S0vVDC CER 02010P01 | SA30SCHI04KAA
A22C01 0160-3847 3 CAPACITOR.FXD .01UF +100-0% 50VOC CER 02010P01 § SAIDSC103KAA
AZ2CO10 0160-3847 3 CAPACITOR.FXD GIUF +100-0% S0VDE CER 02010P01 | $A105C103KAA
A22C811 01803883 5 1| CF 220F —% 50v ALUMErF cazooPot | S100073
212 01604835 T CAPACITORFXD L IUF +10% SIVDC CER 02010P01 | SAIOSCIDAKAA
AZ2CR15 0150-3847 9 1 CAPACITOR-FAD ,01UF +100.9% S0VDC CER 0201001 | SA105C103KAR
A22C830 0160-6506 3 C-F ,ILF 200 50V CERMLY 05339P01 | RPE121.978Z5U104MS0V
A22CBN 01604835 7 CAPACITOR-FXD .TUF ++10% S0VDG CER 02010P0T | SAJISCI{MKAA,
A22CE32 0160-3847 9 + | CAPAGITOR.-FXD .01UF «100-0% 50vDC CER 02010P01 | SA105CI103KAA
A22CE53 0160-4801 7 1 | CAPACITOR-FXD 100PF +-5% 100VDC GER 02010P071 | SAIDLAIDIJAR
A22CBEL 0160-3847 3 CAPACITOREXD OTUF +100.0% SOVOC C 02010F01 | SAIOSCI0IKAA
A22CH85) 0160-4787 8 1 | CAPACITOR.FAD 22PF «-5% 100VDC CER 0:-30 02010P01 | SA10SAZZ0IAM
AZICRI00-101 15010050 2 2 | DIODE-SWATCHING BOV 200MA 2NE DO.35 02237P01
ASPCRI2N124 15010662 3 1 | DIQOE-PWR RECT 100V 6A 02037P01
AZ2CR202 15010518 8 11 ] DIODE-SCHOTTKY SM SIG 28480 19010518

= Indicates factory emected values
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Table 6-3. Replaceable Parts

Reference HP Pant [+] Descii Mir,
A tion Mir. Part Number
Designation | Number | D} @ P Code
AZ2GR210 1802-0025 a 1 | DIODE-ZNR 10V 5% DO-35 POwAW TCns.06% 0z037P0
AZ2CRINZ-303 13010040 1 5 | DIODE-SWITCHING 30V S0MA 2NS DO-35 02237701
AZZCR 18020777 3 1 | DKODE-ZNR INS25 5.2V 5% DO-7 POm AW Q20ITPe1
A22CRA02.403 18010040 1 DIODE-SWITCHING 30V SUMA ZNS DO-35 0ZZ37P01
AZDCRAZ0 18010618 8 DIODE-SCHOTTKY SM SIG 28450 1901.0518
AZ2CRS0 15010618 g DKODE- SCHOTTKY SM SIG 28480 15010518
AZ2CRS04 15010818 B | DIODE.SCHOTTKY SM-SIG 29480 1501-0518
A22CRED0 1854-0266 5 1 | THYRIETOR GCR 2NBAG0 T0.220A8 VRRM=50 02037P01
AZICRE4 19010518 e DIODE-SCHOTTKY SM SIG 26480 19010518
AZ2CROVE 150t.0040 1 DIODE-SWITCHING 30V S0MA 2NS DO-35 02237P01
AZBCRE3E-037 9010510 ] DIODE-SCHOTTKY SM SIG 28400 19010518
853 19010519 a DIOGE.SCHOTTKY SM SIG 28480 1901-0519
AZ2OREE2-063 19010518 8 DIODE-SCHOTTKY 5M 56 20480 16010518
AZZFESD 21100343 1 1 | FUSE 25A 125V NTD 281X.093 04703P01 | 275280
AZ2J700 T-48100 8 1 | CON HEADER 10 PIN 09-72-2101 28480 TA5100
A22ITIT 12510600 0 14 | CONNECTOR-SGL CONT BIN 1.14-MM-BSE.5Z 53 03418001 | 16-06-0034
AZ2JT51 1251-8519 7 1 | CONNPOST TYPE 156-PIN-SPCG JCONT 03410P01 | 09-72-2031
A224753 12520023 3 1 | CONN-POST TYPE .156-PIN-SPCG 6-CONT 03418001 | 03-72-2061
A22J754 12514780 5 1 | COMNNAUTIL MTLK 2-CKT 2-CONT 01380P01 | 2507651
AZZITS? 1251-8961 & 1 | CONNAPOST TYPE .156-PIN.SPGG 2.CONT 03418P01 | 08-72-2021
759 1251.0500 0 CONNEGTOR.SGL CONT PIN 1.14-MM-BSC-52 5Q Q3418P01 |} 16-06-00%4
A22I801-802 1251.2969 ] 4 | CONMECTOR-FHONG SINGLE PHONG JACK; DIP 03418P01 | 15.24.0503
A22)850 1251-2969 g OR-FHONO SINGLE PHONG JAGK; DIP 034168001 | 15-24-0503
AZ2] 1251.2969 8 QONNECTOR.PHONG SINGLE PHONO JACK: D 03418P01 | 15.24.0503
AZZHEL1 0490-0745 9 1 | RELAY 1C EVDC-DOK 24 116VAC 02367P01 | 6036V
A23L 214 91003807 4 1 | INDUCTQR RF-CH-MLE 110MH 5% .166DX, 385LG oarapor | 15MI10y
A2 800 91000539 3 ¥ | INDUCTOR RF.CH.MLD 10UH 5% . 156DX. 2T5LG 07301 | 15M102)
A22MP501 0340-D564 3 1 | NSULATOR-XSTR THRM-CNDCT 05447001 | 7403-04FR-51
ASMAPSOZ 0340.0820 2 1 | MNSULAROR-XETR THRM-CNDET SALTPOY SF
A2R0000 0332566011 | 4 1 | TRANSISTOR ASSY: XTR PNP §1 PO = 3.5W 11108P01
Az2C000 1 9 1 | TRANSISTOR NPM S PDe=15W FTe50MHZ Q203701
AZ20204 18541024 2 1 | TRANSIETOR NPN 51 PO=300MW FT=200MHZ 02037001
A22Q300 00325.66912 | 5 1 | TRANSISTOR ASSY 1106801
AZ2GIO 10541141 4 1 | xTR SMLINON 02037P07 | SPSEMRLRA
AZ2Q2 1852-0640 a 4 | XTR SMLIPNP 02237P01 | S4dads
A22GIN 1853-0640 4 XTR SML1PNS z2atPe | ss4aae
AZ20400 3 Is 1 | TRANSISTOR ASSY;XTR PNP Si TO-Z20AB PO=6OW 11108P01
AZ20401 1853-0640 4 KTR SMLIPNP 0223701 | S4444s
AZ2GHOR 18541028 6 2 | TRANSISTOR NPM St POw3SOMW FTm3000HZ 02037P01
A2ZAT0 18541028 6 TRANSISTOR NPMN Sl PDmISONW FT=300MHZ 02037P01
AZ2A501 1853-0450 4 1 | TRANSISTOR PP 51 TO.220AB PO=EOW 02037P01 | SJE1980
AZ2R502 1853.05641 5 1 | XTRSMLIPNP 02237P01 | Sa4ass
AZ2O61 1853-0540 4 XTR SML IPNF 2237P01 | Seddis
AZIQBI0 1 g 1 | TRANSISTOR-DUAL PNP PDul00MW 0203701
1854-1128 0 1 | xTR SMLINEN 05037RM | SPSBOZARL
AZIR 22 0588-5115 F 1 | RESISTOR 510 5% SW CC TCal+529 01607P01 EBS11S
AZ2RZ03 06834718 [ 2 | RESISTOR 470 5% 25W CF TCaD-400 00T46P01 | R.25)
AZ2RM 06812705 n 4 | RESISTOR 27 S% 25W CF TCu0-400 00746901 | R-25)
AZ2R005 DERLEL2E g8 1 | RESISTOR 5.1K 5% .25W CF 00 oorcPe1 | R25)
AZRD 06831825 4 2| Re 1.5K 5% 28w CF TCal-400 oorasros | -2
AZIRZN 07570404 3 1 | RESISTOR 130 1% .125W F TCa0+100 o2008p01 | sPRosH
AZ2R2AZ 0757.0460 1 1 | RESISTOR B1.9K 1% .126W F TCu0e_100 42995001 | SFR25H
AL 07570401 § 1 | RESISTOR DIEK 15 . 128w F Towth-100 02985p01 | SPR25H
ARR222 06311015 7 5 | RESISTOR 100 5% 26W OF TC=0-400 woraseo | R25S
AR2R224 g ¢ | RESISTOR SK.1% 125W F TCu0e25 05524P01 | CMFS51, T-9
AZZR22G 05365619 ] 1 | RESISTOR 15K .1% .125W F TC=0s-25 02985¢01 | 50838
AZZR300 0B11.2546 4 1 | RESISTOR 56 5% SW PW TCu(4-300 o2a99001 | SP-20
AZ2RION 0757-0283 & 4 | RESISTOR 2K 1% 125W F TCad+. 100 02935P01 | SFR2SM
0757-0283 6 RESISTOR 2K 1%, 125W F TC=04-100 02935P01 | SFR2GH
AZZRI0H 3 5 | RESISTOR 20X 5% 25W CF TC=0-400 00746P0) | Re25d
AZZR306 08821025 3 3 | RESISTOR 1K 5% 25 CF TCu0-400 00TAEP01 | R-25)
AZZRIIZ 06| ? 1 | RESISTOR 3.9K 5% .25W CF TCe0-400 00748P01 | R-25J
AZ2R321 06821015 H RESISTOR 100 5% .25W CF TCa-400 00146P01 | R-25)
AZZRIZ? ; 2 | RESISTOR 10K .1% .125W F TCa04-25 02995P01 | 5033
AZZRISO 0B3R. 3512 4 1 | RESISTOR 1.18K 1% .125W F TCalu.100 02995P01 | SFRESH

* indlicates faciory sofected valwes
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Table 6-3. Replaceable Parts

Feference HPPat |G tion M. Mir. Part Number
Designation Number | D | O Descrip Code
AZ2RI51 0698-9191 5 i | RESISTOR 125K 1% 125W F TCa0+.25 0S524P01 CMF-55-1,T-9
AZIRI52 2100-3296 ] 1 | REQSTOR-TRMP 1K 10% C TOP-ADJ 17-TRN (4568P01 TWR
AZER353 06988060 7 1 | BESISTOR 64K 1% 125W F TC=0-25 02995801 | 5033R
AZER3S0 06831035 1 1 | RESISTOR 10K §% 25w CF TC=0-400 BO746P0Y | R.2SJ
AZ2RIN 06034725 2 1 | RESISTOR 4.7K 5% .25W CF TC=0-400 BOT4EPM | R-25J
AZZR4GD 09110548 2 1 | RESISTOR 47 5% .5W FW TC=0+-300 02499001 | SP-20
AZ2RA01-002 Q757-0280 3 4 | RESISTOR 1K 1% .125W F TC«0+-100 02945P%1 | SFR2SH
AZORA0L 0683-2035 a RESISTOR 20K 5% 25W GF TC=0-400 0OTA6P | A28
AZZRIDE 06834715 [+ RESISTOR 470 5% 25w CF TCm0-400 QOT4EPY | R-25J
AZERATL2 D6E3-1025 9 RESISTOR 1K 5% 25W CF TC=0-400 DOTAERGY | RL25J
AZIRAZ 0GBI.1015 7 RESISTOR 100 5% .25W CF TCa0-400 DOTIEPOY
AZHPD2 0598 5350 & RESISTOR 10K 1% .125W 7 TCal-25 02395P0T | S0IIR
A22RA80 05821045 3 1 | RESISTOR 100K 5% 25W CF TC=(0-400 746007 | R-25J
AR 05532025 2 RESISTOR 20K 5% .25W CF TCa0-400 W7TasP0t | R-25J
ADIREN DEE3.3028 3 1 | RESISTOR 3K 5% 25W CF TCa0-400 oM | R-ZS)
A22R502 06831525 4 RESISTOR 1.5K 5% .25W CF TC=0-400 QO74EPDY | R-25J
AZIRSD3 0881015 7 RESISTOR 100 5% 25w CF TCa0400 ODTAGPOY | Ru2ZSJ
AZIRS04 66831005 5 1 | RESISTOR 10 5% .28W CF TCa0400 0QT46P01 | R-25J
AZIRG00 06831015 7 RESISTOR 100 5% 25W CF TCa0-400 00746P01 R-Z5J
A20R601 08956300 8 RESISTOR 5K 1% 125W £ TC0-25 05524P01 | CMF.85.1,T-9
ADIRBO2 05964487 4 1 § RESISTOR 25.5 1% .125W F TCali-100 05624P01 | CMF.S5-1, T-1
AZZRETL 0757-0283 é RESISTON K 1% . 125W F TC0.-100 02998501 SFR25H
A22R612 o757-0283 & BESISTOR 2K 1% 126W F TCa0+-100 02995001 | SFR2SH
AZIRESD 0663-1025 9 AESISTOR 1K 5%, . 26w CF TC=0-400 0T4EP01 | RIS
AZ2RA00 06632035 E] RESISTOR 20K 5% .25W CF TCa0-400 a0T48PM | R-25)
AZ2RH0 0698-6320 8 RESISTOR 5K .1% .125W F TCmDe38 05524P01 | CMFE61, T.0
AZZRONG 0690.3262 1 1 | RESISTOR 402 1% 125W F TCa0.-100 02995R01
AZZRAN-D12 06832705 ¢ AESISTOR 27 5% .25W CF TC=0-400 00746P0Y | R-B5)
AZZRE13 0583-2035 3 RESISTOR 20K 5% 25W CF TC=0400 00746P0% | R.254
AZ2RE14 Q7570280 3 RESISTOR 1K 1% ,125W F TC=0+.100 02595P01 | SFR25H
AZZRAS 6320 8 RESISTOR 5K ,1% 125W £ TCa{e-25 0552401 | GMF.55-1, T.5
A2ZRB1G 0757-0200 3 RESISTOR 1K 19% .125% F TCa0+100 02935P01 | SFRESH
AZZRE1S 0698-3132 4 1 | RESISTOR 261 1% .125W F TGaQ+100 02995P0t | SFRZSH
A2ZRE20 07ST-407 5 1 | RESISTOR 200 1% 125W F TGale-100 02995P03 | SFAZSH
& t | AESISTOR 422 1% .125W F TCalw100 Q2995P01 | SFR2EH

AZRB3 05832705 4 RESISTOR 27 5% Z5W CF TCa(0-400 0o7acP01 | R.25J
A22RA52 0696 0 2 | RESISTOR 22 5% 2W MO TCa0-200 02435P01 | G5-3
AZ2RSA Q6963508 [ RESISTOR 22 5% 2W MO TCalu200 02435P01 | GS5-3
AZRA62 05984399 7 1 | RESISTOR 88.7 1% .125W F TC=0-100 05524P01 | ChF-55.1, T-1
ADIRB52 07570397 3 1 | RESISTOR 66.9 1% 125W F TC=C+-100 0299501 | SFR26H
ADMRREL DEIB-4399 7 1 | RESISTOR B8.T 1% .125W F TCa0+—100 05524P01 | CMF-55-1, T-1
A22TE200 1261.0600 0 CONNECTOR-SGL CONT PIN 114 MM.BSCLEZ 50 03418901 16-06.0034
A22TP300 1251.0600 0 CONNECTOR-SGL CONT PIN 114 MM-BSC 57 80 03416P01 16-06-0034
AZOTP400 1251-0600 0 CONNECTOR-SGL CONT PIN 114040485087 SO 03419P01 | 16-06-0034
AZ2130 19050006 7 1 | DISOE-Fw BROG 200V 24 02037P01 | SOA226-002
AZIUND 18260 0 2 | I QP AMP GP DUAL B.DW_P PKG Q240EP01
AZIUIED 18260346 0 K5 OF AP GP DUAL B-DIF.P PUG 03406P01

18260348 ¢ K OP AMP GP DUAL B-OF.P PG AJ405P04
AR2UB00 1B26.0466 7 1 | 1C COMPARATOR GP 8-DiP-P PG 4203701
A22UB00 16261586 2 1 | KL VREG 2935 (3406001
A22UBX0 T.55426 6 1 | 1CD 74F3037N a2810PH

18202992 1 1 | K GATE TTL F EXCL-CR QUAD 2.8 2237PM
A2ZV100 +970-0052 0 1 | TUBE-ELESTRON SURGE V PTCTR o3e2rnt | ervcaoy2o
AZ2VES2 1970-0052 0 TUBE.ELECTRON SURGE V PTCTR 0392301 | B1.L80/20
AZTWBI3-805 158-0005 9 3 | RESISTOR-ZERD OHMS 22 AWE LEAD DIA 6312301 106
AZ2XQ2008-C 12510600 [ CONNECTOR-SGL CONT PN 1.14.MM.B8SC.SZ SCG 03478P01 16-06-0034
AZEXQU0E 12510600 ¢ CONNECTORSGL CONT PIN 1.14-MM.BSC-S2 5C 03418PM 16-05-0034
A22%Q3008-C 1.251.0600 0 CONNECTOR-SGL. CONT PIN 1.14-MM.BSC.5Z 50 03318P01 16-06-0034
A22XQI0E 12510600 0 CONNECTOR.SGL CONT FIN 1.14-MM.BSC-5Z S0 Q18P0 16-06.0034
AZ2ZXCQA008-C 1251-0600 0 GONNECTOR-SGL CONT FIN 1.14-MM-BSC.5Z 30 03418P01 16-06-003a
AZZXQA00E 12510600 0 CONNECTOR-3GL CONT PIN.1.14-MM.BSC-SZ SQ 03418PO1 16-06-0034
AZ2XB01A H50-0440 2 1 | WASHER-SHLDR NG, 4 17150 2.N-0D DEIIRDY 560745
#22%05018 2200-0143 0 1 | SCREW-MACH 440 375.IN.LG PAN.HD-POZ| 01136P01
A2XXOS01C 0. 3 1 { NUT.HEX.WAKWA 440.THD OS4N.THK 4604P0Y

aa0f.0143 $ 0 | GROMMET.CHAN PLAIN ADSLINLGRV.WD 02201PD1 2l

* indicates faciory seiecied values
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Table 6-3. Replaceable Parts

Refarones HP Pant c Descrip Mit. Mir. Part Number
Designation Number | D | O tion Code
A3 2AAS-HES2Y & 1 §{ PG ASSY-ATTEN 28480 03323-66523
A23C1-3 O160-6506 3 C=F ,1YF 20% S0V CERMLr 03935P01  { RPE121-9TAZSUI0AMSOV
A23CT-17 0160.6506 3 C.F ,1UF 20% 50V CERMLr 03975P01 | RPE121.978Z5U104MS0V
A23)34 1254-296% 8 CONNECTOR-FPHOMO SINGLE PHONQ JACK, DIF 03416P0N 15-24-0503
A2 1251.2968 2] 4 | CONNECTORFHDNG SINGLE FHOND JACK: DIF Qx18PN 15.24-0503
AZ3)25 12512965 8 CONNECTOR-PHOND SHINGLE PHONGO JACK: DIP 0318P0 15.24.0503
A23430 1252.2406 0 1 | COMHEADER 14 CONT L1358001 LOW=114-08-G-S-235
AZICA KA 04901540 2 1| RELEMRSC 12V IS O1850P01 | RG2ET.L2-12V.K10
AZ3R1.2 0E£09.2007 : ] 1| BAFS1.01 0 269% 1/2WHF12 T2 1 CMF 6563
AZ3IR} 05990273 0 1 | AESISTOR 245K .1% 12%5W F TC=0..-25 02995P01 50337
A2304 0693-2101 7 1 | R-F 350 OHM 1% 1/8W HFO6 TS 05524P01 | CMF.S5.101
A23R5 0698-2100 6 1 | RF 24750 9% 14w HFDB 79 05524P01 | CMF-50-79
A2IRE 0599-2008 -] 1 1 A-F 61104 1% 1/2W HF12 T2 05524P01 CMF.85-63
AZ3RT 8 A-F §1.1 OH .1% 172w HF12 T2 05524001 [ CMP-65-63
3RE 0599.2083 o 1 | B-F 66.7 OH 25% 1/4W HFOB T2 08524P01 | CMF-60-79
AZ3AS-10 7 2 | R-F 100 OHM 1% /4w HFOB TS 05524P01 | GMF-6D.79
Ti-4814 K4 1 | LABELINFORMATION .15-IN-WD EIN-LG QaaTarn LO1003
A2S 13325-66525 1 | PC-ABSY-KEYBD Foot L 0IRT-66525
7 19301169 4 an | QPT LED 28430 1990-1168
A28DS210-217 1950.1369 a4 OPT LED 28480 1580-1169
AXEDS201). 227 1850.1169 4 QFT LED 26450 1990.1169
A2SDEDI0.237 19501169 4 OPT LED 28480 15901163
AZRDS240. 24T 1990-1969 4 OPT LED 28400 1580-1169
A 03504526 T 1 | PC ABEY-CONTROLLER 20400 03325-65528
AZeR1 1420.0278 7 1 | BATTERY 2.9V .T2A-HR LIFS-OWX W-FLEX CEESIP Be511
A2601 60207 9 21 | CAPACITOR-FXD .01UF +100-0% S0VOC CER Q2010P01 SAMNSCINIKAA
AJBL2 O160-4R35 7 22 | CAPACITOR.FXD .1UF «10% SOvDC CER a2010P01 SAIDSCIQAKAA
A2BC1A o 9 CAPACTTOR.FYD .01UF +100-0% SOVDC CER azo10eMm SA108CI10IKAA
ASECS.T O160-45835 7 CAPACITOR-FYD .1UF —10% S0WDE CER 02010P01 SAOSCIMAKAA
AZECH 0160-3847 9 CAPACITOR-FXD 01UF +100-0%. SHvDE CER 2010801 SA10C103K AN
A6CH-13 01604835 7 CAPACITOR-FYD . 1LF .- 108 SOVDE CER 02010901 SAINSCTDAKAA
A26C14 0160-3947 L] CARACITOR.FXD 01UF 41 00-00 SOVDC CER 2010904 SA105CTO3K AL
A26C26-2T 01604335 7 CAPAQITOR-FXD . 1UF +-10% SOVDEC CER Q2010P01 SAIOSCIOAKAA
A2602%.31 01604335 7 CAPACITOR.FXD .1UF +10% SOVDC CER C2010P01 | SADSCI0MKAR
A26C33 0150-3047 2 GAPACITOR-FXD .0MUF +100-0% S0VDC CER 02010P01 | SA10S2103KAA
AZECH (1604035 7 CAPACITOR-FXD .1UF +10% S0VDC CER C2010PD1 | SASOSCTDAKAA
AZECIE 01504038 ? CAPACITOR-FXD .1UF +10% 50VDC CER 02010001 | SA05C1DAKAA
AZEC40 0160-4825 T CAPACITOR.FXD 1UF +=10% SOVDC CER 02010P01 | SAIOSCT0AKAA
AZECTI.TY 0180-4026 ) 7 | CF Z20UF 10V 20% ALUMES ooagPt | SMCIOVBZ216X1 IMPT
A26C0-82 01603647 -] CAPACYTOR-FXL: D1UF «100-0% SWVDGC CER Q2010POY SAIQSCI0IKAR
A26C83 0181746 -] 1 RQTOR-FXD 15UF - 10% 20W0DC TA 130D 56X 902082-DY S
AGCR5 01804026 '] CuF 220UF 10V 20% ALLRVEr 00493P01 SMCIOVE2218X1IMPT
AZGGB6-BT 01H0-0632 -] 2 | CAPAQITOR.FXD Z200UF +50-10% ISVDC AL 0Q483P01 SLASVE221TIZX25
A26C35 0180.3382 4 1 ] G-F Z2UF 20% 25V TADPOr 12340P0 TIGICZ26MOEHAS C-8310
7 0160-3547 g CAPAGITOR-FXD .0VUF +100-0% 50VDGC CER 02010P01 | SAIOSCIOIKAA
A26C35%.10) 01604571 ] 21 | CAPACITORFAD .1UF +B0.20% SOVDC CER 02010P01 SAIDSEINSZAA
AZBC10 01804026 [} CF 220UF 10V 20% ALUMEr 1 SMC1OVBZ218X 1IMPT
A26C103 Q603847 -] CAPACITOR.FXD QILF +100-0% SOVDC CER 02010003 SA105C103KAA
A26C108 0160-45TY 8 CAPACITORFXD IUF +80-20% 50vDC CER 02010P01 SAT05E104Z AA
106 01604571 8 CAPACITOR-FXD 1UF +680.20% EQVDC CER 2010001 SATOSE104Z AR
AZEC1DE.109 01804579 ] CAPACITOR-FXD .\UF +80-20% S50vDC CER G2010PM SAMCSEVD4ZAR
A28C112 0180-4571 1] CAPACITOR.FXD .1UF +£0.200 SOVIX: CER 02010P01 SANOREN0LZAR
A2ECNY 0180-3847 9 CARACITOR-FYD .01UF «100.086 S0vVDC CER 2010901 SAMOSCIOICAA
ADBC1IY 0160451 ;] CAPACITORFXD JUF +00.205% SOVDC CER d2010e01 SATOSEIDSZAA
AQEC120-1 1 01803047 ] CAPACITOR-FXD .0MUE 10005 SHWVDC CER 02010 SAL0SCI0RAA
ADEC123 1604571 8 CAPACITORFYD .1UF +80-209% SOVDC CER 02010P01 | SAVGSEVGAZAA
A26C125 01603047 g CAPACITORFXD 01UF +300-0% SOVDC CER Q2090801 | SA105C103KAA
AZECI2T 0160-3847 g CAPACITORFXD .0MUF +100-0% SOVDC CER 02010P01 | SATOSCI0IKAA
AZEC1I2 01604571 & GAPACITORFXD 1UF +80.20% SOVDC GER 02010001 | SAI0SEI0MZAA

* Incicates factory sticcted values
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. Table 6-3. Replaceable Parts

Relerence HP Part c D M.
. eseription Mir. Part Number

Deslgnation Number | O} O i Code
A6C135 Q1603847 8 CAPACITOR-FYD LQ1UF +100-00 £0vDC CER 02010P01 SA105C103KAA
AZECT 36 QB85 B8 CAPACITOR-FXD .1LIF +B0-2(0Pe 50VDC CER A2010P0t SAI0SEIDAZAA
A26C162.164 0180-45671 8 CAPACITOR.EXO .1UF «B0-20% 5CVDC CER 02010001 | SAVOSET04ZAA
A2BC1TO 016045 B CAPACITOR-FXD UF +B0-2086 50vDC CER 0201 0P 1 SATOSE1DAZAA
A2BC1T1-97% 0180-3812 ] & | C-F 15UF 208 20V TADPD: aTr60PN 202020021560
AJBC154 0160—45?1 8 CAPACITOR-FXD 1L +80-20% 50vDC CER 0200801 SATLEE104ZAA
AZBC105 DIBD-2E36 4 1 | CAPACITOR-FXD 1000UF+50-10% 16VDC AL 04200P01 | SO2D108FOIEEKTK
A26C199 01804036 ) C-F 220UF 10V 20% ALUMEr 00433P01 | SMCIOVBZZ1@X1IMPT
AZEC201 01604835 7 CAPACITOR-FXD . IUF +10% 50VDC GER G2010P01 | SA30SGIDMKAA
AZ6C202 01603847 9 CAPACITOR-FXD .01UF +100-0% $0VDC CER 02010P03 | SAIOSCID3KAA
AZBC204 01604820 o 2 | CAPACITOR-FND 1800PF +.5% 100VDG CER R2010P01 | SA30TATE2JAA
AZEC205 0604835 7 CAPAGITOR-FXD . L +10% SOVOC CER 02010P01 | SAI0SCI0MKAA
AZGC208-210 ME-3647 9 CAPACITOR.FXD .01UF +100-0% S0vDC CER 02oP01 SA105C103CAA
AZBC211.212 01604035 T CAPACITOR-FXD . 1UF «10% S0VDC CER irile | SAJOSCI0AKAA
A26C214 0&0-3pa7 9 GAPACITOR-FXD .01UF «100-0% 50VDGC CER 02010P0 SA108C103CAA
AZBCS 0160-4035 7 CAFACITOR-FXD ,1UF +-10% S0VDC CER p2doPm SAZOSC104KAA
AZBC216 060.3847 -] CAPACITOR.FXD .QIVF +100.0% SOvDC CER 02010PN SAT0SC103KAA
A26C217-218 D160L4571 [:] CARPACITOR-FXD 1UF +80-20% 50vDC CER o2010PM SAIOSEINEZ A
ABCE20 01604820 Q CAPACITOR.FXD 18D0FF «-5% 100WDLC CER 4201 0POt SAINI A2 IAA
A2BCZH 01604571 8 CAPACITOR-FXD 1UF +80-20% 50VDC CER 02010P01 | SATOSE104ZAA
AZBC233 0180.3883 5 2 | C-F 23UF % 50V ALLIMEr 0420001 5100073
A26C234 01604571 a CAPACITOR-FXD 1UF +80-20% 50vDC CER 0201 0P01 SA10SE104ZAA
A2BC23IE 1803082 5 C.F 20UF ..% S0V ALUMEr 04200001 £100073
A2BC235 1604571 [ CAPACITOR-FXD . UF 480-20% 50VDC CER 02010P0 | SATOSE104ZAA
A26C250 01804026 0 CF 220UF 10V 208 ALUMEr 00493P01 | SMCIOVBE21BX11MPT
A2BCH2.3 15010518 8 3 | DoBE-ScHOTTRY S 516 28480 1961-0519
A260R4 1504.-0050 3 DIDDE-SWITCHING BOW 200MA 2NS DO-35 022ITPMNM
AZBORG.6 15020564 o DOODE-ZNR 18V 5% DC-35 PD=dW TCur 09% U2007PM
A28CR141.944 10900406 & 4 | LED-LAMP LUM-INT=2MCD (Fa2SMA-MAX BYR=5Y 2480 1990-0496
AZBCRITHANTE 1901.0050 3 DIODE-SWITCHING B0V 200MA 2NS DO-35 02237POL
ASBCRYTT.ATE 1302-0864 0 4 | DIODE-ZNR 18Y 5% DO-35 PDmAW TCme09% 02037PO1
A26CR204.205 18010050 3 DICOE-SWITCHING B0V 200MA 2NS D035 2237P01
A2BCR206 1301-0518 8 DIQDE.SCHOTTKY SM 5IG 28480 1901.0518
AZ651 1200.0580 6 1 | SOCKETC V6-CONT DIP-SLOR 04152P01 | CA-165-108D
A26J2-4 1252-2407 1 CONHEADER 21 CONT 11358001 LOW.121.06-G-5-295
AZEIS T-40100 8 1 | ©OM HEADER 10 PIN 05-72.2101 26480 T48100
AZGN0 1252-2407 1 4 | CON-HEADER 21 CONT L13580M LEW-121-08-5-5-248
A26H100 1251-883 5 1 | GONN.PQST TYPE 100.PIN -SPOS#O-UJNT 04T26P02 3412.68302
A280150 12514245 7 1 | COMNN.POST TYPE .156-FIN-SPCG 2 CON 03418P0% | (09-85-1021
A26J202 12512969 (] 1 | COMNNECTOR.PHOND SINGLE PHONO ..w::x P oM1BPOY | 15226503
AZ6LY $100.3234 2 1 | MDUCTOR 25UH 10% 3D osa2spot | ES-2630
A26Q2 1854.1139 1] 1 | XTR SMLINPN 2DITPOY SPSRORERL
A2BQ3 1853-0398 9 1 | TRANSISTOR.PNF 81 PD=t5W FTuBSMMZ D203TP01
A26G4 18541028 6 2 | TRANSISTOR NEN S) PDeI50MW FTa300MMZ 02037P03
AZGae 1853-0563 Q 1 | XTR SWLIPNP S1 2N3906 TXXNXX 020ITPOY
AZE0151 16541028 6 TRANSISTOR NPH 1 PO=3S0MW FT=300MH2 £2037PO1

0683.1825 T 25 | RESISTOR 1.0M 5% 25w OF TCa0-400 SOTaEPD R-25J
A2ER2 06831825 7 RESISTOR 18K 5% 25w CF TCa0.400 DOT4EPDY R-25J
AZER3 DEBIL 725 2 2 | RESISTOR 4.TK $% .25W CF TCa0-400 po74EP0Y | R.26J
AJERS-6 06631825 H RESISTOR 188 5%, 25w CF TC=0-400 QA746P01 R-25%J
AZ6RT 08834725 2 RESISTOR 4.7K 5% 25W CF TGw0-400 0G746P01 | Re25)

0583.1826 T RESISTOR 1.88 T% 25w CF TCaQ40D QOT4GP(1 R-25J
AZER0 05821048 7 1 | RESISTOR 100 3% 26W CF TCD-400 00746P0) | R-2SY
AZER2 05831825 ? RESISTOR 1,81 £% 25W CF TC=0-400 00746P01 | R-250
AZBA1E 05R3-2215 1 4 | RESISTOR 220 5% .25W CF TC=0-400 QOT46PMN R-25J
AZGR1E D6B2-1035 1 5 | RESISTOR 10K 5% 25w GF TCa0-400 ROFAEP0 R-25)
AZ8R17.98 0603-1025 g 7 | RESISTOR 1K 5% 25W CF TCe0ma00 00746P01 | R-25)
A26RN 08815 7 RESISTOR 100 5% .25W GF TCa(=400 00746P01 | R-26)
A26R3T 0683-1625 7 RESESTOR 1.8K 5% 25W CF TC=0-200 DDTAEPOY R-25J
ARGRAZ 06B3-1015 7 RESISTQR 100 5% .26W CF TCe0wi00 DOT46PO1 | R.25)
AZGRI 0695-4424 g 2 | RESISTOR 1.4K 1% ,125W F TCalw-100 05524P01 | CMFE51, T4
AZGREZ 069834/ 2 1 | RESISTOR 865 1% .1Z5W F TCat+.100 02955Pi | SFR2SH
A26RE3 QreT-0201 4 2 | RESISTOR 2.74X 1% 125W F TCu(4- 100 02995001 SFR25H
A26RB4.85 0683-1825 7 RESSTOR 1.8K 5% 25w CF TC-O—!UO DOTAEPM R-28J
AZERES 06837515 4 1 | RESISTOR IS0 §% .25W CF TCal-400 voraebor | R-260

Sea introduttion to thi ) ardering i ;
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Table 6-3. Replaceable Parts

Reference HP Part [+ Mir,

Designation Numbes b aty. Description Code Mir. Part Numbey
AZERET 0757-0281 4 RESISTOR 274K 1% _125W F TC=0r100 0299501 | SFR2sH
AZGRER 24 9 RESISTOR 1.4K 1% ,129W F TGal+w100 oss24P01 | OMFB5-1, T
AZERBS 06B3-1025 9 RESISTOR 1K 5% 25W CF TCa0-400 00746PtH | R-25)
AJGRSB-102 O6B31 ? RESISTOR 1.BX 5% 25W CF TC=0-400 00745PH ] R.25)
AZERY03 104 06B2.1038 1 RESISTOR 10K 5% 25w 00746P01 | R-25)
AZERIDE- 110 05024315 3 9 | RESISTOR 430 % 28W CF TCe0.400 co746P01 | R-250
AZERT11.113 03831825 ? RESISTOR 1.6 5% 2SW'CF TC=0.400 007A8P0 | R.25)
A2ER114 06831015 7 RESISTOR 100 5% _25W CF TC0-400 06746P01 | R-250
AZBRY1S-118 06031628 7 1.8 5% 25W OF TCud 400 00T4EPD1 | R-25)
ASGR1T-11B 05034M5 3 RESISTOR 430 5% 28w CF TC=0-400 00746P01 | R-254
AZSRTIS 120 06021825 b RESISTOR 10K 5% .25W CF TCal-400 0OT4EP01 | R-25J
AZBRYI-123 06631015 7 AESISTOR 100 5% _25W CF TC=0-400 oorasr0l | R-250
A2BR124 0663-1825 r RESISTOR 1.0 5% 25W CF TC=0ud400 00746P01 | R25)
AZBR134 06831015 T RESISTOR 100 5% 25W GF TCw0-400 0074601 | R.25)
A26R141.144 0663-1025 ] RESISTOR 1K 5% 25W CF TC=0-400 W746P01 | R.25J
AZBR1S0 0683-1825 7 RESISTOR 1.8K 5% .25W CF TCa0400 00746P01 | R.25J
AZER151.152 0683-1035 1 RESISTOR 10K 5% .25W GF TGel-400 0OT46P01 | R-25J
AZBR153 06834315 ] RESISTOR 430 5% 25W CF TCal-400 00746PM | Ra25)
AJER170 06830475 1 1 | RESISTOR 4.7 5% .25W CF TCa0-400 00746P01 | R.25)
AZGRIT 06832215 1 RESISTOR 220 5% 25W CF TCe0-400 oor4sP01 | R.250
AZBR1TS O6R2.21S t RESISTOR 220 5% .25W CF TCm{.400 00r4sP0t | R-25)
A2ERITS 0683-221% 1 RESISTOR 220 $% 25w CF TCwb200 00T46P01 | R-25)
AZERTSE 08831015 ? RESISTOR 100 5% J5W CF TCabd400 0T4EP01 | R-28)
A2ER197 06EL 1805 7 RESISTOR 1.6K 5% 25W CF TC=0.400 00746P01 | R-25)
A2ERMN 05031825 ? RESISTOR 1.6K 5% 26w CF TCa0-400 cozasrol | n.2sy
AZBR202 06a3-1014 7 100 5% I5W CF TC=0-400 oo746Pm1 | R-28)
AR203 GhEA- 1828 7 RESISTOR 1.6K 5% .2%W CF TC=0-400 0oraePbm | R84
AZER204-205 0650-6320 B 4 | RESISTOR 5K .1% 125W F TC=0+25 05524P01 | CMF55-1, T-9
AERD06 06%8-7848 7 2 | RESISTOR 1.28K .1% .125W F TC=0425 c2assPy | Sosar
AZER20T 06831015 7 RESISTOR 100 5% 25w CF TC=0-400 0074eP01 | R-259
AZGR208 0656-TB4E ? RESISTOR 1.25K .1% ,125W F TGaDe-25 02995P01

AZBR209 06964435 6 t | RESISTOR 3.24K 1% .125W F TGaO100 QSS24P01 | CMF-55-1, T-1
AZERZ10 06968-5320 [} RESISTOR 5K 1% .125W F TCe0+25 95524P0N | CMF-55-1, T.9
ABR1T 0656-8320 0 K., 1% 129w F 05524P01 | CMF-85.1, T-9
A2ER234 0556- 3457 6 t | RESISTOR 316K 1% .125W F TCa0+-100 02995P01 | SFR25H
AZGR25T CH37.0349 5 i | vIsP 03301 | GsH00-P2390-CIT0
A2BRNZ.A HI10-0162 S 5 | NETWORK-RES 14-DiP 4, 7K OHM X 13 Q2aBIP0 760-1-R4.TK.
AZ6RN130-171 1910-0162 5 14-DF 4,75 OHM X 13 {2483P01 T60-1-74. 7K
AZ6SWID0 02747 5 i | SWRKR DIP ASSY 04990P01 | 508085
AZETPO-B 1450-2201 4 9 | RDL TEST POINT 20480 1450-2201
AZ26U1 18204570 8 1 | 1CM MPU 68000 10 NMOS 168 Phis 12037P01

AZBUZ 331255030 4 1 | ICM EPROM AM2TSY ZE480 03325-60301
AGU2 03325-60302 | 5 1 | ICM EPROM AM2TSY

AJBUE. 18184238 5 2 [ ICM SRAM 82256 I2KXA 150MS P20 06MTPO1 | HMB2256LP.158L
A2EU10 18204581 1 1 | M MBUP 68901 NMOS MFP P48 Q2037PM
AZEUNA 18202086 4 1 § 10 ONTR TTL LS BEN DUAL LBIT 01698P01
A6LI28 18202657 3 3 1 K2 GATE TTL ALS OR QUAD 2.8P 01698P01
ADGLIZT 1820.3804 1 1 | G0 AS TAASOL HX NV P14 01658P01
AZEU29 1820-373 1 1 | G0 AS T4AS10 TR INAND P14 01668001
A26U20 1820-2657 ] I& GATE TTL ALS OR QUAD 24NP 01659P01
A26U34 1820-3100 [} 3 | 1 OCOR TTL ALS BIN 3-TO.8-LINE 2INP 1896001
AZGURS 1830-1199 1 t | ICINVTTLLS HEX 1 01698701
ASB1IAA. 34 1820. 3100 [} 12 DCDR TTL ALS BN 3. TO-B-LINE 20 01698P01
A26U6 1620 MEE [} 3| CFFTTLALS D & D1698PO1
AZ6U3S 18302635 2 2 | & GATE TTL ALS AND QUAD 2-iNP D1GIBPO1
A20Uat 1820-3121 2 2 | K& TRANSCEVER TTL ALS BUS OCTL 01698201

A26UB1-02 1526-1245 0 2 | KL vREG TTO? 01698P 01
A26U90 182002691 (&} 1 | K& FF TTL F C-TYPE POS-EDGE-TRIG 02237P01
B13-0M43 [} 1 | OSC CLK 19.660B0HZ .05% TTLSY 0823501 | F1114.19,6508MHZ

A26U100 1820-3294 1 1 | K& FF TTL ALS D-TYPE POS-EDGE-TRIG COM D1688R01

AZGU102 1BZ0-3106 4 1 | G COMPTR TTL ALS MAGTD B-BIT 01688P01
AZ6LH03 1820.3431 8 1 | I TRANSCEIVER TTL § INSTR.BUS 03406P01
AZEUI04 1820-3513 7 1 | G TRANSCEIVER TTL S iNSTR-BUS IEEE.406 03408901
AZEU105 1820.2488 3 2 | ©FFTTL ALS O-TYPE POS-EDGE-TRG 01698PM
AZ6U106 18:20-2543 6 1 INTERFACE BUS ADAPTER 01898007

* indlicates factory sobectied vt
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Table 6-3. Replaceable Parts

Refetance HP Part c Mir. Mf. Part Number
Designation | Number |© [ 9% Description Code
AZGU107-108 1A20- 465 8 IC FF TTL ALS D-TYPE POS-EDGE-TRIG COM 01696P01
AZELIOY 1820.2656 T 1 | K GATE TTL ALS NAND GUAD 2-INF 01658P01
AZGU11) 1820-2739 7 1 | K GATE TTL ALS NOR QUAD 2-INP Q169aP01
AZsUNZ 1520.2635 2 IC GATE TTL ALS AND QUAD 2.INP 01639P01
AZEJIL 1820-283¢ 1 3 | 1CINV TTL ALS HEX Qi688P01Y
A2EV117 1820-3104 2 2 | G SHF-RGTR TTL ALS MULTLMOTDE ¢1698P1H
A2€L119 18130174 5 1 | OSC CLK 4MHZ .01% TTL 5V Q2483P01 MXDA0.2
AZEUN 20 1820-2634 1 IS NV TTL ALS HEX 01639BFPD
A6 1620.2657 -] IC GATE TTh ALS OR GUAD 2-INF 0163BF0
AJEUN 23 16203104 2 1C EHF-RGTR TTL ALS MULTL.MCDE 01538P01
AZELNZS 1820.2488 3 IC FF TTL ALS D-TYPE POS-EOGE.TRIG 1698701
AZEUL2T 19900428 T 1 | OPTCRISOLATOR LED-IC GATE IF=10VA-MAX 28480 1990.0428
ADEA 30132 1930.0461 7 3 | OPTOISOLATOR LED-IC GATE IF=10MA-MAX 28480 19900451
AZGUN 35138 tR-45TR 6 2 | ICO ALS TAAL 8465 OC BUF P20 01£58PM
A6 38 1906-0056 b 1 | DIDDE-FW BRDG 200V 2A 02037P0 SDA29E.002
AZEL150 1826-1586 2 1 | L VRES 2635 03406P01
A2GLNS1 1590-0577 & 1 | OPTOISOLATOR LED-PDIO/XSTR IF=S0MA-MAX 25480 19900577
AZBUNTO T-55430 2 1| LT1081EN 10E88P0N LTIGEICH
A26U201-202 1820.3378 2 2 | I2LGH TTL ALS D-TYFE NEG-EDGE-TRIG OCTL 03406P01
AREU20F204 1820-3505 H 3 | IS CNTR TTL ALS DECD UP/DOWN SYNCHRO Hesarm
AZBUZ0E 108203505 7 IS CNTR TTI, ALS DECO UP/DOWN SYNCHRO QLESSP01
AZEU207 16%6-31183 2 1 | G CMOS 68536 (64K) STAT RAM 150.-N5 35 0834TP01
AZELI208 1626-0838 5 1 | Of& 10-BIT 16-PLASTIC SMOS pIZeSFM
AZGU202 1826-0550 ] 1 | DvA B-BIT 16-PLASTIC BPLR QZEITPM
APBUZ210 1820-3121 3 IC TRANSCEIVER TTL ALS BUS OCTL 0163gF01
AZBU211.212 8203218 o 2 | ICFF TTL ALS D-TYPE POSEDGE.TRIG COM C1699P01
A2BU21 1620.1202 T 1 | IC GATE TTL LS NAND TP{ 3.MP 01659FQ1
A26U216 1620-2634 1 IC MV TTL ALS HEX Q1E89RG
AXBU2T 1826-0522 i 1 ] 1€ OP AMP LOW.BIAS-H.IMPD GUAD 14.DIF-P 01893P01
AZEU21R 1826 0544 0 1 | 1€ V RGLTR-V-REF.FXD 2.5V 8.01P-C PKG 02037P0N
AZGVINM 19700076 a 1 | TUBE.ELECTRON SURGE v PTCTR 03923801
AZEXIU2-3 1200-0567 1 2 | SOCKET-IC M-CONT DIP DIP-SLDR 02414701 DAB2BP.308T
A2BXLI1560 1205-0298 5 1 | HEAT SINK PLSTC-PWRCS 02E08P01 60300
AZEYL1 51 1205-0338 4 1 1 HEAT SINK SGL PLETC-PWRLCS 02608R01 E1068-14
CHASSIS AND MISCELLANEOUS PARTS
A3 03335 68503 o 1 | FC ASSY-SIG-SCE 28480 03126-66503
AB 03325 86508 5 1 | PG ASSY.HIVOLT 28480 03325-66508
A% 0332586505 ] 1 | PC ASSY-OVEN aa8h 03308 E850%
A12 03323-66512 1 1 1 HPB PC BOARD oaan 0I¥5_BES1Y
Ald 0332566514 3 1 ] PC ASSY-FUNCTION 28460 0332566514
A5 4332566515 4 1 | PC ASSY DISPLAY DRIVER 284680 03325-66515
A 03325-66521 2 1 | PC ASSY.FFS DyA 2e460 03I25-66521
AZ2 0332566522 3 1 | PC-ASSY-PWR-SPLY 28480 03325-68522
AZ2 03325-86523 4 t | PC ASSY.ATTEN 28480 0332566523
AZS 03325-66525 3 t | PC-ASSY-KEYBD 28480 0312586525
A2G 03325-66526 T 1 | PG ASSY.CONTROLLER 26400 03325-665.26
0340-0564 3 t | WNSULATOR.XSTR THRM-CNDGT 0S4 7PO1 TAQ:09FR.S1
a2 0332558501 2 1 | FAN ASSY B0 03325-68501
=21 S061.3021 3 6 | CBL-ASM L177a0M
C29-2s2 0150-0012 3 2 | CAPACITOR.FXD MUF +.20% 1KVDC CER 1 BVE-564 Z50 103
=23} 03325-51901 2 1 | ORCUNT BREAKER ASSY. ZB4E0 03325-61501
F1 21100733 3 1 | FUSE .5 AMP 250V NTD UL 5 oT379001 5S2-500MA
F1 2110.0732 2 FUSE 1 AMP 250% NTD UL .S EER ]| SE2.9A
FL1 03325-60501 & 1 | ASSY. LINE MOD 1054900
J-1a 12501558 T 13 | ADAPTER-COAX STR F-BNC F-RCA-PHONO 03ax16P01 29).126-3
415 1251-BESE 1 1 | COMNNECTOR-ELASTOMERIC SPONGE RUBBER DEH22P01 HL
MP1 03325 g4 7 1 | PNL-ORS I ALLM 28480 0332564322
MP3 0332500232 2 1 | SHTF PNL-DRS SUB AL 28460 0332500222
MPa 03325-00221 1 1 | SHTF PHL-FRT SUS AL 28560 0332500221
MPS £021-5603 2 1 | CSTG-FRAME-FRONT 28480 5021-5803
MPG S0a0-T202 - 1 | MOLD TRIM TOP Il 28480 5040-7202
MP7 SO21-5037 2 4 | CSTG-CORNER STRUT 2B4E0 S021.5837
MPa Sos0-¥380 5 2 | SHTF CvR-SIDE It ALY 76480 20503880
MPS 50407219 8 2 | STRAP MOL CAP-FR 28480 S040.7215
MP1) S0E0-2804 3 2 t STRAP HDL 18N 283D 5050.9504

* Indicates fectory selected walues
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Table 6-3. Replaceable Parts

Reference HP Part [ ] Description Mir. M
N r. Part Number
Designation Number |D Gty Pt Code
MR 50407220 1 2 | sTRAP HOL CAP-R 26480 8040.7230
MP12 5061.5435 ] 1 | SHTF CVR.TCP Il ALV 28400 5061-8435
MP12 0332600203 | 1 | SHIF ASST-REAR PNL ALSK 28480 0332500203
MP14 5021-580d k1 1 | CSTG-FRAMEREAK 26490 5021.5804
MP15 0332586603 | 1 1 | SHTF FRM-MAIN AL 264890 03325-66603
MP17 $001_0439 ] 2 | e 29480 50010439
MEia §061.5447 2 1 | sHTF CvRBTTMN ALY 26480 5063.9447
P15 50407201 ] 4 | MOLD FOOT I 28460 5040.7201
P20 14601335 5 2 | TLT STAND 85T 05502P01
MP22 £001-3807 1 2 | sTmP CLIP.COMPONENT 78460 5001.3907
MP2) NnEH0397 8 1 | FLTER-AIR NVLON 3128 N.WD 2.5 20.N.LG 007 2HPOY
MP2L.26 12060338 | 4 a | wEAT sn saL PLETC PWRCS ozspeP01 | s106B.14
MPZT 0332544307 | O 1 | KEYPAD, ELASTOMERIC LEFT 28480 03325.4430¢
MPZS 030544302 | 1 1 | XEYPAD, ELASTOMERIC CENTER 28460 03225 44302
MP29 0332544303 | 2 1 | KEYPAD. ELASTOMERIC RIGHT 28490 D3325-44303
51 148537 2 1 { pwrswiren Blo\— ALY 11082001 | 132AWE0XK
T T-A6505 4 1 | pwR MR 20480
w1 0332561602 | 0 1 | cBL-ASM SIGNAL 11287D01
w2 0332561617 | 5 1 | cat.asm 2svne L1267001
wI 0332561624 | 6 1 | caL-Asm oxL MRCAMRCA 305ham BX 10549001
Wi 032551626 | T 1 | CBL-ASM GXL MRGA/MRGA 21BMM BK 10549P01
ws 0351626 | 8 1 | CBL-ASM FLX FHOR/FHDR 50MM WH LOOTIDO
W8 033255162 |} 9 1 { CBL-ASM CXL MRCAMRACA 216VM BK 10549P01
wr 033561641 | T 1 | POWER CABLE - ASSY 11108P0)
wo s ee: |e 1 | cei.asm Rrs.232 06925P01
W 0332560643 | 0 1 | cBl-asmupae 10047P01
Wi pxuseie | o 1 | CELASM O3 MACA 26480 0332561644
wit o3EE6a6 | 2 1 | FRONT PANEL FLT-RBN CBL L0011001
wiz 0332561604 | 2 1 { calasMm exL Z BLK L1287001
w1l 03325.61619 | © 1 | cBLasm oxi. MKR L1267001
Wik 03125-51620 | 2 1 | cBL-asm éxi ¥ DRIVE L1287001
WS oxs-s1847 | 3 1 | CBL-ASM DSC FCRP POWER SWITCH L22TER0Y
wié s eeor |7 1 | CBL-ASM CXL MRCA/MECA 305MM BX 16 PHM L1287001
wi? o3zseie0n | 6 1 | CBCASM PD L12B7001
wid 09325-61608 { 7 1| ceLasmsan 1207001
w15 03325-61610 | © 3 | coL-asm OvEN L001 1001
w23 03325-61 ) 1 | CBL-ASM ALC L 1287001
W2i 05860 | e 1 | CBL-ASM MxR 1287001
wes 03xns-51622 | s 1 { cBL-ASM QUT L128700+
was 032561801 | S 1 | CBL-ASM CXL 10545901
B150.4517 8 1 | PR 22GA WHTBLKGRA 175MM 8x8 10549P01
ns04510 | 2 1 | PR Z2GA WHTGRA 750MM Bx8 10648P01
81504507 7 1 | v 22GA GRNYEL 125MM Bxe 10545001
g1s04520 | 4 1 | IMPR Z2GA WHTBRNGRA Z00MM Bx8 10549P01
g [ 1 | JMPR 185A GRNYEL 100WM 828 1054901
2360.0913 2 58 AMAGH €.32 .25-MhLG PAN-HD-POZE 01136P00
0 23 | MOLD WSHR.SH PE 26480 0031048801
05151331 5 16 | SCR.MCH 84.0 GMMLG FMPZ SST+ 01125P01
b 12 | WASHER-ALK HLGL NO. § 128N-D 0475TPO1
8 12 | SCREW-MACH £40 5 25IN.1G PAN-HDPOZI 01125F0
2500.0101 8 11 | SCREW-MAGH 440 168N LG PAN-HD-POZ| 01135601
2050.0604 0 & | WASHER-FL MTLE 7/16 N SIND 08313P01 | ST10.8L18
ob2a 0268 | 4 9 | SCREW-TBG 6.32 SINLG PAN-HDPO2I STL 01135P01
2000103 |2 8 | SCREW-MACH 440 .25 NG PAN.HO.PO2! 01135P01
1400.0249 o o | caBLE Tie .0s2-525DiA 091w vt 04225801 | TY.23M8
21900918 {4 & | WASHER-LK HLCL NG, 61214830 04604P 01
06240077 5 6 | SCREW.TPG 4.4 3124815 PANHD-POZI 01135P01
30500066 ] 4 | WASHER-FL MTLE NO. 6 .147-IN-D 04604P01 | 1451
3050-0071 5 4 | WASHER-FLMTLC NO, B .163-N-ID DHGO4POT
1 3 4 | WASHER-FL NM NO, 8 172D ,375-IN.CD AB04P0T ] %304321 (IM/BAG) BLAGK?
05151132 |4 ¢ | SCREW-MACH M5 X 0.8 10MV-LG 09908701
230.028 |4 ¢ | SCRAEWMACH 6.32 .B25INLG PAN-HD-POZ) 01136P01
2300127 ] & | SCREWMACH 32 .875IN.LC PANMD-POZI 01136P01
2510.0057 | 4 4 | SCREWMACH .32 2IN.L6 PANHD.POZ 01136P01

* Indicatws factory settcted vk
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Table 6-3. Replaceable Parts

Refarence HP Part c - Mfr.
Designation Number 0 Qty. Description Code Mir. Part Number
0590-0167 1 4 | NUT.THUMB 6.32.THD BRS 04604P01 | 80704 PAK 1M/BAG)
2260.0009 3 4 | NUT-HEX-W/LKWR 4-40-THD D-IN-THK 04604PD1
2420.0001 5 4 1 NUT-MEX-W/LKWR £-32.THD .1 08N THK C4604PN
25000003 5 4 § NUT-HEX-W/LKWR 8.32.THD 125-IN-THX 07295001
50408312 H & | MOLD WSHR-SH D-SHAPE 06817P01
O“‘jf,{ér& ;500222 | @ 3 | wasHERFL MTLE 1O 4 128D 07296001
o - 30561181 € 3 | WASHER-SHLDR NGO, 4 .HE.INED 24.14.00 0531301 | 5807.150
Aot 22000111 2 3 | SCAEWMAGH 4-40 .5-IN-LG PAN-HD-POZ 01138001
2265-0003 7 3 | NUT-HEX.PLSTC LKG 4-40-THD 141IN-THK 07296001
1400-0611 o 3 | CLAMP.FL-CA 1.WD 04726P01 | 34841000
2190.0566 2 2 | WASHER-LK HLCL 4.0 MM & 3.MMJID 08691001
0360.1089 1 2 | TERMINAL-SLOR LUG PL-MTG FOR-%1/2-5CR 04600P01 | 3795001
0380-0643 3 2 srnmorr-nex 255-NLG 6-32-THD 02685P01
1252-0889 9 2 | SCR-/CK 440 SUBMIN D STLZN Q2121P01 | STES7IN.250-D.167-36
5262-0906 z 2 | MISC.CABLE PROTECTOR L1805P01
0340-0564 3 2 | INSULATOR-XSTR THRM-GNDCT 05457P01 | P403-08FF.51
03325.90003 | 6 1 | SERVICE MANUAL 26490 D3325.90003
7100.1293 & 1 | STMP CVR-XFRMRA 02391PN
E96(.0027 3 1 | PLUG.MOLE FL-HD FOR 625-D-HOLE WYL 28480 69600027
0332550014 | 9 1 | OF MANUAL 26480 03326.00014
7120.8539 ] 1| LABEL.-WARNING 1,340.WD 3,6-IN1G VINYL 031211001
7121.252T 5 1| CBL.WRNG *CAUTION METRC % 03211001
7124.2083 a t | LABEL-WARMNING 1IM.WD 35.IN.LG PPR 01488P01
9120-2962 3 1 | LJPR 23GA GRA AS0MM DxD 10549901
9340-0915 g 1 | MSULATOR.XSTR THAM-CNDCT 05a7P01 | ?403.00rR-53
DRS0-0100 1 D | TUBING.-HS .093.0/.048.RCVD 02-WALL a21a8P01 | aNF-100-3/ 32 wHr
08900765 1 0 | TUBING-HS 187-D/.093-RCVD .02-WALL 02148001 | RNF-100-3718-wHT
0900012 3 8 | SLEEVINGFLEX .04.1D NEMA-} 016-WALL 23450 08900012

* Indicates fastary selacted values

Sew intraduction to this section for ordering infosmation
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3325B UPDATED CABLE LIST

HP 3325B Cable P/N Change Sheet  Rev 03 (10/95)

De Arbogast Al00 T-335-2038

REF PART NUMBER/ CAELE CAELE CONNECTION

DES LABEL CON QLD LABEL LENGTH CCLCR FROM TO

Wi 8120-2587 RCA 1 SIGHAL 216émm  BX A2331 PP-51GHAL
uz 8120-4492 RCA 2 SYNC 305mm BK Al432 FP-SYNC

W3 8120-4494 RCA 3AUX IN 660mm BK A3J3 A223801

w4 03325-61644 RCA 4 EXT LVL 460mm BK RA23J4 RP-MISG OUT
w5 8120-4494 RCA 5 R SYNC 460mm  BK AldJS A22J6802

W6 03325-61644 RCA BUNDLE JCables BK BUNDLE BUNDLE

w7 D3325-~61644 RCA 7 A-M 460mm BK A3J7 RBE-AMP MOD I
w8 03325-61644 RCA 8 100kHz 460mm  BK A3J8 AZ1J8

Wo 03325-61644 RCA 9 ZMHz 305mm BK A3J9 Al4T9

w10 03325-61644 RCA 10 1MHz 305mm  BK A3J10  RP-REF OQUT
W1l 03325-61644 RCA 11 EXT REF 305mm BK A3gll RP-EXT REF TII
w1z 8120-4492 RCA 12 2 BLANK 305MM BK Al4J12 RP-Z BLANK
W13 8120~4492 RCA 13 MKR 305mm BK 214313 RP-MXR OUT
Wl4 8120-4492 RCA 14 XDRIVE 305mm BK Al4J14 RP~X DRIVE
W15 8120-4891 RCA 15 vVTO 153mm BK A3J15 AZ1J15

Wle 8120-4492 RCA 16 PH MOD 305mm BK AZ1J16 RP-PH MOD IN
w17 8120-2587 RCA 17 D 216mm  BK AZ137  AZLlJl7

Wig 8120-4492 RCA 18 S&E 305mm BK A21J18 AZ1TJ18A

Wig §120-4492 RCA 1% OVEN 305mm BK A9J19 PR~10MHz OUT
W20 8120-2587 RCA 20 HIV 1 216mm BK ABJ20 A23J4

w21 #120-2587 RC2, 21 HIvV 2 21l6mm  BK A8J21  A23721

w22 03325-61641 DS 10P A22/26 280mm ML A223700 A26J5

W23 B120-4492 RCA 23 ALC 305mm BK h3J22 Al4J23

W24 8120-4492 RCA 24 MXR 305mm BK A3J24 Al4J24

w25 §120-2844 RCA 25 QUT 10Z2mm BK Al4J25 AZ3J25

Ww2é 8120-4492 RCA 26 MOD QUT 305mm BK A26J202 M SRC OUT
W27 8120-2587 RCA 27 SYNC OUT 216mm BR A22738950 RP-F SYNC
wa2s 8120=-2587 RCA 28 AUX OUT 2lomm BK A227860 RP-AUX OUT
w29 03325-6161¢6 DsC 3P A9/22 440mm ML ASP1 A22J751

W30 03325-61626 FLX 14P A14/23 SO0mm WH Al4030 A23J730

w3l 03325-61646 FLX 21P Al5/26 24 0mm WH AlS5J100 AZ26J10

w32 03336=-61625 FLX 21F A3/26 127 mm WH A3nl A2633

W33 03336-61625 FLX 21F Rl4/26 1271mm WH Al4J1 A26J2

W34 03336-61625 FLX 21P A21/26 127mm WH h2131 A26J4
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SECTION VII
MANUAL BACKDATING

7-1. Introduction.

7-2. The revision of this manual applies directly to all instruments. Earlier versions of this instrument,
however, differ in design and appearance from those currently being produced. The information in
this section documents the earlier instrument configurations and associated servicing procedures.
Also included is information on recommended modifications for improvements to earker instruments,

7-3. Manual Changes Supplement

7-4. As Hewlett-Packard continues to improve the performance of the HP 3325B, corrections and
modifications to the manual may be required. Required changes are documented by a yellow Mamnal
Changes supplement and/or revised pages. To keep the manual up-to-date, periodically request the

. most recent supplement, available from the nearest Hewlett-Packard office (see sales and support of-
fices listing at the back of this manual).
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WARNING

These servicing instructions are for use by
trained service personnel only. To avoid elec-
trical shock, do not perform any servicing other
than that contained in the operating instruc-
tions unless you are qualified to do so.
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8-1. INTRODUCTION.

8-2. This section contains information required to serv-
ice the Model 3325 Synthesizer/Function Generator.
This includes the theory of operation, block diagrams,
troubleshooting procedures, and schematic diagrams.
Most of the service information is divided into service
groups, which are identified alphabeticaily. Each service
group contains the schematic diagram, troubleshooting,
and other pertinent information for a specific area of the
instrument. A foldout functional block diagram follows
Service Group O. The following circuits are included in
the service groups:

Service
Assembly Circuit Group
A3 VCO Duffer
A3 30 M1z Reference and Dividers
A3 Mixer
AB High Voltage Output Opt 002
A9 High Swubility Frequency Reference Opt 001
Al2 Rear Panel Interface
Ald D/A Converter and Sample/Hold
Ald Function Cireuits

Ald Qutput Amplifier and Level Comparator
Al4 Relay Drivers

14 Sweep Drive Circuits

Al5 Display Driver

A2l Voltage Controlled Oscillator
-+ NF Counter

Fractional N Analog Circuits
Fast Sync Converter

Power Supplies

Attenuator

Keyboard

Interface Circuits

Control Circuits

Modulation Souree

»
ZABPEOR IO 2N - O0

ZERBBERBRE

Signature analysis information begins with Paragraph
8-139.

8-3. BASIS THEORY.

8-4. A simplified block diagram of the HP 3323B circuits
is shown in Figure 8-1.In response to programminginputs
from the keyboard or the interface circuits, the control
circuits set the frequency, signal level, and output
attenuation. The frequency synthesis circuits generate a
sine wave at a frequency determincd by digital
information from the control circuits. This sine wave is
applied to the function circuits where both the output

function and signal level are determined, again by digital
control, The signal level from the output amplifier can be
tested in the level comparator to determine if a level
correction is necded, thus providing an avtomatic
amplitude calibration. If amplitude problems are
encountered, it is important to disable this auto
calibration. See section 8-114. Attenuator range is
sclected by the contrel circuils to provide (in conjunction
with level control) the desired output signal amplitude.
Program parameter data stored in the control cireutts is
transferred to the display when that parameter entry
prefix key is pressed or the parameter prefix is
programmed on the interface circuits.

8-5. THEORY OF OPERATION.

8-6. The following theory is a general description of each
of the circuit blocks in the 3325 . A foldout functional
block diagram of the 3325 follows Service Group O.
Additional information on individual circuits may be
found within the service groups. Figure 8-2 is a basic
block diagram of the logic circuits, which interface with
the processor (and with each other through the proces-
sor) to control the operation of the instrument. The
Machine Data Bus, which consists of eight parallel lines
labeled MDO through MD?7, is the principal means
of data exchange between the control circuits and other
parts of the instrument.

8-7. Keyboard and Display (Service Group A}.

8-8. Keyboard Scan. Figure 8-3 is ablock diagram of the
Keyboard and Display circuits. To determine if a key has
been pressed, a single high bit is shifted into the first
position of the [6-bit register, and the four-line output of
the keyboard matrix is read onto the machine data bus by
the Read Keyboard clock signal. The high bit is then
shifted one position in the register and the keyboard
matrix output is read again. This process is repeated
through the twelve input lines to the matrix. The high
input bit is inverted by the keyboard buffers. A low level
on one of the four matrix output lines indicates that akey
has been pressed, and the contrel circyits initiate the
proper action. Afier a low level has been detected, the
control ¢ircuits look for a high level from the same key
before the same action can be repeated. In other words, if
the 5 key has been pressed, only one 5 will be processed
even though the key is held through more than one
keyboard scan cycle.

8-9. Numeric Display. The same high bit that is shifted
through the 16-bit shift register to scan the keyboard
enables one of the eleven numeric display digits ineach of

81
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the first eleven positions of the register. When a digit is
enabled, eight bits of data (parallel} from the Machine
Data Bus are entered in the 8-bit latch by a Write
Keyboard Display Data clock signal. Each low bit inthis
data enables one of the eight current sources, which
supplies current to the proper segment {or decimal point)
of the enabled digit.

8-10. Annunciator Matrix. In each of the last five

Model 3325

being shifted through enables one of five sets of
annunciators. Then another set of eight data bits is
entered into the 8-bit latch. Each low bit in this data set
also turns on one of the eight current sources, which
supplies current to the proper annunciator.

8-11. Scan Cycle. Approxiinatcly 14 milliseconds are
required for a complete scan of the Keyboard and
Display. During each scan cycle, the events shown in

positions of the 16-bit shift register, the high bit that &5 ‘Figure 8-3 happen concurrently.
OUTPUT
AMPLIFIER
FREQUENCY | Ao OUTPUT
swness [ Bm ATTENUATORI— S0
CONTROL
K 3 x
LEVEL
KEYBOARD COMPARATOR
DISPLAY
| ]
HP-i8
NTERFACE CONTROL
CRCUITS
AS-232
_

Figure 8-1. Simpiified Block Diagram.

PROCES
(SERVICE GROUP O

SOR

1 1 1

[ T 1

KEYBOARD 2 ) |reap oy
DISPLAY HP-8 (SHEMORY
(SERVICE (SERVICE GROLP ©)
GROUP A} GROUP B8}

RANDOM

~TeRrRUPT { | FRACTIONAL
%%33 {SERVICE N LOGIC
(SERVICE GROUP A {SERVICE
GROUP T GROUP E}

Figure 8-2. Basic Block Diagram, Logi¢ Circuits.
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WRITE KEYBOARD
01 SPLAY DATA
3 T 2 2 Sy . BIIT
» il
T Lten oot MMERIC. DFSPLAY
=317
SERIAL IN| 116 LINESH
18 LINES) SIET AHMUNT |ATOR
REGISTER 18 LINESH MATR| X
FLOEK SIFT
REGISTER ” SCAN CYCLE EVENTS
SHIFT
o BUFFERs recisTerl 112 [S[als s [7[alsfiofili2iAea g1
KEYBOARD SCAN TWELVE
HEZ LINES) KEYBOARD MATRIX LINES
7 (4 LIMES) | yrmmoams ENABLE ELEVEN FIVE
MATR (X NUMERIC DISPLAY ANNUNC 1 ATOR
14 LINEG) DIGITS SETS

Figure 8-3. Keyboard and Display Block Diagram.

8-3
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I
| TRANSMTTED DATA I
| —
| RS-232
USART DRIVER/ TO RS-232
RECEIVER CONNECTOR
| _ . RECEIVED DATA
I PARALLEL
erocesson > T | | S KT feonmmouef " o GoecTon
DATA BUS —v]. SERIAL —/
CONVERTER CONVERTER Ao RECEIVER
J!#— T'
HP=IB_INT % INTERRUPT S - ]
OFTOELECTRONC
ISOLATION
SERIAL ISOLATED
poLL b POWER
OETECTOR [Nt SUPPLY

Figure 8-4. Basis Block Diagram of HP-IE and RS—232 Circuits.

8-12. HP-IB/RS-232 Circuits (Service Group B). -

8-13. The HP-IB/RS-232 Circuits include the following:
Isolated Power Supply '
Optoclectronic Isolation Interface

HP-IB Controller

-Serial Poll Detector

R$-232 Drivers and Receivers

Figure 8-4 is a basic block diagram of the HP-IB and
RS-232 circuits.

8-14. Isolated Power Supply: Voltage regulator U150
provides +35 volt power to the isolated circuits.
Optocoupier U151 and transistor Q151 disable the +5
volt supply when the HP 3325B is switched to standby.

8-15. Isolation Interface: The Isolation Interface circuits
consist of shift registers U123, U125, U108, and U117 and
of optocouplers U131 and U132. To transfer data from
the processor to the HP-IB controller, U123 is parallel
loaded with data, and the SHIFT signal is activated.
SHIFTCLX {from /SHIFTCS) is clocked 8 times to shift
the data through U131, Next U123 is loaded with the
address of a register in the HP-IB controller, and the data

8.4

is shified 4 more times. The data is now in U117, and the
register address is in U108. The SHIFT signal is
deactivated, and the next SHIFTCLK writes the data to
the HP-IB controller.

8-16, To transfer data from the HP-IB controller to the
processor, U123 is parallel loaded with the register
address, and the SHIFT signal is activated. SHIFTCLK
is clocked 4 times 1o shift the data through U131 and into
U108. The SHIFT signal is deactivated, and the next
SHIFTCLK signal rcads from the HP-IB controller and
parallel loads U117. Data is clocked 8 times to move it
through optocoupler U132 and into U123. The processor
reads the data from U123,

8.17. HP-1B controller: U106 manages the HP-IB
protocol. U103 and U104 buffer the HP-IB lines. When
the HP 3325B is requested to listen or talk, or to transfer
data in or out, the HP-IB controller interrupts the
processor by activating HPIB_INT.

8-18. Serial Poll Detector: The Serial Poll Detector
interrupts the processor when a serial poll occurs on the
bus. This is necessary (o maintain compatibility with the
HP 3325A. U102 detects Serial Poll Enable and disables
HP-IB commands (Serial Poll Enable and Serial Poll
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MACHINE CONTROL LINES .
RESET. — T0 OTHER
coos, | " BOARDS
BATTERY
I— ADDRESS
DECODING
:> CHP SELECTS
N
I MULTI- fA—
| ADDRESS ROM RAM FUNCTION INTERRUPT
PERIFHERAL N\ REQUESTS
MCRO- e !
- T U ﬁ U {T r
] TO DTHER
CDA" ] BOARDS
PROCESSOR MACHINE
DATA BUS DATA BUS

Figure 8-5. Basic Block Diagram of Control Circuits.

Disablc). Serial Poil Enable sets U105A, and Serial Poll
Disable clears it. When the serial poll byte is outputto the
HP-IB, U105B generates an interrupt to the processor.

8.19. RS-232 Driver/Receiver: The RS5-232 Driver/
Receiver (U170) translates TTL ievels into RS-232
voltage levels. U170 contains charge-pump circuits that
generate = 10 volt supplies from the +5 volt supply.

8-20. Control Circuits (Service Group C).

8-21. The Control Circuits include the following:
Microprocessor (Processor)

Read Only Memory (ROM)

Random Access Memory (RAM)

Mulii-Function Peripheral (MFP)

Address Decoding

Reset

Clock

Figure 8-5 is a basic block diagram of the control circuits.

s & & @ » & 2

8-22. ROM and RAM circuits: The ROMs, U2 and U3,
contain instructions that are read by the processor, Ul.
The RAMs, U6 and U7, provide storage for instrument
state and other data.

8-23. Clock circnits: U99 generates a 19.6608 MHz
clock. U98BA divides this signal by 2 to make CLKI10,
which is used by the processor. UIdA divides /CLK10 by
4 and by 16 to generate clock signals used by the MFP,
U10 and by the Bus Error Detector, U14B.

8-24. Reset circuits: During power-up, U82 activates
/RESET until the + 5 volt supply stays above +4.85 volts
for at least 2 seconds. When the supply is below 3.5 volts,
U81 and Q81 activate /BTRY_ENABLE and transistors
Q3 and Q4 fuoction as a switch that opens to disconnect
the non-volatile RAM supply (+ 5VB) from the + 5 volt
supply. Q2 is a switch that prevents the RAMs from being
enabled when /BTRY_ENABLE is activated. During
normal operation, both /RESET and /BTRY_ENABLE
should be deactivated and + 5VB should be greater than
+4.5 volts. The processor can also activate /RESET if it
is unable to execute instructions.

8-25. Address Decoding circuits: The processor outputs
an address to the address bus at the beginning of each
read or write cycle. AB21, the most significant address
signal used, selects between the MFF and all other
devices. When the MFP is not selected, U31 decodes
address signals AB18 thru AB20 to sclect cither ROM,
RAM, machine data bus, or some other device. When the
machine data bus is selected (/MDBS is activated), U33
and U34 further decode the address and activate one of
the machine control lines. The MFP internally generates
the Data Transfer Acknowledge (DTACK) signal that
tells the processor when the read or write operation is
complete. U14B generates a bus error timeout signal if
DTACK did not occur. Read and write operations to
everything else are terminated by the EEDTACK signal
from U38.

8.5
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8.26. Multi-Function Peripheral (MFP): This
integrated circuit contains the following functional
circuits:
An interrupt controller, All interrupts are prioritized
by the MFP. The MFP activates /TRQ to interrupt the
processor.

A Universal Synchronous/Asynchronous Rcceiver-
Transmitter (USART). The USART is used for
RS$-232 communication.

Timer/counter A (1 of 4). This timer/counter divides
the CLK2.5 clock to generate a periodic interrupt for
the processor. The interrupt occars at an 1800 Hz rate
and signals the processor to scan the keyboard and
update the digital-to-analog converters on the Ald
assembly,

Timer/counter B, This timer/counter is used to time
discrete sweep dwells.

Timer/counter C. This timer/counter gemerates the
MODCLK signal for the modulation source.

Model 3325

Timer/counler D. This timer/counter generates the
BAUD CLOCK signal for the USART. The
frequency of BAUD_CLOCK is 16 times the baud
rate.

Eight Input/output piss. MODLOAD and SLC are

output pins, HPIB_DATA is an input pin and
/HPIB_INT and /SLF are interrupt inputs.

8.27 Fractional N Control, The Fractional N Control
(see Service Group E) performs several functions vital to
control of the HP 3325B.

a. It calculates the <~ N and Pulse Remove data for the
phase lock loop in the frequency synthesis circuits.
(Explanation of the HP 3325B frequency synthesis begins
with Paragraph 8-28.) This information is updated every
10 microseconds.

b. it increments or decrements the output frequency
during a sweep function and outputs a4 Sweep Limit Flag
when the start or stop frequency is reached. 1t also
outputs a Sweep Limit Flag at the marker frequency
Juring a sweep up. '

VCo
LOMHZ g

LOCK

<N
=400

LOOP
#’100I<H2 \.

PHASE DC VOLTAGE
DETECTOR

WOkHz

-2-300

f

MIXER

40MHz

0OMHz OUTPUT
(DIFFERENCE FREQ)

30MHz

EFERENC
30MHz

Figure 8-6. Phase Lock Loop.
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8-28. Frequency Synthesis.

8-20. The Frequency Synthesis circuits are found in
Service Group D, Voltage Controlied Oscillator; Service
Group E. Fractional N Counter: and Service Group F.
Fractional N Analog.

8-30. How does the HP 3325B generate a given
frequency? Assume that the output desired is an even
10 MHz. A method for obtaining this frequency is
iltustrated in Figure 8-6, Basically, the HP 3325B uses this
me¢thod.

8-31. The frequency of the VCO (Voltage Controlled
Oscillator), in Figure 8-6, is controlled by the dc voltage
out of the phase detector. This dc voliage reflects any
phase change between the two detector input signals.
Consequently, if the VCO frequency changes, the phase
detector output changes to correct the VCO, This is
known as a phase lock loop (PLL).

8-32. If we want to change the output from 10 MHz to 20
MHz, it is necessary merely to change the + N number
from 400 1o 500. This obviously changesthe divided VCO
input to the phase detector to 80 kHz. The phase detector
then uses the phase difference between its two inputs to
change the VCO frequency to 50 MHz. This returns the
phase detector input 1o 100 kHz, and the loop is again

Service

phase locked. Ittakes the 3325  about 50 milliseconds to
make this change. The + N number is determined by
control circuits in response to front panel or remote
programming.

8-33. The 3325B sine wave frequency range is essentially
from zero to 20 MHz; consequently, the VCO frequency
range is normally 30 MHz to 50 MHz. This dictates that
the < N number be a 3-digit integer between 300 and 300
{ =N can be only three digits in the 3325A). For example,
if = Nis 398, the VCO frequency isadjusted to 39.8 MHz
(398 x 100 kHz) and the output is 9.8 MHz.

8-34. Now let us look at a more detailed diagram of the
phase detector block (Figure 8-7). The control voltage to
the YCOQ is the output of a Sample; Hold amplifier which
samples the integrator output at the proper time and at
regular intervals. ldeally. this voltage would be exactly
the same at each sampling time and the VCO frequency
would remain constant. Let us assume that this is true,
and that the = N number is 400. in this case, the output of
the phase comparator would be a series of pulses of equal
width. Each pulse turns on a current source which causes
a given amount of charge to be placed on the integrator,
At a specified time this voltage is stored on the
Sample/Hold amplifier capacitor (Figure 8-7). The
integrator output is illustrated in Figure 8-8, The charge
slope is much greater than the discharge slope because the
phase comparator current source has about ten times the
magnitude of the bias current source.
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8-7/8-8



 Model 3325

SAMPLE/HOLD
At THIS POINT

i

PHASE B14S AND APl OM
COMPARATOR
<]

\
|

pe———————— OHE REFERENCE
{1 0uSEC)

]
CYCLE mm————Cn)

Figure 8-8. Integrator Output.

8-35. Immediately after a sample, the bias current source
is turned on to discharge the integrator capacitor to the
level it held betore the phase comparator Current was
allowed to charge it. If this were not done, the charge
would continue to accumulate to the limit permitted by
the power supplies and remain atthat level (nullifying the
entire PLL scheme). The bias current is controlled by 2
pulse from the fractional N control 1C.

8-36. Up to this point, we have considered only the
sitvation where + N is awhole number consisting of three
digits. Now suppose an output of 10.04 MHz is desired.
This would require the VCO frequency to be 40.04 MHz
and the = N number to be 400.4. (The number 400.4 is
referred 1o as = N.F. The number 400 is represented by
N, and the fraction .4 may be called F, or the fractional
N.) Since the existing phase lock system will not allow
+ N to be four digits, some additional circuits are needed
to make the VCO operate at a frequency of 40.04 MHz,
and at the same time provide a signal 1o the phase

Service

comparator equai 10 100 kHz. Two of these circuits are

the digital-to-analog converter (DAC) and pulse remove
blocks added in Figure 8-9.

8-37. 1fthe VCO operated at 40.04 MHz and + N were
400, then the divided VCO signal to the phase
comparator would be 100.1 kHz and would be compared

to the 100.0 kHz reference. This would result in an

increasing phase comparator charge current 10 the

integrator. To compensate for this increased charge, the

discharge current from the bias source is adjusted by

means of Analog Phase Interpolation (API) information

from the fractional N control 1C. The phase (frequency)

difference between 40.04 MHz and 40.00 MHz is

accumulated digitally in the control IC and applied

through five lines to a digital-to-analog converter. The

D/ A output current is subtracted from the bias current 1o

discharge the integrator to the proper level during each

sampling period, effectively cancelling the increased .
charge from the phase comparalor.

8-38. Only part of the problem is solved, however,
because if the PLL were to continue operating in this
manner, the phase comparator output would continue to
increase beyond practical limits. To prevent this, a“pulse
remove” technique is used. In effect, the accumulated
phase difference (in the Control IC) causes the +N
counter to count one extra cycle { = 401) each time the
phase accumulator passes through unity. This has the
effect of “removing” a cycle of VCO frequency, and the
divided signal to the phase comparator is now anaverage
of 100 kHz.

8-39, To accumulate the phbase difference, the twelve
least significant digits in a “frequency register”
{contained in the Fractional N control 1C) are added to
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Figure 8-9. Addition of DAC and Pulse Remove Blocks.
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the twelve digits in the phase accumulator, and the sum is
stored again in the accumulator. This addition takes
place every 10 microseconds {once for each cycle of the
100 kHZ reference). Figure 8-10 illustrates this process
for the example we are using.

8-40. This example has used a fractional N of 4, If the
output frequency were 10,004 MHz instead of 10.04
MHz, the fractional part would be .04, and both the
phase comparator output and the phase accumulator
content would increase at one-tenth the previous rate, As
another example, if the output frequency were 10.09
MHz, the fractional N would be .9, and a pulse remove
command would be required for 9 out of every 10
reference cycles, '

8-41. Fractional N Counter. The + N (Fractional N)
counter consists basically of three preseitable counters in
scries, shown in Figure 8-11. The counters for the two
most significant digits (of the 3-digit +~ N number) are
decade counters. The least significant digit counter
consists of a + 5 counterand a + 2 prescaler which can be
made to divide by three as necessary. Presettable
counters are used because + N must be variable, as
explained below.

8-42. The preset number that is Joaded into the counter
is BCD (binary coded decimal) form is the 9's
complement of the + N number. N is determined by
the {irst three digits of the VCO freguency.

Model 3325

Example 1 Example 2
Sine wave output 10 000 000.0 Hz 100 000.0 Hz
Reference frequency 30000 000.0 Hz 30 000 000.0 Hz
VCO frequency 40 000 000.0 Hz 30 100 000.0 Hz
+«N 400 301

To determine the 9's complement, <+ N is subtracted
from 999 in the fractional N ¢ontrot IC.

299 999
+N 400 3N
9’s complement 599 698

8-43. The + N counter begins at the preset number (599
in example 1), counts to 999 and then reloads the same
number uniess a new frequency has been programmed.
One output pulse occurs for each time the counters reach
999; consequently, if 400 VCO cycles (599 to 999} are
counted for every output pulse, VCO has been divided by
400. The output pulse is derived from the bias pulse
issuwed by the fractional N control IC. To provide the
proper stable phase relationship to the VCO signal, this

Programmed + N

Frequency Register

VCO Frequency |

0400400000000000}

\

Phase Accumulator

Carry
Adder

000000000000]| ol —
[ ——
AFl Control

000000000000

Accumulator {Initial}
vC O Freguency

0400400000000000
400000000000

040040000000 0000

BOOOCO0QO0O0O0000
0400400000000000
{112000000000¢C0
04004000000000080
600000000000
0400400000000000
1000000000000

Each carry initlates a pulse remove command.

1

Sum lreturned to accumulatar]

vCo
sum
VCOo
sum + carry
vCo
sum
vCo

sum <+ camy

Figure 8-10. Phase Accumulation.
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pulse is clocked first by VCO + 10, then VCO = 2, and
finally by VCO.

8-44 Inexample2, + Nis301, sothe counter must count
301 VCO eycles during each reference period. Normally
only an even number of cycles could be counted because
the least significant digit = 5 counter is counting VCO
+ 2 from the prescaler. Therefore, in order to count an
odd number, the prescaler is forced to count ome
additional pulse during each reference period. To
accomplish this, the pulse remove circuits are enabled
when the least significant (BCD) bit of the least
significant digit of the preset number is even, as is the case
in example 2 (decimal 8 = binary 1000). Then the
negative-going pulse from the preioad one-shot changes
the prescaler to + 3 for one cycle. The pulse remove
action associated with fractional N is independent of and
in addition to the odd number count.

8-45. The chip clock counter output gigurc 8-11) is the
prescaler output divided by five. The Q output from this
counter goes to the fractional N control 1C and is used to
clock data in and out of the four shift registers within the
1C. The counter Q output is used in the + N.F counter
output synchronization and to clock the cycle start flip-
flop.

8-46. The cycle start fip-flop is set by the Q output from
the preload flip-flop and is cleared by the next trailing
edge of the chip clock signal. A cycle start pulse occurs at
the time the = N least significant digit is preloaded, which
is once every reference period. Cycle start is used to
initiate operations within the fractional N control IC. It is
also used to set the pulse remove circuit when + N is an
odd number.

8-47. Reference Circuits (Service Group G).

§-48. Reference Oscillator. The Reference Oscillator is

a 30 MHz crystal-controlled oscillator that can be

Modet 3325

synchronized 10 an external reference signal of 10 MHz
or subharmonic of 10 MHz {minimmum | MHz).

8-49. External Reference Phase Lock Loop. Figure §-12
ic a block diagram of the External Reference Phase Lock
Loop. The external reference input is sent thorugh a
squaring circuit, amplified, and then differentiated to
provide a narrow positive pulse to the gate of a FET
switch. This turns the switch on momentarily, sampling
the instantaneous veltage of the sine wave at the FET
switch source. This voltage is stored on the capacitor at
the input of a Sample/ Hold amplifier. The resuling de
output voliage from the S/H amplifier is applied to a
varactor in the 30 MHz oscillator circuit 1o adjust the
oscillator frequency.

8-50. When the 30 MHz oscillator is in phase with the
external reference, the FET switch will sample the sine
wave at exactly the same point each time and the S/H
amplifier output voitage will remain constant. But if
there is a change in phase relationship, the amplifier
output voltage will change, correcting the oscillator
frequency and restoring phase lock.

8-31. External Referemce Detector. Whenever an
external reference input is present, a detector circuit
provides a logical *1” signal to the controi circuits. This
causes the front panel EXT REF indicator to light.

8-52. Unlock Detector. When the external reference
loop is phase locked, the Sample/Hold amplifier output
is a steady dc voltage. However. if the loop is not locked,
this voltage will vary. The unlock detector is triggered by
this varying voltage to provide a logical “1” to the control
circuits. During an “unlock™ condition, the front panel
EXT REF indicator will flash on and off.

8-53. 30 MHz Reference Amplitude. Sine wave output
amplitude and amplitude modulation are controlied by
varying the amplitude of the 30 MHz Reference. Figure

1.
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Figure 8-12. External Reference Phase Lock Loop Block Diagram.

§-12



Model 3325 Service
+¥
1
g g
5B [ o
conthoL -
|
Mt o -
Mo |d- S oN OFF ol B R

| -
aveL Fupe i Y

SRR

Figure 8-13. Level Control and Amplitude Modulation.

8-13 is a simplified diagram of the level control and
amplitude modulation circuits. The reference signal
amplitude is varied by controlling the current available
from the current source (Figure 8-13), which in turn is
controlied by the Sine Amplitude signal and/or the
Amplitude Moduiation input signal. When the AM
Control switch is OFF, the X input to the voltage
multiplier is constant, and the output level is controlled
by the Sine Amplitude only. When the AM switch is
ON, however, both the X and Y inputs infiuence the
output. The output of the multiplier (V) is normally
equal to .1XY, but because the multiplier output is con-
nected to an operational amplifier input, this voltage
cannot be measured. Use of the voltage multiplier in this
circuit makes it possible to change the 3325 output
(carrier) amplitude without affecting the percent of
modulation, or to change the percent of modulation
without affecting the carrier level, The output of the
Level Control and Amplitude Modulation circuit goes
to the Mixer, covered in Service Group H.

8-54. Reference Dividers. The 30 MHz Reference

frequency is reduced through a scries of dividers to
provide the following signals:

10 MHz to the External Reference PLL

2 MHz2 to the Df A Converter (Service Group I)

1 MHz rear panel reference output

100 kHz reference to the Fractional N Phase
Comparator (Service Group F)

For phase stability, the 100 kHz output is clocked first by
10 MH:z, then by the 30 MHz reference signal. The
100 kHz signal is then differentiated to provide a narrow
pulse to the Fractional N Phase Comparator.

8-55. Mixer (Service Group H).

8-56. The Mixer circuits are diagrammed in Figure §-14,
The 30 MHz reference is passed through a low pass filier
and mixed with the 30-50 MHz signal from the VCO ina
diode mixing circuilt. The mixing circuit outputis applied
to a low pass filter to remove all but the difference
frequency, which is amplified by a current amplifier. This
signal then goes to the Function circuits (Paragraph
8-39).

8-57. D/A Converter (Service Group I).

8-58. The Digital-to-Analog (D/A) Converter supplies
the analog voltages which control signal amplitude, dc
offset, Jevel comparator reference voltage, sweep X drive
output. and correct for d¢ offset error. In addition, it
supplies an auto zere voltage to its OWn current sources,

8-59. Preset Counters, Each of the four Preset Counters
is a BCD counter that can be pre-loaded with a 4-digit
binary number and then enabled to count from that
point. [n this application, they are set to count down. The
counters are connected in two pairs, as illustrated by the
least significant pair in Figure 8-15. Both counters are
loaded at the same time, then the Least Significant Digit
(LCD) Counter is enabled by the Counter and Current
Source Enable Flip-Flop; and at the same time, the LSD
Current Source is enabled to supply current to the DAC
Integrator (see Figure 8-16). When the LSD Counter
reaches zero, its Ripple Clock output enables the 3rd
Digit Counter to count one clock pulse. If the preses
number in the 31d Digit Counter was greater than one,
the LSD Counter continues to count. supplying an
enable pulse to the 3rd Digit Counter each time it reaches
zero. When the 3rd Digit Counter reaches zeto, its Ripple
Clock output changes the state of the Counter and

Curremt Source flip-flop. disabling the LSD Counter and
the Current Source.

8-13
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8-60. 4-Digit D/A Conversion. A simplified diagram of
the D/A Converter is shown in Figure 8-16. The D/A
Converter (DAC) Integrator output voltage is
proportional to the four digits of BCD information that
is loaded into the Preset Counters. The two current
sources are enabled to supply constant curreat to the
DAC Integrator for the length of time required for the
Preset Counters to count down from the preset number
to zero. The current resulting from the two. most
significant digits is proportionally 100 timesthat from the
two least significant digits. For example, if the 4-digit
preset number were 5555, the enable time would be the
same for both current sources, but the current ratio
would be (00 to 1.

8-61. DAC Sample/ Hold Circuits. After the Preset
Counters have finished counting and the current sources
are disabled, the DAC Integrator output voltage must be
transferred to the proper Sample / Hold Amplifier.
Figure 8-17 is a simplified diagram of the DAC
Sample; Hold circuits. The data that designates one of
the six Sample/ Hold Amplifiers is clocked into the latch
by the S/H Strobe pulse. The S/H Sirobe pulse also
triggers a switch timing ome-shot which enables the
switches to close iong emough to transfer the DAC
Integrator voltage to the capacitor at the input tothe S/H
Amplifier.

8-62. DAC Reset. After the integrator output voltage'

has been transferred to the proper Sample / Hold
Amplifier, the integrator is reset to zero by closinga FET

switch across the integrator capacitor. The closing of this

switch is timed by a one-shot which is triggered by the
$/H Strobe pulse.

8-63. Function Circuits (Service Group J).

8-64. This section of the instrument provides the proper
curreat to the operational output amplifier for each
function. It includes a number of current sources, and the
circuits which develop the square wave, triangle, and
ramp functions from the sine wave. Function switching is
accomplished by the enable signals shown in the block
diagram, Figure 8-18.

8-65. Sine Wave. In sine function, the sine wave from the
mixer passes through a current amplifier to the output
amplifier, Sine wave amplitude is actually controlled in
the level control circuits (see Paragraph 8-73), but the
level control curreat is supplied from the amplitude
control current source in this section.

8-66. Square Wave. The sine wave input is sent through a
squaring circuit and then divided by two to produce the
square wave output. Consequently, in the square wave
function, the sine wave must be twice the output
frequency, and the maximum output frequency is
10 MHz.

8.67. Triangle. To generate a triangle wave, the sine
wave input is first put throngh the squaring circuit, then

8-16
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divided by 20 (==10 and =-2). The result is a square wave
whose frequency is | MHz plus the programmed output
frequency. This signal is phase compared to a2 | MHz
reference in an exclusive OR gate. Because the output of
the gate is high when one and only oneinput is high, the
gate output is a series of pulses whose width varies in
proportion to the phase difference between the two gate
input signals. Figure 8-19 is a simplified illustration of
this. The gate output drives a current amplifier (which
inverts the signal) and the resulting current pulse signal is
sent through a filter which shapes the triangle.

8-68. The triangle output frequency is the difference
between the 1 MHz reference and the input frequency
{(from the mixer) divided by twenty. Consequently, the
input frequency must be 20 MHz + (20 x output). To
produce the maximum triangle output frequency of
10 kHz, for example, the input must be 20.2 MHz.

Output frequency = 10 000 Hz
Reference = 1 000 000 Hz
1010 000 Hz

X 20

Input frequency = 20 200 000 Hz

8.69. Positive and Negative Ramp. A ramp output is
generated in the same manner as the triangle, except that
when the phase dilference between the 1 MHz reference
and the input +20 has advanced 180°, the reference is
inverted by the ramp reset circuits (Figure 8-18). Figure
8-20 illustrates the ramp generation process. Because the
phase difference is allowed to advance only 180° instcad
of 360° as in triangle generation, the frequency of the
“input + 20" signal o the phase comparison gate must be
1 Mhz plus onc-half the output frequency. For the
maximum ramp output frequency of 10 kHz

Output frequency = 10 000 Hz
+2 = 5000 Hz
Reference = 1 000 000 Hz
1005 000 Hz

X 20

Input frequency = 20 100 600 Hz

8-70. Ramp reset may be initiated cither by the pbase
detector output (Figure 8-18) or by a + or - ramp reset
signal from peak detectors at the output amplifier. Each
reset pulse causes the reference signal to beinverted atthe
output of the ramp reset gate.



Service

Model 3325

I HOIL IIEH00
T 1NN

s_.nqm ! w WHINGY
"y 1¥%399 M g ey r o .J_ ﬁ 4!.__:“
) H P
g ] 3 H 11 | IEee)
.__...Naﬁ r O3k i a4 avn H 5 a3 | Riwes
wi i aIRFISLH A LRIOBIHL b 1 1 H Easd
o a SR nY rat HOILIN0 Irsas | W0 s 0wl Rivis s | i
Fwwnd
vt (iq.o—. E £Teal 3R
E 7 Y
. AMYHI
wug _,.; E ...nncw.._ﬁm-“w -4._ MY 0 e g
. . _ £ 3MWvNI uaa._...l.q Wﬁ!zwefuﬂ%hw._ T _—wuw aﬁﬂuw [ Emuzu.s,_im IERVY ] -
INZEIN) ' HOILINE0) O -t 1 Mvd- = H W o e Al " ERE T o3 s +—] P Ten —
OHON3Z SHOML Y 1 ¥ eyl - b = 1Moy e e
HIH TN 3 JWTHI  ITHVNI ALWT IO dhd Elve T T
virg EhE g ] 1 H
g 13283 ECER
P "y j L r ny
waL My ﬂ Y ..I\\.|ﬁ
YRR Y Oy - x L1 —
14N 01 p PO F S| LT m e il oYy
nw L4 nY [HTY LD ALRP WA 2
HIS g r EX -nwn“ﬁ v .S.a‘.._ ..ﬂ& vy PEOBRETE b
1MIEE) gy L
e[,
' " i LU Mheneo | Shmos
RS WD £
|1
SRER RIS $e¥y HO4 DIYY WHIIS 20+ nan T ny X pndino Hiku | Wt
.\_ hvRsl HOJ OJHd TWNOIS + B o [
\Aﬁ 2 RYNDS T
! //_ S Y U
™ 30dna q.:— o (I AT Y e EICEE TS
FNIVHI
INIHEND !M
12, 334000 A e
LRI S0 s | \,—

/ﬁm uw 31

WIS "y
a0

8-17

Figure 8-18. Enable Signals for Function Switching.
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Figure 8-19. Simplified lllustration of Triangle Generation.
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Figure 8-20. Simplified lilustration of Ramp Generation.

8-71. Ramp polarity is detcrmined by the ramp polarity
gate. If negative ramp is programmed, the reference -
signal is inverted by this gate.

8-72. Function Integrity Flag. If the ramp is being reset
by the digital Phase Detector, the detector output sets the
Function Integrity Flip-Flop, and the Function Integrity
Flag (MD2) to the processor is high. If the ramp is
being reset by the analog Level Comparator at the
amplifier output (see Paragraph 8-78), the analog reset
signal prevents the Function Integrity Flip-Flop from
being set. The controller may reset the Function Integrity
Flip-Flop. The Function Integrity Flag tells the
processor which ramp reset ‘method (analog or digital) is
Leing used. This information is used by the processor in
setting the correct refercnce level for the output Level

8-18

Comparator. Ramps are reset by the digital Phase
Detector at frequencies below 100 Hz, and by the analog
output Level Comparator at frequencies of 100 Hz and
higher,

$-73. Amplitude and Offset Control. The voltage output
of the output amplifier is proportional to the current into
its input summing junction. Consequently, signal
amplitude can be controlled by varying the amount of
current available from the current source which supplies
the various functions. The amplitude control signalis a
de analog voltage from a D/A converter (see Paragraph
8-57) which receives its digital input from the controller.

8.74. Because the square wave, triangle, and ramp
signals are generated by switching the unipolar amplitude
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control current source on and off, the entire signal is
above ground. These signals are centered about ground
by a compensating current ¢qual to one-half the signal
amplitude, This current is labeled Functions Correction
Current in Figure 8-18. After calibration, additional dc
offset correction is added by the control circuits. This
current is labeled Offset Correction in Figure 8-18.

8-75. Positive or megative dc offset can be programmed
either with or without an ac signal. The offset current
source is also controlled by a dc analog voltage from the
D/A converter. The dc offset correction current source is
also controlled by the D/A converter. The offset
correction voltage is calculated from the results of the
AMPTD CAL routine (see Paragraph 8-78).

8-76. Cutput Amplifier (Service Group K).

8-77. The Output Amplifier is an inverting operational
amplifier that is designed for wide frequency response
and low distortion. Its output stage is protected against
excessive current by a 0.125 A fuse and against excessive
voltage by diodes connected to the + and - 15 V sup-
plies. Qutput resistance is 50 ohms.

8-78. Level Comparator and AMPTD CAL. During the
amplitude calibration process (AMPTD CAL), the Level
Comparator is used 1o determine the offset and signal
amplitude errors of the 3325 output. To do this, the
processor sets the signal amplitude to zero and varies the
voltage of the “Level” input to the comparator to
determine the dc¢ offset in the amplifier output. The
processor then sets the signal amplitude to 8 Vpp (with
full attenuation) and proceeds to determine both the
positive and negative peak voltages in a similar manner.
From this information the processor computes the
straight-line equations for the dc offset versus
programmed amplitude and for the output amplitude
versus programmed amplitude. Calibration FAIL codes
021 through 025 occur if the signal could not be
adecquately measured. The calibration constants then are
reset to default values. Calibration FAIL codes 026
through 029 occur if the signal is successfully measured,
but the processor determined that the calibration values
were outside of recommended limits. In this case, the
calibration values are left untouched.

8-79. The Level Comparator is also used toreset both the
positive and negative-going ramps for frequencies of 100
Hz and higher. The “Leve!” voltage is set by the processor
to the peak ramp voltage programmed. When the ramp
and “Level” voltages are equal, a Ramp Reset pulse is
generated by a one-shot and used 1o toggic a Ramp Reset
flip-flop (see schematic in Service Group J). The ramp is
then reset as explained in Paragraph 8-69.1f the “Level”
voltage is set incorrectly, the digital phase detector causes
the ramp to be reset, and the Functional Integrity Flag to
the processor to be high (see Paragraph 8-72). The
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processor then adjusts the “Level” voltage until the Level
Comparator output resets the Fuaction Integrity Flag,
indicating that the ramp is being rese¢t by the Level
Comparator. This ramp “loop level” process is disabled
when the frequency is being swept or modulation is
enabled.

8-80. Sync Comparater and Driver. The amplifier
output waveform is one input to the Sync Comparator
and the other input is the DC Offset voltage level. If node
offset has been programmed, the DC Offset voltage is
zero and the comparator output changes at zero volts,
This results in a Sync square wave whose transition
occurs at zero volts crossing of the output signal. It
follows, then, that the Sync signal transition occurs
whenever the output signal crosses the DC Offset voltage,
when an offset has been programmed. The Syac signal
then is passed through buffer circuits to the front panel.
The Syng¢ signal is also passed through the FAST™ Sync
Coaverter to the rear panel.

8-81. FAST Sync Converter. The FAST Sync Converter
circuit on the Power Supply assembly combines the 19to
60 MHz auxiliary signal genetated on the A3 assembly
with the 0 to 21 MHz sync signal generated on the Al4
assembly. Only one of these inputs are active. The
exclusive-or gating allows the active signal to pass through
to the FAST Sync Output. A 0.25A fuse protects the
FAST Sync circuitry from excessive current.

8-82. Q810 and Q820 act as amplifier and level shifter for
the ac coupled 0.6 Vpp auxiliary signal. The resulting
TTL signal is sent to U832 where it is gated with the TTL
sync signal from the output amplificr. U830is a 302 totem
pole line driver capable of driving a standard 508} cable.
The fast rise times normally require precise terminations,
but the RC filter at the output slows the edges just enough
to prevent undesirable reflections (e.g., ringing and
double triggering) with open circuit terminations.
Placing a 50} load on the output further improves
refiection problems, but it decreases the signal amplitude
to a level that may be just below valid TTL levels.

8-83. Attenuator (Service Group L).

8-84. Relay Drivers. Refer to the schematic diagram in
Service Group L. Relay selection data is provided by the
lines labeled KO through K7 and is stored in the D flip-
flops of A14U49. This information is ¢btained from the
Machine Data Bus through A 14029 (see Service Group
I}. Seven of the relay driver circuits are contained in one
integrated circuit package, and the eighth is a discrete
transistor circuit: Current through the relay coils is limited
by the 77, Q78 circuit. Because latching relays are used,
continuous current is not required. Therefore, after a
relay has been switched, the driver can be turned off by
the K0-K7 information. The D flip-fiops are clocked at
the proper time by a signal that is also decoded in A14U27
from the Machine Bus data.

FAST™ is a trademark of Fairchild Semiconductor Corporation.
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8-85. Attenuators Relays and Pads. Relay K1, K2, and
K3 control the output signals attenuvation. Table 8-1
shows the voltage ranges, both with and without de¢ offset
and the relays and attenuation factors involved. The
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output relay, K4, switches the output to the front or rear
panel in a standard instrument and switches the High
Voltage amplifier in or gut in Option 002 instruments.

Table 8-1. Attenualion and Voitage Ranges.

8-20

. Attenuator Amplitude {Peak-to-Paak, 50 &) Maximum Minimurn DC
Attenuation Relay Dffset Oifset Only
Range Factor In _AC Only {(No Offsetl AC (With Offset) {+ or -} - {+ or -] (+ or =)
10.00 V 9.998 V g.Q01 VvV 4,500V
1 1 None 1o 10 to 1.000 m\V to
3.000 Vv 1.000 V 4,500 Vv 1.500 Vv
2,990V 999.9 mV 1.166 V 1.499 Vv
2 3 K3 to w0 to 0.100 mV 1o
1.000 v 3334 mv 1.499 V 0.500V
999.9 mV 2333.3 mV 233.3 mV 4999 my
3 10 K2 | i to 1w 0100 mv 10
300.0 m¥ 100.0 mV 450.0 mV 180.0 mv
299.9 mv 99.99 mv 116.6 mV 149.9 mV
4 30 K2, K3 10 10 10 0.010 mv 0
100.0 vV 33.34mV 149.9 mV 50.00 mV
99.99 mV 33.33mv 33.33 mvy 49.99% mV
-3 100 K1 e to 1o 0.010 mv w0
30.00 mV 10.00 mV 45.00 mV 15.00 mV
29.99 mv 9.999 mV 11.66 my 14.99 mV
] 300 K1, K3 0:] to to 0.001 mV 0
10.00 mv 3.334 mVv 14.99 mV 5.000 mv
%999 mV 3333 mv 3.333 mV 4.999 mvV
7 1000 K1. K2 (] to 10 0.001 mV to
3.000 mV 1.000 mV 4.500 mV 1.500 mV
2,999 mV 1.499 mVv
g8 3000 K1,K2.K3 a3 10
1.000 mv 0001 mv
MARKER
FLIP-FLOP
"MKR RESET —
(LOW TRUE!} MARKER
OUTPUT | 1
MORKER : )
RESET 1 |
SWEEP :
LIMIT FLAG I !
X DRIVE i
SWEEP ——f START/STORP :
LIMIT FL (P-FLOP :
FLAG !
{LOW TRUE) :
START | [
TO SWEEP J—_—_l.
sTa ANGE SWITCHES
(LOW TRU

Figure 8-21. Marker and X Drive Starnt-Stop Flip-Flops.
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8-88. Crystal Oven Option 001 (Service Group M),

8-87. AC power for the Crystal Oven is supplied by a
separate winding on the instrument power transformer.
Consequently, power is supplied to this assembly at any
time ac power is applied to the instrument. A +15 V
regulator provides dc power to the Crystal Oven. The
oven output frequency is 10 MHz. It is capacitively
coupled to the rear panel output connector.

8-88. High Voltage Output Option 002 (Service
Group M).

8-89. The High Voltage Output Amplifier is
non-inverting and has a gain of two. It is designed for
operation over a bandwidth of 0 10 1 MHz. The output is
current-protected by a 0.25 A fuse, and voltage-protected
by diodes 1o the + and - 30 V supplies. Qutput resistance is
essentially zero. Plus and minus 30 V regulators which
supply power for this amplifier are a part of the option.
Input power for these supplies is provided from a
separate winding on the instrument power transformer;
consequently, these supplies are on at any time ac power
is connected to the instrument.

8-90. Sweep Drive Circuits (Service Group N).

891, The Sweep Drive Circuits provide three output
signals that can be used in oscilloscope, plotter, and
similar applications: Z Blank, Marker, and X Drive.

Service

8-92. Z Blank. The Z Blank output voltage levels are
TTL compatible. This signal goes low at the start of a

Tlinear or log single sweep, high at the end of the sweep,

and remains high until the start of another sweep. For
continuous sweep, Z Blank is low during sweep up and
high during sweep down. The Z Blank output circuit is
capable of sinking current through a relay or other
device. The maximum ratings are:

Maximum current sink: 200 mA, fused at .25 A
Allowable voltage range: 0 V 10 +45 V dc
Maximum power (voltage at output x current): [ W

8-93. Marker Output. A Marker output pulse occurs
only during linear sweep up, either single or continuous
sweep. The NAND gate flip-flop that produces this
output is shown in Figure 8-21. The output is high at the
start of a sweep up, then the Sweep Limit Flag input goes
low at the Marker frequency, changing the flip-fiop
output to low, Immediately following a sweep up, the
Marker Reset input goes low, resetting the flip-flop
output to high.

8-94. X Drive. The output of the X Drive Start/Stop
flip-flop (Figure 8-22) is sct high by the low true Start
signal and is returned to low by the Sweep Limit Flag
pulse that occurs at the end of the sweep. The Start signal
remains low until just before the end of sweep 10 prevent
the Sweep Limit Flag pulse that sets the Marker flip-flop
from also changing the X Drive flip-flop. The marker
frequency and stop frequency points must be separated
by approximately 400 microseconds to allow time

INPUT
ANALOG SWITCHES
SWITCHES
10ms
RANGE |
{HIGH TRUE) D—-
o]
START
——
{HIGH TRUE)
RANGE 2 } -
{HIGH TRUE) e

X DRIVE

TO

Is

IDC VOLTAGE)

INTEGRATOR
RAMP
RESET
I
oo
o« ——i—t
9ms
+
M A —— X DRIVE
QUTPUT RAMP
0 99.99s

Figure 8-22. X Drive Ramp Output.
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berween the two Sweep Limit Flags for the control
circuits and Fractional N 1C to return the Start signal to
high and process the information for the stop frequency.

8-95. The high output from the Start/Stop flip-flop is
used to turn on one of two analog switches, depending
upon which Range signal is high. Range 1 is high for
sweep times of 0.01 second to 0.999 second, and Range 2
is high for times of 1 second to 99.99 seconds. As
illustrated in Figure 8-22, each analog switch turns en a
switch for the duration of the sweep, providing current to
an integrator whose output isthe X Drive ramp. The value
of the curreat to the integrator depends upon the X Drive
analog voltage and the resistance in the integrator input
circuit. The resistances are fixed at 10 k(2 for Range 1 and
1 MQ for Range 2. The value of the X Drive voltage is
supplied from the Digital-to-Analog Coaverter (DAC)
and Sample/Hold circuits (see Paragraph 8-57) and is
calculated by the control circuits to provide the proper
current to increase the X Drive Output Ramp from 0V to
+10V during the sweep time selected.

8-96. Following a single sweep, the X Drive ramp
remains esseatially at 10V until reset prior to the start of
another sweep. (This voltage will drift downward less
than 10 mV/sec.) During continuous sweep, the ramp is
reset at the start of sweep down. The reset switchisa FET |
connected across the integrator capacitor. The Ramp
Reset pulse is initiated at the proper time by the contral
circuits.

8-97. Modulation Source Circuits (Service Group N}

898, The modulation source signal is generated by an
8-bit Digital-to-Analog Converter {DAC) from a
waveform stored in the Modulalion Waveform RAM.
Figure 8-23 is a block diagram of these circuits.
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8-09. Address Counter: U203, U204, and U206 form a
12-bit down counter that sequences through the
addresses, and thus through the waveform storedin RAM
U207. Each MODCLK clock cycle causes this counter to
decrement, When the counter reaches 0, the /ZERO
signal causes the counter tobe re-loaded with the address
stored in the Start Address Latches, U201 and U202. The
Start Address Latch value determines the length of the
waveform.

8-100. Digital-to-Analog Coaverters: DAC U209
converts the 8-bit waveform data into an analog current
that is converted 10 a voltage by operational amplifiers
U217A and U217B. U208 is a multiplying DAC that
controls the amplitude. It multiplies the waveform by the
amplitude value that U212 latched on to.

8-101, Loading the Waveform into RAM: The processor
first activates MODLOAD, then writes the waveform
into RAM. The processor address goes directly through
the Start Address Latch and the RAM address counter
in this mode. The highest address must be written last to
initializc the Start Address Latch.

8-102. Modulation Source Frequency: Since the
MODCLK signal is generated by dividing the processor
clock by an integer, it can create only a limited set of
frequencies (unlike the Fractional-N circuits on the A21 -
assembly). To overcome this limitation when sine waves
are selected, the waveform RAM is loaded with more
than 1 cycle of the waveform. For example, since
multiples of 1 kHz are not available, 1 kHz sine waves are
created by writing 10 cycles of a sine wave into 3072 points
of the RAM, and clocking the system at 307200 Hz, which
is available.

m—_Lj

"MOOULATIoN
aporess "N aporess "\ waverorm 1"\ WAVEFORN AMPLITUDE LOW PASS __(:)
Ltk ] conNer ——] R ]  DAC DAL FLTER

jHo0-RAM
ADDRESS
BULS

Figure 8-23. Modulation Source Block Diagram.
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8-103. Power Supplies (Service Group O).

8-104. All three regulators, +5V, + 15and -15V (shown
in the schematic diagram is Service Group O), are voltage
and current controlled. Each regulator has a voltage sense
connection. If the voltage at the load is too low, for ex-
ample, this sense voltage feedback causes the regulator
to adjust its output to the correct voltage. If the output
current increases excessively (because of a short circuit,
for example) the voltage drop across the current sensing
resistance causes the active device in the current sensing
circuit to lmit the current through the series pass
regulator.

8-105. When the front panel POWER switch is in the
STANDBY () position, the three main power supply
regulators are disabled. Power to the FAST Sync
converter and Interface circuits is also disabled.
However, power is still applied to the Oven Assembly
(Option 001) and the High Voltage Output Amplificr
(Option 002), These circuits have their own regulators,
which are active at any time ac power is connected to the
instrument.

8-106. When the POWER switch is in the STANDBY
(&) pasition, as shown in the simplified schematic of
Figure 8-24, a positive voltage is applicd through the relay
coil, K641, to the emitter of Q390. This biases Q390 into
conduction. The current is limited by resistors R630,
R390, and R391 so that the relayis not activated. Q301 is
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biased on by the current through Q390 to the point where
it behaves in the same manner as it would if there was
excessive current through the sensing resistor, R300. This
causes the series pass regulator, Q300, to be turned off,
disabling the —15V regulator. Because the +15V and
-15V regulators are referenced to the 15V supply, they
are also disabled.

8-107. When the POWER switch is set to ON (1), the
emitter of Q390 is grounded which turas it off.
Conscquently, the —15V supply is not disabled. Also when
the POWER switch is set to ON (I), relay K641 is
activated which turns on the fan.

8-108. An over-voltage protection circuit in the
unregulated + 5V supply prevents the voltage from
becoming high enough to damage the supply circuits. This
circuit consists of an SCR (CR600) that is triggered if
voltage across R601 becomes too great. (Refer to the
Power Supply schematic, Service Growp O.) When the
SCR 1s triggered, it pulls current through the coil of the
Relay Circuit Breaker (CB1) which disconnects the fine
voltage from the power supply. The Over Voltage Reset
button on the rear panel must be pressed when this
happens. Severe over voltages may cause the fuse to open
as well.

8-109. The only voltage adjustment 3s R352 in the -15V
regulator. This coutrol also adjusts the 45V and + 15V
outputs because they are referenced to the 15V supply.

To 120Vag —O0—
Fan

Q301
Unrealeted)
\ nl‘egu atel R3 0 0
0.56
+5VU
(Unregulated)

$
R302
2k
R301
x 15V
Q300 {(Regulated!
To +15Y
Circuit
ON

Figure 8-24. Power Supply Standby/On Circuit.
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8-110. SINE AMPLITUDE CONTROL PATH.
8-111. Amplitude Control Circuitry.

8-112. The control of sine output amplitude involves a
large amount of circuitry. The circuitry used is shown in
Figure 8-25. Each block in this figure indicates the cir-
cuit board and schematic appropriate to that function.

The process begins with the processor loading a number -

into the preset counters. For the length of time that it
takes for these counters to count to zero, a current source
is on and is charging up an integrator in the DAC. When
the current source turns off, the integrator voltage is sam-
pled and held. This D_C. voltage goes through a gain
stage and a multiplier chip and establishes the bias on
the 30MHz switch. This controls the level of the 30MHz
reference signal to the mixer. From the mixer, a 0-20MHz
signal is supplied to the function circuits, the output am-
plifier, the attenuator, and on to the instrument output.
Through all these stages the signal’s amplitude is con-
trolled by the D.C. voltage to the 30MHz switch.

Model 3325

8-113. As seen in Figire 8-25, there exists a feedback path
through the processor. Using a peak detector, the proces-
sor is able to sample the D.C. offsets and amplitude of
the signal at the output of the Output Amplifier and com-
pensate for errors by loading adjusted numbers into the
Preset Counters.

8-114, Auto Calibration Disable (ACD).

8-115. When servicing the amplitude control path, it is
imperative that the feedback path be eliminated before
troubleshooting begins. This is performed by tying the
ACD test point {on Al4) to ground. This breaks the
loop by preventing the processor from performing
subsequent Auto Calibrations, After tying ACD to
ground, cycle power off, then on, to erase from RAM
all previous Auto Cal information.

PRESET CURRENT
CoumTER " SGURCE ¥ ajacy R e Bt
Al14-1 AL4-]1
X
The Amplitude Caibration Disghie, ACD, B uvied to bresk the
tondpack path gwing g of
Connect ACD 1o Gne and cycly powar ofl and on.
PROCESSOR
A26-C FUNCTION INMHzZ
_A6-C |
CIRCUITS oty SWITCH -
A1d= A3-G
+—o PK
+ _
perecToR |, SUTRUT ATTENUATOR—— Héﬁ?lgngggE
A14-K :thLIFIER AZ3-L ——] AG-H
l Eath Bos containg & code uch 35 A0 41, This s test the boeed
ACD

Figure 8-25. Sine Amplitude Control Path.



Section Vil

Service & Troubleshoating
Information



Model 3325

8-116. SERVICING INFORMATION.
8-117. Power Line Voltage Selection.

8-118. The line voltage sclected for the HP 3325B is
indicated on the line voliage selector. Instructions for
setting the line voltage and changing the fuse are
contained in the HP 3325B Installation Manual.

8-119. Fan Filter.

8-120. The fan filter musi be inspected frequently and
cleaned or replaced as necessary to permit the free flow
of air through the instrument. To clean the fan filter,
remove the four nuts that secure the filter retainer,
remove the filter, flush with soapy water, rinse clean , and
air dry.

8-121. Adapter Cable,

8-122, Anadapter cable may be made as shown in Figure
8-26 that will aid in adjusting and troubleshooting the
instrument, This cable has a phono plug at one end to
connect to the phono jacks used as signal connectors on
the printed circuit board. The BNC connector at the

other end connects tothe input of an oscilloscope or other
test equipment.

8-123. TROUBLESHOOTING INFORMATION.

8-124. Service information is organized into service
groups, which include schematic diagrams, block
diagrams and troubleshooting information for specific
areas of the instrument. Paragraph 8-2 contains an index
?f th.:.l circuits and the service groups in which they can be
Ouna.

8-125. Test Equipment Required.

8.126. Table 8-2 lists the test equipment needed to
troubleshoot the HP 3325B. Any equipment that meets
or exceeds the critical specifications may be substituted
for the recommended model,

8-127. Adjustments Required After Repair.

8-128. Following repair of some circuits, certain
adjustment procedures must be performed to assure
proper operation of the instrument. These adjustments
are shown in Table 8-3.

COAXIAL CABLE = 1
METER -hp- PART NO.
8120-0144.

NUT -hp- PART NO.
1250-0050,

BNC BODY -hp- PART NOQ.
1250-0052.

BNC PIN -hp- PART NO.
1250-0088.

PHONO PLUG -hp- PART
NO. 1251-06988.

Figure B-26. Adapter Cable.
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Table 8-2. Test Equipment for Troubleshooting.
Insrrument Critical Specifications Recommended Model Use
—_—  ——— —————————— e —
Signature Analyzer | Signature: 4-digit hexadecimal HP 5004A/5006A, Logic Circuit Troublesheoting
Characters; O thre 9,A,C.F,H.P. U
Threshald:
Logic1: +2.2V
LogicQ: +0.5V
Clock Frequency: = 1.5 MHz
Fulse Generator Pulse Rate: 500 kHz ‘HP3312A Logic Circuit Troubleshooting
Pulge Width: =1 a8
DC Offset: 1V
Digital Multimerer DG Function HP 3455A/3478A General Troubleshooting

4 Digit

Ranges: 0.1 to 100V
Accuracy: =0.05%
AL Function
Ranges: . 1w 100V
Accuracy: £0.5%
Ohmmeter
Ranges: 100 210 1 M
Accuracy: £ 1%

Analog Oscilioscops
2 channel

Vertical
Bandwidth: de to 100 MHz
Deflection: .01V to 5 V/div
Horizontal
Main Sweep: 50 ns to 0.5 s/div
Delayed Swaep: S0 ns to 20 ms/div

HP 1740A/TEK 2245 General Troubleshooting

Electronic Counter | Frequency Measurement: to 20 MHz HP 53284/5328B + N Counter Troubleshooting
Accuracy: £ 2 counts
Resolution: & digits

Qstilloscope Proba | Division Ratio: 10101 HF 1004 1A/10040A General Troubleshooting
impedance: 1 ML}, 12 pF

50-ohm Thruput Accuracy: *=0.2% HP 11048C Generaf Troubleshooting

Termination Pawer Rating: 1W

8-120. Orientation of Components.

8-130. A square pad or outline is used on the printed
circuit board to aid in orientation of certain components
for replacement and in identification of connections.

Component

Square Pad Identifies

Integrated Circuit
Transistor

FET Transistor
Diode

Pin 1
Emitter
Source
Cathode

Electrolytic Capacitor

Positive Connection

8-131. Mnemonic Dictionary.

8-132. Most of the logic and data signals in the HP 3325B
are identified on the schematic diagrams by a mnemonic,
which is essentially an abbreviation of the signal name.
Table 8-4 is a dictionary of the mnemonics used for the
HP 3325B. All mnemonics are active high unless
preceded by a / (slash) which indicates active low. Some
schematics may use mnemonics that begin withL or H1o
designate active low or active high. Therefore /WFS is
equivalent to LWFS.

8-26

8-133. Basic Troubleshooting Procedures.

8-134. Make sure all cables and connectors are firmly
scated and that the ribbon cables from A26 to A21, A3,
and Al4 are properly aligned in their connectors. Look
for burned or loose components. Also make sure the
microcircuit packages that are mounted in sockets are
firmly scated.

8-135. The flowchart of Figure 8-27 may be used to help
isolate the trouble. Some symptoms that are identifiable
from the display, outputs, or response to inputs or entrics
are given in Table 8-5, along with suggested areas tobegin
troubleshooting.

8-136. Primitive Power On Tests.
8-137. At power-on, the processor runs low-level self

tests. Any error found during these tests are indicated by
flagshing LEDs on the Control assembly.

.
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8-138. If the insirument did not respond normally at
power-on, remove the top cover and watch LEDs CR141
through CR144 on the Control assembly as the POWER
switch is set to the ON (1) position. As the tests are
running, the LEDs sequence through the test codes.
When a failure occurs, the LEDs biink OFF and ON ten
times with the error code. Use Table 8-6 to interpret the
Error message.

8-139. Front Panel Special Functions.

8-140. From the front panel, the HP 3325B can perform
self tests, display information, and set instrument states.
These special functions are accessed by pressing Shift,
Deg, Self Test followed by two digits. The self tests may
isolate a problem to a circuit. The displayed information
includes catibration values, installed options, switch
settings, revision codes, clapsed time on, and instrument
serial number. Adjustment and calibration modes canbe
enabled, and calibration modes and valves can be
cleared. Table 8-7 lists the front panel special functions.

8-141. Special Functions 60 through 66.

8-142. Special Functions 60 through 66 display the
calibration values (correction factors) that control output
level and dc offset. These constants are used to compute
the DAC AMPL and OS1 test point values. These values
are sent to the DfA converter to obtain the correct signal
output. When you select one of these special functions,
numbers appear in the format for the equation of a
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straight line, y = A + Bx {A is the offset and B is the
slope). On the display, the number for A appears on the
left side and the number for B appears on the right side.

8-143. Initiating these special functions may help identify
impending failur¢s. These calibration constants are
useful when used in conjunction with fail codes 021 to 029.
If the instrument displays any of these fail codes, either a
bad adjustment was made or a failure occurred in the
functionally related circuitry.

8-144, Prior to initiating Special Function 60 to 66, the
function bemg measured must be internally calibrated to
obtain valid numbers. To internally calibrate a function
you can simply enable that function, or you can run the
internal self tests (Shift, Self Test) to calibrate all
functions.

8-145, If fail codes 021 through 025 occur, the HP 3325B
could not finish its calibration and the calibration
constants were reset (o their defaunlt values. In other
words, the constants obtained by running Special
Functions 60 to 66 will be at their defanlt values (sce
Tables 8-8 and 8-9).

8-146. If fail codes 026 through 029 occur, the calibration
constants were not reset to their default values. However,
consider it a warning that the instrument may not meet all
of its specifications or may have a marginal failure., Use
Table 8-8 for the enabled function if either FAIL 026 or
FAIL 027 occurs. Use Table 8-9 for the enabled function
if FAIL (28 or 029 occurs.

Table 8-3. Adjustment Required After Repair.,

Circuit Repaired Service Adjustments Required Para.
Group No.
Keyboard : A None
HP-IB/RS-232 e None
Controf ] Nore
Voltage Controlled Ogeillator [ Voltage Controlled Oscillator 58
VCO Buffer D None
=N.F.Counter E None
Fractional N Analog F Anslog Phase Interpolation 5-10
30 MHz Oscillator G 30 MHz Reference Oscillator 513
Sine Amplitude & G Amplitude Modulator 513
Amplitude Modulation Sine Wave Gain-Offset 514
Mixer - H Mixer Spurious Signal 520
DyA Converter & Sample/Hold | D/A Converter Gain and Offset 58
Function J Square wave Gain-Cffset 514
Ramp Stability 518
Ramp Gating J Ramp Stability 518
Output Amplifier K Amplifier Bias 517
Ampliude Flatness 519
High Stability Reference M High Stability Frequency Reference 512
Sweep Range N X Drive 516
X Drive Integrator N X Drive 516
Power Supply Q Power Supply 57
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8-147. Performance Test Troubleshooting Guide.

8-148. If a performance test fails, an adjustment and/or
circuit repair may be necessary to correct the problem.
Some of the possible causes of failure are listed in Table
8-10. This is not an exhaustive list, it is only a guide that
may assist you in isolating the problem to cither a Service
Group or an assembly, The table assumes there are no
error codes occurring and that only a performance
specification is out of range.

8-149. Logic Troubleshooting by Signature
Analysis.

8-150. Because of the increased complexity of the logic
circuits used to control many instruments, malfunctions
in these circuits may be very difficult to locate. The
concept of Signature Analysis is based on the fact that at
a particular point in a circuit, the data pulses are
predictable under specifically programmed conditions.
An instrument such as the HP 5006A Signature Analyzer
compresses the data at a given point during a contrelled
time span (window) and displays the resulting
four-character signature. This signature indicates
whether the correct data was present at the measurement
point, and this information can be used to locatc a
defective component.
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8-151. Signature Analysis does have its Emitations. If a
component connected to a bus fails, Signature Analysis-
may not run, or if it does run, all components on that bus
may have incorrect signatures. Therefore, if Signature
Analysis can not isolate the faulty component, use
schematics, signal flow diagrams, and an oscilloscope to
troubleshoot.

8-152. Three Signature Analysis (SA) tests are available
for troubleshooting the Control assembly and the digital
sections of other asscmblies.

Kernel SA Test: Checks processor, address bus, and
address decoding. Use this test to troubleshoot the
Control assembly when the Primitive Power On Tests
fail.

SAO Test: Provides stable signatures for the processor
data bus, chip select signals, machine data bus,
machine control write signals, HP-IB circuits, function
circuits, keyboard and display circuits. The processor,
ROM, and address bus must be working for this test to
run.

SA1 Test: Checks machine contro! read signals. The
processor, ROM, and address bus must be working for
this test to rua. )
8-153. Before starting a Signature Analysis test, check
the Primitive Power On Tests (see Paragraph 8-136). Set
up procedures and signatures are located in every Service
Group that troubleshoots with Signature Analysis.
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Table 8-4. Mnemonic Dictionary.
Mnemonic Definltion Mnemonic Definition
+5vB Non-volatile RAM Power Supply MFPDTACK MFP Data Transter
+8\1 Isolated HP-IB Power Supply Acknowiedge
MISCCS Miscellansous -
AB1 Latch Chip Select
h Pr. Add Bus MODAMPCS Meod Source Amplitude
rosg Geessor Acdress Latch Chip Select
MODCLK Modulation Source Clock
AS Address Strobe
ATN HPB Attartion MODLOAD Mod Source Load RAM
MODRAMCS Mod Source RAM Chip Select
BAUD_CLOCK Baud Rate *18 Clock
BERR Bus Emmor NDAC HP-1B8 Not Data Accepted
BTRY_ENABLE Batlery Enable NRFD HP-1B8 Not Aeady for Data
Ct Chip Enable PMC Phase Modulation Control
CLKS 0.61440 MMz Clock PR/W Processor Read, not Write
CLK25 2 45760 MHz Clock PW/R Processor Write, not Read
CLKi0 9.83040 MHz Clock ]
CSR Clock Shift Register an Frant Panel AW Read, not Write
RAD Read Arthmetic Data from N.F IC
DAV HP-IB Data Valid RAMCS RAM Chip Select
REN HP-IB Remote Enable
DEO RESET Power.on Peset
through Processor Data Bus RESET_HPIB HP-1B Reset
DE15 RFF Read Function Fisgs
AKB Read Keyboard Data
Do ROMCS AOM Chip Select
333"9h HFIB Data RPBSW Read Processer Board Switches
DTR RS-232 Data Terminal Ready 2PSWO
through Rear Panel Switch Data Bus
EC External Clock 1o N.F IC APBSWT
EEDTACK Everything Else Data Transfer
AgK e RAPSW Read Rear Panel Switches
EQI HP-IB End-or-1dentify Bas Read Signel Source Data
(244 RS-232 Received data
HPIBCS HPB Chip Salect
HPIB_DATA Serial Data from HP-IB circuits sDo
HPIB_INT HP-IB Interrupt ﬂs'léough HP.IB Shifted Data Bus
7
IAC interrupt Acknowledge Bus Cycle
IFC #HP-I1B Interface Clear SHIFT HP-18 Shift Enable
TNy Instruction Velid to N.F IC SHIFTCLK HFP-1B Shift Cloek
IRG Interrupt Request from MFP SHIFTCS HP-iB Shift Clock Chip Select
to Processor St RS-232 Serial Data In
SLC Sweep Limit Control to N.F
LDS Lower Byte Data Strobe SLF Sweep Limit Flag from N.F
LOAD CNT Load Max Count inte Mod Source 50 HS-232 Serial Data Out
Addr Counter SAG HP-IB Sarvice Request
LREAD Lower Byte Read Strobe STBY Standby Reg
LWRITE Lower Byte Write Strabe
MAD iR RS-232 Transmitied Data
mgh Mod Source RAM Address Bus uos Upper Byte Data Strobe
UREAD Upper Byte Read Strobe
MAN_RESET Manua Reset UWRITE Upper Byte Write Strobe
MDO W/R Write, not Read
. WFD Write Function Data to A14
through Machine Data Bus 0-7 WFS Write Function Select 1o A4
WKD Write Keyboard Deta
MDBS Machine Data Bus Select wss Write Signal Source Data to A3
MFPCS Multi-Function Peripheral ZERO Mod Source Addr Count = Zero
Chip Select
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POWER Swiich From)
To 0N .

Are
Ooes Any Front Deternine Reason For
Fan Start NO Pany LED's NO Rear Canel NO Fuse and Rapioce.
» &?1 S Service Group 0.
YES YES YES
Check AZ2KE & Fan laad:ﬁwew
Satvice Group O. Setvice Group 0.
Any
FAL Codes JE' Go To Sympion I
layed Table 8-5,
NO

NO _[G5 To Prisitve Fowet |
On Teste.

Go Yo DC Oifest Go To Sine Woawe Go To Square Wave Go Te T
Troubleshooting. Treubleshoofing. Troubleshooting r.wu..qu.
Service Group . Service Group A Service Group J. Service Group J

Figure 8-27. Basic Troubleshooting Procedure.
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Neo AUX output or incorrect
frequency (Sine Function 21-60
MHz); front panel output normal.

Amplitude Modulation does not
respond properly. )

Phase Modulation does not
respond properly,

Qutput amplitude incorrect for all
functions.

No front panel display or
annunciatiors.

Abnommnal display characters
{partial characters or all
segments stay on), No response
to front panel entries,

Display appears normal, but no
rasponse to front pane! entries,

Instrument accepts entries but
has no signai or sync outputs.,

No signal output; syne output
correct.

Will not sweep frequency.
X Drive, Z Blank, or Marker
signals incorrect,

When Extemal Reference or
Option 001 is vonnected to rear
panel REF IN, front panel EXT
REF annunciater dees not light
or flashes on and off,

Output frequency incormect.

Control problems, or instrument
“locks up” and will not aecapt
entries

Cannaot pedform SAD or SAT

Display reads FAIL 010 (DAG
range error)

Display reads FAIL 011 (bad
checksum, low byte of ROM)

Display reads FAIL 012 {bad
chacksum, high byte of ROM)

Display reads FAIL 013 {machine
data bus line stuck low)

Display reads FAIL 014
{Keyboard shift register test
failed)

Service Group D

Service Group G
Service Group F
Service Group L

Iif power supply
wollages are ¢orrect
{=ee Service Group O)
go to Service Group C;
if not, troubleshoot
power supply, Service
Group O,

Service Group C

Service Group
Service Group K
Service Group L

Service Group E
Service Group N

Service Group G

Service Group G
Service G c
SAD or SAr'tcup

Service Group C
Kerne! SA Test

Service Group K, J
Senvice Group C
Service Group C
Service Group C

Sarvice Group A, C

Display reads FAIL 022 {signal
oo small during calibration}

Display reads FAIL 023 (dc offset
oo positive during calibrafion)

Display reads FAIL D24 {dc offset
oo negative during calibration)

Display reads FAIL 025
{unstable/noisy calibration)

Display reacds FAIL D26
{calibration factor out of range:
ac gain offset)

Display reacts FAIL 027
(calibsration factor out of range: ¢
gain slope)

Display reads FAIL 028
{calibration factor out of range:
de offset)

Display reads FAIL 028
{ealibration factor out of range:
d slope)

Display reads FAIL 030
{extarnal eference uniocked)

Display reacs FAIL 031 (cscillator
unbocked, vollage too low)

Dizplay reads FAIL 032 (oscillator
unlocked, vollage too high)

Display reacs FAIL 031 or 032
but oscillator circuits check gooed.

Display reads FAIL 033 (HP-1B
isolation circuits test fafled self
test)

Display reads FAIL 034 (HP-IB IC
failed self test)

Display reads FAIL 035 (RS-232
tesstpi;Yed loop-back test)

Display raads FAIL 038 (memory
lost; dead battery)

Display reads FAIL 037
{unaxpectad imarrupt)

Display reads FAIL 038
(sw)eep-lirnit—ﬁag signal failed self
test

Display reads FAIL 039
{Fractional-N IC failed self test)

Display reads FAIL 040
(mct;duiation source failed seff
tes

Dispiay reads FAIL 041
(function-integrity-fiag fiip-flop
aiways set)

Model 3325
Table 8-5. Trouble Symptoms.
Troubleshooting Troubleshooting
Symptoms Procedures Symptoms Procedures
Display or Keyboard switch Service Group A Display reads FAIL 021 (signal Service Group K, J
problems oo big during calibration)

Service Group K, J
Service Group K, J

Service Group K, J

Service Group K, J

Service Group K, J
Service Group K, J
Service Group K, J
Service Group K, J

Service Group G
Service Group D
Service Group D
Service Group B
Service Group B
Service Group B
Service Group C
Service Group C

Service Group E

Sarvice Group E

Service Group N

Service Group J

I E cror C“%&S



Service Mode] 3325

Table 8-6. Primitive Power On Test Error Messages.

CRt144]| CR143| CR142 |CR141 Indicates ... .
O O O O Al ledls are turned on at start of testing.
19 o o o2 Unknown problem, unable 1o test.
® | @ o) ® Aunning Low-byte and High-byle RAM fests, These tests write 16 and read
from U6 and LI7 on the Control assembily.
® ® o ® Low-byte RAM test failed. Afterblinking the LEDs, the test loops repeatedly

for troubleshosting, On the Contrel assembly, check US, U1, Q81, Q2,
Q3, and Q4.

& & o o High-byte RAM test failed. After blinking the LEDs, the test loops
repeatedly for troubleshooting. On the Controd assembly, check U7.

® ] ® ® Rurning long RAM test. This test writes 1o and reads from all RAM
addrasses.

® ol ® ® Failed long RAM tast. After blinking the LEDs, the test Ioops repeatedly for
troubleshooting. On the Control assembly, check US and U7.

® O ] )] Running ROM checksum test.

Y e ® e Low-byte ROM failed checisum. After blinking the LEDs, testing continues
with the next tast. On the Confrol assembly, check U2.

] o e ) High-byte ROM failed checksum, After blinking the LEDs, testing
continues with the next iest. On the Control assembly, check U3.

® Q o Running MFP IC test, This test writes 1o and reads from U10 onthe Control
assambly.

@ L 9 L MFP IC test failed because incorrect data was received from U10. After

blinking the LEDs, the test loops repeatediy for troubleshooting. On the

Control assembly, eheck U0,

MFP iC test falled because no response was received from U10. After '

biinking the LEDs, the test loops repeatedly for troubleshooting. On the
Control assembly, check U10.

Running machine data bus test. This test does a read from the machine
data bus,

ged & ® i3 Machine data bus test fafled because a line was stuck low. After blinking
the LEDs, testing continuas with the next test. Set the power switch to
STBY and unplug J1, J2Z, J3, J4, and J10 on the Control assembly. Ground
the STBY test point to re-run the test, if the test fails, check U41 on the
Control assembly. If the test passes, plug in one connector at a time and
re-run the test to determine the assembly causing this test to fail,

Running Keybaoard test. This test writes to and reads from the Keyboard
assembly.

Keyboard test failed. After blinking the LEDs, testing continues with the
next test. Set the power switch to STBY and unplug J10 on the Controt
assembly. Check the A15 assembly.

Running digital signature analysis test. On the Control assembly, return
SAQ and SA1 on switch S100 to the NORMAL position and cycle power,

Spacial boot mode. On the Control assembly, return SPCO on switch 5100
10 the NORMAL position and cycle power,

Primitive power-on tests complete, initializing software.
Normal operation.
Q=0N §=0FF % =BLINKING

1+
L
®
¢

O
®
O

O
®
O
L J

L
°
&
°

®e0O O O
®eO O ¢
¢eO @& O
®e® O O
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Table 8-7. Front Panel Special Functions.

. To select a Special Function Bress Shift, Deg, Self Test followed by two digits

corresponding to the Special

unction.

SPECIAL
FUNCTION

DESCRIPTION

Do

11

12

13

14

21

gR2 8 R

]
o

8 883328328L8R288

Self test. Same as pressing Shift, Self Test. Tuns all front panel LEDs on, then off, then
dees amplitude calibrations on Sine, Square, and Triangle waveforms.

Power-on seff test. Re-runs the power-on self fests. Same ae running SPECIAL 12, 13,
and 14. A successful test will not display any PASS indicators. Power must be cycled
afler running this test to restore HP-1B operation.

HP-IB circuits test. Writes data through the serial isolation path, then reads it back. Tests
for stuck [HFIB_INT signal. Power must be ¢ycled after running this test to restore HP.IB
operation.

Fractionak | integrated circuit test, Writes data to A21 U192, executes a sweep, and reads
data back. Tests for stuck SLC signal. Power must be cycled after running this test to
restore operation.

Meodulation Seurce test. Writes data to the modulation source waveiorm RAM, then reads
it back. Modulation source furiction and amplitude must be reprogrammed after this test
to restore oparation.

Keyboard test. Lights all front panel LEDs. Pressirg any key twms off one LED while the
key is pressed. Prass Local several times to guit,

HP-1B connector pins test, Front panel display continuously lists any HP-1B signals that
are low. Disconnect all other HP-LB devices, and connectone HP-IB cable before starting
this test. Short each pin of the HP-IB connector to pin 24, one at a time, while watching
the display. Pn 1 should appear when pin 1 is connected to pin 24. All pins should
respond except pins 10, 12, and 18 through 24. Because the HP-(B is isolated, pins must
be shored to pin 24, not chassis or earth ground. Press Local to quit and cycle power
to restore HP-IB operation.

AS-232 loop-back test, On the A26 Assembly, connect R173 to R175 at the ends nearest
connector J100 before running this test. This test transmite several characters and
expects 1o receive them back,

Displays (and output to HP-IB or RS232) the sofware revision code. The ravision code
is 4 digits, two for the year since 1860 and two for the week,

Displays the options installed,

Displays the elapsed tima on in hours {(alse see Special Function 98).

Displays the rear panel switch setting as a value from 0 to 255. (The switch values are
binary. Pin 1 in the up pesition represents 1.)

Displays the Control assembly switch sefting as avalue from 0 to 255. (The switch values
are binary. Pin 1 in the NORAMAL position represents 1.}

Displays the serial number (see the ZSER command).

Cloars calibration values,

DC adjustment mode, Press local to quit.

Amplitude modulation adjustment mode {clears ARB wavelonm). Press local to quit.
Sine wave adjustment mode, Press local to quit.

Square wave adjustment mode. Press focal to quit.

Displays calibration valus far de offsat.

Displays calibration values for sine wave gain {as A, B in the equation y = A + Bx}.
Displays calibration values for sine wave offsat,

Displays calibration values for square wave gain.

Displays calibration vealues for square wave offset.

Digplays calibration values for tiangle wave gain.

Displays calibration values for tiangle wave offset.

Restores normal calibration mode (CALMGO).

Enables calibration mode 1 (CALM1). Celibrates all functions, then inhibits further
calibration,

Displays CLEAr Hr?. The elapsed time counter is reset to 0 only if Clear is pressed.

Service
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Table 8-8. Typical Values for Amplitude Gain Corrections.

(default values are shown in parentheses)

Special Test Offeet(A1) Slope(B1)

61, Sine Wave 0+80 0.91+0.08
{0) (0.8)

63, Square Wave 0+80 0.91x0.08
© {0.8)

65, Triangle Wave 0+80 0.91+£0.08
(0) {0.8)

Table 8-9. Typical Values for Residual DC Corrections.

{default values are shown in parentheses)

Special Test Offset(A2) Slope(B2)
60, DC Only 0800 0.00
{©) (0.00)
62, Sine wave 0800 0%0.1
(0) (0.00)
64, Square wave 0x800 -0.05x0.1
0) {0.00)
66, Triangle wave 0800 -0.05=0.1
©) (0.00}
NOTE

Default values have no dc offset correction and the amplitudes
are approximately 5% to 20% below nomal. These values are

obtained in one of three ways:
1. By performing an ACAL disable (affects all functions).
2. Ifa FAIL 021-025 occurs for the particular function.

3. By tuming on the HP 3325B without activating the function

of concemn.

Model 3325
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Table 8-10. Performance Test Troubleshooting Guide

Performance Test

Possible Cause of Failure

Harmoric Distortion
Spurious Signals:
Mixer Spurs
Fractional N Spurs
Integrated Phase Noise
AM Envelope Distortion

Square Wave Rise Time
and Aberrations

Ramp Retrace Time
Syne Output

Square Wave Symmetry
Frequency Accuracy

Phase Increment
Aceouracy

Phase Modulation

Linearity

Amplitude Accuracy:
Sine (< 100 kHz)

Sine (= 100 kHz)

Square, Triangke,
Ramps

DC Cifset Accuracy
{DC only)

DC Ctiset Accuracy with
AC Functions: Sine

Square, Triangle,
Ramps

Triangle Linearity
X-Drive Linearity

Ramp Period Variation

Suspect A3, A14, or AZ21.

Check adjustment 5-20. If still bad, refer 1o Service Group H.

Check adjustment 5-10. If still bad, refer 10 Service Group F,
Suspect AZ21.
Check adjustments 5-13 and S-14. i stil bad, refer to Service Group G.

Check adjusiment 5-17. I still bad, refer to Service Group K.

Refer to Service Group ).

Refer to Service Group K

Check adjustment 515. 1f still bad, refer 1o Service Group J.
Check adiustmant 5-15, 11 still bad, refer to Service Group G.

Refer to Service Group F,

Refer to Service Groups £ and F.

Check adjustments 5-13 and 5-14. If still bad, refer to Service Groups G, |, and
J. Suspeet the DAC {(A14), amplitude control (A14), or sine amplitude and AM
circuitry {AJ).

Check adjustment S-17. I stili bad, refer to Service Groups Hand J. Suspectthe
20 MHz LPF (A3) or the sine amplitude filter (A14).

Check adjustment 5-15. i still bad, refer to Service Group J.

Check adjustment 5-8. 1f stifl bad, refer to Service Groups 1, L, and O. Suspect
the DAC {A14), attenuator {A23), or power supply (A22).

Refer to Service Group H.

Refer io Service Group J.

Note: Having the mixar adjust more than 1/2 turn clockwise from stop can put
the sine wave dc offset cut of spec. it may be necessary to find the best
compromise batween the 2:1 spur and the amount of DC offset.

Refer to Service Group J. Suspect the triangle filter circuiiry.
Check adjustment 5-16. If still bad, refer to Service Group N.

Check adjustment 5-18. If still bad, refer to Service Group J.

Service
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3

10.

11

12,

13.

14,

PREFIX WITH ASSEMBLY OR SUBASSEMBLY DESIG:
NATIONIS OR BOTH FOR COMPLETE DESIGNATION.

. COMPONENT VALUES ARE SHOWN AS FOLLOWS UN

LESS OTHERWISE NOTED.
RESISTANCE iN OHMS
CAPACITANCE IN MICROFARADS
INDUCTANCE IN MILLIHENRYS

DENOTES EARTH GROUND. 16.
USED FOR TERMINALS WITH NO LESS THAN A

NO. 18 GAUGE WIRE CONNECTED BETWEEN
TERMINAL AND EARTH GROUND TERMINAL OR

AC POWER RECEPTACLE.

Ve

DENOTES FRAME GROUND.

USED FOR TERMINALS WHICH ARE PERMA.
NENTLY CONNECTED WITHIN APPROXIMATELY
0.1 OHM OF EaRTH GROUND.

DENOTES GROUND ON PRINTED CIRCUT
ASSEMBLY, (PEAMANENTLY CONNECTED TO

FAAME GROUND) 17

DENOQTES ISOLATED (I} OR SIGNAL{S)
CIRCUIT GROUND.

4+ 4+ ¥

DENOTES ANALOG CIRCUIT GROUND.

=

DENOTES DIGITAL CIRCUIT GROUND.

R

18,
DENOTES HP-IB AND RS-232 BUS GROUND.

S

oaTe— e evwe—— DENOTES ASSEMBLY.

aEEsssvssssEsssssm——tumy DENOTES MAIN SIGNAL
PATH,

-——-—_—-—_ DENOTES FEEDBACK

PATH.

[T ] oenotes FRONT PANEL MARKING.

T DENOTES REAR PANEL MARKING.

- e -

” DENOTES SCREWDRIVER ADJUST

H AVERAGE VALUE SHOWN. OPTIMLIM VALUE SE-
LECTED AT FACTORY. THE VALUE OF THESE
COMPONENTS MAY VARY FROM QNE INSTRU-
MENT TO ANOTHER. THE METHOD OF SELECTING
THESE COMPONENTS IS DESCRIBED IN SECTION V
OF THIS MANUAL .

ALL RELAYS ARE SHOWN DEENERGIZED.

| penoTes
Rt RESISTOR
_ PACK

GENERAL SCHEMATIC NOTES

. PARTIAL REFEAENCE DESIGNATIONS ARE SHOWN. 15,

Model 3325

DENOTES
START SICNATURE
ANALYSIS
sToe TESTING
CLK POINTS
NC
GND

CONTROL BLOCK 15 USED
WHEN AN ARRAY OF
RELATED LOGIC ELEMENTS
SHARE COMMON CONTROL

LTNES 'I r /
- A

LOCIC ELEMENTS
WITH COMMON
CONTROL BLOCK

v CONTROL
BLOCK

> ARRAY

WAVEFORMS AND AC VOLTACE MEASUREMENTS WERE
MADE WITH RESPECT TO CHASS1S CROUND USING AN
OSCILLOSCOPE WITH A 1001 PROBE. THE VOLTAGE
LEVELS SHOWN FOR THE WAVEFORMS ARE ACTUAL
VOLTAGE LEVELS AND ARE NOT TO BE CONFUSED
WITH OSCILLOSCOPE SETTING. THE VOLVAGCE LEVELS
SHOWN ARE NOMINAL AND MAY VARY FROM ONE IN-
STRUMENT TO ANOTHER. A VARIATION OF +10% IN
MEASUREMENTS SHOULD BE ALLOWED. ALL
WAVEFORMS SHOWN WERE AC-COUPLED UNLESS
OTHERWISE NOTED. DC VOLTAGE LEVELS OF
WAVEFORM TEST POINTS ARE INDICATED SEPARATELY.

DC VOLTACE LEVELS WERE MEASURED WITH RESPECT
TO CIRCUIT GROUND USING A DVM. THE VOLTAGE
LEVELS SHOWN ARE NOMINAL AND MAY VARY FROM
ONE INSTRUMENT TO ANOTHER DUE TO CHANCGE IN

TRANSISTOR CHARACTERISTICS, A VARIATION OF
+10% SHOULD BE ALLOWED.

H_D_a
L_cl>o_L

DENQTES BUFFER
H—D}—L
L—CD—I'I

DENOTES INVERTER
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A— ABCOQ A A B C O
5—] Q 8 a
c— L LLL c LLLH
LLHL LLHL
POSITIVE AND LHLL : o LHLL
L HHL c LHHL
A HLLL HLLL
: o LR NEGATIVE NAND HLHL
HHLL A HHLL
NEGATIVE OR HHHH g o HHHL
c
FOSITIVE NOR
A—
B— [ A B COQ
€= LLLH
LLHH ABQ
A—] A
8 a LHLAH a LEL
C—i LHHH 8 L HH
HLLH HLH
POSITIVE NAND HL HH EXCLUSIVE OR GATE MR L
; . HHLH
H
c HH L
I NEGATIVE NOR

POWER SUPPLY 4—— ASSEMELY NAME
A2

JACK 34 IS MOUNTED ON ASSEMBLY OR

ORXXH-6630Z W, cspmmLy IS PART OF THE ASSEMSLY BOARD.
‘\ PART NUMBER {COMPLETE DESIGNATOR IS AZH)
ASSEHBLYE l
REFERENC

COAXIAL CABLE
DESIGNATION J/ CONNECTOR
= FERRITE Jo
BEAD
NN C
COMPLETE DESIGNATOR i

DENOTES SERVICE

: GROUP ON WHICH
CONNECTION IS MADE

T0 USHY < ON BOARD DESTINATION

15 AZR4 »

EYELET OR STANDOFF TERMHINAL.
MAY OR MAY NOT BE NUMBERED.

TO A2U6 PN 1
l w PN
12 4—
wy 3 n N CONNECTOR
REMOVABLE MMPER OR :
ZERC OHM RESISTOR (3] :
WIRE COLDR CODE IS THE SAME AS THE RS
RESISTOR COLOR CODE. FIRST NUMBER >
NDICATES BASE COLOR. SECOND NUMBER
INDICATES WIDER STRIP. THIRD NUMEER ™1
RDICATES NARROWER STRIP. (924 +5V1
DENOTES WHT/RED/YEL WIRE) L1
28 DENOTES THAT THERE IS AT LEAST
: 5V ONE ELEMENTICOMPONENT! TEED
“4— BETWEEN POWER SENT TO THE BOARD
c1 AND THE POWER ACTUALLY USED,
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1

ACTIVE HIGM inputs and outputs -
Indicated by the absence of the
ACTIVE polatity mdator t B )
PERIOD

HIGH LEVEL
SENSITIVE
ACTIVE LOW inputs and outputs -
{ndicaied by the presence of the
. polarily inchcator I G 0
ACTIVE
LOW LEVEL PERIOD :
SENSITIVE \
LOW-TO-HIGH :
EDGE SENSITIVE

ACTIVE

PEAICD EDGE SENSITIVE iDynamie) nputs -
- Indicatect by the presence of the

dynamic indicator symbol ¢ > .
HIGH -TO-LOW
EDGE SENSITIVE
ACTIVE
PERIOD
- S
o BI-THAESHOLD iHysterests' inpul

l; ' t 7 - Input takes on internal

| I high state when external signal
) exceads high threshold value

$1ate rs mainianed yntil external

signal lalls below a lower
threshold valve.

QOPEN COLLECTOR outpul ¢ 1 -

4 — V Forms a part ol a disuributed

connestor.
- SHIET RIGHT tDown: inpul of
regisier. i may be other
= quahfiers or dependency
noration.
h—
p—
COUNT UP input of 3 counter
n+l m may be gther qualifers or
dependency notation.
P—
p—
DATA imput m may be other
=1 al} qualilers or dependency
notaton

Qualitying Symbols
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SERVICE GROUP A: KEYBOARD, A25 and DISPLAY, A15.

Troubleshooting Information.

A stuck key is often noticeable by its “lack of play”. The following troubleshooting hints are intended
to help determine whether a problem on the Keyboard assembly is due to 2 malfunctioning key or a
component failure,

Check the 1.67 kHz clock signal at A15U102 pin 8. The 1.67 kHz clock iis the rate at which a logic
«17_supplied by MD4 of the machine data bus, is shifted through registers U102 and U103.

Check A15U103 pin 13 for a 5V pulse every 10.2 ms. A 5V pulse on this pin at a 10.2 ms rate
indicates that shift registers U102 and U103 are functioning properly.

To check for stuck keys, press Shift, Deg, Self Test, 2, 0. This front panel special function lights
all front panel LEDs. If a key is stuck in the on position, the corresponding LED will not be Iit.
If all LEDs are lit, press one key at a time and look for the corresponding LED to turn off while
the key is pressed. Press Local several (4 or 5) times to quit.

Check the machine data bus lines at the input and output of A15U100 for logic level transitions.
The same level present at the input and its corresponding output indicates a problem with U100.

Signature Analysis Test 0 can be used to troubleshoot stuck keys. This test can also troubleshoot
an meorrect display, inoperative keyboard, or FAIL C14.

Removal of Keyboard and Display Assemblies.

Disconnect the signal and sync output cables from the front panel.

Remove the plastic trim strips from the top and the bottom of the front frame by prying up with
a small screw driver or similar tool in one of the slots near either end of the strips.

Remove the 2 screws from the top of the frame (beneath the trim strip) ard the 3 corresponding
screws from the bottom side of the front frame.

Push the keyboard assembly forward from the front frame.

NOTE

The Keyboard and Display assemblies do not need to be disas-
sembled any further 1o perform the SAQ test. All signatures are
avaitable on the circuit side of the Display assembly.

Service
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To change a part on the Display asseh:bly, remove the 7 screws that hold it in place. Disconnect
100 (ribbon cable to Control assembly) and J110 (cable to power switch). Be careful to keep the
connectors clean.

NOTE

When attaching the Display assembly to the Reyboard assembly,
be sure lo reconnect the cables to J100 and J110. Also make sure

the wire fingers in the foam connector are facing the pads on both
assemblies,

To change a past on the Keyboard assembly, first remove the Display assembly, then remove the
13 screws holding the assembly to the front panel.

Signature Analysis Test 0.

The SAO test can be used to troubleshoot an incorrect display, inoperative keybeard, stuck keys, or a
FAIL 014

Set the POWER switch to STANDBY (@), then connect the Signature Analyzer as follows:

Gnd: A26 TPO (GND)

Start: + slope A26 TP3 (S/A START STOP)
Stop: + slope A26 TP3 (S/A START STOF)
Clock: - slope A26 U39 Pin 1 (/EEDTACK)

Remove the front pane! assembly and lay it face down so that no keys are pressed.

Set A26SW100 pin 1 to the SAD position. Check that A26SW100 pin 2 (SA1) is in the NORMAL
position.

Set the POWER switch to ON (). A26 CR141, CR142, CR144 should be on. CR143 should be off. If
the front panel display is operational, the front panel LEDs will be on in a random pattera.

Check for a +5V signature of HF3A.

If the + 5V signature or the A26 LEDs are incorrect, troubleshoot the A26 assembly using the Kernel
SA test. If they are correct, troubleshoot the Display assembly using this SA test. Use the Test Signal
Fiow Diagram to help you determine the order to check the signatures and facilitate troubleshooting.
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NOTE

SERVICE GROUP C MUST BE
QPERATICNAL TO PERFORM

STIMULUS
AZ6 X5
U100
SERVICE
GROUP
C ATS
___,J U102
X
L3 103

THIS TEST.
AlS A25
™ U107 —ﬂ
BWITCHES
A1S
wmos M

A5
gt

Figure 8-A-1. A15 and A25 Assembly SA0 Test Signal Flow Diagram.

Table 8-A-1. A15 Assembly Signatures.
(The dash indicates an unstabie signature.)

U100
HF3A

Fr2u
7F5P
9F9A
1C15
F72U
7FeFP
9F9A,
1C15
0000
U105
72U
7FEP
2354
1C15
Fr20
5057
0795
1C15
HF3A

U101 U102
HF3A 9F9A
0000 9F9A
0795 S0AH
Q000 aFg7
6057 SO0AH
0000 BFGT
2354 0000
8Fg7 2HFH
7FeP HF3A
0000 S0AH
HF3A 8Fg?
9Fo9A, E0AH
HF3A 8F97

- HF3A
HF3A
HF3A
HF3A
HE3A

U103
8Fg7

aFg?
§0AH
aray
S0AH
8F57
0000
2HFH
HF3A
S50AH
BFO7
S0AH
8F57
HF3A

Service
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Model 3325

SERVICE GROUP B: INTERFACE CIRCUITS, A26.

Troubleshocting Information.

Two Signature Analysis tests are available for troubleshooting the HP-IB and RS-232 circuits. These
SA tests can be used to troubleshoot an inoperative HP-IB, R$-232, FAIL 033, or FAIL 034. Before
starting a Signature Analysis test, use the following steps to help you isolate the problem.

a. Check that the + 5V isolated supply on the A26 assembly is present.

b. Check U119 pin 8 for a 4 MHz clock signal.

Service

c. For HP-IB interface problems, select $pecial Function 21. This special function lists, on the front

panel, any HP-IB signals that are low. Disconnect the HP 3325B from alt HP-IB devices. Connect one
HP-IB cable to the HP 3325B. Press Shift, Deg, Self Test, 2, 1 (o start the test. Using the disconnected
end of the HP-IB cable, connect one pin at a time to pin 24 while watching the display. Pn 1 should
appear when pin 1 is connected to pin 24. All pins should respond except pins 10, 12, and 18 through
24. Because the HP-IB is isolated, pins must be shorted to pin 24, not chassis or earth ground. Press
Local 10 quit and cycle power to restore HP-IB operation.

d. For RS-232 interface problems, select Special Function 22. This special function transmits several
characters and expects to receive them back. Disconnect the HP 3325B from all RS-232 devices.
Connect R173 to R175 at the ends nearest connector J100 on the A26 assembly, or connect pin 2 to
pin 3 on the R$-232 connector. Press Shift, Deg, Self Test, 2, 2 to start the test.

¢. Check the serial isolation path by selecting Special Function 12 (press Shift, Deg, Self Test, 1,2).
This special function writes data through the serial isolation path, then reads it back. It tests for a stuck
/HPIB_INT signal. Power must be cycled after running this test to restore operation.

f. If FAIL 033 occurs, troubleshoot the HP-IB optical isolation circuits with Signature Analysis
Test 0.

2. If FAIL 034 occurs, troubleshoot the HP-IB IC (U106) with Signature Analysis Test 0.

h. If FAIL 035 occurs, troubleshoot the RS-232 optical isolator loop.
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Signature Analysis Test 0.

Set the POWER switch to STANDBY (&), then connect the Signature Analyzer as follows: .
Gnd: A26 TPO (GND)
Start: + slope A26 TP3 (S/A START STOP)
Stop: + slope A26 TP3 (S/A START STOP)
Clock: - slope A26 U39 Pin 1 (/EEDTACK)

Remove any HP-IB or R$-232 cables. Connect D-Ground to B-Ground by shorting A26V101.
Set A26SW100 pin 1to the SAQ position. Check that A265W100 pin 2 (SA1) isin the NORMAL position.

Set the POWER switch to ON (I). A26 CR141, CR142, and CR144 should be on. CR143 should be off.
If the front panel display is operational, the front panel LEDs will be on in a random pattern.

Check for a +5V signature of HF3A.

1f the + 5V signature or the A26 LEDs are incorrect, troubleshoot the A26 assembly using the Kernel
SA test in Service Group C. If they are correct, troubleshoot using this SA test. Use the Test Signal
Flow Diagram (Figure 8-B-1} to help you determine the order to check the signatures and facilitate

troubleshooting.
STIMULUS .
"
A26 A26 AZ | AZ A26
U121 Utz
" G123 o IV Utos
SERVICE | A26
GROUP o Ut0s
C _ u7 U107
A2 A2
- U110
NOTE
SERVICE GROUP C MUST BE
OPERATIONAL TO PERFORM
THIS TEST.

Figure 8-B-1. A26 Assembly SA0 Test Signal Flow Diagram,

8-B-2
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Table 8-B-1. A26 Assembly SA0 Signatures.

{The dash indicates an unstable signature.)

Pin Uios U107 uiog
1 SU4H HF2A HF3A
2 HF3A SU4H HF3A
3 HF3A C2Fé HF3A
4 HF3A 6PUF HF3A
5 0000 8377 HF3A
& HF3A C2F6 HF56
7 0000 sUdH 5Fa3
8 HF3A 0000 0000
8 0000 A3AR 1471
10 HF3A 8377 55AH
" 0000 6PUF 5F83
12 0000 5U4H aF27
13 8377 CaFs 558H
14 HF3A BPUF BF27
15 8377 HaFs
16 HF3A HF3A
17

18

19

20

Signature Analysis Test 1.

ui1o
A3AR

7U80
5F83
uacu
F338
1708
0000
0000
iuo2
F338
vzCu
F338
PHCH
HF3A

U112

102
C7HC
1471
F338
006F
(ki et
0000
F338
HFS6
Fa38
HF3A
HF3A
HF3A
HF3A

U113

10z
F338
6CP1
CTHC
QOEF
HF56
0000
HF 34
0000
1002
Faas
000
HF3A
HF3A

U117
o2

102
1uo2
C2F6
C2fg
Cafs
CaFg
5FU4
HF3A
0000
H2FS
C7HC
6PUF
6PUF
6PUF
BPUF
1706
0000
0oco
HF3A

U121
HU69

HzU1
HU6S
6CP1
H2M1
BCP1

HF3A
OPFC
HUs9
6CP1
Hal)
sCP1
HF3A

ui23
6CP1

HF3A
HF3A
uues
4508
F173
420F
HFsg
HF3A

68C2
uvacz
TU4F
3ACA
AT1H

HF3A
HF3A

Set the POWER switch to STANDBY (&), then connect the Signature Analyzer as follows:

Gnd:
Start:
Stop:
Clock:

+ slope
+ slope
- slope

A26 TPO (GND)
A26 TP3 (S/A START STOP)
A26 TP3 (S/A START STOP)
A26 U39 Pin 1 ({EEDTACK)

Remove any HP-IB ot RS-232 cables. Connect D-Ground to B-Ground by shorting A26V101.

Service

ui2s
HF3A

1UBF
C7HC
HF3A

Set A265W100 pin 2 to the SAL position. Check that A265W 100 pin 1 (SAD) is in the NORMAL position.

Set the POWER switch to ON (I). A26 CR141, CR142, and CR144 should be on. CR143 should be off.

All front panel LEDs should be off,

Check for a + 5V signature of 5456.

If the + 5V signature or the A26 LEDs are incorrect, troubleshoot the A26 assembly using the Kernel
SA test in Service Group C. If they are correct, troubleshoot using this SA test. Use the Test Signal
Flow Diagram (Figure 8-B-2) to help you determine the order to check the signatures and facilitate

troubleshooting.

8-B-3
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STIMULUS

Vo

A26

SERVICE
GRCOUP

| AZ6]
U123

i W

o UI3S
U136

NOTE

SERVICE GROUP C MUST BE
OPERATIONAL TO PERFORM
THIS TEST.

Figure 8-B-2. A26 Assembly SA1 Test Signal Fiow Diagram:

Table 8-B-2. A26 Assembly SA1 Signatures,
{The dash indicates an unstable signature.}

Pin U123
1 5458
2 5456
3 5456
4 -
s -
6 -
7 -
8 0000
9 5458
10 G000
11 0000
12 5456
13 -
14 -
15 -
16 -
17 0000
18 -
18 5458
20 5456

U13$ U136
0000 0000
€000 0000
Fac1 UH28
5456 5456

Meodel 3325
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MHP-B_NT #

I;-
SERIAL
POLL
DETECTOR

Vi
N—

) TRANSMITTED DATA
i
RS-232
USART | DRIVER/
i RECEMED DATA
T ;
. | PaRaLEL ( PARALLEL Y P
DATA BUS —] SERAL SERIAL @“"“—E‘C-./ ORIVER/
0406)
Connten | CONVERTER RECEIVER

<:>TOIP-B

SOLATED
SUPPLY

T0 R5-232
CONNETTOR

Basic Block Diagram of HP-IB and RS-232 Circuits.

Service
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SERVICE GROUP C - CONTROL CIRCUITS, A26.

Troubleshooting Information.

Three Signature Analysis tests are available for troubleshooting the Control circuits.

Kernel SA Test: Checks microprocessor, Address Bus, and address decoding. Use this test to
troubleshoot the Control assembly when the Primitive Power On tests and other SA tests fail to
Tun.

SA0 Test: Provides stable signatures on the processor databus, chip select signals, Machine Data
Bus, and Machine Control write signals. The processor, ROM, and Address Bus must be working
for this test to run.

SA1 Test: Provides stable signatures on the Machine Control read signals. The processor, ROM,
and Address Bus must be working for this test to run.

Before starting a Signature Analysis test, use the following steps to help you isolate the problem.

as the POWER switch is set to the ON (1) position. When a failure occurs, the LEDs blink OFF and

. 2. On the Control assembly, watch LEDs CR141 through CR144 sequence through the test codes
ON ten times with the error code. Use Table 8-6 to interpret the error message.

b. Check that the voltages from the power supply are present on the Control assembly.
¢. Check the processor clock circuitry for correct freguencies.

d. Set the POWER switchto STANDBY (&), then disconnect J2, 33, and J4 on the Control assembly.
Set the POWER switch to ON (f). If FAIL 31, 32, 39, or FAIL 21 through 29 is displayed, then a
significant portion of the processor circuitry is working, and you should start troubleshooting with SAQ.
If no FAIL messages are displayed, then start troubleshooting with the Kernel SA test.

KERNEL SA TEST:

Set the POWER switch to STANDBY (®), then connect the Signature Analyzer as follows:

Gnd: 226 TPO (GND)

Start: + slope A26 TP3 (S/A START STOP)
Stop: + slope A26 TP (S/A START STOP)
Clock: + slope A26 TP2 (S/A CLOCK)

8-C-)
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TP4 (DBB)
TP5 (DB15)
TP7 (MFPDTACK)
TP (BUS DISABLE)

Connect the following A26 test points to ground (TPO): .

Connect Ul4 pin 2 {o +5V.

Set the POWER switch to ON (1). Momentarily short A26U1 pin 5 to ground (pin 5 has an arrow
pointing to it). This will cause the microprocessor 1o sequence through the entire address space
repeatedly. Except U1, all other devices on the Data Bus are disabled.

Check for a + 5V signature of A70F (it will take about 4 seconds to acquire cach signature). If this is
incorrect, check Data Bus lings DBO through DB15 with an oscilloscope. DB8 and DBLS shouid be
low, all others should be high. )

Usec the Test Signal Flow Diagram {Figure 8-C-1) to help you determine the order to check the
signatures and facilitate troubleshooting.

NOTE

This test should run if 72, J3, and J4 are unplugged. J10 can be unphigged
if TP6 (STBY) is connected to ground io turn on the power supply. This <
test should also run if A26U2, U3, U6, U7, and U0 are removed. .

STMULUS
VN
A26 A26)
26, U27)
—Mizs
W,
DATA
BUS,
CLOCKS
A28 AZ6
DORE vz, U3
I 0%

Figure 8-C-1. A26 Assembly Kernel SA Test Signal Flow Diagram.

8-C-2
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Table 8-C-1. A28 Assembly Kernel SA Signatures.
(The dash indicates an unstable signature.)

WU:I‘NIO:IOILEIM—I-;!

CORUBELA8GLLX5B8LBERURUBBRYD

U1
A70F

AFOF
ATOF
AJOF
A70F
0000
0000
ATOF
0000
A70F
ATOF
ATOF
ATOF

ATOF
AYOF

ATOF
ATOF

A70F
ATOF

62UC
HPES

18CU
9PES
3951

Uyuu

H133
AHOP
69Fg
2127
5CC2
A214
H483
HFFH
62UC
HPSE

18CU
P86

9P5H
$P5H

U26

27
A70F

0000
ATOF
9Pee
398A
0000
398A
9F85
0000
0000
ATOF
0000
ATOF

U29
0000

ATOF
ATOF
ATOF
oPgs
308A
€000
oPas
ATOF
AFOF
308A
A70F
AFOF
ATOF

Service
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Signature Analysis TEST 0. . ' :
Sct the POWER switch to STANDBY (&), then connect the Signature Analyzer as {ollows: .

Gnd: A26 TPO (GND)

Start: + slope A26 TP3 (S/A START STOP)
Stop: +slope A28 TP3 (S/ASTART STOP)
Clock: - slope A26 U39 Pin 1 (fEEDTACK)

Set A26SW100 pin 110 the SA0 posttion. Check that A26SW100 pin 2 (SA1) is in the NORMAL position.
Set the POWER switch to ON (). A26 CR141, CR142, CR144 should be on. CR143 should be off. If
the front panel display is operationai, all LEDs will be on in a random pattern.

Check for a + 5V signature of HE3A.

The microprocessor, ROM, and address bus must be working for this test to run. If the LEDs or the
+5V signature are incorrect, troubleshoot the A26 assembly using the Kernel SA test. If they are

correct, troubleshoot the A26 assembly using this SA test. Use the Test Signal Flow Diagram (Figure
8-C-2) to help you determine the order to check the signatures aad facilitate troubleshooting.

NOTE

This test should run if J2, J3, and J4 are unplugged. J10 can be unpiugped
if TP6 (STBY) is connected to ground to tum on the power supply.

STMULUS
N
A2él A26] uaéqz
94 U3 M u33
U34
U7 |
OTHER
A2 A2¢f OTHER
—p! gﬁgk | Ué1  —M GROUPS
aze]
I ey |
Figure 8-C-2. A26 Assembly SA0 Test Signal Flow Diagram. .
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Table 8-C-2. A28 Assembly SAO Signatures.

HF3A

AT1H
uues
3aC1

TU4F
F173
uscz
42aF
HF3A
HF3A,

HF3A

(The dash indicates an unstable signature.)

UF24

HHHC

9972
UKU1
HUe9
6CP1
OPFC
HF3A

U3z
THOS

Fi3u
F13U
1HD5
P325
3uL
0000
H3U1
OUFGC
HF3A
0000
0000
HF3A
HF3A

u3s

OPFG
UHU1
HF3A
HF3A

HF3A
HF3A
HF3A
HF2A
HF3A
HF3A
HF3A
HF3A

U34

Haut
UHU1
HF3A
FPP9

U105
OUFC
P3zs
HF3A
1HO0S
1Pac
2HFH
HF3A

ual
OPFG

AT1H
uuss
3ACH
4508
FU4F
F173
uaCz
429F
€000
7F6P
SFOA
7F6P
9F9A
7F6P
2354

0795
UHU1
HF3A

Service
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Signature Analysis Test 1.
Set the POWER switch to STANDBY (&), then connect the Signature Analyzer as follows:

Gnd: A26 TPO (GND)

Start: + slope A26 TP3 (S/A START STOP)
Stop: + slope  A26TP3 (S/A START STOP)
Clock: - slope A26 U3s Pin 1 ((EEDTACK)

Set A26SW100 pin 2 to the SAl position. Check that A26SW100 pin 1 (SAQ) is in the NORMAL
position.

Sect the POWER switch to ON (/). A26 CR141, CR142, CR144 should be on. CR143 should be off. All
front panel LEDs should be off.

Check for a + 5V signature of 5456.

The microprocessor, ROM, and the address bus must be working for this test to run. If the LEDs or
the + 5V signature are incorrect, troubleshoot the A26 assembly using the Kernel SA test. If they are
correct, tronbleshoot the A26 assembly using this SA test. Use the Test Signal Flow Diagram (Figure
8-C-3) to help you determine the order to check the signatures and facilitate troubleshooting.

STHMULUS
A26] A26} A26
u33
—» U3 u32
U, U2,
U3, Ue. *J OTHER
U7 SERVICE
| GROUPS

Figure 8-C-3. A26 Assembly SA1 Test Signal Flow Diagram.
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Table 8-C-3. A26 Assembly SA1 Signatures.
(The dash indicates an unstable signature.)
Pin U1 u33 u34
1 - - -
2 - - -
3 —_ - -
4 0000 0000 5456
5 0000 3789 3789
6 5456 5456 5456
7 5475 7404 5456
8 0000 0000 0000
8 5456 s17F 5456
10 5653 osUU 5456
1 5458 7PFI 5456
12 3789 £456 5458
13 5486 5456 5456
14 5456 UH28 5456
15 &1UA FaCc1 456
16 5456 5458 5456
MACHINE CONTROL LINES .
RESET. > T0 OTHER
CLOCKS, v
BATTERY
ADORESS
DECODING

:>m=sams

VA

RCH RAM

MULTE

"~ SITERRLFT
PUNCTION K REQUESTS

PERPHERAL

JTLJ’TBJ’TT“

A
L DATA

PROCESSOR
DATA BUS

Basic Block Diagram of Control Circuits
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A26 Component Locations
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_ Model 3325 Service

SERVICE GROUP D - VOLTAGE CONTROLLED OSCILLATOR SHIELD.

The VOO circuit is covered by a shicld consisting of a Dat cover and an extrusion. Always sct the
POWER switch to STANDBY (6) before removing or replacing the shicid. When replacing the shield,
make sure the notches on the bottom edge of the extrusion are aligned to avoid shorting the signal
traccs on the printed circuit board to ground. Also, make sure the hole in the cover is over the VCO
adjustment coil .

Voltage Controlled Oscillator Troubleshooting.

“FAIL 631" or “FAIL 032" Display Indication,

a. With an oscilloscope, check the reference pulse signal at A21U1 pin 11. This should be
a very narrow puise with an amplitude of approximately 2 V p-p at a frequency of 100 kHz.

If this signal is correct, go to Step b.

If this signal is not correct, go to Service Group G.

L
ﬁuunou;

Do not allow disconnected cable connectors to contact the printed
circuit boards or components, or circuits may be damaged.

b. Check the +5V, +135V, and -15V power supply voltages at the following points:
+ §V =-=-= C33 (Service Group F)
+ 15V - C10 (Service Group F)
15V e C26 (Service Group F)

Moreover, when the problem has been isolated to the functional block, the first step should be a check
of the power supply voltage into the functional block.

§-D-1



Service Model 3325

c. Make sure the VCO oscillates at the top and bottom of its frequency range. Disconnect the cable
from A21J18A {cable marked 18 S-H). This is the VCO control voltage. Measure the frequency of
the signal at A21U34 pin 14 and at A21Q161 collector. The frequency should be approximately 4SMHz.
If the frequency is not approximately 4SMHz, check varicaps CR164 and CR166.

d. Place an external de voltage (-3V to + 10V) at the VCO input and note the following frequencies
at the collector of Q161 and at U34 pin I4.

DC Voltage Frequency
-3V 60.9MHz
+35V 42.6MHz

+ 10V 30MHz

If the VCO frequency is not correct, disconnect the external DC power supply and measure the DC
voltages noted on the VCO schematic diagram. Voltages should be within * 10%. (Voltages are meas-
ured with A21J18A still disconnected.)
If the VCO frequencies are correct, go to si€p €.

e. Reconnect the cable to A21J18A. Measure the voltage levels at A21U33 pins 1 and 7. The volt-

age at one of these pins may be at approximately + 13V, and the other at a negative voltage. (If the
frequency synthesis circuits are operating correctly, both pins will be negative.

f. Connect an oscilloscope to AZITPY.

If pin 1 of A21U33 is positive, and the signal at TP9 is always positive, the trouble is probably in
the Integrator, Bias, or Sample/Hold circuits. Go to Service Group F.

If pin 1 of A21U33 is positive and the signal at TP9 is mostly negative, the trouble is probably in
the +N.F Counter circuits, Service Group E, or the Phase Comparator, Service Group F.

If pin 7 of A21U33 is positive, and the signal at TP9 is always positive, the trouble is probably in
the = N.F Counter circuits, Service Group E, or the Phase Comparator, Service Group F.

If pin 7 of A21U33 is positive, and the signal at TP9 is mostly negative, the trouble is probably in
the Integrator, Bias, or Sample/Hold circuits. Go to Service Group F.

8-D-2



Model 3325

No Rear Panel AUX Output, or Incorrect AUX Frequency
{Either One-Half or Two Times the Programmed Frequency).

a. Check A333 for AUX ouput.and correct AUX frequency. If the signal at A333 is correct,

troubleshoot the FAST Sync circuitry in Service Group K. If the signal at A3J3 is not correct, go to
Step b,

b. Set {unction to sine, frequency to 10 MHz. Measure voliage Icvel at A3U18 pin 9. Should be a
TTL high level {2 +24V). 1f not, go (o Step g.

¢. Set frequency to 21 MHz. Voltage level at A3UI8 pin 9 should be TTL low
(= +0.4 V). Voltage at A3U18 pin 6 should be high. If either voltage is not correci go to
Stepg.

d. Set frequency to 29.999 999 999 MHz. Voltage levels should be the same asin Stepc.
e. Set frequency to 30 MHz. Voltage at A3U18 pin 6 should be low, pin 9should be low.

f. If all of the above levels are correct, the trouble is probably in A3UI8, UlS, C152, or
R158.

g. If any of the above levels is incorrect, check input pins 12 and 13 of A3U10 for the
presence of TTL level pulses.

If input pulses are present, A3U10may be defective.

If input pulses are not present, go to Control Logic troubleshooting, Service
Group C.
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Model 3325

SERVICE GROUP £ - =N.F COUNTER.

+Ni.F Counter Troubleshooting.

15cnunou§

Do notallow disconnected cable connectors to contact the printed .
circuit boards or components, or circuits may be damaged.

a. To check the =~ N circuitry, program the front panel for a frequency of 10MHz and disconnect
cable W18 at JI18A.

b. Place an external DC voltage source at the input to the VCO (-3V to + 10V), and monitor the
waveform at Ul pin 6. The 2Vp-p narrow pulse should begin to approach a frequency of 100kHz
as the external DC control voltage is varied.
If the frequency does not approach 100kHz, troubleshoot the + N circuitry (step ¢). Note that the
frequency will approach 100kHz for every N number programmed into the 3325 and with the ap-
propriate DC level at the VCO input.
If the frequency at Ul pin 6 approaches 100kHz and the problem appears to be digitally related, check
that the API current sources are getting the correct signals and that the FETs are not leaking (see
Service Group F).

c. Disconnect the external power supply. Leave cable W18 disconnected at A21J1BA.

d. Measure and note the frequency of the VCO signal at jumper W3. This signal should be approxi-
mately 45SMHz.

e. Connect test points A21TP6 and A21TPB to ground. This disables the =+ N Shift Register and
the Pulse Remove circuits.

f. Measure the frequency at each of the following points in order, and determine the relationship
to the VCO frequency at W3 {step d). Replace any defective components.

A21TP1 should be VCO = 2. If not correct, check A21U32 and A21U27 for signal transitions at
the input and output pins.

A21TP?2 should be VCO + 10. If not correct, check A21U13 and A21UI8.
A21U21 pin 8 should be VCO + 100. If not, check A21U9.
A21TP3 should be VCO + 1000. If not correct, check A21U9, A21Ul1, A21U21, and A21U22.

A21TP4 should be VCO = 1000. If not, check A21U12 and A21U22.

AZITPS should be VCO + 10. If not, check A21U24.

A21TP7 should be VCO =+ 1000. If not, check A21U29.

Service

8-E-1



Service Model 3325

A21Q131 collector should be VCO + 1000 (very narrow pulse at approximately 2Vp-p). If not, check
A21U26, A21U27, A21Q131, and A21C131. .

A21U19pins 2, 3, 4, 5, 6, 10, and 11 should be VCO + 1000, If not, A21U19 is probably defective.

g. If all of the above signals are correct, check for the presence of input pulses at A21U19, pins
20 through 23.

h. Reconnect cable to A21J18A. Press the START CONT key and check for the presence of pulses
at A21U19, pins 11, 13, 14, 15, 16, and 17.

i. Disconnect ground from A21TP6 and A2]TP8. While in continuous sweep mode, check for the
presence of pulses at the input pins, output pins, and clock pins of A21U14 and A21U135. If pulses
appear at the input pins and clock inputs and the level at the clear inputs (pin 1) is high, replace the
defective latch IC. If pulses are also present at the outputs, the gates in the + 5 Counter circuit {A21U12,
A21U17, A21U23) may be defective.

Board Board
Designater Location Designalor Loestion

c13 E Ri49 F
ci13z E R150 D
c133 E R{51 F
C14 F R152 £
C1as8 [} R173 F
€138 F R214 D
o o ™o E
£1as E TPO2 o
c139 F TPO2 o
G140 o TPO4 E
1 [a] TROS E
Ci4g F TROg E
G143 E TPO? 2]
o144 E TPoa E
G145 [+ V- E
196 D s F
197 2] Lns D
CRIN ] U E

JO D L1} E

Ji? g LUk ] F
[ E -] E uss [+
L33 E uis E
o E ur7 E
Qi >} uie F
R130 D u1s D
A132 E u21 E
A133 E u E
M3 F ux F
A13S D uzd E
R136 F 25 D
R13? F uzs E
R123 D uer F
F140 D uzs D
R4y s] i) E
R142 £ L] F
A143 E U3t E
Rid4 D uaz F
K145 D U3 G
A148 E

R147 E

R1as E

A21 Component Locations

8-E-2
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Model 3325 Service

. < SERVICE GROUP F - FRACTIONAL N ANALOG CIRCUITS.
) Fractional N Analog Troubleshooting.

If pin 1 of A21U33 is positive (in Service Group D Troubleshooting) and the signal at TP9 is always
positive, or if pin 7 of A21U33 is positive and the signal at TP9 is mostly negative, the trouble is

probably in the Integrator, Bias, or Sample/Hold circuits.

The following waveforms may be observed at the points indicated. If the Bias/AP] waveforms are
correct, but the Integrator output is not correct, the trouble is probably in the Integrator, Current

Sources, or the Sample/Hoid circuit.

Set the frequency to 1 kHz, function to sin¢, and observe the waveform below.

a. If the Counter circuit and VCO are working correctly but the VCO is still not tuning properly,
set the frequency to 1.1MHz and the amplitude to 10Vp-p and test for the correct signal at AZ1TP10
(see Figure 8-F-1). Make sure cable W18 is connected from the Sample and Hold output to the VCO

input.

ssessnnsags + 10V

A INTEGRATOR TP10

o EER AR R R Y ov

sevinesese +3V

B BIAS/APIO19 SOURCE

sertmernnse—1Y

sevsnnans +2V

C BIASQ6,Q7 EMITTERS

wrasnsnerne— 1.2V

b. If the waveform at TP10 is rounded or slightly distorted, make sure the Sample/Hold FETs
are not leaking.

¢. If the waveform at TP1Q is bad, test the integrator and Sample/Hold circuitry. Heat sink and

remove A21CR4 and A21CRS8 to open the phase locked loop at the integrator input. These diodes

are a prime noise source especially when overheated. Install jumper W2, This jumper places a 1kQ

resistor in parallel with C17, changing the integrator to a transconductance amplifier (Eout = -1000

x Iin). While monitoring the integrator output at TP10 and the Sample/Hold output at TP11, inject

. various currents from -I12mA to +5mA into the integrator input. An easy way to accomplish this
is to use a dc power supply with a 1kQ resistor in series with its output. Every volt from the power

supply will inject ImA into the integrator. The voitage at TP10 and TP11 should equal the power

supply voltage only it will be opposite in polarity.
8-F-1



Service Model 3325

If the voltage at TP10 is correct but the voltage at TP11 is not, troubleshoot the Sample/Hold cir-
cuitry. Apply + 5V to A21U6(3). The output voltage at TP11 should be +5V. If not, replace U6, .
If the voltage at TP11 is correct, momentarily short across A21C24, then apply the + 5V at the junc-

tion of A21Q27 (drain) and A21Q39 (source). The voltage at TP11 should be +5V. If not, check

for the presence of the Sample/Hold Centrol signal from the base of A21Q44 through to the gates

of Q27 and Q39. This signal shouid be a 0.3 to 0.6xs TTL pulse at 100kHz. The pulse width is derived

from the VCO frequency (VCO/10) and the repetition rate is derived from VCO/N.F.

d. If the integrator and Sample/Hold circuitry appear to be operating properly, check the follow-
ing circuits in the order given to isolate the faulty sub-block.

1. Check the phase comparator output at A21TP9. The waveform should appear as shown in
Figure 8-F-1 for the given conditions.

2. Measure the voltage at the junction of R4! and R39. The voltage should be -8V.

3. Check the outputs of U4 and US for the presence of the bias and API signals. These signals
should be toggling while the 3325 is sweeping. If the signals are not present, check the oper-
ation of the Fractional N chip (U19) and check for the latch clock coming from U22 pin 6.

e. If the above circuitry is good, then the fauit probabty lies in the integrator or the API 1/Bias
sub-block.

AP! Troubleshooting.

Exercise care when troubleshooting the AP1/Bias circuitry. The signals are small currents that are
difficult to detect. Note that if the VCO locks but there are large spurious signals present at the out- .
put, diodes A21CR3, CR4, CR8, and CR9 should be checked. wr

f. Connect cable W18 back to the sample/hold output at J18A if not already done so.

The following steps determine if the digital programming portion or the analog portion of the A2l
boatd is at fault.

& Enter a frequency on the 3325 front panel of 5 000 001Hz.
For this frequency, the fractional-N counter is trying to correct the phase detector error for the 1Hz
offset. Hence, the programming pattern for AP1 1 will repeat at a 1.0s rate, AP1 2 will repeat at
0.1 second rate, API 3 at a 0.01s rate, API 4 at a 0.001s rate, and API 5 at a 0.0001s rate.

h. Using an oscilloscope, check for each programming pulse at the following outputs:

API | Us©)
API 2 U4(15)
API 3 U4(12)
API 4 U4(10)
API § U4(7)

i. If these pulses are preéent, then the digital section is probably good, and the fault may lie in
the analog current sources. If any of the pulses are not present, check the fractional-N chip (U19)
for the proper signais.

Individual APl Troubleshooting. .

j. Connect a spectrum analyzer through a 1k@ series resistor to A21TP11.

8-F-2



~ Mode! 3325

k. Select the sine function on the 3325 and set the frequency 1o 5 000 000Hz.

1. Set the spectrum analyzer as follows to measure the signal at TP11:

Start Frequency .- .. .o cvervvvnaossnanronenis OkHz
Bandwidth. . .. oo i e 30H:z
Frequency Span .........c.ooiiiiiiinn 1kHz/div
Sweep Time/Div ..o 200s
Input SEnSIIVIEY .o vveen v ovii e 10mV
Sweep MOde ... ...ooivvniiiiii i Manual
Vertical Scale ...t 10dB/div

The analyzer should measure a level of < .70dB. If the signal at TP1! is < -70dB, the API current
sources in their OFF mode are not interfering with the phase detector output and the digital poriion
of the board is probably good. If the signal is not < -70dB, either the AP1 current sources may not
have turned off sufficiently or the phase detector input and output signals may be bad.

m. Set the 3325 frequency to 5 001 000Hz.

n. The spectrum analyzer shouid read < -70dB at TP11. If this signal is incorrect, troubleshoot
the API 1 sub-block and the U19 programming signals. If the signal is good, the problem is probably
not in the API 1 sub-block. Proceed to step o.

o. Set the 3325 frequency to 5 000 100Hz.

p. The spectrum analyzer should read < -70dB. This frequency tests the API 2 circuit. If the signal
is incorrect, troubleshoot the API 2 sub-block and the U19 programming signals. If the signal is good,
proceed to step q.

. Set the 3325 frequency to 5 000 010Hz.

r. The spectrum analyzer should read < -70dB. This freguency tests the API 3 circuit. If the signal
is incorrect, troubleshoot the API 3 sub-block and the U 19 programming signals. If the signal is good,
proceed to step s.

s. Set the 3325 frequency to 5 000 001Hz.

t. The spectrum analyzer should read < -70dB at TP11. This frequency tests the API 4 circuit.
If the signal is incorrect, troubleshoot the API 4 sub-block and the U19 programming signals. If the
signal is good, proceed to step u.

u. Set the 3325 frequency to 5 000 000.1Hz.

v. The spectrum analyzer should read < -70dB. This frequency tests the API 5 circuitry. If the
level is incorrect, troubleshoot the API 5 sub-block and the U19 programming signals.

Phase Modulation Troubleshooting

If the output does not respond properly to a phase modulation input, measure dc voltages within
the Phase Modulation circuit (A1Q37 and Q38) with:

Phase MOQRIALION . oo\ oo vvv e emmn s iaiaa e ia e Off
Phase Modulation IRpUt. .. ... coarniirieiniinaiman e Open

Phase Modulation linearity problems can often be traced to A21CR18 and A21CR19.

Service

8-F-3
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Model 3325
Important
T HP3325 Set Up Measurement Set Up Parameters Waveform
CHL CPLG=DC
CHL= 1 VoDiw
9 Freq 1.1 MHz Oscilloscope Pulse Heigh
Function Sine Chl Coupling d¢ and Width
Amplitude 10Vp-p | Chl Volts/Div 1V/div
Time Div. 3.00usec
Trigger Chl
MT=CHY
HMarn= 3 wx-Diw
CH1 CPLG«~DC
. CHI= 1 ¥sDiv
9 Freq 19.9MH:2 Qucilloscope Pulse Height
Function Sine Chi Coupling dc and Width
Amplitude 10Vp-p | Chl Volis/Div | V/div
Time Div. 3.00usec
Trigger Ch)
MT=gH |
Hatn= 3 us~Diw
cHl1 CPLG=DC
10 Freq 1.1 MHz Oscilloscope Pulse Height | = — -1
Funcion Sine Chl Coupfing dc and Width
Amplitude 10Vp-p Chl Volis/div 3.0V = \
Time Div 3.0psec b, d
Trigger Chi \ h
N \
b
AT eeH]
HMeinm 3 ugshw
SHl CPLG=0C
. . CHiw 3 VsDiv
10 Freq 19.9MHz Oscilloscope Pulse Height
Function Sine Chl Coupling dc and Width
Amplitade 10vp-p | Chl Volts/div 3.0V
Time Div 3.0psec
Trigger Chi
| TN
I
}
THT =GR
HMpimn= 3 ussDew

8-F-4

Figure 8-F-1. TP9 & TP10 Waveforms
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- Model 3325 Service

SERVICE GROUP G - 30Miz REFERENCE AND DIVIDERS.

30MHz Reference Troubleshooting.

“FAIL 031" or “FAIL 032" Display Indication.

Step a of the “FAIL 031” or “FAIL 032" troubleshooting in Service Group D should be performed
before procceding with the following.

a. Check frequencies at the following points in order. If the signal is incorrect at any
point, troubleshoot the associated circuits.

A3TP3 JOMH:

A3U2pins 5and é 10MH:z

A3Ulpin3 I MHz

A3Ul pin6 2MHz

A3J10 1 MHz

A3Ulpin13 100 kHz

A3USpin8 100 kHz

A3Q1 collector 100 kHz (narrow pulse)

If the 30MHz Oscillator is failing it could be due to heavy loading by the multiplier (A3U11). This
can be checked by lifting A3R73. Oscillator failures have also been linked to A3Q6, A3Y1, and A3CR8.

Ecaunou}

Do not allow disconnected cable connectors to contact the printed
circuit boards or components, or circuits may be damaged.

Amplitude Troubleéhonting.

b. The most common cause of problems in the Sine Amplitude Control and Amplitude Modulation
circuitry is the muitiplier (A3U11). Problems with U1l are usually detected by incorrect voltages at
A3TP4. The voltage at TP4 should be pure dc and on 2 working instrument {or a malfunctioning
one with Auto Calibration Disabled* - ACD) will be the following levels:

* See Figure 8-K-2 (Service Group K) for ACD test point location.

Programmed
Amplitude P4
3Vp-p 2vdc
10Vp-p 8Vde

Using the modify key to increase the programmed voltage by one volt at a time should cause the volt-
age at TP4 to increase linearily as well. Pulling cable W23 at cither end should cause TP4 to reach
approximately 6-8V,

8-G-1



Service

Model 3325

c. If the voltage at TP4 is correct but the output amplitude is still incorrect, check the ac voltages
on U14 pins 6 and 7. With 10Vp-p programmed, both voltage levels should be approximately 0.6Vp-p.

1f not and with W23 disconnected at A3J23, measure the voltage at the following points:
A3TP4 6-8Vdce

A3UIl{® 4.8Vde

Note also that U14 is probably bad if the frequency difference between pins ¢ and 7 is greater than

20% (the frequency should be approximately 30MHz on both pins).

d. If after A3UI1 and/or A3U14 have been replaced and incorrect voltages are measured at
the amplitude problem may be isolated via Service Groups C, J, or L.

TP4,

. If the voltages at TP4 are correct and the output amplitude is incotrect, troubleshoot the problem

via Service Groups H or J.

PRESET CURRENT
EOUNTER ——m  SOURCE » A?QEI I afﬂJ NUL;%TIEIE
A14-1 Al4-1
3
The Amplaude Calinien Dicable. ACD. 5 uted o bredk the
om0 cori bowe rtana o T
PROCESSOR r — |
A26-C FUNCTION TRER | 3ommz I
i CIRCUITS A3-H | SWITcH % =
A14-t _ A3-6 TPa
h
PEAX HIGH VOLTAGE
DETECTOR | anbLirter | ATTENIATOR *| orTION 002
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Figure 8-G-1. Sine Amplitude Contrel Path.
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~ Model 3325

SERVICE GROUP H - MIXER.

Mixer Shields.

The Mixer circuits are covered by two shiclds, each consisting of a flat cover and an extrusion. Always
set the POWER switch to STANDBY (&) before removing or replacing the shields. When replacing a
shield, make sure the notches on the bottom edge of the extrusion are aligned to avoid shorting the
signal traces on the printed circuit board to ground. Also, when replacing the shield nearest the front
of the instrument, make sure the hole in the cover is over the mixer adjustment resistor.

Mixer Troubleshooting.

Failures on this portion of the A3 board are usually linked to A3CR101, A3U16, and sometimes A3U15.
A3U16 often fails because of metalization.

a. Ground the Auto Calibration Disable (ACD) test point (Setvice Group K - Figure 8-K-2) and
cycle power. When 10 Vpp is programmed, the voltage at A3TP6 should be 160 mVpp with no dc. If
this voltage in not correct, make sure that ACD is disabled and check TP6 again. I the voltage is still
incorrect, the fault lies prior to TP6.

b. To check for a A3CR10]1 failure, turn the instrument off and measure the resistance from TP6
to ground. An chmmeter with < 1mA of current (3455A for example) is needed. The resistance should
range from 1980 to 202Q. If the resistance measures less than 1982, one of the diodes in CR101 is
leaky. CR10! can also be responsible for poor harmonic distortion and spurs.

c. When replacing CR101, a good technique is to use four round toothpicks to position each of
the four leads into place. This enables the new CR101 to be checked for satisfactory operation before
it is soldered in place. Since the orientation of CR101 often affects harmonics and spurs, rotating
it 90, 180, or 270 degrees can often improve these specificaiions. Use care when replacing CR101.
Because of its small size, it is often damaged when being soldered.

d. The waveform on the secondary windings of T1 (side closest to CR101 on schematic) can be
observed on an oscilloscope. At turn-on, this waveform should be a 2Vp-p, 30MHz sine wave on
both leads. Note that the waveform on T2 is not as easily observed.

e. The voltage measured at A3TP7 shouid be the same as A3TP6 (step a). If this is the case, AJU15
is probably good.

Service
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f. The mixer output signal leaves the A3 board and enters the Al4 board as a current via cable

W24. A check of this current is made as follows:

1. Connect the ACD test point (Service Group K) to ground and cycle instrument power.

3. Move the Norm/Test jumper on A3 (Service Group H) (o the test position.

3. Program the front panel for a sine function at 10Vp-p.

4. Remove cable W24 from connector J24 on A3 (Service Group H}.

5. Place an oscilloscope probe on J24°

with 2.2Vdc.

s center connector. The signal should be close to 2.00Vp-p

6. Program an instrument sweep from 1kHz 10 20MHz while monitoring the signal at the center
connector of J24. Note that the voltages should remain the same. If they do not, check the
multiplier (U11) and the differential amplifier {U14) in Service Group G.

PRESET CURRENT 3
COUNTER %  SIURCE ey atass " ae ]
Al14-1 Al14-1
h
The Ampitode Catibreton Dssble, ACD. % ubed ta Bréak the
tradback pah ag Moubeshooing of ampNtuds problemi.
Conmer1 ACD 19 G ng SyThe power oll and on.
PROCESSOR ) r'—-—-' -
Azg-c FUNCTION NTXER H 30MHz
CIRCUITS A3-H | SWITCH 4 e
Atq- ! A3-G
— PK [SPp— |
PEAK : HIGH VDLTAGE
i DUTPUOT ATTENUATOR
DETECTOR | AwpLIFIER feoal) OPFION 002
Ald-K : AB-HM
Each bos conLant § £ooR suth ay &14-5 Thd kits st the bosrs
[u] it 1QlGwad by Ihe sonemate Sambis, BUT
ACD

Figure 8-H-1. Sine Amplitude Control Path.
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Model 3325

Service

SERVICE GROYP | - D/A CONVERTER AND SAMPLE HOLD.

DiA and Sample/Hold Troubleshooting.

These circuits convert digital information (from the controller) to the analog voltages which
control output level, dc offset, etc. If these control voltages appear to be incorrect (Service
Groups J, K, or N) the trouble may be in the DAC counters, current source, or integrator, or

in the Sampie/Hold switches or amplifiers.

Observe the *‘DAC Integrator OQut’® pulse train shown below. The voltage level at each Sample/Hold
output amplifier test point should be identical to the level of its corresponding pulse at the DAC test
point. This pulse train occurs at instrument turn-on and with the ACD test point grounded (schematic
K - Service Group K). Note that the levels have a tolerance of + 0.02Vdc. Verification of these levels
is made by again grounding the ACD test point, externally triggering an oscilloscope on the positive
slope of test point AZ, and connecting the scope’s input to the DAC test point.

1 [Chan 1)
DAC

1 = DAC Auto Zero

2 = Amplitude Calibration Level
3 = Output Amplitude

4 = DC Offset

§ = DC Offset Correction

6 = X Drive

(No TP) 0 Vde

(TP + LVL) -10 Vdc
(TP AMPL) -5 Vdc
(TP 082) 0 Vdc

(TP OS1) 0 Vdc

(TP XDR) -10 Vde

8-1-1
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If the level at each Sample/Hold test point is not the same as its corresponding pulse at the DAC
test point, suspect problems with the analog switch, thie op amp, or the Sample/Hold capacitor. The
following information can also help one determine if the Sample/Hold output is good.

The DAC Auto Zero pulse is approximately 0V and the voltage out of A14U17 will vary slightly around
-4,2V,

+LVL: This voltage is used during self-calibration {AMPTD CAL) at which time +LVL jumps to
various levels for a period of about 1 second. At all other times, +LVL remains at approximately
-10.2V.

AMPL: This voltage controls the amplitude of all functions.

Programmed Sine Amplitude TP AMPL
2.99Vp-p +4V
3.00Vp-p ; =5V
10.00Vp-p +6V

Sine function off -10V

0S2: This voltage controls the D.C. offset of the output waveform.

With Sine function off:

Programmed D.C. Offset TP OS2
+ 5¥dc + 10V
—5vde - 10V

OS1: This is the DC offset error correction voltage and is calculated during a self-calibration. This
voltage should always be close to OV,

XDR: X Drive is —10V for a one second sweep, —5V for a two second sweep and 0V for a 99 second
sweep.

A potential problem with this section of the A14 board is loading of the DAC test point by a defective
analog switch, Op-Amp, or Sample/Hold capacitor. To check for a loading problem, unsolder the lead
nearest the DAC test point on the resistor (R55) between A14U16 pin 6 and the test point. Attach an
oscilloscope probe to the unsoldered lead of the resistor and monitor the DAC pulse train. Continue
to observe this pulse train while pressing the resistor lead down so that it makes contact with the point
from which it was unsoldered. If any changes in the levels of the pulse train is observed, the waveform
is being loaded.

.
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The charge time and consequently the output voltage of the DAC Integrator is determined
by the width of the output pulses from U10. These puises turn on the dual current source,
and the total current charges the integrator capacitor. The U10 outputs ar¢ negative-going
pulses.

Puises should be present at the input and output pins of the various IC’s. The Load LSD,
Load MSD, and S$/H Strobe pulses shouid occur at a 1 kHz rate. The 2 MHz Reference (at
the 2 MHz test point) is divided by 2in Ul4 to provide a clock signal to the DAC circuits.

Signature Analysis Test 0.

The SAO test can be used 1o troubleshoot incorrect DAC output, incorrect Main Signal output, and
FAIL 021 through FAIL 029,

Set the POWER switch to STANDBY (&), then connect the Signature Analyzer as follows:

Gnd: A26 TPO (GND)

Start: + slope A26 TP3 (S/A START STOP)
Stop: + slope A26 TP3 (S/A START STOF)
Clack: - slope A26 U39 Pin 1 (JEEDTACK)

Connect A14UJ14 pin 1 to ground (the outer shell of A14J9is connected to ground}.
Set A26SW100 pin 1to the SAO position. Check that A26SW100 pin 2 (SA1)isinthe NORMAL position.

Set the POWER switch to ON (1). A26 CR141, CR142, and CR144 should be on. CR143 should be off.
1f the front pancl display is operational, the front panel LEDs will be on in arandom pattern.

Check for a + 5V signature of HF3A.

1f the + 5V signature or the A26 LEDs are incorrect, troubleshoot the A26 assembly using the Kernel
SA test in Service Group C. If they are correct, troubleshoot the A14 assembly using this SA test. Use
the Test Signal Flow Diagram to help you determine the order to check the signatures.

— L] _'
PRESET CURRENT
| DAC S/H WULTIPLIE
COUNTER SOURCE —|—~—r - - >
AL4-1 vl AL4-1 Ald-J A3-C
The Ampiude Cahbraton Duable, AC00 3 used 10 radh the
feedbath path ounng g of
Conngrt &C0 10 Gnd and cycle power ofF Jrg o4
PROCESSOR
A26-C FUNCTEON TR 30MHZ
4 CIRCUITS ey (& SWITCH G
AlLd-~J A3-G
— PK 1
PEAK HIGH VYOLTAGE
© OUTPUT
DETECTOR - awpi 1r1gR ATTENUATOR OPTION 002
AL4-K AG-M
Each bo: e.enu.-:; 2 Coghe Tuch ae A‘!Aalb;l'his Inex fwxt the bosrd l
< mumber ToRGwed by Ehie SCREMANE AU,
A ouT

Figure 8-1-1. Sine Amplitude Control Path.
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Figure 8-1-2. A14 Assembly SA0Q Test Signal Flow Diagram.

U6
9HFS

HF3A
HF3A

OHF5

41Uy
HF3A
HF3A
HF3A
HF3A
410U
HF3A

Table 8-1-1. A14 Assembly Signatures.

u7
OHFS

HF3A
HF3A
HF3A
HF3A
HF3A
HF3A
0000
SHF5
410U
HF3A

HF3A
HF3A
41U
HF3A

Us
9HFS

FP21

121C
HF3A
HF3A
c
FFP21

G000
SHFS
414U
472F
0000
HF3A
HF3A
4100
HF3A

Us
OHF5

FP21
121C
HF3A
HF3A
121C
FP21

0000
9HFS
4100
472F
0000

HF3A

HF3A

410U
HF3A

uze
HF3A

1748
410y
410U
1F48
Fo72
SHFS
a1y
1F48
0000
uaP2
1F48
41Ju
gHFS,
Fo72
Fo7r2
SHFS
SHFS
FOT2
HF3A

ua7
0795

8057
2354
1505
1HOS
HF3A
LsF2
0000
HF3A
47r2F
HF3A
CPPC
860A
BAZA
HF3A
HF3A

uzs
HF3A

PAZA
SHFS
41U
3610
9HFS
UsPs

3510
410U
U696
410U
gHFS
PA2A
HF3A

Model 3325

U29
HF3A

410U
9F9A
7FEP
9HFS
4100
9FaA
TF&P
gHFS

1PaC
SHFS
7F6P

410U
9HFS

410U
HF3A
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Model 3325 Service

SERVICE GROUP J - FUKCTION CIRCUITS.
Function Circuits Troubleshooting.

The A14Q112 amplifier circuit supplies sine wave current to the output amplifier. Disconnect the cable
{marked “23 ALC”) from A14)23 to permit maximum signal amplitude at Al4 test point SINE.

TTTYYTTYYY

$cAuTION3

Do not allow disconnected cable connector (o contact the printed
circuit boards or components, or circuits may be damaged.

The sine wave signal at test point SINE should be approximately 200 mVpp at the selected frequency.

If this signal is not correct, the trouble is ahead of the SINE test point. If the sine function
is the only one not operating correctly, check the diode CR101 and the filter components
in the Q112 emitter circuit.

. If there is a signal at the SINE test point, check the Sine Enable voltage at U28 pin 10. This
should be at a TTL high level. If not, check input and clock signals to U28 and U27. The
inputs to U28 can be traced to U29, Service Group . Signature Analysis Test 0 may be used
to check U27, U283, and U29.

Be sure to reconnect cable 23 to A14J23.

Square, Triangle, and Ramp Functions.

If the sine function is operating properly, but none of the other functions is correct, the
trouble is probably in the Q101, Q102 circuits or U31 inverters. Also check for the correct
enable signals from U28. The table next to U28 on the schematic relates the functions to the
enable signal levels. The trouble may also be in the Offset and Amplitude Control circuits.

Square Function Only.

If the square wave function only is not operating properly, observe the signal at the SQR test
point on Al4, This should be a TTL level square wave at the selected frequency.

If this signal is not present, check the Square Enable voltage level at U33 pin 4,
which should be TTL high. If correct, check the clock input at U33 pin 3, then the
U31 inverter circuits and Q101, 102, If the signal at U31 pins 5 and 9 is correct but
pins 6 and 8 are always low, it is possible that U32 could be defective.

. If the signal at SQR is correct, troubleshoot the UAQ circuits and the Amplitude
Control circuits.

If Self Tests 1 and 3 pass and Self Test 2 fails, suspect problems with A14U42 in Service Group K.
8-J-1
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Triangle and Ramp Fuactions.

If the sine and square functions are correct, but the triangle and ramp functions are not .
operating properly, use the following procedure.

a. Connect oscilloscope to the TRI test point {on A14), Set controls as follows:

Vertical. .. .. e et ieaeeaaaa 0.2 V/div (+ 10 probe)
= N 0.1 ps/div
THgEer. . o oo e Int/ + slope

b. Setthe 3325 asfollows:

FUN O . oo i e Triangle
Frequency. ..o i i e e e 1 Hz
Amplitude. . ..o e 10Vp-p

c. The pulse width of the TRI signal should increase and decrease at a 1 Hz rate (TTL
levels). '

d. Monitor pin 9 of U36 with the oscilloscope. This should be a TTL square wave, fre-
quency 1 MHz (actually 1.000 001 MH?2). If not, go to Step f.

e. The signal at pin 10 of U36 should be 2 TTL square wave at 1 MHz. If not, go to the
2 MHz 1test point and trace the signal through to U36 pin 10. Ul4 divides the 2 MHz
reference by two. if Ul4 is not operating, check for a TTL high Triangle Enable at U14 pin .
10.

f. If the proper signal is not present at U36 pin 9, trace the signal back through U32,
whichisa = 10 counter. Alsocheck for a TTL high Triangle Enable level at U33 pin 10.

g. If the digital signals are all correct the trouble may be in U40 or the Triangle and Ramp
Filter circuits, Observe the signal at the TRIFILT test point. It should be a triangle or ramp
(selected function) approximately 200 mV p-p. If not, check U40 output at pin 13, Measure
voliages in the Q114-Q118 circuits.

Ramp Functions Only.

If only the ramp functions are not operating properly, the trouble is probably in the ramp
reset circuits.

4, Connect an oscilloscope to the TRI test point (on Al4). Set the controls as follows:

Vertical......ovvneerinii it 0.2 V/div (+ 10 probe)
2= J 0.1 pus/div
B D514 1= o A PR Int/ + slope

R.1-2



Model 3325

b. Setthe3325 asfollows:

| VT T £ 15 + WAPAUA PP + Ramp
FrOQUENCY. . o civent e iiiiaer e raai e 1 Hz
Amplitude. ... ..o 10V p-p

c. The width of the positive pulse should decrease to zero, then reset and repeat at a l Hz
rate (TTL levels).

d. Change function to — Ramp. The positive pulse at the TRI test point should increase
1o maximum, then reset to zero and repeat at a 1 Hz rate. If the signal is the same as the cor-
rect signal in Step d, the Ramp Polarity signal from U28 pin 5 may be incorrect. This level
should be high for - Ramp functionand low for + Ramp.

e. If the pulse width in Step c or d increases and decreases, the pulse reset circuits are not
operating, and the 3325 output signal should bea triangle, at a 0.5 Hzrate.

f. At frequencies below 100 Hz, the ramps are reset by the digital Phase Detector, U35,
Check for negative-going pulses at U35 pin 6, positive-going pulses at U37 pin 8, and
negative-going pulses at U37 pin 6. Each pulse should toggle the output of U34, pin 8. The
Ramp Enable level at U34 pin 10 must be high.

g. At frequencies of 100 Hz and higher, ramps are reset by the + Ramp Reset pulses
generated by the Ramp Reset one-shots (U45, Service Group K) which are triggered by the
Level Comparator output, U42 pin 7. These ar¢ also negative-going pulses, approximately
10 ps wide.

DC Offset and Amplitude Troubleshooting.

Problems in the Amplitude and Offset control circuits are most easily located by measuring dcvoltages.
The voltages shown on the schematic are measured with the instrument in the Preset state. Amplitude
problems have in the past, been linked to U38, U39, and U40 failures. If the amplitude level from the
DAC (see AMPL test point - Service Group I) is correct as well as the voltages at A3TP4 (Service
Group G), then the amplitude control circuitry in this service group is suspect.

A de offset in sine function only may be caused by a fauit in the Q103, Q104 circuits.

If the square, triangle, and ramp functions are inoperative, or if the DC Offset (no ac func-
tion) is one-half the programmed level, the problem may be in Offset Control circuits U38B,
Q106,U41B,or Q1 13.

The voltages at Q108 emitters should always be identical.

Service
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Clipping of the positive or negative peaks on the output waveform is sometimes caused by a fault
in the D.C. Offset Current circuitry. Too much or too little offset current canses the output amplifier
to saturate on ecither the positive or negative peaks.

=

PRESET CURRENT
COUNTER [—  SOURCE ﬂE’:EI —4 ﬁf:tl,] 4| NULTIPLTER
A14-1 A14-1 i ol |
X
The Amphtuts Caibeanon Onable. ACD, 1t uidd o bresk tha
feddbadk PR duilng voubkahooting of BMGHudE Broblame.
Connpet ACD 1o Grd and cycle power off and on.
PROCESSOR
AZ6-C
c FUNETION MTXER 30MH=
CIRCUITS AT-H SWITCH
Al4-) A3-C
——0 PK ]
PEAK ' - HIGH YOLTAGE
»outeor ATTENUATOR i
DETELCTOR . 1 il 0PTION 002
A1d-K :ﬁHPLIFIER RZ3-L o ————— AB-N
l Each bow COntmns & cooe Fuch 83 A14-1. This (513 lirst 1he board
mymber Polowad Dy the 45 Remats Rumber. ouT
ACD
Figure 8-J-1. Sine Amplitude Control Path.
Signature Analysis Test 0.

The SAQ test can be used to troubleshoot incorrect DAC output, incorrect Main Signal output, and
FAIL 021 through FAIL 029, '

Set the POWER switch to STANDBY (¢), then connect the Signature Analyzer as follows:

Gnd: -
Start:
Stop:
Clock:

+ slope
+ slope
- slope

A26 TPO (GND)
A26 TP3 (S/A START STOP)
A26 TP3 (S/A START STOP)
A26 U39 Pin 1 (/EEDTACK)

Coanect A14U14 pin 1 to ground (the outer shell of A14J9 is connected to ground).

Set A26 SW100 pin 1 to the SAO position. Check that A26SW100 pin 2 (SA1) is in the NORMAL
position,

Sctthe POWER switch to ON (I}, A26 CR141, CR142, and CR 144 should be on. CR143 should be off.

If the front panel display is operational, all front panel LEDs will be on in a random pattern,

Check for a +5V signature of HF3A,

Ifthe + 5V signature or the A26 LEDs are incorrect, troubleshoot the A26 assembly using the Kernel
SA test. If they are correct, troubleshoot the Al4 assembly using this SA test. Use the Test Signal Flow
Diagram to help you determine the order to check the signatures,
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Figure 8-J-2. A14 Assembly SA0 Test Signal Flow Diagram.

Table 8-J-1. A14 Assembly Signatures.

uv
9HFS

HF3A,
HF3A
HF3A
HF3A
HF3A
HF3A
0000
9HFS
410U
HF3A
0000
HF3A
HF3A
410U
HF3A

us
OHF5

P2

121C
HF3A
HF3A
121C
FP21

0000
OHFS
410U
A72F
0000
HF3A
HF3A
41U
HF3A,

U9
9HFS

FP21

121C
HF3A
HF3A
121C
FP21

0000
gHFs
410U
472F
0000
HF3A
HF3A
410U
HF3A

Uzé uay
HF3A 0795
1F48 6057
41UU 2354
410U 1HOS
1F48 1HOS
FG72 HF3A
SHF5S uspP2
410U 0600
1F48 HF3A
0000 472F
usp2 HF3A
1F48 CPPC
41Uu 860A
9HF5 QAZA,
FO72 HF3A
Fo72 HF3A
gHFS

gHFS

Fo72

HF3A

U2s
HF3A

PA2A
9HFS
41uU
3610
SHFS
UsPS

BO0A
3610
410U
Uest
41U
OHFS
PA2A
HF3A

Service
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Designator

core
cor?
c161
G103
C104
C105
C106
C197
c1o8
€108
c110
cin

cuz2
£117
114
Cl16
S117?
<118
119
i

o3 -]
Cr24
Lt ]
c127
C128
[og .|

C130
cin

C132
13
C134
c138
c13?
C1}8
L1580

8-J-6

Eoard
Location

mMTMTMOMMAMMMAEAMAIMMNOUOO00COOO0O0O0DOQOO0OO0OO

Oesignator Localicn

Pragrammed
Amplitude (Vp-pl

[ F]]
c142
C143
C144

c2s1

T CAD0
cRIg1
CA102
CAIN
CR104
CRIDE
SAI0T
CR103
CRI110
A1
J01

Jz4

Laoz?
are
w77
Lo7e

[Ri}

L1g2
L1103
L1
LiDS
a1
Q02
Qo3

Mo HOoODDMMMM@OTODMAMOODT T TMOOTMMMmMmM TN AN

Dasignator

o
G058
@106
o107
Q198
Qe
Q3
Q1id
Qns
a17

Qig’

Q119
Ro77
R100
23]
At
R103
RA104
R105
R106
R1DT
R108&
R109
A1
248 M
R112
R113
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R123
A124
R326
R327
R128
R128
"130
R134
R .
maz
R134
A136
R137
R128
R139
R4t
R142
A1a3
Ri144
A4S
R145
R147
R148
A149
RSt
R1%2
RS
R154
A1Se
R15?
A15e
R158
A80
mei
ez
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Note 1: These voltage levels are useful when woubleshooting amplitude
problems. Levels shown ocour with the 3326 's  frequency setto 1kHz, and

with Auto Calibration Disable |ACD) grounded,

W

AMP N {0V de offset)

—

OWwo 1MW b LA

Vp-p
0.16
0.28
0.16
0.20
0.24
0.28
0.32
0.38
0.44
0.48

DC Level
5.17
817
5.17
5.17
5.17
5.17
517
517
517
517

TP
AMP IN {2V dc offset)
Vp-p DC Level
0.06 51
0.1 5.1
0.14 5.1
0.18 5.1
0.22 5.1
0.26 5.1

R163
R184
RA1se
R168
R159
uz7
e
uze

Model 3325A

Designator Location
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Model 3325 Service

SERVICE GROUP K - OUTPUT AMPLIFIER AND LEVEL COMPARATOR.
Sutput Amplifier and Level Comparator Troubleshooting.

If the instrument accepts and displays entries but there is neither a signal nor sync output, or both
outputsare distorted, the trouble may be in the output amplifier circuit. Note that when troubleshooting
amplifier problems, the Auto Calibration Disable (ACD) test point must be grounded and the power
cycled (Figure 8-K-3). This procedure breaks the amplitude loop and makes it possible to troubleshoot
the amplitude control path (see Figure 8-K-2).

a. First verify that the output amplifier is causing the problem. Look for a signal at the AMP OUT
test point. If the waveform is ‘correct, the amplifier is probably operating correctly, and the problem
may be in the Attenuator, Service Group L. If the waveform is not correct, continue troubleshooting
with Step b.

b. Disconnect any external equipment from the signal output.

¢. Move the small shorting connector marked AMP IN (on A14) from the NORM to the opposite
position,

. d. Measure the dc voltage at the AMP QUT test point and at both ends of the fuse, F3. These voltages
should be approximately +7.5V.

NOTE

The fuse F3 can be opened when excessive voltage is applied t0
the HP 3325B signal pon. Therefore, it should be replaced as
‘necessary (0.254, HP 2110-0343).

e. Set the HP 3325B to preset conditions and check the following de voltages.

Location DC Voltage
Cathode of CR219 +12,1V
Collector of 0212 +129V
Base of Q212 +13.7V
Base of Q206 =-13.4V
Collector of Q206 -12.8V
Collector of Q215 +6V

f. Replace the shorting connector back to the NORM position,

]
. g. Lift R239 and R241 at their junction. Reroute the 5 kQ feedback resistor, R221 (AMP QUT end),
to the hole where R241 was removed. The power stage is no longer in the circuit and collector of Q204
is now the no load output of the high gain preamplifier.

8-K-1



Service Model 3325

h. For low frequency problems, examine the collector of Q204 using a high impedance oscilloscope
probe. For example, program the HP 3325B for a 1 kHz, 10 Vpp sine wave. You should see a clean 20 .
Vpp signal (remember, the amplitude is doubled since there is o longer a 500 load). If there is no -
signal, troubleshoot the preamplifier section. Service Group J (Function circuits) should also be

suspect.

i. For high frequency problems, construct the probe shown in Figure 8-K-1. Using this probe,
examine the collector of Q204 with a spectrum analyzer. For-example, program the HP 33258 for a
15 MHz fundamental signal (the other harmonics should still meet spec).

BINC
LS
SHELDED 50 0HM CABLE
10 Sk T0 SPECTRUM
COLLECTOR ) —— ANAL YTER
Q204 {50 OHM NPUTY
BRAIDED WIRE
INSDE_SHEY DED
CABLE
COMMNECT
10
GROVND

Figure 8-K-1. Gain Stage High Frequency Troubleshooting Probe.
j. Reconnect R239 and R241 (leave R221 at the junction, too). P

k. Observe the junction of R249 and R251. A fewmillivolts of dc offset and some change in distortion
(as seen on the spectrum analyzer) may exist since the 5 k( feedback path has been removed.

I. The signals on one half of the power stage, from the junction of R239 and R241 to the junction of
R249 and R251, should be of the same magnitude but of opposite polarity from the other half. If the
output signal has distortion problems on cither the top or the bottom portion of the waveform, then
troubleshoot the respective half of the power stage, top or bottom. Set the HP 3325B for turn-on
conditions, but with zero volts de offset and all functions off. The approximate de voltages are as follows:

Location DC Voltage
Emitter of Q213 +0.7V
Emitter of Q207 0V
Collector of Q216 + 15V
Collector of Q209 . -15V

m. After troubleshooting, reroute R221 back to its original position.

NOTE
In nommal operation, the gain preamplifier provides high gain,

low distortion, and low noise. The power amplifier has a gain of 1
and acts as a buffer. .

8-K-2
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CIRCUIT NOTES

0208 and Q214 are simply protection devices and are ustially
OFF. The power stage should still operate if they are removed.

In nommal operation, the signal at the collector of D204 shoutld be
essentially the same as the signal at the junction of R249 and
R251

If the HP 3325B does not meet accurecy specifications a1 20 MHz

" after repair of the output ampiifier and the flatness cannot be ad-
justed properly with the FLT adjustment (Section V, Amplinide
Flatness adjustment), it may be necessary to seiect a different
value for AI4C103 (Service Group J). Increasing the value in-
creases the output amplitude at higher frequencies, and vise versa.
Note that the 20 MHz flatness adjustment (FLT) affects square
wave overshoo.

No Sync Output, Signa! Output Normal.

¥f the signal output is normal but there is no front panel sync output, check for a square wave at

both

ends of the fuse, F4. With no external equipment connected to the sync output, this should be a TTL

level square wave.

If the signal is present at only one end of the fuse, replace the fuse (.125 A, -hp-
Part No. 2110-0301).

If the fuse is good, trace the signal from U47 through U48. If any one of the five
parallel inverters has failed with either the input or output at ground, the sync out-
put will not be present.

If there is no signal at U47 output, move the small shorting connector marked
AMP IN from the NORM position to the opposite position. The dc voltage at U47
pin 2 should then measure +3.75 V (onc-half the voltage at the AMP QUT test
point).

No FAST Sync Output, Sync Qutput Normal.

If the sync output at the front panel is a normal TTL signal, but there is no FAST sync output at the
rear panel, check the FAST Sync Converter circuitry on the A22 assembly.

Set the main signal to 10 MHz. Verify that the sync signal is preseat on U382 pins 8 and 10, and on
1830 pins 9, 10, and 11. Also, check the protection fuse F850.

C853 slows the edges of the FAST sync to minimize reflection problems. 1f there is excessive ringing
the value of C853 may be adjusted slightly.

At frequencies above 21 MHz the 21 — 60 MHz Auxiliary signal drives the FAST Sync output. Check
the signal through the amplifier at Q810 and Q820. The emitter of Q820 should carry a signal with valid
TTL levels.

8-K-3
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No Rear Panel AUX Output.

Step a of No Rear Panel AUX Output troubleshooting in Service Group D should be performed before
proceeding with the following.

At frequencies above 21 MHz the 21 — 60 MHz auxiliary signal drives the FAST sync converter. This
signal is routed to both the FAST sync output and the auxiliary output on the rear panel. If the FAST
sync functions from 21 to 60 MHz, check the AUX drive circuits at A22U830 pin 16. If the FAST Sync
is also bad, follow the No FAST Sync Output, Sync Cutput Normal troubleshooting procedures.

Level Comparater, Level Data, and Ramp Reset Troubleshoeting.

The level Comparator output level (at PK test point) changes cach time the amplifier output equals
the “Level” voltage at U42 pin 3. These changes should be casily observed when the Amptd Cal key is
pressed or when frequencies above 100 Hz are selected for triangle or ramp waves.

The Level Comparator outputs preset the Level Data Flip-Flops, which are reset as necessary
by the controller.

The Ramp Reset one-shots are triggered by the Level Comparator outputs when the Ramp
Enable signal is high. The level of the Ramp Polarity signal at U4S5 pins 2 and 9 determines
whether the + Ramp or — Ramp reset one-shot istriggered.

—

PRESET CURRENT
DAT S/H MULTIPLIER
COUNTER SOURCE z M - » -
Ald-] A14-1 Al4-1 L FCEN A3Z-G
Tine Arnoliiuds Calibrabdn I‘.kuhll N:IJ B uied 1o Bapak the
{eadback path dwing
Laanect ACD to G and Syvoh power a1f and on,
PROCESSAR
| _Az6-C FUNCTION 30MHzZ
CIRCUITS MIXER SWITCH o
A14-) A3=G
o PK
r L s SN 1
F

l PEAK

)| PETECTOR : aypi1FiER |

Ald4-K

auTeuT

e e —

ACD

E&CN DOS CORLINE B Coon Suh b5 & Tdo, Tha k3ts frsr 1he Dodrd
é numbes Ipliawed by (e SCREMBnC ImOTT.

h

ouT

HIGH VOLTALGE
OPYION 002
AB-N

Figure 8-K-2. Sine Amplitude Control Path.
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Al14 Component Locations

Blowrd Board Board Board Beard
, Designator Location Designator Location Pesignaror Location Designator Locatian Dazignator Location
<oTe <} CR20S H o204 H Rz38 4 R273 G
T208 F CRz08 H C206 H Ra37 G R274 G
208 F CR209 H 207 H R238 3 R275 G
<2l F cAz10 H 208 H A23g H R278 G
<212 F CRz211 G Q209 H Fizat G R2¥7 G
C213 F CR2t2 G Q210 G R242 G R278 F
Catd F CR213 G Q2 =] R243 G 27 c
c217 G CRz14 G Q22 G R2aa H usg G
(=1 T] H CAS G =2 b ] G R245 H a2 F
G219 H Cr217 H Qa4 <] R245 H a4 F
c220 H CR21% G Qz15 H Fza7 <] ey F
c221 H CR220 G 0218 G R2a8 ] Ua? G
cax2 G LRzt G a1y <] P <} u4g &
c223 G cRzz ] ROTE G Ra%0 H
c224 G CR22a H R20R F R281 ]
G225 H CR224 G R208 F RS2 H
G CR225 H R211 F R253 G
cz2y H Fa G R212 F F2ss H
cz2e G F4 G R4 F R2SS G
c229 H Jo1 F R215 G R256 H
c230 G Jo2 G R218 F Res? H
[k B G JOB <] R217 F Rz25a H
e G t25 H Fa21a G F233 H
C23 G J3g H R220 F R260 G
G234 G Loee B R221 G Fet H
235 G 27 B [arred M R262 ]
C236 H Lo7e E Fola H R2E3 H
Cz3a G LOZT 13 R4 H R4 H
c239 G Lo78 E R226 H R265 G
C2a0 H LoTa E Ra28 H R2e6 H
Czay <] Lose H R229 H Ra58 G
C242 G L2o4 E R211 H R269 G
245 G Qo785 G F232 H Fz270 G
Cza6 H Q2o F R232 H R271 G
cAo7e G G203 H R234 H 272 G

8-K-5
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enuator, A23



Mode} 3325 Service

. SERVICE GROUP L - ATTENUATOR.,
NOTE
Handle the A23 Attenuator circuit board ONLY by its edges. Con-
taminants, such as finger oil, on the circuit board surface contribute to

leakage across the attenuator reiays and pads.

Troubleshooting Attenuator Relays and Drivers.

Set output to:

Function...........coieiiins DC Offset Dnly (no AC function)
DCOffset.......... e sV
Press AMPTD CAL Key.

Measure the 3325 output voltage with a dc digital voitmeter. Do not use a 50-ohm load.
The output level shounid be +10.000 V +0.4%. If the cutput voltage is incorrect by a large
amount (a factor of 3, 10, or 100 for example) one of the attenuator relays may be laiched in
the wrong position. With the DC Offset set to 5 V, none of the attenuator pads should be in.

No Load Qutput voltage will be

If = 100pad(K1l)isIN 0.100V
. If -~ 10 pad (K2)is [N 1.000 V
if +3pad(K3)is IN 3.333v
If - 100and + 10 pads are IN 0.0i10V
If = 100and +3 padsareIN : 0.033V
If = 10and + 3 padsare IN 0.333V

If K4 isin the IN position
Instrurnent with High Voltage

Option 002 20,00V
Instrument without Option 002

{front panel output} ov

{rear panel output) 10,00V

Operation of the latching relafs may be checked by momentarily grounding the appropriate test pads
found on the Attenunator assembly (A23). These are labeled “IN” and “OUT” for K1, K2, and K3; and
“J1” and “J4” for K4.

®

8-L-1



Service Model 3325

contact resistance in the attenuator relays, particularly if the error is not evident on ail
ranges. The following table lists the eight ranges used in the DC Offset only mode, and the
relays used for each range. Relay K4 is used for all ranges.

A small error in the output voltage may be caused by the output amplifier or by excessive .

DC Offset Onty Attenuaior
Range (No AC Function) Relay Pads In
1 5.000t01.500 V None
2 1.499t00.500 V K3
3 499910 150.0mV¥ K2
4 149.9t0 50.00mV K2,K3
5 49,9910 15.00mV. K1
6 14,9910 5.000 mV K1,K3
7 4.999t0 1.500mV K1, K2
8 1.499101.000mV K1,K2,K3

Relay drive pulses at A14U49 outputs and A14Q76 occur only in conjunction with a range change. Each
relayis pulsed, regardless of its prior state. Changing the output level from 5V to 1 mV results in pulses
to K1, K2, and X3 which place them in the “pad in” position. Changing from 1 mV to 5V causes all
three relays to change to the “pad out” position. Pulses may be observed at the proper points by
observing an oscilloscope set to a slow sweep speed while entering the above voltages. The clock pulse
to U49 may also be observed during any range change. Pulses should appear at U49 inputs continually.

A23 Attenuator Cirguit Board Cleaning. ’

The HP 3325B dc offsct accuracy performance at the lowest attenuator ranges may be degraded by
conlaminants on the circuit board surface. Finger oils and dust contribute to leakage across the
attenuator relays and pads. To prevent this, handle the board ONLY by its edges.

If nccessary, clean the board with Freon TMS (Miller Stephenson, MS165).

f
\l, l

8-L-2
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Model 3325 Service

SERVICE GROUP M - DPTIONS: HIGH VOLTAGE OUTPUT (OPT. 002) AND HIGH STABILITY REFER-
ENCE (OPT. 001).

High Voltage Output Amplifier Troubleshooting.

Before servicing the A8 assembly, be sure that it is being used within its limits of operation:

Frequency Range: 0 - 1IMHz
Output Load: 500! minimum

If the standard output is normal but there is no high voltage output, move the small shorting
connector marked AMP IN (on Al4) from the NORM position to the opposite position.
Measure the dc voltage at ASTPS and at both ends of A8F1. This voltage should be approx-
imately +15 V.

If voltage is present at only one end of A8F1, replace the fuse (.25 A, -hp- Part
No. 2110-0343).

If the fuse is good, return the shorting connector to the NORM position. Discon-

nect the cable (marked 20 HI V1) from A8J20. Measure dc¢ voltages with the cir-
cuit as shown on the schematic. Voltages should be within + 10%.

On the A26 assembly, check that SW100 pin 7 is in the HV position. This indicates to the processor
that the High Voltage option is installed and the processor then allows voltages greater than 10 Vpp
to be programmed.

Note that the A8 assembly has its own + 30V power supply.

Be sure to reconnect the cable to U8J20 after troubleshooting.

REAR PANEL OUTPUT WITH OPTION 002.

Normally, instruments having the High Voltage Output Option 002 are shipped from the
factory with the signal output at the front panel. The signal output can be changed to the

rear panel by reconnecting Cables 1 and 4.

a. Disconnect Cabie 1 (o the front panel signal output) from the attenuator assembly J1
OUT.

b. Disconnect Cable 4 (to Tear panel signal output) from the connector on Al4 labeled “‘4 DUMMY",
and connect it to J1 OUT on the attenuator assembly. 1t may be necessary (o cut a cable tie to reach J1.

c. Connect Cable 1 to the ‘4 DUMMY”’ connector.

d. The standard and high voltage outputs will now appear at the rear panel SIGNAL con-
nector,
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Model 3325

Use the following procedure to change an instrument with High Voliage Ouiput Option 002
10 the standard instrument Front/Rear signal ouiput configuration. The High Voltage out-
put will then not be available at either the front or rear panel.

a. Disconnect the cable (marked 20 HI V1) from A23 J4.

b. Disconnect the cable (marked 21 HI V2) from A23 J21.

c. Disconncet the cable {marked 4 REAR/EXT LVL) from A14 4DUMMY and connect it to

A23]4.

d. Conpect the cable marked 20 HI V1to Al4 4/DUMMY.

e. Sceure the cable marked 21 HI V2 in a posilion that does not allow the connector to touch the

printed circuit board or any component.

f. Move A26 SW100 pin 7 from the HV position to the STD position.

g. Attach a tag or other identification to the front panel to indicate that the high voltage cutput has

been disabled and that the standard signal is available at the front or rear panel (switchable).
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SERVICE GROUP N - SWEEP DRIVE and MODULATION SOURCE CIRCUITS, A14 and A26.

Troubleshooting The Sweep Drive Circuits.

To determine whether only one or both X Drive ranges are bad, monitor the X Drive output
with an oscilloscope.

a. Set sweep time to .999 sec. Press START CONT key. X Drive output should go from
0V to > + 10 V during sweep up, and remain at 0 V during sweep down.

b. Set sweep time to 1 sec. The oscilloscope display should be as described in Step a.

¢. Check the voltage at the XDR test point (on Al4). This voltage should change from
~10.0 V to —0.1 VY when the sweep time is changed from 1 sec to .999 sec.

d. If neither output is correct in Steps a and b, first troubleshoot the X Drive Integrator
circuit. The ramp reset pulse at the gate of A14Q]1 should be as indicated on the schematic,
with the negative-going edge of the pulse occurring at the end of a sweep up (in continuous
sweep). Also check for the Ramp Reset pulse at A14U1 pin 12. If no pulse is present, go to
the Logic troubleshooting, Service Group C.

e. Setting the sweep time to .999 sec checks Range 1, while a time of I sec checks Range 2.
If only one range is inoperative, compare the voltage at U4 pin 4 (Range 1) or U3 pin 6
(Range 2) to the voltage at the XDR test point.

999 sec = ~0.1V
lsec = -10.0V

If these voltages are correct, the Sweep Range Switches are working, and the trouble is pro-
bably in the X Drive Integrator.

f. If either of the voltages in Step ¢ is not correct, check for the Range 1 level at U4 pin 2,
or the Range 2 level at U3 pin 2 and 3. One of these should be TTL high and the other low,
depending upon the range of the sweep time selected.

g. The Start output from the X Drive Start/Stop Flip-Flop should be high during a sweep
up and low during sweep down. The L Start level at U2 pin 2 and U1 pin 15 should go low at
the beginning of a sweep up and high just before the end of sweep up.

Z Blank Qutput.

With the 3325 in continuous sweep (linear mode) the Z Blank output should be at a TTL low level
during sweep up, high during sweep down. Check for this signal at both ends of Al4F1. If the fuse
is bad, replace with -hp- P/N 2110-0343, 0.25A. The signal should be inverted at the base of Q3.

Service

8-N-1
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Marker Qutput.

The Marker output operates only during a linear sweep up. Itis high at the start of a sweep .
up, goes low at the selected marker frequency, then high again at the stop frequency. Check

for this signal at both ends of Al4F2. If the fuse is bad, replace with -hp- Part No.

2110-0343, 25 A,

If the fuse is good, check for the presence of the Sweep Limit Flag at U2 pin 3,
and the Marker Reset pulse at U2 pin 1. Both should be negative-going pulses.
Sweep Limit Flag should occur at the selected marker frequency and at the end of
sweep up. The Marker Reset puise should occur immediately after the end of
sweep up.

Troubleshooting the Modulation Source Circuits.

The analog circuits can be checked with an oscilloscope. Press the Instr Preset key, then select MOD
SOURCE sine wave. Set MOD SOURCE amplitude to 10V.

Check for a 1 kHz, 10 Vpp sine wave at the Modulation Source output. On A26U217, check pin 14 for
2 15.4 Vpp sinc wave and pin 1 for a 20 Vpp sine wave. Also check U218 pin 2 for a voltage of 2.5 Vdc.

Check the digital section of the modutation source with Signature Anatysis Test 0.

Signature Analysis Test 0.

The SAO test can be used to troubleshoot incorrect signals from the X-Drive, Marker, Z-blank, or .
Modulation Source outputs, and FAIL 040.

Set the POWER switch to STANDBY (&), then connect the Signature Analyzer as follows:

Gnd: A26 TPO {GND)

Start: + slope A26 TP3 (S/A START STOP)
Stop: + slope A26 TP3 (S/A START STOP)
Clock: - slope A26 U39 Pin 1 (JEEDTACK)

Set A26SW100 pin 110 the SAQ position. Check that A26SW100 pin 2 (SA1) is in the NORMAL position.

Set the POWER switch to ON (1), A26 CR141, CR142, CR144 should be on. CR143 should be off. 1f
the front panel display is operational, the front panel LEDs will be on in a random pattern.

Check for a +5V signature of HF3A.
I{ the + SV signature or the A26 LEDs arc incorrect, troubleshoot the A26 assembly using the Kernel

SA test in Service Group C. If they are correct, troubleshoot the Al4 and A26 assembly using this SA
test. Use the Test Signal Flow Diagram to help you determine the order 10 check the signatures.
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Figure 8-N-1. A14 and A26 Assembly SAO Test Signal Fiow Diagram.
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Table 8-N-1. A14 and A26 Assembly Signatures.
(The dash indicates an unstable signature.)

A14 A26 A26
Ut U3o U128
HF3A - -
2100 - -
41UU - -
asuu HHHC -
21C0 Ha2u1 -
4100 HHHC -
21C0 0000 0000
0000 2305 0000
CPPC HzU1 MF3A
UHBA 2305 HF3A
OHFS - 0000
UHgA - 89PU
9HFS - HF34
gHFs5 HF3A HF3A
UHBA

HF3A

A26 A28
U201 u202
0000 0000
8oPU 8ePU
0000 0000
8Pl BOPU
0000 0000
0000 0000
uusy uu3y
89PU 0000
0000 0000
89PU 0000
Q000 0000
HF3A HF3A

A26
U203

89PU

HF3A
89PU

89PU
2305
55H5
HF3A
HF3A
89PU
HF34

Service
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2-N-4

:ammqwmhuuaa-g
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Table 8-N-1. A14 and A26 Assembly Signatures (Cont),
{The dash indicates an unstable signature)

A26

U204
0000

0000
8sPu
HF3A
HF3A
BoPY
0000
0000
0000
B0PU
2305
S5HS
HF3A
HF3A
8grPU
HF3A

A26

U206 .

0000
0000
BSPU
HF3A,
HF3A
89PU

B9PU

SSHS
HF3A
HF3A
agPy
HF3A

A6
U207
HF3A

8sPY
HF3A

HF3A

A26

U219
55C5

A71H
uues
3AC
4508
7UaF
F173
uecz
429F
0000

A26

U211
HF3A

A26

U212
HF3A

uusu
A71H
uues
2365
uusu
3ACH
4508
2365
0000
HHHC
Uusy
TU4F
Fi173
2365
uusy
usc2
429F

HF3A

Service
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Service Group 0
Power Supplies, A22



Model 3325

SERVICE GROUP O - POWER SUPPLIES.

Power Supply Troubleshooting.

WARNING

Service procedures described in this section are performed with the protec-
tive covers removed and power applied. Hazardous voltage and energy
availabie at many points can, if contacted, result in personal infury.

To determine if the trouble is in the regulators or if some other circuit is pulling down a power supply
voltage, set the POWER switch to STANDBY (6) and then disconnect the cable from A223700.
Disconnecting the cable from A22J100 removes the power to the other circuit boards and disables the
power supplies. Ground A22 J700 pin 10, to enable the power supplies, and set the POWER switch to
ON ().

The three power supply voltages (-15V, +15, and +5V) are routed from A22 J700 through a cable to
A26 J5. The power supply voltages then are routed from J2, I3, J4, and J10 through ribbon cables to
the other assemblies.

If the power supply voltages are not within + 1V of the correct value with the cable removed,
troubleshoot the regulator circuits, using the de voltages noted on the schematic. Note that all sup-
plies are referenced to -15V. Therefore, if this supply is bad, the + 5V and + 15V supplies will be
off as well.

If the power supply voltages are correct with the cable disconnected, set the POWER switch to
STANDBY (6) and disconnect the ribbon cables from A26 J2, J3, J4, and J10. Reconnect the cable to
A22J700. On the Control assembly, connect the STBY test point (TP6) to ground (TP0) to enable the
power supplics, and set the POWER switch to ON (!). If power supply voltages are again incorrect, the
problem is on the A26 assembly (Service Group B and C). If power supply voltages are correct with
the A26 assembly connected and the other assemblies disconnected, replace the cables one at a time
until you locate the assembly causing the problem. Troubleshoot the faulty assembly.

[
lECAU!ION}

The ribbon cables must be removed and reinserted carefully to prevent
damage. Make sure that the cable contacts are aligned properly with the
connector cortacts.

NOTE

When replacing Q200, Q300, or Q400, make sure the instlator is in place
correctly.

Service

8-0-]
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Besignator

c120
o122
123
13D
135
C136
o B ]

Cs10
csn
ce12
o815

cas

C853
Chs1

CADo
CR1
CRI
cAeR
CR123
CR124

CR210

CRs0
CRet2

Board
Location
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A1t

A2
214

Rz

RE1t
RE12
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Designator

A&
B30
Ra11
Az
fa MK
Ra4
A5
R316
RE1D

BERERERL

TP120
TP130
TP1a0

3

TP400
20
u210

sBBERER

i
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Hewlett-Packard Sales amd Service Offices

To obtain Servicing information or to order replacement parts, contact the
nearest Hewlett-Packard Sales and Service Office listed in HP Catalog, or
contact the nearest regional office listed below:

Im the United States

California

P.0O. Box 4230

1421 South Manhattan Avenue
Fullerton 92631

Georga

P.O. Box 105005

2000 South Park Place
Atlanta 30339

fllinois
5201 Tollview Drive
Rolling Meadows 60008

New Jersey
W. 120 Century Road
Paramus 07652

In Canadg

Hewlett-Packard (Canada) Ltd.

17500 South Service Road
Trans-Canada Highway
Kirkland, Quebec H9J 2M5

In France
Hewlett-Packard France
F-91947 Les Ulis Cedex
Orsay

Im German Federal Republic
Hewlett-Packard GmbH
Vertriebszentrale Frankfurt
Berner Strasse 117

Postfach 560 140

D-6080 Frankfurt 56

In Great Britain
Hewlett-Packard Ltd.
King Street Lane
Winnersh, Wokingham
Berkshire RG11 5AR

Im Other European Countries
Swirzerland

Hewlett-Packard (Schweiz) AG
7, rue du Bois-du-Lan

Case Postale 365

CH-1217 Meyrin

In All Other Locations
Hewlctt-Packard Inter-Americas
3155 Porter Drive

Palo Alto, California 94304
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3325B-01

N O T E

SUPERSEDES: None

HP 3325B Synthesizer/Function Generator

Serial Numbers: 0000A00100 /2847A06410

High Line and Low Line Fuse Change

Parts Required:
2110-0876 Fuse 1.5A 250V non time delay {100/120V operation)
2110-0877 Fuse 750mA 250V non time delay (220/240V operation)
03325-80401 Label- rear panel fuse label

Situation:

Both high and low line fuses are being increased in value to eliminate nuisance fuse
blowing at power-up (due to a large inrush current that occurs during the first cycle
of applied line voltage). This problem occurs most frequently at high line settings

(220/240V).

Ignore this Service Note if you are not experiencing this problem.

Continued
DATE: 09 March 1592
ADMINISTRATIVE INFORMATION

SERVICE NOTE CLASSIFICATION:
ACTION 3 i(MMEDIATELY STANDAADS:
CATEGORY: Bl ON SPECIFIED FAILURE LABOR:

L[] AGREEABLE TIME .
LOCATION B CUSTOMER INSTALLABLE | SERVICE O RETURN useo [J RETURN
CATEGORY: 0O on-site INVENTORY: [ SCRapP PARTS: O] scrap

[J HP LOCATION [ SEE TEXT [J SEE TEXT
AVAILABILITY: PRODUGT'S SUPPORT LIFE RESPONSIBLE ENTITY: A100 UNTIL: 09 March 1984
AUTHOR: DAA ENTITY: A100 ADDITIONAL INFORMATION:

© 1992 HEWLETT-PACKARD COMPANY

PRINTED IN U.S.A.
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Page 2

Solution/Action:

SERVICE NOTE 3325B-01

Remove the power cord from the 3325B. Replace the line Fuse with the appropriate
value (listed above) and apply the fuse label over the incorrect silked screened label

on the rear panel.

Make documentation corrections in the 3325B manuals as follows:

03325-90003

alPartNo v I ”
Opcrating Manual 1-2 Change the fuse values on the
03325-90014 1-3537 | rear panel diagram.

1-41,42
Installation Man. 4-3 Change fuse valucs in Table 4-2.
03325-90006 4-4 Figure 4-1 change rear panel fuse label,
Service Manual 6-25 Table 6-3 Change p/n and description

of F1. Add Label p/n to end of list.




3325AB

. 3325A relay replacement on A23 board PCO# Al-02489
Serf# 2512A21906
SNH#  3325A-~22

* (03325=-66523 PC Attenuator Board Assembly
Rev.C has been layed ocut for new relays

* 0490-1141 replaced by 0450-1548
vellow printac relay > Aromat RG2ZET-L2-12V-HEO

* RETURN LOS3 SPEC at 20MHz not met using Printac relays

* SUPPORT ISSUE: to repl 0490-1141 order 03325-66523 Rev.C

3325A D/A Offset Adj

D/A Converter Offset adjust doesn'’t work (sinewave ampl accuracy out of spec)
D/A Converter Offset Adjust:

1. Adjust Al4R40 for a "zero™ reading
Press "ampl cal" key

2. Re-check for a zero reading at the AMP OUT test point.
{this voltage may drift above 5mV after an AMPL CAL is

performed}.
. Re-adjust Al4R40 to get a “zero"reading
3. Press AMPL CAL key again

4. Repeat step 2 (until a zero reading is maintained)

33254 OSCILIATOR, ACAL failures

The "08C FAIL" and "ACAL FAIL" USUALLY can be traced to either
of the following PC board assemblies:

AZ21 board (change FracN Chip- in socket)
A3 board (check the 30 MHz signal Ireqg and level)
The 3325A has had a history of intermittent failures due to

defective phono cables (or at least poor ceomnections on the

phono c¢eax cabkles). Check them all thoroughly for continuity
and geood, c¢lean connections.

----------------------------------------------------------------------

33254/B Phase Noise

Here are LSID's c¢omments regarding the HP 3325A/B Phase Noise issue,
commonly referred to as "low frequency jitter".

. Typical Customer complaints:



®

"Unacceptable Jitter": frequency range- 10 kHz to .01 Hz.

Unit is failing its thase Noise Spec due to the fact

that the customer was unable to obtain a viewable oscillo-
scope display of the 3325B output sinewave while triggering
the scope from a frequency standard (standard was also phase
locked to the 3325B).

The 3325A/B Frequency Bccuracy appears to be Out of Spec
in the range below 100 Hz, relating to measurements taken
with a frequency counter.

3325B Frequency Accuracy Spec: +/- 5 ppm

Hewlett-Packard reply:

1.

HP 3325A/B Phase Noise is NOT SPECIFIED for standard instruments.
It is specified ONLY for Option 001 instruments.

Phase Nolse Spec: =/< =90 dbc for a 30 kHz band
{Opt. 001l only) centered on a 20 MHz carrier
excluding +/-1 Hz about the
carrier.,

The 60 dB represents a 1000 to 1 ratio. This will be approx. the
same as the average cycle to cycle VARIATION in PERICD. 1In other
words, a 1 Hz sinewave {period = 1000ms) typically may have
individual periods between 9929 and 1001 milli-seconds. This
variation would relate to a counter reading error of +/-1000 ppm
{is +/- lms) when measuring a 1 Hz signal using a one second gate

NOTE: the key thing tc remember here is that, in
the presence of phase noise, one cannot
measure the nominal frequency accuracy by
averaging a SMALL number of pericds (ie 10
or 100 periods). Nominal and instantaneous
frequency are seldom, if ever, the same,

They are related to each other by phase ncise.

Therefore, to measure nominal frequency in the
presence of phase noise, one must average the
frequency reading over a number of periods
corresponding to the RATIO of the resolution
required to the EFFECTIVE phase noise.

In this case, with a 60 dBc phase nelse spec
and a (roughly} 120 dBc {1 ppm) desired freq.
resolution, the measurement time is about
3000 times the period. For ease of measure-
ment and added resolution, a 10,000 period
gate time 1s recommended.

example: 1 Hz measurement



2.

period x 10,000

fl

gate time setting

(lsec) x 10,000 10,000 sec gate time
Recognizing that many counters do not have a
10,000 second gate time option, it may be
necessary to use a shorter gate time and take
the average of 100 or more readings to obtain
the true nominal frequency of the device
under test.

HP 3325B frequency measurements, taken with an HP 5345A
fregquency counter at the factory, VERIFIED the frequency
accuracy spec of +/- 5 ppm in the range in questien.
Close attention was paid to to proper gate time settings,
as per the above example. Ten readings were taken and
averaged for each decade frequency from 1000 Hz to .1 Hz,
using a gate time setting of 10 seconds.

50 readings were averaged at 1000 sec gate time for the
.01 Hz measurement.

I suggest that the Customer again measure his 3325B frequency
accuracy, following the above example. I believe he was
measuring instantaneous frequency instead of the true nominal
frequency. I do not believe that his unit is faulty, only
his method of measurement.

...............................................................

. 3325B Noise on AC LINE

Problem: Noise riding on sine wave.

There is no spec involved for the noise that you are seeing
riding on the AC Sine Wave. I assume that there is a defect,
prokably located on the A2l board.

I need some additional information from you:

1.

2.

3.

What is the 3325B cutput frequency when the nolise is present?

Can you find out what the frequency of the noise, itself, is?
Is it low or high frequency noise?

I suspect that this noise is due to some API defect.

Set the 3325B output frequency to 100 kHz (APIs are off).

Is the noise still present? Then reduce the output fregquency
to 1 kHz; if the noise re-appears, the APIs are suspect.

You may alsc be experiencing low frequency noise.

View the ocutput signal using an HP 358BA/B Spectrum Analyzer tc
determine the noise frequency.

................... B I R R I I I O N I A I R ]

3325A: replacing A6 with AlS

HFP 3

325A



HP 3338A/B/C

. Instructions for replacing the 66506 with a 03325-66516 processor beard,
**  See Service Note 3325A-21 +*+

* See the 03325-9%0002 Service Manual Change Sheet for Alé *
{schematic, parts list and troubleshooting information)

The 03325-66516 PC board is a direct replacement for the old A6 boards
(66508) used in both the 3325A and the 3336A/B/C instruments. The
board you receive from stock is set up to operate in the 3325A.

Step 1. Replace old 66506 with the 03325-66516 board; replace the
eleven screws.

NOTE: there are two holes near the power cconnector (P5).
Install a screw in the more distant hcole. The
other hecle should remain empty.

Step 2. Set the Al6 switches as follows:

* 81 {(near J4;): set to desired HP-IB address
{default address is 17. Switch pes 1-8 are 10001000)

* 82 i(near UlS): all eight switches must be OFF (toward UlLQ)

. Step 3. Powex—up 3325A (display will show 1000 Hz).

NOTE: If display does not show 1000 Hz,
check the cable to the front panal.
If this cable is REVERSED, the fan
will turn on EVEN WHEN the powsr
switch is in the STANDBY mode.
Check integrity of all other cables.

HP 3325A/B low frequency jitter fixes
1. Problem: ripple on triangle or ramp output

Cure: cable 033253-61641 {A22 to A26); twist the blue and purple
leads together; twist the red and orange leads together.

2. Problem: 1f sinewave jitter.
Cure: * replace power supply regulation transisteors.

* tighten all screws securing PC boards (especially Ald)
* perform "RAM Stability Adjustment™ {Al4Cl1l0 cap)

3325A/B:; FracN Socket

. The FracN tin plated sccket p/n 1200-0567 (MP19) was replaced with gold plated
socket p/n 1200-1255 on the 03325-66521 PC board.



Reason for the change: Reliability requires the use of ¢gold plated sockets foi
gold plated IC's and the socket is needed because the FRAC-N chip requires a
capacitor fix between the IC legs.

-------------------------------------------- PR R R R R R R R R R ]

3325B: transformer wire insulatien
PROBLEM: power transformer metal edge is abraiding the wire insulation.

LSID will add an additional layer of insulation, {2" piece) p/n 0890-1386, to
the wiring harness of the Primary Transformer, 9100-4724, that is used on the
3325B. This extra layer will prevent any abrasion of the wiring insulation
from sharp edges that might exlist on the transformer body. The added heat-
shrink tubing extends over the end of the connector to ensure the total wire

coverage.,
- P/ Dese. gLy Rel Desig MDC
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3325B Flatness Test Failures:

Cause: too much capacitance...change Al4Cl03 from 140 pF to 130 pF.
0140-0217 to 0140-0195.

3325A: low frequency distortion
. Causes of low freg. distortion:

1. 100 Hz dist: bad crimp on pow.sup. cable 03325-61641
pin 3 (15V sense lead). Replace cable and connector
1251-5347)

2. A3CR101 may be in backwards.

3. Distortion is to be checked at FULL OUTPUT.

4. Check A2 in line related.

5. Check Al4d output amplifier.

6. Check AR21 APIs and VCO.

3325a DC Offset drift

Older 3323A units will drift cut ¢f calibration within 6 months
cal period due to:

1. Improper adjustment of DC Offset: very sensitive to temperature;

should make adj with the covers
on,

. 2. Bad attenuator relays! tap relays while monitoring DC offset to
locate defective contacts



HF 3325B Harmonic Distortion Failure
Problem: fails HD at 12.4 kHz (2nd harm.) and 18.6 kHz (3rd harm.).

Cure: a 10 DB decrease in HD can be gained be roughing the centact
surface of the top metal shield (03325-40602}) on the AZ1l beard
to provide better shielding.

-----------------------------------------------------------------------

HP 3325A/B Triangle Linearity Test Failures
Problem: fails spec.

Cause: Al4C1l42, C143, Cl44 were found to be unreliable caps
{tolerance fluctuates)}. Replace the caps, being very
careful not to apply excessive heat which would change
their value.

Parts Needed: Ald4C142 0160=0156
Al4C1l43 0160-2189
Al4Cl44 (0160-2414

3325ABR STE/9000 Phase Increment Accuracy Test repeatability

I have found the HP 3325A B Phase increment repeatability
te be very poor.

This affects the results of the HP 3325A/B Phase Increment Accuracy Test
I found that both the STE/9000 solution and the Manual sclution
have peoor repeatabkility.

Attached are some of my investigation notes.

Problem verified:
1. Tested the HP3325A and HP3325B using both the

HP3335A and HP8$663A as the Sources using the HP 3325A_ B STE/S000
Solution. Found the test to have poor repeatability.
— The HP3335A is more repeatable.

Z, Ran the HP 3336C and HP3324A Fhase Increment Accy test software
using both an HP 3325A and an HP 3323B.
Used both the HP33335A and HP8663A ETE.

Same results as with the HP3325A B software.

NOTE: Tested the HP3336C and found it to be repeatable with both
the HP8663A and HP 3335A.

3. Manually, performed the test using an HP 54120T scope, with
the HP 8663A then the HP3335A as the scope trigger, and the UUT
as the measurement channel input.



Found that the Repeatability was just as bad as the counter method
used in the Automated Procedure. I did not notice appreciable difference
between using the HP 3335A and the HP 8663A,

So far it seems that the source of the repeability error is the HP 3325A/B
dezign.

Noticed that changing form 1 to 10 te 100 degrees in this order
gave the most repeatable results. going from 100 to 0 then back to 100
gave the greatest variation in results.

Solution:

This bug has been fixed by averaging the measurement. This will decrease the
measurement uncerxtainty to a reasonable level.

Attached is the run results for the Phase Increment accuracy test. The

ftest was done with the 323258 as the UUT, and either 3335A or 3325A

as the synthesizer, Different combinations of sine wave and square

waves were used. As the results show, the best, most repeatable

results were obtained from using a 3335 as the synthesizer and using

the sine wawve function of the UUT and synthesizer. All data is taken with
averaging enabled

With old counter (5328)

3335 with 3325 (both sine waves) .550238 Ave diff 0,1526 Max diff 0.4965

With old counter: (532B8)
3325 {(sine) with 3325 (sine) 0.87290 ave diff 0,247843 Max diff 0.792

L R R N L I O R R I R R N T I R RN A A A B I B B B R )

3325B: Performance Test Additions

HP 3325B Performance Test Requirements

The Hewlett-Packard Lake Stevens Instrument Division recommends
that the following tests be performed to meet the requirements
of a FULL PERFORMANCE TEST of instrument specifications:

1. Perform all Performance Tests, as stated in the HP 3325EB
Installation Manual.

2. The following additicnal tests that should be performed are
located within the Operational Verification Test section
of the same manual:

2.1. Amplitude Flatness Check
2.2. Sine Wave Verification

3. The Operational Verification Record data sheets for

the above tests are located in the "operational
verification record" in the Installation Manual.

L I A LR T N L I A I I R I R I I I I R I R R A )

. 3325A/B A21R107 Spur Adjustment Procedure



Note: The following adjustment procedure (using different
test equipment) appears in the 3336A/B/C Service Manual
para. 5-16 "API Spur Adj.".

Use the following procedure on the 3325A/B ONLY when
SPUR failures occur.

APL Pedestal Height
Step 1., 3325 set up: Preset
Freq to 20MHz
Ampl toc 74BEm
Step 2. Connect the 3585A/B 10MHz Ref Output to the 3325 Ext Ref In.
Step 3. Connect the 3325 50 ohm output te the 50 ohm input on the 3585A/B

Step 4. 3585A/B set up: Preset
Center Freq to 20MHZ

Freq Span to 500kHz

CF Step Size to 100kHz

Res BW to 32Uz

Step Up or Down

Step 5. Adjust A21R107 to minimize the 100kHz sidebands.
These should appear 100kHz away from the Z0MHz ref.

Note: AZ21R107 may have to be misadjusted, initially,
to be able to see the 100kHz sidebands.

Step 6. Test Limits: the 100kHz sidebands should adjust to at least
70 dB below the 20MHz ref. {cust spec).

.......................................................................

33258 Al4R130 DAC adjustment procedure

Note: this adj. procedure optimizes the DAC range on the 3325B
internal calibration routine. Perform this procedure
ONLY when internal cal failures cccur (failures dealing
with Square Wave gain and DC QOffset).

Step 1. Run the 3325B SQUARE WAVE ADJUST TEST (special test #54)

1.1. Press: Shiftc
Deg/mV RMS
Self Test
5
4

The 3325B will then turn on the Sq Wave function,
gset the amplitude, perform a Cal., and display
the Amplitude Cal Factors.

Step 2. Adjust Al4R130 until the left-hand number in the 3325B display
reads between -10 and +10 (after pressing the BMPTD CAL key).
The other number should also remain within the test limits.



Test Limits: =10 to +10 gain offset (left side)
0.83 te 0.97 gain slope {right side)

Step 3. Press the LOCAL key to exit Special Test #54.
Two humbers will be disgplayed. They indicate
the DC Offset Errer (in mV) for DC settings of
-4.5V and +4.5V with a square wave amplitude
of 1V p-p. Both numbers should typically be +50mV.
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HP 3325A Al4R130 Adjustment Procedure:

Note: this adj. procedure optimizes the DAC range on the
3325a, Perform this procedure ONLY when internal
cal failures occur (failures dealing with square wave gain
and DC offset).

3325A Setup: Signal Mode: squarewave
Frequency: 1 kH=z
Amplitude: 1 volt p~p
DC Offset: 1 millivolt

1. Connect 3325A output , through a 30 ohm load, to a 3455A
veltmeter (set for fast rms readings).

2. Adjust Al4R130 for a 500 millivelt reading on the 3455A (550 mv
if 3455A is an option 001 voltmeter).

. 3. End of procedure.

-----------------------------------------------------------------------

3325A: power transformer change

The old power transformer (9100-4099) was replaced with 9100-4696,
This new transformer does NOT come with leads for

connection te the Option 002 board, You must solder the free

end of cable 03325-61645 (Opt Q02 P3 cable) to the 3 open terminals
on the power transformer {center terminal to ground).

See PCO Al1-03837. The old cable, connecting A8 to the power transformer,
was part of the power transformer (W28 on A8 schematie). P/N 03325-61645
is used on both 3325A and 3325B. When replacing T1 (9100-4099) on old
3325A Option 002 units, you must also order cable 03325-61645 and clip
cff the three separate connectors on one end and then scolder these

leads to the power transformer as follows:

Tl terminal 1: white/brown/grey lead
Tl terminal 2: black lead
Tl terminal 2: white/yellow/grey lead

The & pin connector, which connects the power transformer leads to the AZP3
connector, often discolors due to long term heating. To replace this
connector, order: 1251-29923 plastic housing (gty 1)

1251-2%92 pins (gty o)

. The plastic 2 pin plug {(blue wires to HPIB (A6}, part number is: 1251-4145



. The 10 pin plug, connecting the transformer leads to the A2P2 connector, is:

1251-338% 10 pin plug

3325A/B
Problem: Hi Voltage output {(opt002) dies at »>800kHz.

Cause: Low value 100uF filter cap on -30 volt supply
(100uF 50V 0180-2803)
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3325B UPDATED CABLE LIST

HP 3325B Cable F/N Change Sheet Rev 03  (10/95)
De Arbogast A100 T-335-2038

REF PART NUMBER/ CABLE CABLE CONNECTION

DES LABEL CON OLD LABEL LENGTH €COLOR FROM TO

Wi 8120-2587 RCA 1 3IGHAL 21l&mm BK A2371 FP-3IGNAL

W2 8120-4492 RCA 2 SYNC 205mm BK Al472 FP-SYNC

w3 8120-4494 PCAH 3AU IN 660mMm BK A3T3 AZZJ801

W4 03325-681644 RCA 4 EXT LVL 460mm BK RZ374 RP-MISG OUT
. W5 8120=44%4 RCA 5 R 3YNC 460mm BK Al47T5 AZ2J802

wWe 03325-61644 RCA BUNDLE 7Cables BK BUNDLE BUNDLE

w7 03325-61644 RCA 7 A-M 4601mm BK A3T? RP-AMP MOD I!

W8 03325-61644 RCA 8 100kHz 460mm BK A3J8 AZ21J8

wo 03325-61644 RCA 9 ZMHz 305mm BK A3J9 Al4J9

Wlo 03325-01044 RCA 10 1MH=z 305mm BK A3J0 RP-REF OUT

will 03325-61644 RCA 11 EXT REF 305mm BK A37J11 RE-EXT REF II

wWil2 8120-4492 RCA 12 2 BLANK 305MM BR Al4Ji2 RP-Z BLANK

w13 8120-4492 RCA 13 MKR 305mm BK Al4J13 RP-MKR OUT

wl4 8120~-4492 RCA 14 XDRIVE 305mm BK Al4J14 RP-X DRIVE

W15 8120-4891 RCA 15 VTO 153mm  BK A3JL5 A2LJLS

wle 8120-4492 RCA 16 PH MOD 305mm BK A21J1¢ RP-PH MOD IN

w17 8120-2587 RCA 17 PD 216mm BK AZ137 AZ1J17?

wis 8120-4492 RCA 18 S&H 305mm BK A21J18 A21J18A

Wis 8120=-4492 RCA 18 OVEN 305mm BK A%J19 PR-10MHz OUT

W20 81206-2587 RCA 20 HIV 1 21émm BK A8J20 A23J4

wzl 8120-2587 RCA 21 HIV 2 21 6mn BK ABJ21 A23721

w22 03325-6le4l DsC 10P A22/26 280mm ML A223700 A286J5

W23 8120-4492 RCA 23 ALC 305mm BK A3J23 Al4aJ23

W24 8120-4482 RCA 24 MXR 305mm BK A2J24 Al4J24

w25 8120-2844 RCA 25 ouT 102mm BK A14J23 AZ3J25

W26 8120-44%2 RCA 26 MOD QUT 305mm BK A26J202 M SRC OUT

w27 8120-2587 RCA 27 SYNC OUT 21 6mm BK A22J850 RP-F SYNC

wa2sg 8120-2587 RCA 28 AUX OUT 216mm BK A223860 RP-AUX OUT

w29 03325-61616 DsC 3P A9/22 440mm ML ASP] A22J751

W39 03325-61626 FLX 14F A14/23 50mm WH Al4J30 AZ23JT30

W3l 03325-6164¢ FLX 21p Al5/2¢ 240mm  WH Al5J100 A26J10

W32 03336-61625 FLX 21 A3/26¢ 127mm  WH A3TJ1 A26J3

w33 03336-61625 FLX 21p Al4/26 127mm  WH RA14J) A26J2

w34 03336-61625 FLX 21P AZ1/26 127mm WH AZ1J1 B26J4



W35 03325-61643 EBN 40P Al2/26 300mm GY Al123770 AZ26J100
W36 0332561847 DsC 2P PWR SW 175t BK Al15J110 FP-35100
w37 03325=-61642 DsC 4P Al12/RP 55mm ML Al12J773 RP-RS232
W38 03325-61645 SHL 3P A8/T100 471 0mm GY ASP1 T100
W39 8120-39862 LD 1r Aal4/22 4 50mm GR Al4p? R22J3737
Wé 8120-2491 HPIE 3325A
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HP 3325B Cable P/N Change Sheet Rev 03 (10/95}

De Arbogast Al00 T-335-2038

REF PART NUMBER/ SCHEMAT A&W ("*" USED IN)
DES LABEL PAGES DRAWING OPT 25B 25A 36ABC
Wi 8120-2587 8L3 F108 PF109 * *

W2 8120-4492 8K7 F108 PFi09 * * *
w3 8120-4494 8D5 BK® F&7,68,101 *

w4 03325-61644 8L3 Fl%9,20,36,37 002 *

W5 8120~4494 K7 BK9 F35,98 *

Wé 03325=61644 BUNDLE F12 *

w7 03325=-61644 8G2 F17,18,40 *

wa 03325-61644 8F2 8G3 F40,93 *

wo 03325-61644 8G3 8J7 F33,34,40 *

Wlo 03325-61644 8H3 F19,20,40 *

Wli 03325-61644 8G2 ¥19,20,40 *

Wiz 8120=-4492 8N5 F48=-51 * * *
W13 8120-4492 8NS5 F48-51 o1 * * *
W14 8120-4492 BNS F48-51 ooz * * d
Wl5 8120-4891 8D5 F68,68,103 002 * * *
Wie 8120-4492 8F5 Fg2 * *

Wiz 8120-2587 8E3 BF5 F104 * * *
Wls Bl20-4492 8D5 8F5 F104 * * *
Wwi9 8120-4492 8M3 F75 * * *
w20 8120-2587 L3 8M3 F81 002 * *

W21 8120-2587 8L1 BM3 F81 002 * *

w22 03325=-61641 8C9 803 F97 *

W23 8120-4492 8G3 8J7 Fo62-65 * *

W24 8120-4492 BH3 8H7 F62-65 d * *
w25 8120-2844 BK7 B8L3 F69 *

W26 8120-4492 8N7 F89-51 *

w27 8120-2587 8K9 F41-45,88 *

w2a 8120-2587 BK9 F41-45,88 *

w29 03325-61616 8M5 803 F73,74,102 001 * * *
W30 03325-61626 8L3 F&0, 61 * *

w31l 03325-616456 8A5 8CY FL07 PF104 *

Wiz 03336-61625 8CYDSGH3FE6, 57, 95 002 * * *
W33 03336-61625 BCYISJTNFSE, 59,94 * * *
W34 03336-61625 8DE1C9F5F96 * * *
w35 03325-61643 8B6 8B7 F99 *

w36 03325-61647 8A5 PF89,92 *

W37 03325-61642 BB6 PF28,29,37 *

W38 03325-61645 8M3 803 F79,80 002 * *

Ww3is 8120-3962 8L3 803 F15,16,38,3%9 * * *
wé 8120-2491 3325A only HPIB & conn. *

....................................................................



3325A/B
3325A/B
The 3325B Al4 COMPONENT LAYOUT DIRGRAM is INCORRECT.

Change reference designhator CR213 to CR214
Change reference designator CRI14 to CR213
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ubject: INTRODUCING...

Sender: Inga BOLES / HPA100/20

Part 1.

FROM: Inga BOLES / HPA100/20

TO:

Hassan BENSLIMAN / HP8400/20
Peter BURBAGE / HP8006/CA
Mike BURCHER / HPQO62/RB
Hank CHMAJ / HP2613/00
Erwin DILLARD / HP3ll12/02
Pat DUFFY / HP2U03/XX

Bill EYLER / HP2403/01
Albert GFROERER / HP83706/00
Bill GODLESKI / HPuLO1/HP
Tim GREGORY / HP2u11/01
Fang-Ta HSU / HPDW0O/O1
Irvin JONES / HP3112/02
Mike KEENAN / HP2451/01
Soren LARSEN / HPO300/XX
Max MAXIN / HP3185/01

Jim PURI / HP3185/XX

Ron SLOTA / HPuLO1/%X
Werner SPAETH / HPB8370/00
John WALTON / HPB0O6/OA
Kirby WRIGHT / HP2u4S51/01

: De ARBOGAST / HPA100/30

Merl AVENELL / HPA100/20
Karen BARTZ / HPA100/20
Kenneth FELDHAUS / HPA100/20
Claudine GOVIER / HPAL00/20
Joe HEBERT / HPA100/20
Leeroy KIND / HPA100/20
Marshall LOLLIS / HPA100/20
Kelly NG / HPAL100/20

Randy OMEL / HPA100/20
Rick VANNESS / HPA100Q/20
Sam WILKIE / HPA100/20

Part 2.

THE FOLLOWING ARTICLE WIﬁL APPEAR IN THE MARCH 1988 ISSUE OF CUSTOMER
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Contents:

SUPPORT NEWS, AND IS ALSO THE COVER FEATURE.

Q: "Why did we wait so long to tell you about it?"

A:

2.

1€

\\

232E,

T
Dated: 02/01/88 at 1630.

\

2e  Th A

*Division private’ secrecy was kept until the CPL date so that the

sales of the 3325A would be affected as little as possible by news
of the 3325B. It is anticipated that this late release of
information will not have a great affect c¢n you or the customers.

The following article will tell you why and answer any questions

you may have.
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Introducing the HF 3325B--The Best is Now Better!
.(Data/Pulse/Function Generators)

Inga Boles/LSID

The HP 3325B {0-21 MHz) Synthesizer/Function Generator is replacing
the HP 3325A as Lake Stevens Instrument Division’s solution for the
low frequency synthesizer marketplace. However, the 3325B is better
than a replacement. Its added operation, application, and service
capabilities (while maintaining the low price of the A-version) make
this more than a "B" product, it’s an A+!

Product Description

The feature set of the 3325B is a superset of the 3325A features and
is as follows:

* Non-velatile memory. It will hold 10 instrument state storage

registers, the HP-IB address, elapsed time on, serial number, discrete
sweep table, and modulation source arbitrary waveform. Units can now
be set to "wake up" in the same state as it was when power was
disconnected.

* Modulation source. A second source of sine, square and
arbitrary waveforms provides a signal which may be used to modulate

.th.e main signal.

* RS-232 interface, This serial interface offers an alternative
to the HP-IB. Both are standard in the 3325B.

* 60 MHz sync, The frequency range of the rear panel sync
output has been extended to 60 MHz.

* Discrete sweep. A sequence of up to 100 linear sweeps or
frequency steps provides the ability to create custom sweep patterns.
* Front ﬁanel conveniences. A preset key, frequency entry
increment and decrement, the use of the left arrow key as a backspace,

and the ability to set the HP-IB address from the front panel have
been added. Also, the new elastomeric ("flubber") keypad will enhance
durability and reliability.

* Circuit breaker. An over-voltage protection ¢ircuit provides
added reliability and reduces maintenance.

* Extended self-tests and diagnostics. Hardware failure codes
have been added and the error codes have been expanded. "Primitive
power-on tests” and "special tests” have been added. The SA tests
have been revamped and extended. All of this should reduce repair
times by quickly isclating failures to the functional sub-circuit
levell

.Compat ibility

~The 3325B enhancements were designed to improve upon the capabilities
of the 3325A while maintaining backwards compatibility. Even the
options have the same numbers, prices and specifications.



In most cases the new features do not cause compatibility problems.

In those few cases where the 3325B enhancements may cause a conflict,
.complete backwards compatibility is achieved by turning off the

enhancements switch on the rear panel (or over the bus). In addition,

HP-IB programs which were written for the 3325A can be used on the
3325B without medification.

Service Strategy

Hardware

& mixed repair strategy will be used for the 3325B. Component level
repair will be used for nine of the eleven assemblies. One assembly
will participate in SMR’s exchange program, and one will be a "throw-
away" board due to its low cost. Table 1, shows a list of the
assemblies, several of which were "recycled" from the 3325A. Those
assemblies which were re-designed or added can not be retrofitted
backwards to the A models.

Table 1. HP 3325B PC assemblies

Strategy Description P/N .
C *A3, Signal Source 03325-66503
*A8, HV Output (Opt 2) 03325-66508

*A9, ¥tl Oven (Opt 1) 03325-66509

A15, Numeric Display 03325-66515

*A21, FFS D/A 03325-66521
A22, Power Supply 03325-66522
. *423, Attenuator 03325-66523
A25, Front Panel 03325-66525
A26, Controller 03325-66526
E *a1k4, Function assy 03325-66514
{03325-6951k )+
T Al2, HP-IB/RS232 03325-66512
where, C = component level
E = exchange program
T = throw-away
* = also used in 33254
+ = exchange part number
Calibration

Several contributions have been achieved which streamline calibration.
The operaticnal verification and performance tests for the 3325B are
the same as those for the 33254, thus current SCAT1 systems can
provide immediate support! The only exception is that the square wave
overshoot test has been corrected. The adjustments have been revised
to take advantage of the built-in modulation source and front panel
gpecial functions. By using these built-in capabilities, we have
reduced the amount of required adjustment egquipment by two pieces.

Reducing MTTR
i The MTTR itg anticipated to be reduced (from approximately 4.5 hours
‘ for the 3325A) to less than three hours within one year after first
shipments for the 3325B. This significant reduction in time will be
achieved via the leveraged hardware, strong diagnostics, and service
manual enhancements.
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Diagnostics

The new controller board provides multiple levels of tests and

.troubleshooting aids. The Primitive Power-on Tests are automatically
performed each time the instrument is turned on. Failures are
reported by blinking LEDs on the A26 (controller) assembly. Front
panel Special Functions can be performed by entering a two digit code,
The Signature Analysis tests have been rewritten and expanded to
include the keyboard, contrel, interface, DAC, function, sweep drive
and modulation scurce circuits. Finally, when a hardware failure is
detected, the 3325B will display FAIL xxx (example, FAIL 013 indicates
that a machine data bus line is stuck low).

Documentation

There are three manuals availabkle for the 3325B...0peration,
Installation, and Service. To receive your copies you will need to
order the following:

Operation Manual (P/N 03325-90014}. This manual includes
specifications, remote and manual operation guidelines, and a general
information section.

Installation Manual (P/N 03325-90006). This manual includes
specifications, operation verification tests, performance tests, and
installation information.

Service Manual (P/N 03325-90003). This manual includes the theory of
operation, RPL, adjustments, service information, troubleshooting
procedures, schematics, component locators, and block diagram. All
sections have been updated to reflect new hardware and to correct
errors for those assemblies which have been recycled. The
troubleshooting procedures have been extended. The service
information section has bheen greatly enhanced and now includes a
“performance test troubleshooting guide” which can also apply to the
33254!

Note: For those who may not have an urgent need, the above manuals
will be mailed by approximately Qi '88 to participants in the
subscription service program.

Training

The 3325B should be repaired by those technicians who have had
previcus training for the 3325A or who have had sufficient 3325A
repair experience. A self-paced service training course which
concentrates on the differences from the 33254 will be available by
September, 1988. Prior data from the 3325A shows the failure rates to
be very low (<6%). We expect the faiure rates for the 3325B to be
similarly lew or lower.

Summary

Shipments began in February, 1988. The 3325B shculd be an even
stronger customer choice for low frequency synthesizers than the

@R 3325A. 'This will be achieved by the expanded feature set, improved
‘serviceability and reliability, and maintaining the same low price as
its predecessor. '

An article describing the support life plan for the 3325A will appear
in a future issue of Customer Support News.
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Warranty

The information contained in this
docwnent is subject to change
without notice.

Hewlett-Fackard makea ne
warranty of sny lind with
regard to this material,
including, but ot limited to,
the implied warranties or
merchantability and fitness
for & particular purpose.

Hewlett-Packard shall not be
liable for errars contained herein
or for incidental or consegquential
damages in connection with the
furnishing, performance, or use
of this material.

Safety Summary

The fellowing general safecy
srecautions must be observed
cring all phases of operation,
service, and repair of this
instrument. Failure to comply
with these precautions or with
specific warnings elsewhere in
this marmal violates safety
standards of design,
manafacturs, and intended use
of the mstrument,
Hewleit-Fackard Company
assumes no liability for the
custorner’s failure (o comply with
these requirements, Thisisa
Safety Class | instrument.

Grovad the Instrument

To ruiniinize shock hazard, the
instrument. chassis and cabinet
musl be connected to an
electrical ground, The
instrument. is equipped with a
three-conductor ac power cable.
The power cable must either be
plugged into an approved
three-contzct electrical outlet or
uzed with s three-contact to
two-contac® adapter with the
grounding wire {green) firmly
connected to an electrical ground
{salety ground) at the power
outlet, The power jack and
mating plug of the power cable
meet Intarnational
Electrotechnical Commission
(IEC) safety standards.

Do Mot Oparate 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.

[{eep Awray from Live Circuits
Operating personnel roust not
remove instrement covers.
Compnonent replacement and
internal adjustinents moust be
made by qualified maintenance
personnel. Do not replace
components with power cable
cornected. Under certain
conditions, dangercus veoltages
may exist even with the power
cable removed. To aveid injuries,
always disconncct power and
discharge circuits before
touching them,

fo Kot Service or Adjust Alone
Do not attempt internal service
or adjustment unless ancther
person, capable of rendering first
aid and resuscitation, is present

Do Mot Substituis Paris or
Modily Instrument

Because of the danger of
introducing additional hazayds,
do not install substitute parts or
perforin any unauthorized
madification to the instrument.
Return the instrumnent Lo a
Hewdett-Packard Sales and
Service Office for service and
repair 10 ensure the safety
features are maintained.

Dangerous Procedure Wernings
Warnings accormpany potentially
dangerous procedures
throughout this ranual,
Instructions contained in the
warnings must be followed.

Cleaning

To prevent electricial shoek,
disconnect this producl from
mains before cleaning. Only use
a dry cloth or one slightly
damp=ned with water to clean
external parts. DO NOT attempt
to clean internally!

Safety Symbols

The lcllowing safety symbols are
used throughout this manual and
in the instrument. Familiarize
yourself with each symbol and its
meaning before operating this
instrument.

General Definitions of Safety
Symbols Used on Equipment or
in Manuais

Instroetion manual symbol. The
product is inarked with this
symbol when it is necessary for
the user to refer to the
instruction manual io protece
against damage to the instrument.

J

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

®

Pratective ground (earth)
terminal. Used t¢ identify any
terminal which is intended for
connaction 1o an external
protective conductor for
protection against electrical
shock in case of a fault, or to the
terminal of a protective ground
{earth) electrode.

D

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
gymbal must be connected to
ground in the manner deseribed
in the installation (operating)
manual, and before operating the
equipment.

i oor L

Frame or chassis termina).

A connection {o the [rame
{chassig) of the equipment which
normally includes all exposed
metal struclhires,

v

Alternating current, (power line).

Direct current {power line).

v

Alternating or direct current
(power line).

Warning

The waming sign denotes a
hazard. It calls atiention to g
procedure, practice,
condition or the kike, which if
not correctly parformed or
adhered to, could result in
injury or death to persoannel.

Caution

The caution sign denotes a
hazard. It calls attention to an
operating procedure, practice,
condition or the ke, which, if
not correctly performed or
adhered to, could result in
darmage to or destruction of part
or alt of the product or the user's
data.

Hewlett-Packard
8600 Soper Hill Road

Everett, Washington 98205-1298

Printedin US.A
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'Warning

To prevent potential fire or shock hazard, do
not expose equipment to rain or moisture.




Herstellerbescheinigung
Hiermit wird bescheinigt, dag das Gerat/System

HP 3325B SYNTHESIZER/FUNCTION GENERATOR

in Ubereinstimmung mit den Bestimmungen von Postverfigung 1046/84 funkentstort ist.

Cer Deutschen Bundespost wurde das Inverkehrbringen dieses Gerates/Systems angezeigt
und die Berechtigung zur Uberprifung der Serie auf Einhaltung der Bestimmungen eingerdumi

Zusatzinformation fiir Meg- und Testgerate

Werden Meg- und Tesigerate mit ungeschirmten Kabeln und/oder in offenen Megaufbauten
verwendet, so ist vom Betreiber sicherzusteilen, dag die Funk-Entstérbestimmungen unter
Betriebsbedingungen an seiner Grundstlcksgrenze eingehalten werden.

Manufacturer’s declaration
This is to certify that the equipment

HP 3325B SYNTHESIZER/FUNCTION GENERATOR

is in accordance with the Radio Interference Requirements of Directive FTZ 1046/1984. The
German Bundespost was notified that this equipment was put into circulation, the right to
check the series for comptliance with the requirements was granted.

Additional information for Test- and Measurement Equipment

It Test- and Measurement is operated with unscreened cables and/for used for measurements

on open set-ups, the user has to assure that under operating conditions the Radio Interference
Limits are still at the border of his premises.
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WARRANTY
The information contained in the document is subject to change without notice.

Hewlett-Packard makes no warrﬁnty of any kind with regard to this material, incloding,
but not limited to, the implied warranties or merchantability and fitness for a particular

purpose.

Hewleti-Packard shall not be liable for errors contained herein or for incidental or consequential
damages in connection with the furnishing, performance, or use of this material.
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SAFETY SUMMARY

The following general safety precautions must be observed during all phases of operation, service,
and repair of this instrument. Failure to comply with these precautions or with specific warnings
elsewhere in this manual violates safety standards of design, manufacture, and intended use of the
instrument. Hewlett-Packard Company assumes no liability for the customer’s failure to comply
with these requirements. This is a Safety Class 1 instrument.

GROUND THE INSTRUMENT

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

DO NOT OPERATE IN AN EXPLOSIVE ATMOSPHERE

Do not operate the instrument in the presence of 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 attempt 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
periorm any unauthorized modification to the instrument. Return the instrument to a
Hewlett-Packard Sales and Service Office for service and repair to ensure the safety features

are maintained,

DANGEROUS PROCEDURE WARNINGS

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

Warning Dangerous voltages, capable of causing death, are present in this
q instrument. Use extreme caution when handling, testing, and adjusting.




SAFETY SYMBOLS

N
() P
|

General Definitions of Safety Symbolsf Used On Equipment or In Manuals,

A

¥

2 a(D
®

Ar OR <

| ¢

2

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 10iOO volts must be so marked.)

Protective conductor terminal. For protection against alectrical shock
in case of a fault. Used with field wiring terminals to indicate 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 structures.
. !

Alternating cu:rrent (power line.)
Direct currenti (power line.)
Alternating orldirect current (power line.)

Warning  The WARNING sign dénotes a hazard. It calls attention to a procedure,
practice, condition or the like, which if not correcily performed or adhered
a to, could result in injury or death to personnel.

Caution  The CAUTION sign denotes a hazard. It calls attention to an operating

procedure, practice, condition. or the like, which, if not correctly performed or
‘ adherad to, could result: in damage to or destruction of part or all of the product.
Note The NOTE sign denotes important information. It calls attention to procedure,
i practice, condition or the like, which is essential to highlight.
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Introduction

This operating manual contains information necessary to operate the Hewlett-Packard
Model 3325B Synthesizer/Function Generator. This covers direct operation via the front
panel as well as remote operation via the HP-IB or RS-232 interface. Also included with the
P 33258 is an installation manual that provides information and procedures to install and

check the performance of the HP 3325B as well as a service manual to adjust, and service
the HP 3325B.

* Operation Manual (Chapters 1, 2, 3)
* Installation Manual (Chapter 4, includes perfomance tests)
* Service Manual (Sections 5, 6, 7, 8)

This operating manual is divided into three chapters:
1. Operation and Reference

2. Remote Operation
3.  General Information

The HP part number of this operating manual is listed on the title page along with
the microfiche part number. The Microfiche part number can be used to order

4 x 6 microfilm transparencies of the operating manual. Each mierofiche package
also includes the latest manual change supplements for the operating manual.



Chapter 1

Operation and Reference
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Chapter 1
Operation and Reference

This chapter contains a description of the manual operation of the HP 33258
Synthesizer/Function Generator. The subdivisions in this chapter describe each major
function of the HP 3325B. Chapter 2, “HP 3325B Remote Operation” contains a complete
list of commands used for remote operation of the HP 33258 with 2 computer. Figure 1-1
identifies and describes the front and rear-panel controls, connectors, and indicators.

Caution Prior to operating the HP 33258, check that the fuse rating and line voitage sefting are

correct for the local ac power source, The Power Requirements section in “HP 33258
Installation” contains information for setting the line voltage and selecting the fuse.

HP 3325B Turn-On and Warm-Up

O ¢ |3 2o ¢ O
OO || o |rooooo ,FD_Q [CCoTT
ol ——e - Oo0coo || OO0 M T

Turn-On and Power-Up Self Tests

Turn on the HP 3325B by pressing the l-side of the power switch. When
turned on, power is applied to all of the HP 3325B circuits and the display
shows “3325” followed by a list of the installed options. Then the HP 3325B
initiates a series of self tests and calibrates internal circuits. When the
o-side of the Power key is pressed, the HP 3325B is placed in standby.

POWER

Note If Fail appears in the display, the HP 3325B has sensed a circuit failure or an
amplitude calibration failure. If the Fail message appears in the display, send the
instrument to qualified service personnet for repair.

1-1
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38, 37. 36. 35. 34, 33.32. 31,30, 29,
1. Power switch: In the standby (&) position, poweris 6. Entry key group: These are the entry prefix keys for

4,

applied 10 the oven (option 001), the HP-IB interface
circuits external to the isolation barrier, and the high 7.
voltage output circuits {option 002), in addition to the
Power supply circuits,

Blue [Shift] key: Press the [Shift] key to access the
key function labeied in blue,

Sweep Linear/Log key group: These are entry prefix
keys for the sweep parameters, and the Sweep start
keys. When preceded by the [Shift] key, the sweep o,
parameter keys control sweep modification functions
and linearftog/discrete selection. :
[Local] key: Returns HP 3325B from remote control
to front-panel controt unless Jocal lockout has been
programmead. When preceded by the [Shift] key,

the HP 33258 HP-1B address is displayed.

Status indicator group: The indicators show the

HP 33258 HP-IB status: Remote, Addressed to
Listen, Addressed to Talk, and Requast Service
{SAQ). . ;

the main and modulation source signal parameters,
Display: Displays the value of the entry parameter
selected, error codes, and self test resulis.

Data key group: This group includes the numeric
data keys, the data suffix keys, the [Store] and
{Recall) kays, and the entry [Clear] key. When
preceded by the [Shitt] key, the keys inthe &ft
column control the medulation functions.

Modity Group: The horizontal arrow keys select
ihe digit to modify (indicated by the flashing digit),
and the vertical arrow keys increment or decrement
the digit. Preceding the up-arrow with the [Shifi) key
selects the frequency step parameter for display
and modification.

10. Units Indicators: The indicators display the units of

the value represented by the numeric display,

14.

®
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11. BExt Ref indicator: The Ext Ref indicator illuminates
it an external reference or option 001 (internal
10 MHz oven reference) is connected 1o the
rear-panel Ref In connector, The indicator flashes
it the internal oscillator is not phase-locked to the
external reference.

12. Modulation Indicators: The rodulation indicators
iluminate if amplitude or phase modulation
is enabled,

13. Main Function key group: These keys select
the main signal output function or de-onty.

14. [Amptd Cal] key: This key calibrates the amplitude
and offset of the output signal. When preceded by
the [Shift] key, it initiates an instrument self test,

15. Sync Out: A square wave synchronized output
signal is available at this connector and rear-panel
Fast Sync connector. This signal is synchronized
with the output signal crossover point (zero volts or
dc offset voltage). The front-panel sync output
functions for frequencies below 21 MKz,

Caution  The maximum peak voltage that can be salely
applied between chassis and outer conductor of
any of the HP 33258 input or output signaf
Conneclons is x42V.

16. Aux 2160 MHz Rear indizator: This indicator
iluminates when the rear-panel Aux output is active.

17. [Rear Only] key: In standard instruments, this key
switches the signal output from front-panel to
rear-panel. The rear-panel output is active when the
adjacent indicator illuminates. In instruments with the
high voltage option {002}, this key switches from
normal 1o high voltage output. The adjacent indicator
lluminates when the high voltage output is enabled.
The key Is labeled “40 Vg, 40 mA, 0-1 MHZ" for
option 002, In option 002 instruments, no rear-panel
signal output is provided,

18. Main Signal output: Standard output impedance is
500. High voltage output option 002 output
impedance is nominally < 1Q at dc and < 100 at
1 MHz. Load impedance must be at least 5000).
Standard and high-voltage outputs are
fuse-protected.

Note f the standard instrurent signal output is not
terminsted by an extamnal S00 ivad, undesirable
distertion may result, particularly at higher
frequencies. Similar conditions may result i the
high voltage cutput (option 002) is terminated by
less thap 5000,

19. Modulation Source key group: These keys select
the modulation signal function.

20. [Instr Preset] key: This key restores the HP 33258
to a predefined state (see table 1-1). When preceded
by the [Shift] key, Instr Preset clears the discrete
frequency sweep segments from memory.

..0...........‘.........0..Q........O.......

Operation and Reference

21. Circuit Breaker Reset Bution: Disconnects power
supply from power fine when the line voltage
exceeds upper limit. See the Installation Manua! for
information on resetting the breaker and voltage
lirnits.

22, Voltage selection vs fuse used: This module
contains the line fuse and configures the HP 33258
for local line voltages. Refer to the HP 33258
Installation Manuai for line fuse selection and line
vottage configuration.

23, Mode/R5-232 switch: These switches enable the
HP 33258 enhancements, turn-on configuration, and
RS-232 characteristics.

24. HP-1B/RS-232 connectors: Remote control of the
HP 33258 by an external controller is accomplished
through these connectors,

25. Fan Filter: See “Instrument Cooling” in the
Instatlation Manual for information concerning the

fan and its fiter.

26. Phase Mod In: Input connector for a phass
modulating signal of =5V maxirnum peak voltage.

27, Mod Source Out: Output connector for the internal
modulation source,

28. Amptd Med In: Input connector for an amplitude
modulating signal of =5V maximum peak voltage.

29, Main Signa! Out: The output signal is switched to
this connector by the front-panel {Rear Only] key.
instruments with the high voltage option 002 cannot
switch the main signai to the rear-panel connector,

30. Fast $ync: A square wave synchronizing output
signal is available at this connector. This signal is
synchronized to (changes state at) the output signal
crossover point (zero volts or de offset voltage) and
operztes from 0 to 80 MH2,

31. Ref Out: A 1 MHz signal from the HP 33258
reference circuits is avaitable at this connector,

32. Aux 0 dBm: A signal is available at this output for
frequencies between 19 MHz and
58899 999.999 Hz.

33. Ext Ret In: This extemal frequency reference may be
used to phase-tock the internal 30 MHz osciliator,

34. Z-Blank: A TTL-compatible output is present during
asweep operation.

35. X-Drive: This output ramps from OV to 10V during a
SWEep-up,

36. 10 MHz Oven Output: This signal is present only in
instruments with option 001. Normally it is connected
to the Ext Ref In connector (item 33} with a special
connector (HP Part No, 1250-1499) supplied with
option 001,

37. Marker: This TTL-compatible output goes fow at the
selected marker frequency during a sweep up, and
high at completion of the sweep.

38. Power Transformer

1-3



Operation and Reference

Turn-On State

The initial state of the HP 3325B at power up is dependent upon the setting
of the rear-panel Turn-On Preset switch. With the Turn-On Preset switch
in the up (1) position, the turn-on state is the preset state deseribed in

“The Preset State and the Instr Preset Key.” With the Turn-On Preset
switch in the down (0) position (and the Enhancements switch in the up

(1) position), the setup state in effect when power is removed is used as the
A turn-on state.

Enhancement Mode

Enhanced mode refers to the HP 3325A features that were improved to
create the HP 3325B. In this mode all stored information is retained in
nonvolatile memory. Stored information may be erased by overwriting the

information in memory or by applying power with the green [Instr Preset]
key depressed (memory clear).

HP 3325A (Compatibility) Mode

In this mode, stored information cannot be recalled after the power switch is set to the
standby position.

Note See table 3-2 for a comparison of compatible and enhanced features.

Power-Down State/Turn-On Preset

The last operating state prior to removing power is also retained in nonvolatile memory. This
operating state is restored by pressing the [Recall] key followed by the {—] (minus) key.

The setup state stored in the power-down memory can be selected as the turn-on state
through the use of the Enhancements and Turn-On Preset switches. To allow the HP 3325B
to restore the power-down state, set the Enhancements switch to the up (1) position, and the
Turn-On Preset switch to the down position (0). Restoring the power-down state at turn-on
is disabled by setting the Turn-On Preset switch in the up (1) position.

Warm-Up

Warm-up time is the amount of time the HP 3325B is connected to power. The HP 3325B
without the high stability frequency referénce (option 001) requires 30 minutes of warm-up
time to meet all specifications. The HP 3325B with option 001 requires 15 minutes of
warm-up time to meet frequency specifications if power is disconnected for less than

24 hours. If power is disconnected from the HP 3325B with option 001 for more than

24 hours, up to 72 hours of warm-up time may be required to meet frequency specifications.
The HP 3325B with option 001 requires 30 minutes of warm-up to meet other specifications.

Note Moving the power switch from the 1 position to the (&) position places the
HP 33258 in standby. In standby, power is removed from all circuits except those
that should be kept warm to minimize warm-up time,
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The Preset State and the Instrument Preset Key
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Table 1-1 lists the preset state of the HP 3325B. This is a predefined state

insli
Figse

selected by pressing the green [Instr Preset] key. It is also the active state at
power-up if the rear-panel Turn-On Preset switch is in the up (1) position.
Instrument preset provides a convenient starting state for establishing an

Cr Discrefe instrument setup. Instrument preset does not erase instrument states,
modulation source ARB waveforms, or the discrete sweep table in internal
memory:.

Table 1-1. HP 3325B Preset State
Key Group Parameter Preset State/Value
Status Local No effect
Bus Adrs No effact
Function Sine wave Enabled
Entry Freq 1kHz
Amptd 0.001 Vg
Phase o
DC Offset ov
Assign Zero @ -
Mod Source Freq 1 kHz
Mod Source Amptd 0.1 Vpp
Sweep Linear/Log Sweep Off
Start Freq 1 MHz
Stop Freq 10 MHz
Mkr Freq 5 MMz
Time 1 second
Discrete Sweep/Log Sweep Oft
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Operation and Reference

Table 1-1. HP 3325B Preset State (Cont’d)

Key Group Parameter Preset State/Value
Modutation Ext Mod AM Off
Ext Mod GJM Off
Modify F Step 0.0Hz
Mod Source Mod Source Oft
Cther Keys [Shift] orf
Signal High UoltaQe Oft
Rear-Only ! Disabled (Front-panel output)
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Some keys control two functions. The first function name appears on the
o key itself and is activated by pressing the key. If a key has another function,
its name appears in blue below the key and it is activated by first pressing
the blue [Shift] key. This manual may refer to shifted key names with or
without reminding you to press the [Shift] key first. Always look for both
names of a key when searching the front panel for a key name.

The indicator adjacent to the [Shift] key illuminates when the [Shift] key is
pressed to indicate that the shifted key names may be selected.
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Main Signal Output
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Output Connectors

The Main Signal is available at one of two BNC connectors located on the
front and rear panels. The front-panel [Rear Only] key selects which of
these two connectors has the main signal output. The active connector is
indicated by the rear-only indicator; an illuminated rear-only indieator
denotes that the rear-panel output is active.

Both outputs share the same ground and may be floated up to +42 volts
peak relative to earth ground.

Caution

The maximum peak voltage (ac + dc) that can be safely applied between chassis and
the outer Conductor of the HP 33258 input and oulput connectors is =42 volts peak.

Note

When the high voitage option (option 002) is instalied, the key by the Main Signal
output connector (labeled “40 Vpp, 40 A, 0-1 MHZ") controls the high voltage
amplifier. On these instruments, the rear-panel Main Signal output connector

Is inactive,

The specifications for the Main Signal output impedance and return loss are:

Impedance: 500 £1Q from 0to 10 kHz
ReturnLoss: 20 dB 10 kHz to 20 MHz except

> 10 dB for > 3V, 5 MHz to 20 MHz
High Voltage < 2Q atdc
(option 002): < 10Q at 1 MHz
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The High Voltage Option (option 002)
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On instruments with the High Voltage Option (option 002)installed, the
[40 Vpp] key enables or disables the high voltage output. The 40 Vpyp
— indicator illuminates when the high voltage output is enabled. The high

r iy | . . . .
voltage option increases the available output voltage range to 2 maximum

() valueof4dV (into a high impedance). Enabling the high voltage option

pp
reduces the maximum output frequency for the sine and square waves to
1 MHz, and decreases the output impedance (see Main Signal output). The

output signal momentarily drops to zero volts when internal attenuator
settings change.

Fjo

o

4

¥

Note The rear-panel signal output is inactive (no internal signal connection) if the
HP 3325B has the high voltage output (option 002) installed. Instructions in the
Service Manual describe activation of the rear-panel signal output in one of two
ways:

1. Disconnecting the front-panel signal output and placing the standard/high
voltage output on the rear panel only, or

2. Disabling the high voltage output and enabling the standard front/rear output,

if one of these modifications is required, arrange for the work to be done by
qualified service personnel,
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Operation and Reference

The HP 3325B specifications apply when the external load resistance is > 500Q and the total
capacitance is < 500 pF. The same entry procedures and display features apply as for the

standard configuration. Maximum and minimum amplitudes are listed in table 1-2.

Table 1-2. High Voltage Amplitudes (option 002)

Vo Vms
Function Max. Min. Max. Min,
Sine 40V 4 mv 14.14V 1.42mv
Square 40V 4mv 20.0v 20mv
Triangle a0y 4mv 11.55V 1.16 mv
=+ Ramp 4ov 4mv 11.58V 118 mv

-10
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Selecting the Output Function
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The Main Function Keys and Indicators

Pressing one of the five Main Function keys selects the function output of
the HP 3325B. The indicator adjacent to a function key illuminates when
that function is selected. Pressing the function key for the selected function
a second time removes the ac component of the signal leavin g only the
selected dc offset (if any is entered). Removing the ac signal in this way,
automatically displays dc offset and illuminates the de offset entry indieator.
Pressing the disabled function key again restores the ac si gnal. Unless a de

offset is entered, the output signal for each function is centered about zero
volts.

The DC Offset indicator illuminates when a non-zero de offset exists.

Note

The standard instrument signal output must be terminated by an external 500
load or sine wave distortion and square wave overshoot may result, particutarly at
the higher frequencies (> 1 MHz). All specifications apply with a 500 load

connected to the HP 33258 main signal output except where indicated {table 3-1,
Specifications).
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Data Entry And Modificatioh
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The Data Keys '
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2.

3. End the entry with Ja units key.

|

For example, to change the output amplitade to 1 Vims,
display the current amplitude value, Press the [1] key in the numeric keypad, and press the
[Hz / V RMS] units key to end the entry. For the example, the Vims units from the

(Hz / V RMS] units key
data value that corresponds to the paraméter being changed. If an entered value exceeds the
HP 3325B range limits, the HP 3325B ignores the entered value and displays an error
message (refer to table 1-4). To cancel
the display for data entry (see table 1-3). ;

Entering setup values wii_th the numeric keypad is a simple three step
process: i

1. Select a parameter tb change.
i .
Enter the desired value (most significant digit first).

\.

press the [Amptd] (amplitude) key to
is assigned to the data value. The HP 3325B assigns the units to the

an incomplete data entry, press any key that requires

Table 1-3. Paramieters Accepting Data Entry
Amptd ' Mod Source Freq
Bus Adrs Phase
DC Offset Stari Freq
F Step Stop Freq
Freq Store
Mkr Freq Recall
Mod Source Amptd Time
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Operation and Reference

oy The value entered with the Data keys may be edited during data entry with
the left-arrow key in the Modify key group. Each time the left-arrow key is

parr pressed, the least-significant digit or decimal point is removed from the
@ display. After the incorrect digits are removed from the display value, data

entry can continue.

Clear Display

Pressing the [Clear] key (in the left column of the Data key group) clears
the display to zero. This key is useful when an error is made while entering
data,

Error Messages

If an attempt is made to enter or modify operating parameters beyond the HP 3325B
capabilities, the new input is ignored and an error message and code is displayed, Table 1-4
lists the error messages and explanations of the errors.

Table 1-4. Error Messages

Error Code Description
100 The value entered for the selected parameter exceeds the valid limits
200 The units key selected is improper for the selected parameter
2Mm The units key selected is improper for the selected parameter with high
voltage option
300 The frequency entered is too high for the waveform function selected
400 The sweep time entered is too large for the frequency span
(sweep span is too small)
401 The sweep time is 100 small for the frequency span.
500 Amplitude and dc offset values are incompatible
501 The dc offset is too large for amplitude
502 The amplitude is too large for the dc offset
503 Amplitude is too small
600 Sweep frequency improper
601 Sweep frequency too large for function
602 Sweep bandwidth too small
603 Log sweep start frequency too small
604 Log sweep stop frequency less than start frequency
605 Discrete sweep segment is empty
700 Unknown command
701 Megal query
751 Key ignored front-pane! key pressad whils the HP 33258 is in remote
{press LOCAL key)
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Operation and Reference

Table 1-4. Error Messages (Cont'd)

Error Code _ Description
752 Key ignored front-pane! key pressed while the HP 3325B is in local
lockout
753 Feature disabled in compatibility mode
754 Attempt to recall a memory register that has not been stored since
power up
755 Amplitude modulation not allowed on selected function
756 Modulation source arbitrary waveform memory register is empty
757 Too many modulation source arbitrary waveform points
758 Firmware (program) failure
800 A remote HP-IB or RS-232 command has a syntax erfor
80 Megal digit for selection item
802 litegal binary data block header
803 Iegal string, string overfiow
810 RS-232 overrun - characters lost
811 RS-232 parity error
812 RS-232 frame error
800 Option not instalied
-CAL- Calibration in progress
FASS A seff test is successful
FAIL A self test is unsuccessful - refer the HP 3325B to qualified service
personnel for repair

Viewing Setup Parameters

Pressing a front-panel key which accepts data entry (such as the [Freq] or [Amptd] key)
displays the current value of a setup parameter. Table 1-3 lists the front-panel keys which
accept data entries. Pressing one of these keys does not alter the current setup values.

The units of the displayed parameter are ihdicated by an illuminated indicator at the right of

the display. The indicators at the left of the display indicate whether the display value is
associated with the Main Signal or the Modulation Source.

I-14
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Operation and Referenc:

Modifying Parameter Values

The arrow keys in the Modify key group are used to modify the display
value. The right and left-arrow keys select the digit for modification as

MO0 Y indicated by the flashing digit. Pressing the right-arrow key selects the next
@ @ least significant digit for modification; pressing the left-arrow key selects
- the next most significant digit for medification. To extinguish the flashing -
r—omt=—y | digit, press a right or left-arrow key until the flashing digit moves off
@ the display.

The flashing digit is the least significant digit that is modified with the
up- and down-arrow keys. The up-arrow key increments the value of the
display, while the down-arrow decrements the value of the display.

The up-and down-arrows modify the display value until the boundary
limit is reached.

Frequency Step

The frequency step is how much change in the frequency parameter occurs
when the up or down-arrow keys are pressed. The [F Step) (Frequency Step)
@ key enables display, entry, or modification of the frequency step parameter.
— The [F Step] key is selected by pressing the blue [Shift] key prior to the
F up-arrow key. The displayed frequency value is changed with the numeric
keypad and units keys, or modified with the modify controls. The MHz,
kHz, and Hz units allow convenient entry of frequency values. During

frequency step entry, the Hz units indicator is illuminated but the
Frequency Entry indicator is extinguished.

The up-arrow and down-arrow keys increment and decrement the display by the F Step
value when all the following are true:

1. The frequency step is non-zero (in the case of the main signal) or less
than frequeney resolution (for the modulation source)

2. Amain signal or modulation source frequency value is displayed, and

3. No flashing digits appear in the display

1-15
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Operation and Reference

The Entry Keys
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Note Anilluminated indicator adjacent 1o an entry key denotes it as the active entry
parameter. For example, if the [Freq) entry key indicator is illuminated, it is not
necessary 1o press that key before entering data.

Frequency

o The [Freq) (Frequency) key enables display, entry, or modification of the
frequency of the signal output. The indicator adjacent to the [Freq] key
illuminates when the output frequency value is displayed. Frequeney values
are displayed in Hertz and changed with the numeric keypad and units keys
or modified with the modify eontrols. The MHz, kHz, and Hz units allow
convenient entry of frequency values.

Resolution of the frequency entry is 1 uHz for frequencies below 100 kHz, and 1 mHz for
100 kHz and above. At 100 kHz and above, 1 uHz resolution is possible through the use of
the F Step parameter. Also, as a modify key is used to eross above the 100 kHz boundary, any
w#Hz resolution value is maintained but not displayed. Frequency ranges are dependent upon
the function selected and high voltage option (see table 1.5). During a frequency change, the

main output signal is phase-continuous; that is, there are no phase discontinuities in the
output waveform.

Il

Table 1-5. Frequency Limits

Function ’ Main Signal
Sine 0 — 20999 999,999 Hz
8quare 0 — 10999 989.999 Hz
Triangle, Ramps | 0 -+ 10999.999 999 Mz

16
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Amplitude

O

Amptd

Operation and Reference

The [Amptd] (amplitude) key enables display, entry, or modification of the
amplitude of the signal output. The indicator adjacent to the [Amptd] key
illuminates when an amplitude value is displayed. The displayed amplitude
value is changed with the numeric keypad and units keys, or modified with
the Modify keys. The Veolt, mV, V RMS, mV RMS, and dBm units allow
convenient entry of amplitude values. Amplitude values are displayed in
Volts rms, Velts peak-to-peak (Vpp), or dBm as denoted by the indicators at
the right of the display. The amplitude range is dependent upon selection of
de offset and the high voltage option (see table 1-8). The output signal is
momentarily set at zero volts when internal attenuator settings change.

The HP 3325B units keys convert amplitude values to Vops Vims, or dBm for any function.
For example, if a sine wave amplitude of 10 Vpp is displayed, pressing the [Vyms] or [mVims]
key displays the same amplitude as 3.536 Vims, while pressing the [dBm] key displays the

value as 23.98 dBm. When changing from one function to another, the last amplitude
displayed is held constant.

Table 1-6. Amplitude Limits of AC Functions

O

oC
Offset

0000000000 00\.900...05’.0..‘....0....‘00...0

Vep Vs dBm (5000)
Function Max. Min. Max. Min. Max. Min.
Sine 10V imv 3.536V 0,354 mV +23.98 -56.02
Square 1oV imv 5.000V 0.5 myv +26.99 —53.01
Triangle 10V 1my 2887V 0.288 mV +2222  -57.78
=Ramp 10V 1mv 2887V 0.289 mV +22.22 -57.78
DC Offset

The [DC Offset] key enables display, entry, or modification of the d¢ offset of
the signal output. The indicator adjacent to the [DC Offset] key illuminates
when a de offset value is displayed. The displayed dc offset value is changed
with the numeric keypad and [Volt] or [mV] units key, or modified with the
modify controls. The de offset range is dependent upon amplitude and the
high voltage option. Figure 1-2, and table 1-7 and 1-8 list the maximum

output of the HP 3325B. The output signal momentarily drops to zero volts
when internal attenuator settings change.

The DC Offset indicator in Main Function key block illuminates when a
non-zero de offset value exists.
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Operation and Reference

AC with DC Offset

When de offset is added to any ac function, there are minimum and maximum offset limits
which must be observed. These limits are affected by the a¢ voltage and internal attenuator
settings, listed in table 1-7. Figure 1-2 contains a set of graphs which show the approximate
maximum dc offset permissible for a given ac peak-to-peak voltage. Resolution of a de offset
entry (with ac function) is determined by the resolution of the ac amplitude. The following
equation may be used to determine maximum offset voltage:

Maximum dc offset = (5 + A) - (Amptd + 2

Where A = Attenuation factor {from table 1-7)
Amptd = Amplituge in Vpp of the ac function.

If a de offset too large for the amplitude already programmed is entered or if the ac
amplitude is increased beyond the level where the amplitude and offset are compatible, an
error code between 500 and 503 appears in the display momentarily and the entry value is
not accepted. The display then indicates the nearest acceptable value.

Table 1-7. Maximum DC Offset with any AC Functions

AC Amplitude Maximum Minimum
Entry DC Offset DC Offset Range |Attenuation
{peak-to-peak) (+ ot =) Entry Factor
1.600 my with 4.500 mv.
to | 0.001 mv 7 A=1000
3.333 mv with 3.333 mv
3.334 mvV with 1489 mV
o 0.001 mV 6 A =300
9.959 mV with 11.66 mv
10.00 mV with 45.00 mv
(o] X 0.010 mv 3 A=100
33.33mv with 33.33 mvV
33.34 mV with 149.9 mv
to 0.010 mv 4 A =230
99.99 mV with 116.6 mV
100.0 mV with 450.0mv
to 1 0100V 3 A=10
3333 mv with 333.3mv
333.4 mv with 1.498V
to 0100V 2 A=3
999.9 mv with 1.186 mV
1,000V with 4,500V
to 1.000 mv 1 A=1
9.998 mv with 0.001 mV
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Figure 1-1. Maximum DC Offset with any AC Functions
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Operation and Reference

DC Only

When the Main Function selections are disabled (all indicators extinguished), the HP 33258
automatically displays the DC Offset value and selects the [DC Offset] key for entry of DC
Offset values. Without an ac funetion selected, the de voltage output ranges from

0 mV to + 5V, with four-digit resolution.

High Voltage Option

With the high voltage option enabled, the'de offset range is +20 volts (ac + dc peak value or
de only). DC offset with the high voltage option is dependent on the ac amplitude. With the
high veltage output (option 002) selected, the minimum and maximum permissible de offset
voltages may be determined by multiplying the amplitude and offset values in table 1-7 (and
figure 1-2) by 4. The equation for determining maximum de offset is:

Maximum dc Offset = (20 +A) — (Ampid +2)
Where A = Attenuator factor (from table 1-7)
Amptd = Ampilitude in Vi of the ac function.

Note Wihen the high voltage output is selected, minimum amplitude for dc only (no ac
function) is 0.01 mV and maximum is 20.0V

Phase

The [Phase] key enables display, entry, or modification for the phase of the
Main Signal. The indicator adjacent to [Phase] key illuminates when a
phase value is displayed. The displayed phase value is changed with the
& entry keys and [Deg] (degrees) units key, or modified with the modify
controls. The phase display range is =719.9° with a resolution of 0,1°, Phase
values of +1440° entered with the entry keys are accepted and the value is
displayed modulo 720. For square wave frequencies below 25 kHz, phase

changes greater than 25° may result in 2 phase shift +180° from the desired
amount.

After entering a phase shift, the new phase may be assigned the zero-phase
position; subsequent chariges in phase are with reference to that value. To
assign zero phase, press the blue [Shift] key followed by [Asgn Zero @] key.

Asgn Zero ¢

The [Asgn Zero ®] (Assign Zero phase) key assigns a reference of zero
o degrees to the existing phase parameter of the Main Signal without
changing the phase of the output waveforms. Subsequent changes in phase
Asg Tero 0 are with respect to that value. The (Asgn Zero @] key is selected by pressing
the blue [Shift] key prior to the [Phase] key.

0000 0000000000600 00000000000000000000000000
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Operation and Reference

Frequency Sweeps
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Introduction to Sweeps

The HP 3325B performs three kinds of sweeps: linear, log, and discrete. Linear sweeps of any
function have sweep-time limits of 10 ms to 1000s and may be single or continuous. Single
linear sweeps may be either up or down in frequency. Continuous sweeps move back and

forth between the start and stop frequency in an up/down/up/down. . . fashion. The marker
funetions only during up-sweeps.

Log sweep times range from 1s to 1000s for single sweeps and from 0.1s to 1000s for

continuous sweeps. Single log sweeps are up-only; they always start at the start frequency
and sweep up to the stop frequency. The marker does not function during log sweeps.

Discrete sweeps allow the creation of custom sweep patterns. A discrete sweep consists of up
to 100 linear sweeps or frequency steps (called segments). BEach segment has four
parameters: start frequency, stop frequency, sweep time, and marker frequency, which may
be entered from the front panel or down-loaded from a computer. The marker funetions as
specified for each segment whether the sweep is up or down.

Single or continuous frequency sweeps are selectable with the [Start] and [Reset/Start] keys.
Sweep parameters are entered with the [Start Preq] (start frequency), [Stop Freq] (stop
frequency), and [Time) keys. The [Mkr —» CF] (marker into center frequency), [Af x 2], and
{Af + 2] keys allow convenient modification of the sweep parameters. The [Mkr Freq]
(marker frequency) key allows the rear-panel TTL level marker output signal to be specified.

Linear sweeps are phase-continuous over the full frequency range of the main output signal;
that is, there are no phase discontinuities in the swept output waveform. When the

HP 3325B is turned on, the sweep is off, the sweep mode is set to linear, and the parameters
are set as follows:

Start Frequency 1000 000.0 Hz
Stop Frequency 10 000 000.0 Hz
Marker Frequency 5000 000.0 Hz
Time 1s

1-21




Operation and Reference

Note The marker irequency should be lower than the stop frequency by a sufficient
amount to permit the marker pulse width to be approximately 400 us.

To change any of the sweep parameters, press the appropriate Sweep Linear/Log entry key,
then enter the desired data. To select log sweep, press the blue [Shift] key followed by the
[Log} (Time) key to illuminate the log indicator. The sweep mode is linear unless the log or
discrete indicators are illuminated. To select discrete sweep, press the [Shift] key and then
the [Discrete] key. When a discrete sweep is selected, the diserete indicator is illaminated.

Start Frequency |

The [Start Freq] (start frequency) key enables display, entry, or modification
O of the sweep start frequency for the main signal. The indicator adjacent to

the [Start Freq] key illuminates when a start frequency value is displayed.
The displayed frequency value may be changed with the entry and units
keys, or with the modify keys. The MHz, kHz, and Hz units allow
convenient entry of frequency values. Frequency resolution is 1 uHz for
frequencies below 100 kHz and 1 mHz for frequencies above 100 kHz. The
upper frequency limit is established by the function selected.

R

Stop Frequency E

The [Stop Freq] (stop frequency) key enables display, entry, or modification
G of the sweep stop frequency of the main signal. The indicator adjacent to the

[Stop Freq) key illuminates when a stop frequency value is displayed. The

displayed frequency value is changed with the entry and units keys, or with

the modify keys. The MHz, kHz, and Hz units allow convenient entry of

frequency values. Frequency resolution is 1 uHz for frequencies below

100 kHz and 1 mHz for frequencies above 100 kHz. The upper frequency

limit is established by the Main Function selected.

The [Time] key enables display, entry, or modification of the sweep time for
o the Main Signal. The indicator adjacent to the [Time] key illuminates when
Tme a time value is displayed. The displayed time value is changed with the
entry and units keys, or modified with the modify keys. The [SEC] units key
ends entry of numeric values.

The maximum time per sweep (up or down) for all sweep modes is 1000 seconds, with a
resolution of 0.01s for times = 1s, and 0.001s for times < 1s.

Note The X-Drive output functions only when sweep time is < 100s. See the discussion,
iater in this chapter, on the marker, Z-blank, and X-drive rear-panel connectors.

0000000009200 0000900000020000000000000000009



Operation and Reference

Minimum times are:

Single Linear Sweep 0.010s
Continuous Linear Sweep 0.010s
Single Log Sweep 1.000s
Continuous Log Sweep 0.100s
Note When the enhancements are turned off, single log-sweep sweep time is increased

by the processing time required between segments. The time increase ({in
seconds) is approximately equal to:

Time Increase = 0,045[10 log(stop freq. + start freq.)]

Marker Frequency

v ©  The marker is &« TTL-compatible signal on a rear-panel connector that goes
low at the specified marker frequency during linear up-sweeps. It may also
be used with discrete sweeps where it operates while sweeping up or down.

The [Mkr Freql (marker frequency) key enables display, entry, or modification of the sweep
marker frequency. The indicator adjacent to the [Mkr Freq) key illuminates when the
marker frequency value is displayed. The displayed frequency value is changed with the
entry and units keys, or with the modify keys. The MHz, kHz, and Hz units allow convenient

entry of frequency values. Frequency resolution is 1 uHz for frequencies below 100 kHz and
1 mHz for frequencies above 100 kHz.

For a marker signal to be generated, the marker frequency may be set to any point within
the sweep band to within approximately 400 us of the stop frequency. If the marker
frequency is set beyond this point, the stop frequency is automatically increased so that the
marker pulse is approximately 400 ps wide. The following equation may be used to determine
the approximate maximum marker frequency:

Max marker freq. = stop freq. — (0.0004 x bandwidth + sweep time)

Note The marker signal is not generated on the down-sweep of a continuous sweep.

See the discussion, later in this chapter, on the marker, Z-blank, and X-drive .
rear-panel outputs,

Mkr — CF

o The [Mkr—CF] (marker into center frequency) key centers the sweep band
on the frequency value of the marker parameter. The [Mkr—CF] key is
sarmcr selected by pressing the blue [Shift] key followed by the [Mkr Freq] key.



Operation and Reference

Reset/Start Sweep
o The [Reset/Start] key performs three functions for the sweep operations:
Resets ;
1. Ifacontinuous or single sweep is in progress, Reset/Start cancels the
?ﬁveeip. When a sweep is stopped, the current frequency appears in the
splay.

2. For single sweeps, the first press of the [Reset/Start] key resets the
sweep 1o the start of the sweep.

3. After a single sweep is reset, pressing the [Reset/Start] key again

starts the frequency sweep.
Afx2, Af+2 (Modify Bandwidth)
In linear sweep mode, the [Afx2] and [Af+2)] keys may be used to double or

halve the sweep bandwidth. If either the new sweep start or stop frequency

% s eXceeds the frequency limits, an error message is displayed. These two keys
¢¢’|:'::°=J have no effect on discrete sweeps.

 fx2

Single Sweep

I
The [Reset/Start] key resets the sweep the first time it is pressed. A single
single () sweep starts the second time the [Reset/Start] key is pressed. An
illuminated Single indicator denotes that a single linear sweep is in
progress. A single sweep sweeps from the start frequeney to the stop
frequency over the specified sweep time.

Continuous Sweep

The [Start] key initiates a continuous (repetitive) sweep. The Cont indicator

o' O adjacent to [Start] key illuminates when 2 continuous sweep is in progress,
Continuous sweeps move back and forth between the start and stop
frequencies in an up/down/up/down. . . fashion. If the marker is active, it
functions only during the up-sweep. Sweep parameters should be entered
before starting a continuous sweep. See previous discussion on start and
stop frequencies and sweep time.

I-24
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Operation and Reference

Linear Frequency Sweeps

In linear mode, either continuous or single sweeps are available. Single sweep is from the
start to stop frequency, where either the start or stop frequency may be the higher value.

To begin a single sweep:

1. Press [Reset/Start] to set output and display to the start frequency
selected and reset the X-Driv?ramp. °P 1

2. Press [Reset/Start]) again to start the sweep.

The output signal frequency sweeps to the selected stop frequency and remains there. This
frequency appears in the display.

Continuous linear sweeps alternate between up and down-sweeps. A continuous sweep
begins when the [Start] key is pressed. The Cont indicator illuminates while the continuous
sweep is active. Continuous sweeps may be stopped by pressing the [Start] key or by pressing
[Reset/Start], [Freq], or [Phase] keys. With enhancements turned off, the sweep may stop
when other parameters are changed. With enhancements turned on, the sweep does not stop
for parameter changes that do not affect the sweep (i.e., amplitude or offset changes do not
cause the sweep to stop). Pressing [Amptd Cal), [Self Test], [Asgn Zero @, or changing the

function stops a continuous sweep. When a sweep stops, the display indicates the frequency
at which the sweep stopped.

Linear Sweep Bandwidth

The mazimum bandwidih is the full frequency range for the funetion selected. The minimum
bandwidth for each function is as follows:

Sine (10 mHz/s) x (sweep time)
Square (5 mH2/s) % (sweep time)
Triangle (0.5 mH2/s) x (sweep time)
Ramps (1 mHz/s} x (sweep time)

For sweep bandwidths of less than 100 times the minimum bandwidth, bandwidth selected
should be an integral multiple of the minimum bandwidth or sweep-time errors and
stop-frequency errors will oceur.

Log Frequency Sweep

In either single or continuous log sweep mode, the stop frequency must be
e higher than the start frequency and the sweep is up-only (continuous log
sweep is a repetitive start-to-stop sweep, only). The minimum bandwidth for
w0  log sweep is one decade. Single log sweep is a line-segmented log
approximation in one-tenth decade segments, and continuous log sweep
is a two-segment-per-decade log approximation.

Note For narrow-band log sweeps, the actual stop frequency may be higher than the
selected stop frequency. The error decreases as sweep time is increased, This
error is minimized by activating enhancements.
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Discrete Frequency Sweep

saeo o o Distrete sweeps consist of up to 100 linear sweeps (called segments)
combined to form a custom sweep pattern. Parameters for each sweep
<wa wwr segment consist of start frequency, stop frequency, sweep time, and marker
om0 ° frequency. These parameters are entered by programming a standard linear
sweep and storing it into a discrete sweep segment as described in
Storing Discrete Sweep Segments.

To perform a discrete frequency sweep, the HP 3325B sequences through the segment
entries, performing the designated sweeps and skipping blank entries. The sequence is
always from segment 00 to 99. For single sweep operation, the HP 3325B sequences through
the elements each time the sweep is reset and started with the [Reset/Start] key. For
continuous sweeps, the HP 3325B sequences through the segments repeatedly.

Gicorare {3 iz = (F Lo

Clearing All Discrete Sweep Elements

m The [Cir Discrete] (clear discrete) key empties all diserete sweep segments
in nonvolatile memory. This should be done before entering new

parameters. The [Clr Discrete] key is activated by pressing the blue [Shift]
key and then the green (Instr Preset] key.

Cr Diserere

Storing Discrete Sweep Segments

Discrete sweep entries may be made whether the discrete sweep is active or not. Each sweep
segment is a linear sweep; it may be considered a frequency step if the start frequency is the
same as the stop frequency. The entries are saved in nonvolatile memory.

To store a discrete sweep segment:

@ 1. Enter the start and stop frequencies, sweep time, and (optionally) the
— marker frequency as you would for any linear sweep.

[ 21 2 Pressthe [Store] key.
- 3.  Press the [] key in the data group.
4

Enter a two-digit number bﬁ pressing numeric keys in the data group.
Numbers between 1 and 9 should be preceded with a0 (zero). No units
or other terminating keystrokes are required. This number is the .
entry number in the discrete sweep segment list, the order of which
determines the pattern of the discrete sweep. Segments may be saved
in any order but are always executed sequentially from 00'to 99.

Discrete sweep segment entries may also be made by down-loading the parameters from

& computer through one of the rear-panel interface connectors. In some cases, this is the
preferred method of setting up discrete sweeps; especially if more than one pattern is used
on a regular basis, See Chapter 2, Remote Operation, for more information.
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Recalling Discrete Sweep Segments

Discrete sweep parameters for any segment (start, stop, and marker
frequency and sweep time) may be examined hy recalling the discrete sweep

w segment entry and then pressing the key corresponding to the parameter of
- interest. To recall a discrete sweep segment:

F- 1. Press the [Recall] key.

2.  Pressthe[] key.

3. Enter a two-digit number by pressing numeric keys in the data grcn.!%).
Numbers between 1 and 9 should be preceded by a 0 (zero), No units

or other terminating keystrokes are required. This number is the
entry number in the discrete sweep segment list, the order of which
determines the pattern of the discrete sweep. If an empty segment is
recalled the message “Error 605" is displayed.

The key sequence [Recall], [.], [1], [1] recalls the linear sweep segment previously stored in
segment 11.

Enabling Discrete Sweeps

The [Discrete] key enables and disables discrete frequency sweeps. The

st [Discrete] key is activated by pressing the blue [Shift) key and then pressing
Stan the {Reset/Start] key. The Diserete indicator illuminates when a discrete
Bocreie frequency sweep is enabled.

Single Discrete Sweeps

The [Reset/Start] key initiates a single discrete frequency sweep. The
Sege & indicator adjacent to [Reset/Start] key illuminates when a single sweep is in
progress. The [Reset/Start] key initiates a sweep from discrete frequency
sweep segment 00 to 99, skipping empty segments. Pressing the
[Reset/Start] key during a sweep stops the sweep and displays the present
frequency. Pressing [Reset/Start] again resets the frequency to the start
frequency of the first sweep segment.

Continuous Discrete Sweeps

When discrete sweep is selected, pressing the [Start] key initiates a
Lot O continuous discrete frequency sweep. The indicator adjacent to [Start] key
illuminates when a continuous sweep is in progress. Continuous discrete
sweeps sequence through the segment table from 00 to 99, starting again at
00, repetitively. Pressing (Start] while a sweep is in progress stops the sweep.
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Modulation

)

o o
CJ;

T O

Introduction

The Main Signal may be amplitude or phase-modulated by a signal connected to either of the
two corresponding rear-panel connectors (Amptd Mod In or Phase Mod In). The signal may
originate from another signal generator or the internal modulation source may provide the

signal. After the connections are made to the rear-panel connectors, modulation of the Main
Signal is controlled by the operator, :

The Mod Source keys provide an indepencient sine wave, square wave, or arbitrary waveform
signal through the rear-panel Mod Souree Qut connector. This signal may be used to
modulate the Main Signal by connecting it to the rear-panel modulation input connector(s)

and pressing the appropriate front-panel keys to activate modulation and control the Mod
Source signal.

Amplitude Modulation

| Shit) | Amplitude modulation of the Main Signal is enabled by pressing the
exrmov  [AM On] ([Shift] [Storel) key which illuminates the AM indicator.
Amplitude modulation is disabled by pressing the [AM Off] ([Shift] [Reeall])
key which extinguishes the AM indicator, or by presetting the HP 3325B.
The modulating signal is applied to the HP 33258 through the rear-panel
D Amptd Mod In connectors.
Smift
aM

When amplitude modulation is enabled, the value entered for the amplitude

of the Main Signal is the maximum value possible, or 100% modulation

ot value, When no modulating signal is present or that signal is OV, the
amplitude of the Main Signal is half the entered value. (0V is considered to

be 50% modulation.) A modulation input of approximately § Vi results in

100% modulation. Modulation frequency may range from O to 400 kHz.

If amplitude modulation is on when functions other than sine wave are

selected, the output may be gated, depending on the level of the modulation

input. Amplitude modulation should only by used with the sine wave

funetion, and the modulation input should not exceed =10 Vipk.

AM

Amptd Mod In
(+5v)
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A dc voltage may be applied to the Amptd Mod input to control the HP 3325B output level,
or a pulse may be used to gate the output. Approximately +5V cuts off the output signal,
while approximately —5V doubles the cutput (maximum input is 10 Vyp). DC or pulse inputs

should not exceed £5 V. The impedance of the Amptd Mod input is 10 kQ (5 k() when
AM is off).

Phase Modulation

|5nﬂr1

The [®M)] (phase modulation) keys in the data group enable and disable
phase modulation of the Main Signal. Phase modulation is enabled by
@‘" pressing the [OM On] ([Shift] [Clear]) key, which illuminates the ®M
o modulation indicator. Phase modulation is disabled by pressing the [®M Off)
s S (IShift] [~]) key, which extinguishes the ®M modulation indicator, or by
presetting the HP 3325B. The modulating signal is applied to the HP 3325B
through the rear-panel Phase Mod In connector.

The phase modulation signal at the rear-panel Phase Mod Input connector should not exceed
£10 Vpk. The input impedance is 40 kQ. The modulation signal frequeney may be de to

5 kHz. An input of =5V results in the following approximate phase deviation (=170° per volt
for the sine function):

HP 33258 Function Phase Deviation
Sine +850°
Square +425°
Triangle *+42 5°
+=Ramp +85¢

Modulation Source

The modulation source provides a second independent signal source,

o) available at the rear-panel Mod Source Out connector. This signal may be
used to modulate the main signal by connecting the mod source out
connector to the (amplitude or phase) input modulation connector(s) and
then controlling main signal modulation and the mod source signal.
Note The Mod Source output signal should be connected to the Phase or Amplitude

Modulation input connector with a BNC coaxial connector at the rear panel. Thaere
is no internal connection.

w0 sorce mamm The modulation source is enabled by pressing the Mod Source sine wave
E] or square wave key. The modulation source is disabled by pressing the Mod
me: e O | Source sine wave or square wave key adjacent to the illuminated Mod
Source indicator to extinguish that indicator.

r sort | The Mod Source amplitude is entered by pressing the [Shift] key followed by
oo sonie ) the [Amptd] key. The Modulation Source indicator to the left of the display
— ~ o | illuminates to indicate the display contains a modulation source value. Valid
modulation source amplitudes range from 0.1 to 12 Vi, with 0.1V
resolution. Amplitudes may be entered in either Vpp 0r Vims.




Operaticn and Reference

The Mod Source Frequency is entered by pressing the [Shift] key followed
it by the [Freq) key. The Modulation Source indicator illuminates to indicate
—mwrs— the display contains a modulation source value. The sine wave frequency
=" values range from 0.1 Hz to 10 kHz with 2-digit resolution. The square
wave frequency values range from 0.1 Hz to 2 kHz with 2-digit resolution.

The modulation signal is momentarily disabled during modulation
frequency changes. '

The Modulation Source is a free-running signal which is not phase-locked to the Main Si gnal
output or External Reference input. It has no DC offset or phase parameters. The
Modulation Source output is intended to drive high impedance inputs and should not be
terminated in 50L. It may be connected to both modulation inputs at the same time but the
extra loading may draw the output signal voltage down.

Arbitrary Waveforms

The modulation source may be programmed as an arbitrary waveform
m o source by a computer via HP-IB or RS-232. Once programmed, the
%} waveform is retained in nonvolatile memory and may be initiated from the
~t  front panel. Select the arbitrary waveform with the [Shift] Mod Source
xiz O square wave key which illuminates the Arb indicator. The repetition rate of
the arbitrary waveform is set with the [Shift] [Freq] key. Repetition rates
range from 0.1 Hz to 10 kHz (the HP 3325B adjusts the value to compatible
internal frequencies). The default waveform is de (after memory is cleared).

Disabling Modulation

Modulation is disabled by pressing the [AM Off] ([Shift] [Recall]) key or
sttt [OM Off] ([Shift} [-]) key. The extinguished AM or ®M modulation
o« ___indicators provide a visual indication that modulation inputs are disabled.

L) oo W)
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Storing/Recalling Instrument States
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Storing Instrument States

The [Store] key, followed by a digit from 0 to 9, saves the current operating
state in internal memory. The digit following the [Store] key specifies the
memory location for storing the operating state. If two operating states are
saved in the same memory location, the operating state saved first is
overwritten. These states are not cleared by instrument preset; they are
cleared by a memory clear (power up while pressing the preset key).

Note

Any phase information stored is invalid when recalled because the instrument
performs an amplitude calibration on Recall. The phase relationship between the

output signal and the reference is not maintained when an amplitude calibration
OCCUrS.

Recalling Instrument States
The [Recall] key, followed by a digit from 0 to 9, recalls an operating state

saved in internal memory. The digits 0 to 9 select the memory location for

the recall operation. Pressing {Recalll [-] recalls the state of the instrument
Just before it was last powered down.

Memory Clear
Applying power to the HP 3325B with the green [Inst Preset] key depressed

Ingt
Preset

replaces the contents of all nonvolatile memory registers with the
mstrument preset state. All saved operating states (including power-dowm)
are replaced with the instrument preset state, discrete frequency sweep

elements are cleared, the arbitrary waveform registers are set to de, the
HP-IB address is set to 17, and the message “Fail 36" is displayed.
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Calibration and Self Test
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Amplitude Calibration

The [Amptd Cal] key initiates a calibration of the output signal each time
Amptd the key is pressed. The Main Signal output amplitude changes to less than
4 mVpp while the calibration is in progress. An amplitude and offset
calibration is performed automatically whenever the function is changed
and at instrument tum-oln.

Self Test

A self test is'initiated by pressing the blue (Shift) key prior to the

[Amptd Cal] ([Self Test]) key. During a self test, al! indicators and display
segments briefly illuminate, -CAL- is displayed, and a series of internal tests
15 initiated. After each internal test, Pass or Fail and a number is displayed
self Test to indicate the test results. During a self test, the outputs are disabled.

Note if the message “Fail 21" through “Fail 29" is displayed momentarily after a self
test, the HP 3325B should be sent to qualified service personnel for repair.
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The HP-IB

Operation and Reference

Status Keys/Indicators/Connector
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The HP-IB (Hewlett-Packard Interface Bus) key and status indicators are used during
remote operation. An overview of the HP-IB and a description of the HP 3325B HP-IB
characteristics and commands is contained in Chapter 2.

Local

Local

O Renote
O Listen
O Talk
O skRo

The [Local] key removes the HP 83258 from remote (HP-IB or RS-232)

operation if local lockout is not in effect. Remote operation is indicated by
the illuminated Remote indicator.

The Remote indicator illuminates when the HP 3325B is operating under

remote control. While in remote (and local lockout is not in effect), anly the
[Local] key is recognized.

The Listen indicator illuminates when the HP 8325B is addressed to listen
over the HP-IB,

The Talk indicator illuminates when the HP 3325B is addressed to talk over
the HP-IB.

The SRQ (service request) indicator illuminates when the HP 3325B has
requested service (HP-IB oaly).
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Bus Address

Locdl

Bus Adre

o

LD

The [Bus Adrs] (bus address) key enables display or entry of the HP-IB
address. The [Bus Adrs] key is selected by pressing the blue [Shift] key prior
to the [Local] key. After selection of the [Bus Adrs] key, the HP-IB address is
entered with the data entry keys or changed with the modify keys. For
address values entered with the data entry keys, pressing any units key sets
the address. The HP-IB address is an integer in the range of 0 to 31 and is
retained in nonvolatile memory. Entering an address value of 31 places the
HP 3325B in the listen-only mode and the HP 3325B displays LO rather
than the address value.

The HP 3325B is connected to other HP-IB devices through the rear-panel
HP-IB connector.

‘.
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Baud Rate

R3-232 [EIA=232-D}

!
L Bor dore_
The RS-232 serial interface provides an alternate method (to the HP-IB) of
remotely controlling the HP 3325B. Chapter 2 provides an overview of

remote operation and contains a complete list of the remote operation
commands,

0 o

o]
o] a]

The 25-pin female connector is configured as Data Terminal Equipment

o (DTE). Chapter 2 contains a description of the characteristics of the

connectors. Five of the small switches on the rear panel configure the
HP 3325B for operation with the serial RS-232 communieations link.

The Baud switches (switches 3 and 4) control the transmission speed (baud -

rate) of the RS-232 serial interface. Table 1-8 lists the available baud rates
and switch settings for them. Whenever the baud switches are chan ged, the
new rate value is displayed. For example, when switch 3 and 4 are placed in
the down position, the HP 3325B displays “bAUd = 4800

Table 1-8. RS$-232 Baud Rate

l

Rate Switeh 3 Switch 4 Display Message
300* up up bAUd = 300
1200 up down bAUd = 1200
2400 down up bAUd = 2400
4800 down down bAUd = 4800
* Factory seiting

1-35



Operation and Reference

Word Length/Parity i
o The Parity switches (switches 5 and 8) control the parity and word length

) available word len

= ofthe serial data exchanged with the host computer. Table 1-9 lists the
gths and parity and corresponding switch settings.
Whenever the parity switches are changed, the new parity

value is displayed.
Table 1-9, RS-2:32 Word Length and Parity

Word Length Parity Switch 5 Switch 6
7databite * Even up up

7 data bits Odd | up down

8 data bits Nonei cdown up

7 data bits Zero ! down down

* Factory setting :

Handshaking

e —

A

. .
The Handshake switch (switch 7) sets the handshaking characteristics used

Mrie  to communicate with host computer. Table 1-10 lists the handshaking
' available and corresponding switch settings. Whenever the Handshake
= switch is changed, the new handshaking characteristics are displayed.

Table 11 0.! RS-232 Handshaking

Handshaking ESwnch 7 Display Message
Software (Xor/Xoff) * | up HANd = Soft
Hardware (DTR/RTS) | down HANd = dtr

* Factory setting |

RS$S-232 Local/Remote

The [Local] key removes the HP 3325B from remote {HP-IB or RS-232)
operation if local lockout is not in effect. Remote operation is indicated by

the illuminated Remote indicator.

The Remote indicator iluminates when th
HP-IB or RS-232 control.: While in remo

O Remote only the [Local] key is recognized.
|
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Operation and Reference

Marker / Z-Blank (Pen Lift) / X-Drive Qutputs
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The Marker, Z-Blank, and X.Drive connectors provide outputs to drive an analog plotter or
oscilloscope display during sweep operation.

Marker
P The rear-panel Marker connector provides a TTL-level signal indicating
when the sweep frequency reaches the value entered for the marker

frequency.

QU

Single/Continuous Linear Sweep

During a sweep up, the marker signal starts at a high level at the start frequency, drops to a
low level at the selected marker frequency, and returns to the high level at the stop
frequency. The marker output is disabled during a sweep down. If the marker value entered
Is out of the sweep span, no marker transition occurs.

Log Sweep
The marker is disabled during log sweeps.

Discrete Sweep

For discrete frequency sweeps, the marker goes to a high value at the start of each frequeney
segment, drops to a low level at the selected marker frequency and remains low until the
start of the next sweep segment. Each of the sweep segments may have a different marker
irequency. (See the discussion on discrete sweeps, earlier in this chapter, under Frequency
Sweeps.) If the marker value entered is out of the sweep span of the segment, the marker
output stays high during the duration of the sweep segment. The marker functions for up or
down-sweeps when executing discrete sweeps. If the start, stop, and marker frequency
parameters of a segment are equal, the marker output is low during the segment sweep time.
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Z-Blank

Z-Btank The Z-Blank output drops low at the start of sweep and remains low until
(TTL LY

the end of a sweep. At the end of a sweep, the Z-Blank output signal goes to
2 high level and remains high until another sweep segment is initiated. The
Z-Blank connector is located on the rear panel and the output is
TTL-~compatible. The Z-Blank low level is capable of sinking current from a
gt positive voltage source through a pen-lift cireuit or other device. When this
output is low the maximum Z-Blank ratings are:

Maximum current sink; 200 mA
Allowable voltage range: 0to +42V dc
Maximum power (voltage at output x current): 1 W

Single Linear Sweep

Z-Blank drops to a low level at the start of sweep and remains low until the end of a sweep.

At the end, the Z-Blank output goes to a high level and remains high until the sweep is
restarted. :

Continuous Linear Sweep

Z-Blank drops to a low level during the sweep up, and goes to a high level for the sweep down.

Single Log Sweep -

Z-Blank drops to a low level at the start frequency, and goes to a high level at the stop
frequency and remains high until the sweep is restarted.

Continuous Log Sweep

Z-Blank drops to a low level at the start frequency, and momentarily goes to a high level at
the stop frequency. :

Discrete Frequency Sweep \

Z-Blank drops low at the start of the first segment and stays low until the end of the last

segment, when it returns to a high level. During continuous sweeps, Z-Blank remaings high
for approximately 400 us.

X-Drive |
@ , _ . .

During sweep operation, the rear-panel X-Drive connector provides a 0 to

> 10 voli linear ramp proportional to the sweep time (ramps up). For sweep

times of 100 seconds or more the X-drive output stays at 0 volts.
Outpint

Note The X-Drive output has a nominal voltage of just over 10 volits at the end of a

Swaep 1o ensure compatibility with oscilloscopes with a horizontal sensitivity of
10 volts for full-screen deflection.

Single Linear Sweep

During a sweep, X-Drive Out increases linearly from 0 to > 10 volts from the start frequency
to the stop frequency. At the end of a sweep, the output remains at approximately 10 volts
until reset for the start of the next sweep. (Voltage drifts downward less than 10 mV/s.)

|
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Cperation and Reference

Continuous Linear Sweep
During the up sweep, X-Drive output signal increases linearly from 0 to > 10 volts. The

output drops to 0 volts at the start of the down sweep and remains there during the down
sweep.

Log Sweep

X-Drive increases linearly from 0 to > 10 volts with the sweep segments.

Discrete Frequency Sweep
The X-Drive output is disabled during discrete sweeps.
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Synchronization Outputs

A square wave with the frequency and phase of the main signal output is
available at the front-panel Sync (synchronous) Out and rear-panel Fast
Syne connectors. The Sync transition occurs at the signal Zero-crossing or
when the signal crosses the dc offset voltage.

The output impedance of Sync Qut is approximately 50Q with a frequency
range matching the main signal output. When the Sync Out output is
terminated in a 500 resistive load, the output levels are:

Front Sync Rear Fast Sync
Low level < +0.2v - Low level « +0.5V
High level > +1.2v . High level > +1.8V

Note

When the Sync output is connected to a high impedance load (= 1 MQ), the
voltage levels are approximately twice the values listed, Improper termination of a
5042 system may cause ringing at the signal positive and negative transitions. It

may be terminated into larger impedances, if necessary to drive TTL circuits to
60 MHz. .

The rear-panel Fast Sync output impedance is approximately 50Q with a frequency range
extended to 60 MHz. The output levels for the Fast Syne connector may fall below the TTL
minimums when terminated into 500).

-40
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Operation and Reference

AUX 0 dBm 21-60 MHz Output (Extended Frequency)
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The rear-panel Aux 0 dBm 21 -60 MHz connector supplies a signal when
the HP 3325B frequency is set above 21 MHz. Onee active, the frequency of
this output ranges from 19 MHz to a maximum of 60 999 999,999 Hz.
Frequencies below 19 MHz reactivate the main signal output connector. The
auxiliary output is ac-coupled with a level approximately 0 dBm into 500.

@
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External Reference or Oven-Stabilized Frequency Option
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10 MHz Oven Output (High-Stability Frequency Reference)

WM Sven
wm&tm L

EXT RHEF M
1 of HOMMKE

The 10 MHz oven output signal is available at a connector on the rear panel
if the high-stability frequency reference (option 001) is installed.

It is a 10 MHz temperature-stabilized crystal oscillator which conneets to
the HP 3325B frequency reference input by connecting the 10 MHz oven
output connector to the External Ref In connector with a BNC-to-BNC
adapter (HP part number 1250-1499). The 10 MHz oven signal has a level
greater than 0 dBm (500). The output signal is present whenever the

HP 3325B is connected to a power source.

To reduce the warmup time and obtain maximum performance from an HP 3325B equipped

with option 001,

leave the HP 3325B connected to a power source. Power is supplied to

option 001 whenever the HP 3325B is connected to a power source. An HP 3325B with
option 001 requires 15 minutes of warmup time to meet frequency specifieations if power is
disconnected for less than 24 hours. If power is disconnected for more than 24 hours, the
HP 3325B may require up to 72 hours of warmup time to meet frequency specifications.

External Frequency Reference

EXT REF N
1 or 10MHz
w02

Ral Owt
OdBm

42

The External Ref In connector phase-locks the HP 3325B to external
frequency references. Phase-locking to an external frequency reference
transfers the external reference’s frequency accuracy and aging rate to the
HP 3325B. The level of the frequency reference must be from 0 dBm to
+20 dBm (50€2). The frequency must be 10 MHz (+10 ppm) or &
subharmonic down to 1 MHz (e.g., 1, 2, 3.33, 5, or 10 MHz). The front-panel
Ext Ref indicator illuminates when the HP 3325B is connected to an
external frequency reference. The Ext Ref indicator blinks if the HP 33258
is unable to synchronize to the reference. The 10 MHz oven cutput
normally connects to the External Ref In connector if the high stability
frequency reference (option 001) is installed.

The Ref Out 1 MHz connector supplies 2 1 MHz square wave derived from
the frequency reference of the HP 3325B. The square wave has a level
greater than 0 dBm (50Q) and can be used to phase-lock an analyzer or
other instrumentation to the frequency reference of the HP 3325B.
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Chapter 2
Remote Operation

This chapter contains two sections:

1. Genera] information concerning the operation of the selected interface
(either HP-IB or R5-232)

2. Interface commands specific to the HP 3325B.

The first is an overview of the Hewlett-Packard Interface Bus (HP-IB) and its relationship
to the HP 3325B as well as a general description of the RS-232 interface. Both contain

information that is general interface information, only; i.e., commands that might be used
with any instrument.

The second section contains descriptions of commands used specifically for the HP 3325B.
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Remote Operation via HP-1B

Description of the HP-IB

The HP-IB is a bus structure that links the HP 33258 to desktop computers, minicomputers,
and other HP-IB eontrolled instruments to form automated measurement systems. The
HP-IB is Hewlett-Packard’s implementation of the IEEE Standard 488-1978 and ANSI
Standard MC 1.1.

All of the active HP-IB interface circuits are contained within the various HP-IB controlled
devices. The interconnecting cable is entirely passive and its role is limited to connecting the
devices in parallel so that data can be transferred from one device to another.

Every participating device must be able to perform at least one of the following roles: talker,
listener, or controller. A talker transmits data to other devices called listeners. Most devices
can be both a talker and listener, but not at the same time. A controller manages the
operation of the bus system by designating which device is to talk and which devices are to
listen at any given time. The HP 3325B can be either a talker or a listener.

The full flexibility and power of the HP-IB is realized when a controller is added to the
system. An HP-IB controller participates in the measurement by being programmed to
automate, monitor, and coordinate instrument operation as well as process the measurement
results. There may be more than one controller on the bus but only one can be active at a
time. (Changing the active controller is accomplished with the pass control bus message.)
One (and only one) of the controllers should be hard-wired as the system controller.

Capabilities of the HP-IB

Number of Interconnected Devices ,
Up to 15 devices, maximum, may be on one contiguous bus.

Interconnection Path/Maximum Cable Length

Star or linear bus network. Total transmission path length = 2 meters times number of
devices, or 20 meters, whichever is less, with a maximum of 3 meters separating any two
devices.

Message Transfer Method
Byte-serial, 8 bit-parallel, asynchronous data transfer using a 3-wire handshake.

Data Transfer Rate .

One megabyte per second (maximum) over limited distances; actual data rate depends upon
the capability of the slowest device involved in the transmission.

Address Capability

Primary addresses: 31 talk, 31 listen; secondary (2-byte) addresses: 961 talk, 961 listen.
1 talker and 14 listeners, maximum, at one time. The HP 3325B has only primary address
capability. Table 2-2 lists the talk and listen HP-IB addresses.

22
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Remote Operation via HP-IB

Muitiple Controller Capability

In systems with more than one controller, only one controller can be active at a time. The
active controller can pass control to another controller but only the system controller ecan
assume unconditional control. Only one system controller is allowed per system.

Interface Circuits

Driver and receiver circuits are TTL compatible.

Bus Structure

The HP-IB signal lines consist of eight data lines (DIO1-DIOS8), five bus management lines,
(explained in following text), and three handshake lines. This is shown in figure 2-1

Daota bus Control lines Handshake lines

ﬁ
m

k4

)
) =2
=
~
| L

=
A
T
o
vy

Device A Device B Device C Device D

Able to Able to Able to Able to
talk, listen, talk and ’ lisien, only talk only

Figure 2-1. HP-IB Structure
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Remote Operation via HP-1B

HP-IB Management (Control) Lines

ATN — Attention. This line is used by the active controller to define how information on the
data lines should be interpreted by other devices on the bus.
1

When ATN is low (true) the HP-IB is in the command mode and the data lines should be
interpreted as bus commands (see ‘‘Bus Commands’ later in this chapter). In the command
mode the controller is active and all other devices are waiting for instructions. Also, devices
on the HP-IB are addressed or unaddressed as listeners or talkers while the bus is in
command mode. :

When ATN is false the HP-IB is in dota mode and the data lines should be interpreted as
device-dependent commands. In the data mode, data and instructions are transferred
between devices on the HP-IB. Instructions transferred to the instrument are called
device-dependent commands. All the commands specifically for the HP 3325B fall into this
category. The HP 3325B device-dependent commands configure the HP 3325B, initiate
measurements, initiate data transfers, or define error-reporting conditions. These
device-dependent commands are meaningless for other instruments. The HP 3325B
device-dependent commands are listed later in this chapter under the heading “HP 3325B
Remote Operation Command Set.” !

SRQ — Service Request. This line is set low(true) by any instrument requiring service. The
controller should be programmed to respond to most service requests by polling the devices
on the bus to determine which one initiated the request. The HP 3325B responds to a serial
poll by putting its status byte on the data lines.

1
REN — Remote Enable. The system controllér must set REN low and then address specific
device(s) to listen before they can operate ander remote control.

IFG — Interface Clear. Only the system contr;)Her can activate the IFC line. When IFC is set
true (low), all devices on the bus become inactive.
!

ECI — End Or Identify. This line is used to indicate the end of a multiple-byte transfer sequence
(in the data mode) or by the controlier, in conjunction with ATN, to execute a parallel poll.

2-4
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Remote Operation via HP-IB

HP 3325B HP-IB Capability

The HP 3325B interfaces to the HP-IB as defined by IEEE Standard 488-1978. The interface
functional subset which the HP 3325B implements is specified in table 2-1.

Table 2-1, HP 33258 HP-IB Capability

Code Function

SH1 Complete source handshake capability

AH1 Gomplete acceptor handshake capability

T6 Basic tatker; serial polf; unaddressed 1o talk if addressed to listen:

no talk-only

L3 Basic listener, unaddressed to listen if addressed to talk: listen-only [
SR Gomplete service request capability |
RL1 Complete remote/local capability

PPO No paraliel poll capability

0C1 Device clear capability

DT Device trigger capability

¢o No cantrolier capability

E1 Drives electronics — open collector

Talk/Listen Addresses

Each HP-IB device has at least one talk and one listen address unless the device is either
totally transparent or is a talk-only or listen-only device. Device addresses are uged by the
active controller in the command mode (ATN true) to specify the talker (via a talk address)
and the listener(s) (via listen addresses). Only one device may be addressed to talk at a time.

The address of a device is usually preset at the factory but may be set to another value
during system configuration. In the binary representation of the address, the device address
is the decimal equivalent of the five least-significant bits of the address, {On HP.IB devices
with selector switches, these are the five address switches.} The address can be from 0to 31,
inclusive. The sixth and seventh bits determine if the address is a talk or listen address,
respectively. High-level HP-IB controllers typically configure these two bits automatically.
Table 2-2 lists the HP-IB addresses if a controller requires the talk and listen addresses.
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Table 2-2. HP-IB Addresses

Device Binary Address Characters
Address Address Talk Listen

0 0000 000Q @  Space

1 0060 0001 A |

2 0000 0010 ° B .

3 0000 0011 : cC #

4 0000 0100 | D $

5 0000 0101 . E %

6 00000110 | F &

7 €000 o111 G '

8 0000 1000 : H {

g 00001001 - I )

10 0000 1010 ¢ J *

11 0000 1011 K +

12 0000 1100 L ,

13 0000 1101 : M -

14 00001110 ! N )

15 0000 1111 ! 0 /

16 0001 0000 - P 0

17 0001 0001 0 1 (HP 33258 default address)

18 0001 0010 ! R 2

19 0001 0011 | S 3

20 00010100 | T 4

I

21 0001 0101 | U 5 (typically the controlier}

22 0001 0110 | v 6

23 0001 0111 | W 7

24 0001 1000 : X 8

25 0001 1001 . Y 8

26 0001 1010 . z :

27 0001 1011 ¢ [ ;

28 00011100 . \ <

29 0001 1101 ] =

30 0001 1110 ¢ » >

The talk and listen addresses fall within the printable ASCII character set, When a device
receives one of these characters while ATN is true, it becomes addressed. The ASCII
character “?” (ASCH 31) unaddresses all devices while ATN is true. The device address
(set from the HP 3325B front panel) is used by HP-IB controllers, most of which
automatically send the talk and listen address characters.

Viewing the HP 33258 HP-IB Address

The HP-IB address is stored in a nonvolatile memory location(there are no address switches).
The address appears in the display when you press [Bus Adrs] key ([Shift] [Locall).

The address message is removed from the display by pressing another key that requires
the display. : '

CO0000 00000000000 QCOV000000000000BOOIOOOOOOOSTS
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Remote Operation via HP-IB

Changing the HP-1B Address

Every device on the HP-IB must have a unique address. The HP 3325B address can be set at
any address between 0 and 31, inclusive, and is stored in internal nonvolatile memory. When

selecting an address, remember that the controller also has an address (usually 21).
To change the HP-IB address: :

1. Press the blue [Shift] key followed by the [Local] key in the HP-IB Status
block to display the HP-IB address.

Enter the address with the data entry keys or change it with the arrow keys.
Press any units key to enter the new address.

Notes An address entry of 31 sets the HP 33258 1o fisten only and the message
“Addr. = LO" appears in the display.

It you enter an address greater than 31, the message “Error 100" appears in the
dispiay (entry parameter out of range).

The HP-IB address s reset to 17 after a memory clear operation
(hoid down the Preset key and cycle power).

Bus Commands

The HP-IB interface system operates in one of two modes, controlled by the ATN bus
management line: command mode (ATN true) or data mode (ATN false). (If an HP controller

is used, the bus management lines are configured automatically and all necessary command
strings are issued.)

Bus commands are issued while the HP-IB is in the command mode. These commands may
instruct the instrument’s HP-IB interface to control the instrument (like Clear or Trigger)
but are more often used for bus management (Remote, Local, Polls, Service Request, Abort
interface activity, or Pass Control). Bus commands are issued through the use of one of the

five bus management lines or through the eight-bit data bus. The bus commands and the
HP 3325B responses to them are described in the following:

Abort

The abort command (interface clear — IFC true) halts all HP-IB activity. The system

controller assumes unconditional control of the bus. The HP 33258 responds by
becoming unaddressed,

Clear

The elear command causes all devices addressed to listen to reconfigure themselves to a
predefined device-dependent condition. The HP 3325B responds to the clear command (both
the device clear, DCL, and selective device ¢lear, SDC) by clearing the interface command

buffer of any pending commands, clearing the error register, and resetting the instrument
to the Preset state.



Remote Operation via HP-IB

Clear Lockout/Set Local

The clear lockout/set local command removes all devices from the local lockout mode and
returns the HP 3325B to local (front panel) control. The HP-IB is in the local mode because
the REN bus management line is set false.

Local

The local command clears the remote command from the listening device and returns the
listening device to local (front panel) control. If local lockout is not in effect, the HP 3325B
responds by returning to front panel control. The Remote indicator on the front pane]
extinguishes if the HP 3325B is in Remote prior to the Local command.

Local Lockout

The local lockout command disables the Local front panel key to avoid operator interference.
The HP 33258 front panel is locked out.

Parallel Poll

The parallel poll command is a controller operation used to obtain information from the
devices under its control. The HP 3325B does not respond to this bus command.

Pass Control

The pass control command shifts system control from one controller to another. The
HP 3325B does not respond to this command.

Remote

The remote command directs an instrument to take instructions from the HP-IB instead of
the instrument’s front panel. To implement the remote command, the controlier must set
the REN bus management line true. When the HP 3325B accepts the remote command, the
Remote front panel indicator illuminates and the front panel is disabled except for the Local
key which can return control of the instrument to the front panel if pressed. If the local
lockout message is also issued, the mode cannot be changed from remote to local via the front
panel [Local] key.

Serial Poll

The serial poll is issued by the active controller along with a specific address. If the address
matches the address setting of the HP 3325B, it responds by putting its status byte on the
data lines for the controller to read. The HP 3325B status byte consists of eight bits
indicating the states of several operating parameters (refer to “The Status Byte™).

Service Request

The service request (SRQ) bus management line is used by a device to indicate a need for
attention from the controller. When the HP 3325B requires service (as is determined by the
setting of the status byte mask) it issues an SRQ (pulls the SRQ line low), sets bit 6 of the
status byte (see the “‘Status Byte”), and illuminates the front panel SRQ indicator. The SRQ
is cleared by executing a serial poll of the HP 3325B. Bit 6, the require-service bit, is
sometimes referred to as the status bit in connection with & poll. Bits 0, 1, 2, and 3 in the
status byte may initiate an SRQ, depending on the setting of the status byte mask.

The status byte may be masked to select which of the four bits cause the HP 33258

to issue the SRQ.
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Remote Qperation via HP-IB

Trigger

The group execute trigger (GET) or selective device trigger (SDT) command ecauses all
addressed instruments with HP-IB trigger capability to execute a predefined function
simultaneously. The HP 3325B responds to the HP-IB trigger command by starting a single

sweep, providing the HP 3325B is in the enhancements mode and the sweep was reset using
the RSW command.

Masking The Status Byte

The HP 3325B MS and ESTB commands specify which bits in the status byte are enabled
(to generate an SRQ). These commands are described under the HP 3325E Remote Control

Command Set. Table 2-3 describes the HP 3325B status byte and lists the decimal value of
each bit position.
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The Status Byte

The status byte is an eight-bit word transmitted by the HP 3325B in response to a serial poll.
The state of each bit indicates the status of an internal HP 3325B function. Table 2-3
describes the HP 3325B status byte bit positions and the events and conditions that set and
reset each bit. A status bit is enabled (set) when the condition it represents changes from
false to true. When a bit is enabled, bit 6 is also set and an SRQ is generated if the Boolean
AND of the status byte and the status byte mask is not equal to zero, See the MS command
and table 2-3 for more information on masking the status byte.

Table 2-3. HP 3325B Status Byte

Bit | Value Description
BO

1 ERR. Program or front pane! entry error. Use IER or ERR? to query for error number, Set
when an emor occurs. Cleared by a serial poil, QSTB?, or power on. Not cleared by
HP-IB clear, *RST, ERR?, or IER commands.

i
i
. B ' 2 ! STOP. Sweep stopped; set by completion of a single sweep of by and command that
' stops a single sweep. Cleared by a serial poll, QSTB?, or starting a sweep. Not cleared
i ' . by the HP-IB clear command, *RST command, or a singie sweep reset,

START. Sweep started. Set when a dingle or continuous sweep starts. Cleared by serial
poll, QSTE?, completion of a single sweep, or any command that stops a sweep.

l 8 FAIL. Hardware failure. Set by Self Test tailure, Calibration failure, External Reference

)
'S

| Unlock. Oscillator Unlocked, or Memory Lost conditions. Cleared by power-on, serial
poll, and QSTB?. Not cleared by HP-IB clear or *RST.

Bit 4. Always zero.

N V. SWEER. Set when a sweep is in progress, clear when a sweep is not in progress.
Cannot be configured to cause SRQ.

B6 Y :  Require Service. Set when the HP 33258 requires service {sent an SRQ). Hs main [
+ Tunctioniis to identify the instrument as having requested service when it i pofled by the |

* X
>

| controfler. It is set by the occurrence of an event which sets the ERR. STOP START, or
FAIL bits {if they are not masked; see the MS command and table 2-34). Cleared by a
serial poll or QSTB? command, an HP-IB clear command, a *RST (reset) command,
when the HP 33258 is preset {front panel), or when power is cycled.

’ NOTE: this status bit is not set if one of the bits which sefs it is set but masked, and is

then unmasked. Recommend you poil after changing the mask.

BUSY. Set while a command is being executed, clear when instrument is not busy.
Cannot be configured to enable SRQ.

B7 128
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Remote Operation via RS-232 Interface

Remote Operation via RS-232 Interface

Description of the RS-232 Interface

The RS3-232 interface provides a serial data communications link between the HP 3325B and
controllers such as desktop computers.

Note The RS-232C interface can be used when it is not possible or feasible to use the
HP-IB. Never try to use both the RS-232 interface and HP-B at the same time,

Serial data communication differs from the HP-IB in that serial data is transmitted one bit at

a time while the HP-IB moves a byte (eight bits) at a time. The serial data format is shown in
figure 2-2.

LSB MSB
A
7
Stari bit Data bits Parity bit Stop bit

Figure 2-2. Serlal Word Conifiguration

The HP 3325B RS-232 interface implements a subset of the signals defined in
ANSI/E[A-232-D-1986 and CCITT V:24. The connector is a standard 25-pin female connector

configured as Data Terminal Equipment (DTE). The HP 3325B sends and receives ASCII
characters using an asynchronous format.
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Remote Operation via RS-232 Interface

Table 2-4. RS-232 Connector Pin Assignments

Pin No. Signal Name and Description
1 Shield: Connected o the HP 3325B chassis.
2 BA or TXD {transmit data): Bit-serial data transmitted from the HP 33258.
3 BB or RXD (receive data); Bit-serial data received by the HP 3325B.
4 €A or RTS (request ta send): An output from the HP 3325B that is usually +1CV

it hardware handshaking is enabled, this signal changes t0 —10V when the
HP 3325B buffer has room for less than 128 characters.

7 AB or Signal Ground: The reference potential for other signals.
Note: to prevent ground ioops, the HP 33258 AS-232 interface circuits
ara isolated from earth ground and from signal ground.

20 CD or DTR (daia terminal ready): An output from the HP 33258 that is usualty
+10V. if hardware handshaking is enabled, this signal changes to —10V when
the HP 33258 buffer has room for less than 128 characters.

No other pins are connected.

The Cable

A standard printer cable should be used to connect the HP 3325B to another DTE device
such as a computer or terminal. The printer cable switches the receive and send connections,
as is necessary when a DTE device is connected to another DTE device. Use an HP 13242G
to connect the HP 3325B to a controller with a 25-pin connector. Use an HP 24542G to
conneet to a 9-pin male connector as may be found on a serial interface in a desktop

computer. Use an HP 92221P to connect to a 9-pin female connector as may be found on HP
Series 9000/300 computers,

A standard modem cable should be used to connect the HP 3325B to a modem (HP 13242N).

2-12
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Remote Operation via RS-232 Interface

Setting The Switches

Seven switches on the RS-232C rear panel determine the interface’s baud rate, active
handshake, and parity. All switches are set to the up position at the factory. New settings are

recognized immediately displayed on the front panel when a switch setting is changed. The
switch settings are defined in the following pages.

= Enhancemeants

= Turn On Praset
Baud
._,......:.... Pal'fty
! Handshake

Mode RS 232

Figure 2-3. Rear-panel RS-232 switches

Mode Settings

Switches 1 and 2 select the enhancements/compatibility setting and the power-on state of the
HP 3325B. These two switches are not directly tied to remote operation of the HP 3325B.

They are explained here, in the remote control chapter, for the sake of completeness. They
are explained again in Chapter 3, General Information.

Enhancements — Switch 1 determines the enhancement setting. Enhancements refers to
capabilities that are improved on or added to those of the HP 3325A, When the enhancement
mode is off, the HP 3325B is in the compatible mode. The enhancements mode may also be
controlled with the ENH command as described later in this chapter.

Turn-On Preset — Switch 2 determines the turn-on settings. The choice is between the
instrument preset state or the state of the instrument when it was last turned off,

Table 2-5. Mode Settings: switches 1 and 2

Up Down
Switch 1 — Enhancements on off
Switch 2 - Turn-on state Preset Turn-off state*

* Reguires that enhancements be on
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Baud Rate

Four different baud rates are available. These are selected by changing rear panel switches

numbers three and four as shown in table 2-6. When a switch is chan ged the new baud rate
is displayed on the front panel. _ -

0000000000000 000080900000000000008000080000800

Table 2.6. Baud Rate Selection; switches 3 and 4

Baud Rate Switch 3 . -Switch 4 il
300 up up
1200 up down
2400 down up
4800 _ down down

Word Length and Parity
Word length and parity are selected by setting switches five and six as shown in table 2-7.
Table 2-7. Switch settings for word length and parity: switches 5 and 6

Description : Switch 5 Switch 6
7 data bits, 1 parity bit, even parity up up
7 data bits, 1 parity bit, odd parity up down
8 data bits, no parity down up
7 data bits, 1 parity bit, parity bit always 0 (zero) down down

Handshake Selection

Handshaking, or receive pacing, is performed by the HP 3325B to prevent its character
buffer from overflowing. Data is lost if it is sent to the HP 3325B when its data buffer is full.
The data buffer ¢an hold 256 characters. The handshsaking may be accomplished with one of

two different methods, selected with switch 7: software handshake or the hardware
handshake. :

When software handshaking is selected, the HP 3325B sends the Xoff character (decimal 19
or DC3) when there is room for less than 128 characters in its buffer. After sending Xoff the
HP 3325B processes characters until there is room for 258 characters, when it sends the Xon
character (decimal 17 or DC1) to indicate that it is ready for more characters.

The hardware handshake performs the same function usin g hardware connections to signal
its readiness for data. Both the RTS (request to send) and DTR (data terminal ready) lines
become false {—10V) when there is room for less than 128 characters in the character buffer.
This handshake is not recommended when the HP 3325B is connected to a modem since
dropping the DTR line may cause the modem to disconnect.

The HP 3325B uses receive handshaking, only. It does not respond when it receives the Xoff
character and no hardware connection is made which would signal it to stop sending data.

All data sequences sent by the HP 3325B are short enough that transmit pacing should not
be necessary.
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Table 2-8; Setting the Handshake: switch 7

Handshake description Switch 7
| Software (Xon/Xof) up
Hardware (DTR/RTS) down

Remote and Local Functions

The first character of a remote command puts the HP 3325B in Remote Mode which causes
the Remote LED to illuminate. The Talk and Listen LEDs are not used when using the
RS-232 interface for remote control. When the HP 3325B receives the “LCL** command or
the [Local] front-panel key is pressed, the HP 8325B returns to front-panel control.

Other remote-control commands that are usefu] for RS-232 operation are ECHO, RMT,
*RST, and QSTB. These are described in more detail later in the chapter.

Note The RS-232 interface does not alert the controlling computer when the instrument
© Issues a senvice request (SRQ), as the HP-IB does. We recommend checking the

status byte periodically with the QSTB? command whenthe RS-232 interface is used
for rernote control.
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HP 3325B Remote Operation Command Set

The commands for operating the HP 3325B with a computer controller are listed here. Some
of these commands correspond to front-panel keystrokes; the rest are remote-only
commands. Remote commands corresponding to front panel keys are described in Chapter 1.

The HP-IB Remote status light, located in the HP-IB Status block on the left side of the front
panel, indicates whether the instrument is currently operating under local (front panel
control) or remote control. Remote operation is accomplished only via commands transmitted
through one of the two interface connectors located on the rear panel.

Note The Remote indicator on the HP 33258 can be used for a quick operational check
of the remote interface. If you are using the HP-IB interface, refer to the controller
operating manual for a description of the HP-IB Remote message, If you are using
the AS-232 interface, send the RMT command. When this message is sent to the
HP 33258, the Remote indicator should illuminate. If this does not occur, check the
cabling, the HP 33258 MP-IB address and the syntax of the controller statement (for
HP-1B), or the baud rate, word length and parity settings (for RS-232).

Changing from local control to remote control does not alter the current operating state.

Changing from Jocal to remote control may be accomplished by issuing a remote command
such as REMOTE (HP-IB) or RMT (RS3-232).

Changing the HP 3325B from remote control to local control causes the HP 33258 to return
to front panel control without changing the operating state. This may be accomplished by
either pressing the [Local] key (if local lockout is not in effect), or by issuing a eommand
remote command such as LOCAL (an HP-IB bus message) or LCL (an RS-232 command).

2-16
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Command Syntax
The following eonventions apply to the HP 3325B HP-IB commands:

The HP 3325B accepts data in 7-bit ASCII code and ignores the 8th {parity) bit.

All spaces and lower case alphabetic characters are ignored by the HP 8325B;
they may be used to improve program readability.

Under HP-IB control, two data transfer modes are available. Refer to the MD
command for more detail. An asterisk or line feed is required to terminate a
command string in data transfer mode 2.

A semicolon can be used to separate commands ( recommended but not required).

Range values may be in integer, real, or exponential form. For positive values,
only the first eleven digits of the mantissa are used. For negative values, only the

first ten digits of the mantissa are used. Leading zeros before the decimal point
are ignored.
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The HP 3325B uses the following forms for remote commands:

Command Form Example Example Description
<mnemenic AC Amplitude Calibrate
<mnemonic» <data® Fu2 Square wave function select
<mnemonic> <rangedatad <suffixd AN .2V0 Amplitude of 1.2 Vpp
<mnemonic>? FR? Interrogate frequency
<mnemonicy ‘ IFR Interrogate frequency

where:

*

-

-

<mnemonic? is the HP-IB mnémonic
<suffix> is an alphabetic code for units, function, or mode
<data) is a numeric code for a function or mode

<range datab is the value for an entry parameter
? is used to interrogate the HP 3325B.

A program string for the HP 3325B may contain multiple HP-IB commands such as

2-18
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HP 3325B Remote Operation Command Set

Interrogating The HP 3325B For Setup Parameters

The value of a setup parameter is read over the HP-IB by sending the parameter HP-IB
mnemonice followed by a question mark (?). For example, sending the mnemonic FR? sets up
the HP 3325B to respond with the frequency value, HP-IB data is transmitted when the

HP 3325B is addressed to talk. RS-232 data is transmitted 100 ms after the interrogation.
Each interrogation response ends with the carriage return (ASCII 13) and line feed

(ASCII 10) characters. Each interrogaticn may include command mnemonic and suffix,
depending on the setting of the HEAD command.

Remote Operation via RS-232 Interface

Setup parameters include frequency, amplitude, offset, phase, sweep start frequency, sweep
stop frequency, sweep marker frequency, sweep time, modulation source frequency, and
modulation source amplitude.The current value for a setup parameter is displayed on the
HP 3325B front panel if the corresponding HP-IB mnemonic is sent without data and a

suffix. For example, sending the mnemonic AM displays the amplitude value but does not
change the amplitude value.

The units for the displayed value of a setup parameter change £o new units if the
corresponding command mnemonic and new suffix are sent without data. For example,
sending the mnemonic AM DB displays the current amplitude value in dBm. Sending the
AM DB command does not change the amplitude value.

Note if the display is disabled with the DSP0 command, the requested value is not
displayed.
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Command Reference

Syntax brawing Rules

All characters in circles or ovals are terminal symbols and must be sent exactly as shown.
Items in boxes are non-terminal symbols; descriptions of these items are given following the

syntax drawings. Spaces and lower case letters are ignored; they can be inserted to improve
readability. '

The Response Format tables specify what is returned by the instrument in response to a

query. All responses are terminated with <carriage return) and <line feed> with the HP-IB
EOI (bus management line) active. The “#’* symbol represents one digit.

Definitions

— EQOCS > s

"
>

]
Figure 2.4. Definition of EOCS

The End-Of-Command-String character is used in Data Transfer Mode 2 (see the MD
command). In data transfer mode 2, device-dependent commands are accepted and stored in

an internal buffer and are not processed until the End-Of:-Command-String (EOCS)
character is received or the buffer is filled (48 bytes).

—» string ——— s

i
i

'( ) v l/inon-quoie(‘)
\L' character
y .,/ inon-quoie ("} .
\_ ., Charocter

i
Figure 2-5! Definition of "String"

Strings can not include the End-Of-Commiand-Stping characters (* or <line feedd).
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AC; Amplitude Calibration Command

The AC command performs an amplitude calibration. If calibration is not su ccessful, the
FAIL bit of the status register is set.

Command Availability

AC
HP 33258 Yes
HP 3325A Yes

AC

Figure 2-6. AC Syntax Diagram
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AM; Amplitude Command

The AM command sets the amplitude of the main signal. Sending AM with no value or units
displays the current amplitude. Sending AM and units without any value causes the current
amplitude to be displayed in the new units. [ssuing IAM or AM? causes the instrument to
output its current amplitude. See MOAM to set the amplitude of the modulation source.

Instrument Preset value: 1.0 mVp,

Command Availability

AM 1AM AM? DV
HP 33258 Yes Yes Yes Yes
HP 33254 Yes . Yes No No
@ value »  units 5
—
-0

Figure 2-7. AM Syntax Diagram

2-22

1



HP 33258 Remote Operation Command Set

Table 2-9. AM "“value” Restrictions Given “units”

Value range Units Description High Voltage”
0.001 -10.0 VO Vop Off
0.004 — 40.0 On
1.0 — 10000.0 MV mVpp Off
4.0 -+ 40000.0 On
(.000354 —3.53 VR Vems Off
0.00142 = 14.1 On
0.354 — 3530.0 MR mVms off
1.42 - 141000 On
-56.02 — 23.98 08 dBm Off

lilegal
~68.01 —-10.97 ov dBVims Off
~56.97 — 23.01 On

Table 2-10. AM? and IAM Response Format

Current Units HEAD-on response HEAD-off response
VO or MV AMEF##E #RBHHEINO HASRFE BHEHERH
VR or MR AM### ## # 3 # # ##VR HERRE HHPERS
DB or DV AM—-###### # ###0DB —#FRESH# R #
DB or DV (special) AM—s###### 4 #2H#DV e da s Xid
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AP; Assign Zero Phase Command

The AP command assigns the ecurrent phase value to zero; subsequent changes in phase are
referenced to that point.

Command Availability

AP
HP 33258 Yes
HP 33254 Yes

Figure 2.8. AP Syntax Diagram
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CALM; Calibration Mode Command

The CALM command allows all functions to be calibrated once. In this mode, function
changes are faster.

Instrument Power-on value: (
Instrument Preset, HP-IB clear value: not changed.

Command Availability

CALM
HP 33258 Yes
HP 3325A No

Figure 2-9. CALM Syntax Diagram

Digit Meaning
0 Perform an Amplitude Calibration whenever the waveform function is changed.
1 Perform an Amplitude Calibration on all functions immediately, do not re-cafibrate

when waveform function is changed.
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DCLR; Discrete Sweep Table Clear Command
The DCLR command clears all previously stored discrete sweep vectors.

Command Availability

DCLR
HP 33258 Yes
HP 3325A No

Figure 2-10. DCLR Syntax Diagram

0000000000000 000000000000000000000000000000
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DISP; Display On/Off Command '

The DISP command and allows the display to be turned off, “DISP OFF” is displayed until
the display is turned back on.

Instrument Power-on value: On
Instrument Preset, HP-IB clear value: not changed.

Command Availability

DISP
HP 33258 Yes
HP 3325A ) No

Figure 2-11, DISP Syntax Diagram

digit Meaning
0 Display off.
1 Display on.
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DRCL and DSTO; Discrete Sweep Store and Recall Commands

DRCL recalls the discrete sweep vector number specified by the two digits. Start frequency,

stop frequency, marker frequency, and sweep time values are overwritten with the recalled
values.

DSTO saves the current start frequency, stop frequency; marker frequency, and sweep time
values in the discrete sweep vector number specified by the two digits.

Cornmand Availability

DRCL DSTO
HP 33258 Yes . Yes
HP 33254 No No

DRCL digit digit >
digit digii ———e

Figure 2-12. DRCL and DSTO Syntax Diagrams
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DSP; Display String Command

The DSP command allows a message to be put in the instrument’s display. Some alphabetie
characters may be hard to distinguish when displayed in the 7-segment numeric displays.

Command Avaitability

DSp
HP 33258 Yes
HP 3325A No

stting (——»

Figure 2-13, DSP Syntax Diagram
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ECHO; RS-232 Echo-Control Command

The ECHO command enables echoing of in-bound RS-232 charasters. This is useful when
using a full-duplex terminal to program the HP 3325B. The carriage return character is

000000000000 0000000000000000000000000000000

echoed as <carriage returnd and ¢line feed).
Instrument Preset, HP-IB clear value: not changed
Instrument Power-on value: 0

Command Availability

- ECHO
HP 33258 Yes
HP 3325A No

a
| N

I
k 4

Figure 2-14, ECHO Syntax Diagram

digit Meaning
0 Do not echo characters.
i Echo characters.

Table 2-11. ECHO? Response Format

HEAD-on response HEAD-off 'response
ECHO# #

2-30



............Q.........................’......

HP 3325B Remote Operation Command Set

ENH; Enhancements Control Command

The ENH command selects between the enhancements mode and the compatibility mode. In
the enhancements mode, new features of the HP 3325B are enabled, In the compatibility
mode, some new features are disabled, but only those which may cause compatibility
problems. Refer to Chapter 3, General Information, for a description of the differences in the

two settings.
Instrument Preset, HP-IB clear value: not changed
Instrument Power-on value: rear-panel switch setting

Command Availability

ENH
HP 33258 Yes
HP 33254 No

Y

Figure 2-15, ENH Syntax Diagram

digit Meaning

0 Select the compatibility mode.
Select the Enhancements mode.

Table 2-12. ENH? Response Format

HEAD-on response HEAD-off response
ENH# #

2:31




2-32

HP 3325B Remote Operation Command Set

ERR? and IER; Error Query

These commands query the instrument for the most recent error ¢code. The IER query
returns a one-digit code. The ERR? query returns a three-digit code, the first digit of which is
the same as the IER query; the other two digits provide more detail as described in table 2-51

later in this chapter. If no error oceurred, 6 is returned. Issuing either command clears both
error codes to 0.

. "

Instrument Power-on: Clears any errors.
Instrument Preset, HP-IB Cleayr: Clears any errors.
Command Availability

ERR? IER
HP 33258 Yes Yes
HP 33254 No Yes
ERR?
ER >

Figure 2-1 6.ERR Syntax Diagram

Table 2-13. ERR? and |ER Response Formats

Command HEAD-on response HEAD-off response
ERR? ERR### # #
IER ER# #

0500000000000 0000000000000000000000 00000000
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HP 33258 Remote Operation Command Set

ESTB; Service Request Enable Command

The ESTB command is used to set the status byte mask. Four lists in the status byte are
capable of causing a service request (SRQ). When they are enabled (unmasked). They may be
enabled or masked in any combination as defined in the table 2-34. The MS Command
accomplishes the same thing using alpha characters instead of decimal characters.

In the syntax diagram of Figure 2-17, value is a decimal number whose binary (base 2)
equivalent represents the bits of the Status Register. The range of value is 0 thru 15.

Instrument Power-on value: 0 (all masked)
Instrument Preset, HP-IB-clear value: not changed

Command Availabitity

ESTB ESTB?
HP 33258 Yes Yes
HP 3325A o No

G e

o)
N>

Figure 2-17. ESTB Syntax Diagram
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Table 2-14. Status-Register Bits that can be enabled to cause SRQ

Bit Value Name Description
0 1 ERR Program or keyboard
entry error.
1 2 STOP Sweep stopped.
2 4 START Sweep started.
3 8 FAIL Hardware failure.

Table 2-15, ESTB? Response Format

HEAD-on response

HEAD-off response

ESTB# ##ENT

#HH##

2-34
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EXTR?; External Reference Locked Query
The EXTR? query returns 1 if the reference oscillator is locked to an external input, 0 if not.
Command Availability

EXTR
HP 33258 Yas
HP 33254 No

EXTR

Figure 2-18. EXTR? Syntax Diagram

Table 2-16. EXTR? Response Format

HEAD-on response HEAD-off response
EXTR# : #

2-35
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HP 33258 Remote Operation Command Set

FR; Frequency Command

The FR command sets the frequency. Sending FR with no value or units displays the current
frequency. IFR and FR? cause the instrument to output its current frequency. See MOFR to

set the frequenecy of the modulation source.
Instrument Preset value: 1000.0 Hz

Command Availability:

FR IFR FR?
HP 33258 Yes Yes Yes
HP 3325A Yes Yes No
“@ »  vaiue »  units =
40
FR >
Figure 2-19, FR Syntax Diagram
Table 2-17. FR “value” Restrictions Given “units”
Units Description Range Restrictions for “value” (sine)
HZ Hertz 0.0 — 60999999.999
KH kHz 0.0 — 60999.999999
MH MHz 0.0 — 60.999999

Table 2-18. FR? and IFR Response Format

pHz  programmed HEAD-on regsponse HEAD-off response
No FRE##$HBRH HHFHZ WHARRBEE SR
Yes FRES##4 #E#EEHHT HHFRER BHE RS
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Instrument Preset value: 1

Command Availability

HP 3325B Remote Operation Command Sel

FU; Waveform Function Command
The FU command selects the waveform funection for the main signal output.

FU IFU

FU?

HP 33258
HP 3325A

Yes Yes
Yes Yes

Yes

—m > digit

h 4
”‘P

v

v

Figure 2-20. FU Syntax Diagram

digit

Waveform

N odu LN b O

Selects DC only.
Selects Sine wave
Selects Square wave,
Selects Triangle wave.
Selects Positive ramp.
Selects Negative ramp.

L HEAD-on response
]

HEAD-off response

| Fu#

#

.........00.0........a;......Q......Q......

Table 2-19. Waveform Selections for “digit”

Table 2-20, FU? and IFU Response Format
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HEAD; Response Header Control Command

The HEAD command enables or disables the alpha header (and units suffix) for query
responses. With HEAD on, the response can be used to re-program the item. With HEAD off,
only the numerics are sent which can make it easier to read into a numeric variable in a
program, ' -

Instrument Power-on value: 1. _

Instrument Preset, HP-IB clear value: not changed.

Command Availability;

HEAD
HP 33258 Yes
HP 33254 No

Figure 2-215. HEAD Syntax Diagram

“Digit” Mode
0 Selects header OFF mode.

1 Selects header ON mode,

Table 2-21. HEAD? Response Format

HEAD-on response HEAD-off response

HEAD# #

¢

‘.
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HP 3325B Remote Operation Comma

HV; High Voltage Output Command
The HV command controls the High Voltage amplifier option for the main signal output.

Instrument Preset value: 1.

Command Availability

nd Sel

Hv IHV HV?
HP 33258 Yes Yes Yes
HP 33254 Yes Yes No

v

——‘@-—- digit
_®_
e

r\-/ »

Figure 2-22. HV Syntax Diagram

digit Meaning
0 Disable the high voltage amplifier.
1 Enable the high voltags amplifier,

Table 2-22. HV? and IHV Response Format

Option installed HEAD-on response HEAD-off response
Yes - HV# #
No RF# #
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ID?, *IDN?; Identification Query

This query returns the instrument manufacturer, model number, serial number, and
firmware revigion code. '

Note In data transfer mode 2, an asterisk terminates a command string. Therefore use
IDN?, without an asterisk, in data transfer mode 2.

Command Availability

*|DN? ID?
HP 33258 Yes . Yes
HP 332587 No No
#|DN7?
D7 >

Figure 2-23. ID? and *IDN? Syntax Diagrams

Table 2-23. 1D? and *IDN? Response Format

ID? response *IDN? response

HP33258 HEWLETT-PACKARD, 33258 ,2800A00000,2800

00000000000 00000000000000000000000000000000
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LCL; Local Command

The LCL command places the instrument in local mode and clears any local lockout. This

command has the same effect as the HP-IB loca! bus command but can be issued when using
the RS-232 interface.

Command Availability

LCL
HP 33258 Yes
HP 3325A No

Figure 2-24. LCL Syntax Diagram
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HP 33258 Remote Operation Command Set

MA; Amplitude Modulation Command

The MA command enables and disables amplitude modulation of the main signal output,

Amplitude modulation is only valid for sine waves.

Note If MA is enabled and no signal is applied to the AMPTD MOD input, the main
signal amplitude is one half of its programmed value since 0 Volts corresponds

to 50% modulation,

Instrument Preset value; 0.

Command Availability

MA IMA

MA?
HP 33258 Yes Yes Yes
HP 33254 Yes Yes No
—b@—‘—b digit b
IMA »
Figure 2-25. MA Syntax Diagram
“Digit Meaning
0 Disable amplitude modulation.

Enable amplitude modulation.

Table 2-24. MA? and IMA Response Format

HEAD-on response

HEAD-oH_'reSponse

MAs

#

242
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HP 33258 Remote Operation Command Sel

MD; Data Transfer Mode Command

The MD command selects the HP-IB data transfer mode. (This command has no effect when
the RS-232 interface is used.) In mode 1, each device-dependent character is processed when
received. No other communications are permitted on the bus until the entire HP 3325B
program string has been accepted and all but the last character processed. In mode 2,
device-dependent characters are accepted and stored in an internal buffer; they are not
processed until the End-Of-Command-String (EOCS) character is received or the buffer is

filled (48 bytes). Valid EOCS characters are the <line feedd character (ASCII decimal 10) or
the asterisk (*) character (ASCII decimal 42).

Instrument Power-on, HP-IB Clear value: 1.
Instrument Preset value: not changed.

Command Availability

MD MD?
HP 33258 Yes Yes
HP 33254 Yes Mo
—»@ > digit >

o7 )
N

Figure 2-26. MD Syntax Diagram

Digit” Meaning
i Each character processed when received.
2 Charagters buffered, EOCS starts processing.

Table 2-25, MD? and IMD Response Format

HEAD-on response HEAD-off response
MD# #

2-43



HP 33258 Remote Operation Cormmand Set

MF; Marker Frequency Command

The MF command sets the marker frequency. Sending MF with no value or units displays
the current frequency. IMF and MF? cause the instrument to output its current frequency.

Instrument Preset value: 5.0 MHz

0000000000800 000000000000000000000000000000

Command Availability

MF IMF MF?
HP 33258 ' Yes Yes Yeg
HP 3325A Yes Yes No

L 4

_D@ value units

IMF

Figure 2-27. MF Syntax Diagram

Table 2-26. MF “value” Restrictions Given “units”

“Units™ Description Range Restrictlons for “value”
HZ Heriz , 0.0 — 20999999.999
KH kilo-Hz 0.0 — 20999.999999
MH mega-Hz 0.0 - 20.999393999

Table 2-27. MF? and IMF Response Format

# Hz programmed HEAD-on response HEAD-off response
No MP## R TSR EHEHEHT HHFRRSER BEF
Yas MF##### #EF##EFHFHL HRBERE FHEERH
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HP 3325B Remote Operation Command Se

MOAM; Modulation Source Amplitude Command

The MOAM command sets the amplitude of the modulation si gnal. Sending MOAM with no
value or units displays the current amplitude. Sending MOAM and units without any value

displays the current amplitude in the new units. MOAM? causes the instrument to output
the current amplitude.

Instrument Preset value: 0.1 Vpp
Command Availability

MOAM MOAM?
HP 33258 Yes Yes
HP 33254 No No

MOAM > value y units

¥

o)
N

Figure 2-28, MOAM Syntax Diagram

Table 2-28. MOAM “value” Restrictions Given “units”

value range units Description
VO Vpp 60— 120
Mv mVpp 0.0 -+ 12000.0
VR Vrms U.D el 42
MR l'l'lVrms 0.0 - 4200.0

Table 2-29. MOAM? Response Format

Current Units HEAD-on response HEAD-off response
VO or MV MOAM##H## EREHFEVO | FRELHE BEEHEH
VR or MR MOAM# ## # # ##FRFUVR | HESE# HESRHH
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MOAR; Write Modulation Source Arbitrary Waveform Data

The MOAR command defines an arbitrary waveform for the modulation source. From

1t0 4096 waveform sample points can be programmed. A value of 0 corresponds to 0.0 volts,
and +1.0 corresponds to full scale which is half the MOAM voltage (since MOAM is in
peak-to-peak). Issuing this command turns the modulation source off, so it should be
followed with a MOFU3 command.

When using arbitrary waveforms, the MOFR command sets the frequeney at which the
entire waveform block is repeated. Only certain discrete frequencies are available and these
depend on the number of entries in the waveform. The HP 33258 selects a frequency as near
as possible to the value entered with the MOFR command.

Command Availability

MOAR
HP 3325B Yes
HP 3325A No

‘@ value ENT

Figure 2-29. MOAR Syntax Diagram

Where value is a waveform sample whose value ranges from —1.0 to +1.0.

Example:
MOAR 1,0,- 0.4,0 ENT results in the following waveform:

+7 07

) 7 I
_’|.O.-
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MOFR; Modulation Source Frequency Command

The MOFR command sets the modulation source frequency. Sending MOFR with no value or

units displays the current frequency. Issuing MOFR? causes the instrument to output its
current frequency.

Notes Only two digits of fraquency resolution are available.
The timebase is not locked to the main signal or an external reference input.
Programming the frequency causes the signal to tum off momentarily,

Instrument Preset value: 1000.0 Hz

Command Availability

MOFR MOFR?
HP 3325B Yes Yes
HP 33254 No No

v

MOER - value > units

()
N

Figure 2-30. MOFR Syntax Diagram

Table 2-20. MOFR “value” Restrictions Given “units”

Value Range’ Units Description
0.0 — 10000.0 HZ Hertz
0.0 - 10.0 KH kilo-Hz
00— 00 “MH mega-Hz

Table 2-31. MOFR? Response Format

HEAD-on response HEAD-off response
| MOFR## ###### ###HL | #EBHAREE B1H
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MOFU; Modulation Source Waveform Function Command
The MOFU command selects the waveform function for the modulation source output.

Instrument Preset value: 0.

Command Availability

MOFR MOFR?
HP 33258 Yes Yes
HP 3325A No No

MOFU > digit

Figure 2-31. MORU Syntax Diagram

“Digit> Waveform

0 All functions off,

1 Selests Sine wave.

2 Selects Square wave.
3 Selects Arbitrary wave.

Table 2-32. MOFU? Response Format

HEAD-on response HEAD-off response
MOFU# #

00000 0000000800000000800000000000000000000000
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MP; Phase Modulation Command
The MP command enables and disables phase modulation of the main signal output.

Instrument Preset value: 0.

Command Availability

MP IMP MP?
HP 33258 Yes Yes Yes
HP 3325A Yes Yes No
F@ > digit v —
N
N/
Y
¥ MP
N/

Figure 2-32, MP Syntax Diagram

“Digit” Meaning

0 Disable phase modulation.
1 Enable phase modulation.

Table 2-33, MP? and IMP Response Format

HEAD-on response HEAD-off response
Mp# #
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MS; Status Byte Mask Command

The MS command is used to set the status byte mask. Four lists in the status byte are
capable of causing a service request (SRQ) when they are enabled (unmasked). They may be
enabled or masked in any combination as defined in table 2-34. The ESTB command
accomplishes the same thing using decimal numbers instead of alphabetic characters.

Instrument Power-on value: @ (no bits enabled).
Instrument Preset, HP-IB Clear value: not chan ged.

Command Availability

MS
HP 33258 Yes
HP 3325A Yes

‘@—p character p——»

Figure 2-33. MS Syntax Diagram

Table 2-34. Status Byte Mask Characters

Status Bits

“character” FAIL START STOP ERR
@ Mask Mask Mask Mask
A Mask Mask Mask ENABLE
B Mask Mask ENABLE Mask
C Mask Mask ENABLE ENABLE
D Mask ENABLE Mask Mask
E Mask ENABLE Mask ENABLE
F Mask ENABLE ENABLE Mask
G Mask ENABLE ENABLE ENABLE
H ENABLE Mask Mask Mask
[ ENABLE - Mask Mask ENABLE
J ENABLE Mask ENABLE Mask
K ENABLE Mask ENABLE EMNABLE
L ENABLE ENABLE Mask Mask
M ENABLE ENABLE Mask ENABLE
N ENABLE ENABLE ENABLE Mask
0 ENABLE " ENABLE ENABLE ENABLE

2-50
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HP 33258 Remote Operation Comrand Sel

OF; DC Offset Command

The OF command sets the DC offset of the main signal. Sending OF with no value or units
displays the current offset. When programming DC offset with an AC function, the DC offset
range is further restricted by the AM setting and the resulting attenuator range. See the
diseussion in Chapter 1 under the heading “AC with DC Offset.”

Instrument Preset value: 0.0 Vpp

Command Availability

OF IOF QF?
HP 33258 Yes Yeg Yes
HP 3325A Yes Yes Mo
—[OOD o value Ly units Y
o >\
AN
£
» IOF »
AN

Figure 2.34. OF Syntax Diagram

Table 2-35, OF “value” Restrictions Given “units”

Units Description High Voltage Value Range(DC only)
Vo Volts off =50-50
On -200-+200
Mv mVolts off « 50000 = 50000
On ~20000.0 — 20000.0

Table 2-36. OF? and 10F Regponse Format

Current Units HEAD-on response HEAD-off response

VO or MV OF ##### R#HHEHHVO HASHH HRHBELH
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OPT?; Option Query Command
The OPT? query returns a list of the options installed in the instrument.

Command Availability

oPT?
HP 33258 Yes
HP 3325A No

Figure 2.35. OPT? Syntax Diagram

Table 2-37. OPT? Response Format

Options installed HEAD-on response HEAD-off response
none OPT0,0 0,0
Oven OPT1,0 1,0
High Voltage OPTO0,2 0.2
Oven and High V. OPT1,2 1,2
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PH; Phase Command

The PH command sets the phase of the main signal. Sending PH with no value or units

displays the current phase. Values outside the —720 to +720 range are treated as
(value modulus 720).

Instrument Preset value: 0.0 Degrees
Command Availability

PH iPH PH?
HF 33258 Yes Yes Yes
HP 3325A ) Yes Yes No
@ value > units >
\_/
(PH »

Figure 2.36. PH Syntax Diagram

Table 2-38. PH “value™” Restrictions Given “units”

“Units™ Description Range Restrictions for “value”

DE Degrees —~720.0 = 7200

Table 2-39. IPH and PH? Response Format
HEAD-on response HEAD-off response

PH### #4542 peDE BEBHREEE BB
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QSTB; Query Status Byte (RS$-232)

The QSTB? query command is used to upload the siafus byfe over the RS-232 interface. The
HP 3325B responds to this command by returning the contents of the status register in the
form of an integer value ranging from 0 to 255. This inte ger, when converted to binary (base
2), represents the bits of the Status Register. This command reads the same register as the

HP-IB serial poll and clears the ERR, STOP, START, FAIL and RQS bits of the
status byte.

Command Availability

QSTB?
HP 33258 Yes
HP 3325A No

QsSTB?

Figure 2-37. QSTB? Syntax Diagram

Table 2-40. Status Register Bit Coding

Bit Value Name Description
0 1 ERR Program or keyboard entry error,
1 2 STOP Sweep stopped.
2 4 START Sweep started.
3 8 FAIL Hardware failure.
4 16 BIT4 Always zero.
5 32 SWEEP Sweep in progress.
6 64 RQS This corresponds to the HP-IB SRQ signal.
7 128 BUSY Set while a command fs being executed.

Table 2-41. QSTB? Response Format

HERD-on response HEAD-off response
QSTB# ## #EE




0000000000000 000000000000000000000000000000

HP 33258 Remote Operation Command Sel

RE; Recall State Command

The RE command recalls an instrument setup state from 1 of 11 memory locations.

Locations 0 through 9 are programmed with the SR command. Location “~"' is always the
state when power is turned off.

Command Availability

REO thru RE9 RE-
HP 33258 Yes Yes
HP 3325A Yes No

——> digit

Figure 2.38. RE Syntax Diagram

“Digit” Meaning
0—-4 Recalls state in location 0 thry 8.
— (minus sign) Recalls state at power-down.—

285



HP 33258 Remote Operation Command Set

RF; Rear or Front Signal Output Command

The RF command determines whether the main signal is present at the rear or front BNC
connector.

Instrument Preset value: 1 (front).

Command Availability

RF: ' IRF RF?
HP 33258 Yes Yes Yes
HP 3325A Yes Yes No

Figure 2-39. RF Syntax Diagram

“Digit” Meaning -
1 Front panel output.
2 Rear panel putput.

Table 2-42. RF? and IRF Response Format

HV option HEAD-on response HEAD-off response
no RF# : #
yes Hv# #

.
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RMT; Remote (with Local-Lockout) Command

The RMT command places the instrument in remote with local lockout mode. This command

has the same effect as the HP-IB Local Lockout bus command but can be programmed using
the RS-232 interface.

Command Availability

RMT
HP 3325B Yes
HP 3325A No

Figure 2-40. RMT Syntax Diagram
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*RST, Reset Command

The *RST command resets the HP 3325B to the state in table 9-43. This command has the

same effect as pressing the Instrument Preset key on the front panel and is similar to the
HP-IB Device Clear command. *RST does not change the data transfer mode as does the
Device Clear command.

Note In data transfer mode 2, an asterisk terminates a command string, Therefore use

RST, without an asterisk, in data transfer mode 2.

Command Availability

*RST
HP 33258 Yes
HP 33254 No

Table 2-43, Reset State

ltem Reset
Value
Function Sine
Frequency 1000.0Hz
Amplitude 1.0 mVpg
Offset 0oV
Phase 0.0°
Mod Source Function Off
Mod Source Frequency 1000.0 Hz
Mod Source Ampiitude 0.1 Vpp
Start Frequency 1.0 MHz
Stop Frequency 10.0 MHz
Marker Frequency 5 MHz
Sweep Time 1.0 Sec
High voltage Off
Front/Rear output Front
Amplituge Modulation Off
Phase Moduiation Cft
Sweep Mode Linear
Status Byte (bits cleared) 01238&6

2-58

Figure 2-41, *RST Syntax Diagram

The *RST command does not alter:
* The 10 state storage registers

+ HP-IB address

* HP-IB data transfer mode

¢+ Status byte mask

* Enhancement/compatibility mode
* Calibration mode

* Head on/off

* Display on/off

= Echo on/off

* Discrete sweep table

* Modulation source arbitrary
waveform data

* Serial number and elapsed time
clock
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RSW; Reset Single Sweep Command

The RSW command places the instrument in the sweep reset state. The output frequency
returns to the Start Frequency and the next SS command starts a single Sweep.

Command Availability

RSW
HP 3325B Yes
HP 3325A No

RSW

Figure 2.42. RSW Syntax Diagram
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SC; Start Continuous Sweep Command

The SC command starts a continuous sweep. If the instrument is already sweeping, this
command stops the sweep and does not restart it. FR can be used to stop a sweep.

Command Availability

SC
HP 33258 Yes
HP 3325A Yes

SC

Figure 2-33, SC Syntax Diagram
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SM; Sweep Mode Command
The SM command selects the sweep mode.

Instrument Preset value: 1.

Command Availability

SM ISM SM? SM3
HPF 33258 Yes Yes Yes Yes
HP 33254 Yas Yes No No
@ ¥ digi >

Figure 2-44. SM Syntax Diagram
“Digit” Waveform
1 ' Selects Linear sweep mode.
2 Selects Logarithmic sweep mode.
3 Selects Discrete sweep mode.

Table 2.44, SM? and ISM Response Format

HEAD-on response HEAD-off response
SM# #
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SP; Sweep Stop Frequency Command
The SP command sets the sweep stop frequency.

Instrument Preset value: 10.0 MHz

Command Availability

SP ISP sp?
HP 33258 Yes Yes Yes
HP 33254 Yes Yes No
volug ynits >
|
| VY
N
PN
— ISP >
N/
Figure 2-45. SP Syntax Diagram
Table 2-45. SP *“value” Restrictions Given “units”
_I Value Range | Units i Description
0.0 — 20999999.999 | Hz Herz
0.0 — 20999,9999980 : K Kilo-Mz
10.0 — 20.999999999 i MR mega-Hz

Table 2-46. SP? and ISP Response Format

% ## Hz programmed

HEAD-on response

HEAD-off response

no
yes

. SPrassesspr #prHZ
i SPres#¢ ######HZ

W H R R
#Y# A4 RS
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SR; Store State Command

The SR command stores the current instrument setup state in one of 10 memory locations.

Command Availability

SR
HP 3325B Yes
HP 33254 Yes

digit >

Figure 2-46. SR Syntax Diagram

“Digit” Meaning
0—98 Stores state in location 0 thru 9.
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S8, Start Single Sweep Command

The effect of the SS command depends on the state of the instrument. If the instrument is
not sweeping and not in the sweep-reset state, then the SS command puts the instrument in
the sweep-reset state at the sweep Start Frequency. If the instrument is already in the
sweep-reset state, this command starts a single sweep. If the instrument is sweeping, this
command stops the sweep and does not restart it.

Single sweeps can be started using the HP-IB Group Execute Trigger command. Before using
the GET command, the HP 3325B must be in the enhancements mode and the sweep must
be reset using the RSW ¢command.

Command Availability

S8
HP 33258 Yes
HP 33254 Yes

Figure 2-47, SS Syntax Diagram
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ST, Sweep Start Frequency Command
The ST command sets the sweep start frequency.

Start Frequency Preset value: 1.0 MHz
Command Availability

ST IST sT?
HP 33258 Yes Yes Yes
HP 3325A Yes Yes No
=@— » value ‘ units g
N
AN
IST »

+

Figure 2-48, ST Syntax Dlagram

Table 2.47. ST “value™ Restrictions Given “units”

value range units Description
0.0 - 20999599.999 HZ Hertz

0.0 — 20999,999399 KH kilo-Hz

0.0 — 20.999939999 MH mega-Hz

Table 2-48, ST? and IST Response Format

#Hz programmed HEAD-on response HEAD-off response
ne STHEHFHHRE HHRBHZ FEERF L s
yes STH#### #E#E#H##HZ REFRE BELEHE
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Tl; Sweep Time Command

The TI command sets the sweep time. Sending TT with no value or units displays the current
sweep time. ITI and TI? cause the instrument to output its current sweep time.

Y

Instrument Preset value: 1.0 Sec

Command Availability

T Tl TE?
HP 33258 Yes Yes Yes
HP 3325A Yes Yes No
@ > value P units ’ﬁp—r
D
AN
I

Figure 2-49. TI Syntax Diagram

Table 2-49. T1 “value” Restrictions Given “units”

“Units” Description Range Restrictions for “value”

SE Seconds 0.0 - 1000

Table 2-50. TI? and [Tl Response Format

HEAD-on response HEARD-off response

Ti## ####8# ###SE RRURRHHUR BRE
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@
. . Table 2-51. Error Messages
. Code Description
9 FAIL 010 Hardware failure, DAC range
. FAIL 011 Bad checksum, low byte of ROM
. FAIL 012 Bad checksum, high byte of ROM
. FAIL 013 Mach_ine data bus line stuck low
FAILO14 Keyboard shift register test failed
® FAIL (21 Signal too big during calibration
@ FAIL 022 Signal too smalf during calibration
. FAIL 023 OC offset too positive during cal
(] FAIL 024 DG offset too negative during cal
® | FAIL 025 Unstable/ noisy calibration
® FAIL 028 Calibration factor out of range: AG gain ofiset
® FAIL 027 Galibration factor out of range: AC gain slope
FAIL 028 Catibration factor out of range: DC offset
® FAIL 029 Calibration factor out of range: OC slope
® FAIL 030 External ref unlocked
® FAIL 031 Oscillator unlocked, VGO voltage too low
® FAIL 032 Oscillator unlocked, VCO voltage too high
¢ FAIL 033 HP-[B isolation circuits test failed seff test
® . FAIL 034 HP-IB IC failed self test
. FAIL 035 RS-232 test failed loop-back test
FAIL 036 Memory lost (battery dead)
. FAIL 037 Unexpected interrupt
® FAIL 038 Sweep-limit-flag signal failed seif test
@ FAIL 039 Fractional-N (G failed seff test
[ ] FAIL 040 Modulation Source failed self test
® FAIL 041 Function-integrity-ftag flip-flop always set
® Error 100 Entry parameter out of bounds
. Error 200 Invalid units suffix for entry
Error 201 Invalid units suffix with high voltage
® Error 300 Frequency too large for function
o Error 400 Sweep time too large (same as sweep rate toc small)
. Error 40 Sweep time too small
® Error 500 Amplitude/ofiset incompatible
® Error 501 Otfset 100 big for amplitude
® Error 502 Amplitude 00 big for offset
® Error 503 Amaplitude too small
®
@
® 267
®
@
@
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Table 2-51. Error Messages (con')

Code Description
Error 600 Sweep frequency improper
Error 601 Sweep frequency too large for function
Error 802 Sweep bandwidth too small
Error 603 Log sweep start freq too small
Error 604 Log sweep stop frequency less than start frequency
Error 605 Discrete sweep element is empty
Error 700 Unknown command
Error 701 llegal query
Error 751 Key ignored — in remote (press LOCAL}*
Error 752 Key ignored — local lockout*
Error 753 Feature disabled in compatibility mode
Error 754 Atiempt to recall a register that has not been stored since power up.
{Use enhancements mode)*
Error 755 Amplitude modulation not allowed on selected function (warning ony)*
Error 756 Moduiation source arbitrary waveform is empty
Error 757 Too many modulation source arbitrary waveform points
Error 758 Firmware failure
Error 759 Error while running XRUN routine
Error 800 lllegal character received
Error 801 lllegal digit for selection item
Error 802 Wegal binary data block header
Error 803 lllegal string, string overflow
Error 810 R5-232 overrun - characters lost
Error 811 RS-232 parity error
Error 812 RS-232 trame eror
Error 800 Option not installed

* These errors do not set the ERR bit in the status byte,
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HP 3325A Compatibility

For compatibility with existing programs, the HP 33258 supports all of the HP 3325A
Synthesizer/Function Generator remote commands. Table 2-52 lists the HP 33258
mnemonics alphabetically and shows compatibility of each with the HP 3325A.

Table 2-52. Remote Command Compatibility

HP 33258 HP 33254

Command Compatible? Description
* yes Eng-of-string character
AC yes Amplitude Calibrate
AM ves Amplitude
AP yes Assign zero phase
CALM no Calitration mode
DB yes dBm (suffix)
DCLR no Discrete sweep clear
DE yes Degrees (suffix)
pisp no . Display onfoff
DRCL no Discrete sweep recall
psp no Display string
DSTO no Discrete sweep store
DV no 0BVims (Suffix)
E no Exponent character
ECHO no Echo; for RS-232
ENH no Enhancements on
ENT no Enter, no units {suffix}
ER yes Ervor query, 1-digit code
ERR no Efror query, 3-digit code
ESTB no Stat register mask (same as MS)
EXTR no Ext Ref query
FR yes Frequency
FU yes Function select
HEAD no Headsr on/oft
HY yes High voitage
HZ yes Hertz (suffix)
D no [dentify, short
*IDN ne Identify, long
KH yes . Kitohertz {suffix)
LCL no Local, clear lockout {RS-232)
MA ves Amplitude modulation
MD yes Data transfer mode
MF yes Sweep marker frequency
MH yes Megahertz {suffix)
MOAM no Mod § amp
MOAR no Write arbitrary waveform
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Table 2.52. Remote Command Compatibility (con't)

HP 3325B HP 3325A
Command Compatible? Description
MCFR no Mod S frequency
MOFU no Mod S function
MP yes Phase modulztion
MR yes MVms (5uifix)
MS yes Status register mask (same as ESTB)
MV yes MVpp (Suffix)
OF yes DC offset entry
OPT no Option query
PH yes Phase entry
QsTB no Status register query
RE yes Recall state
RF yes Rear or front output selection
RMT no Remote with lockout (RS-232)
*RST no Reset (preset)
RSW no Reset single sweep
sC yes Start continuous sweep
SE yes Seconds (suffix)
St yes Sweep mode selection
SP yes Sweep stop frequency entry
SR yes Store state selection
gs yes Start a single sweep
ST yes Sweep start frequency
T yes Sweep time
VO yes Vpp {suffix)
VR yes Vims (SUHfix)
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Writing Compatible Programs
Backward Compatible with the HP 3325A

* Use only the two-letter HP 3325B command mnemonics such as FR. The three
and four-letter mnemonies suchk as MOFR are not avaijlable on the HP 3325A.

* Do not separate commands with a semicolon.
* Use aleading I to interrogate setup parameters instead of a trailing ?.
* Do not send values in scientific notation.
Programming Practices Compatible with IEEE 488.2
* Separate commands with a semicolon or line feed

* Use a trailing ? to interrogate setup parameters instead of a leading I.

* Do not use data transfer mode 2.
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Example Programs
Example Programs
HP-IB Interface Example Program
30 !
40 | HP-BASIC Program 1o contro! the HP 3325B synthesizer.
50 !
60 ASSIGN @Hp3325to 717 ! Select code and bus address
70 [ usually 7 and 17
g0 1
80 OUTPUT @Hp3325;"RST" | reset the HP 33258
100 !
110 Stat-SPOLL (@Hp3325) ! read status register
120 IF BIT(Stal,0} or BIT{Stat,3) then print “33258 has an error"
130 1 .
140 OUTPUT @Hp3325;"FR 123 KH; AM 1 V0" ! program freq and amptd
150 OUTPUT @Hp3325;"FR?" ! ask for frequency
160 ENTER @Hp3325;Freq ! read it back
170 PRINT "Frequency in Hz = *;Freq
180 !
190 LOCAL @Hp3325 ! return front panel to local control
200 !
210 PRINT “Program done.”
220 END
RS-232 Interface Example Program for HP-Vectra or IBM/PC
10 "HP Vectra BASIC program to control the HP 33258 Synthesizer
20
30 ’First open a communications file to the HP 33258
40 ‘change COM1 to COMZ2 if neadad.
50 OPEN"COM1:* AS #1
60 'OPEN defaulits to 300 baud, 7 bits, parity EVEN
n 7
80 PRINT #1, "RST" " send reset
90 PRINT #1, "HEAD 0" " turn off heading in HP 33258 responses
00 °
110 PRINT #1,"QSTB?" " ask for status register
120 INPUT #1, STAT " read response from HP 33258
130 [F (STAT and {1 + 8)0) then print "3325B has an error”
140 °
150 PRINT “Programming frequency and amplitude”
160 PRINT #1, "FR 123.4 KH; AM 1 VO
170 PRINT #1, "FR? " ask for frequency
180 INPUT #1, FREQ 'read it back
190 PRINT "Frequency in Hz = *;FREQ
200
210 PRINT #¢, "LCL" " retumn front panel to local control
220 °’
230 PRINT “Program done”
240 END
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RS$-232 Interface Example Program for HP Series 300

30 |

40 ! HP-BASIC Program to control the HP 3325B synthesizer using either
50 ! a HP98644, HP98626, or the build-in serial interface in

60 ! a Series-200 or Series-300 computer.

70 |

80 ! The connecting cable depends on the RS232 interface:

80 | HPS8644A interface:  use 13242G cable (25 pin M 1o 25 pin M).
100 !  Built-ininterface: use 92221P cable (9 pin M to 25 pin M).

110 )

120 ASSIGN @Hp3325t09 ! Select code for the serial interface,
130 ! usually 9 or 10

140 |

160 GOSUB Initialize_card

170 |

190 OUTPUT @Hp3325;"RST" ! reset the HP 3325B

200 |

210 QUTPUT @Hp3325;"QSTB?" ! ask for status register

220 ENTER @Hp3325;Stat ! read status from HP 33258

240 IF Bit(Stat,0) OR BIT(Stat,3) then print "3325B has an error"
250 !

260 OUTPUT @Hp3325;"FR 123 KH; AM 1 VO ! program freq and amptd
270 OUTPUT @Hp3325;"FR?" ! ask for frequency

280 ENTER @Hp3325;Freq ! read it back

200 PRINT "Frequency in Hz = ";Freq

300 ! -

310 OUTPUT @Hp3325,"LCL" ! retrun front panel to local control

320 !

330 PRINT "Program done."

340 STOP

350 !

360 !
370 Initialize_card: !

380 !

350 Is¢=8C(@Hp3325) 1 Get Interface select code
460 !

410 Reset_=0

420 Baud=3

430 Parity_=4

440 |

450 ! ALL the RS232 switches on the HP 33258 rear panel should be
460 ! up. This sets baud =300, parity ON, parity EVEN

470 !

480 CONTROL Isc,Reset ;1 ! reset the ¢ard

490 CONTROL Ise,Baud;200 ! set baud rate

500 CONTROL Isc,Parity_;16+8+0+2 | set parity

510 RETURN :

520 END
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Quick Reference Programming Information

. HP 3325B HP-IB and RS-232 Programming Codes:

Commands:

Code Function Code Function
AC Amplitude Cal MF Sweep marker frequency
AM Amplitude MOAM Modulation Source amplitude
AP Assign zero phase MOAR Write arb waveform
CALM Calibration mode (0-1) MOFR Modulation Source frequency
DCLR Discrete sweep clear MOFU Modulation Source function (0-3)
DISP Disptay {0-1) MP Phase modulation (0-1)
DRCL Discrete sweep recall (00-99) MS Status reg. mask {also ESTB) (@,A-0)
DsP Dispiay a string {' *) OF DC Offset
DSTQ Discrete swesp store {00-99) OPT? Option query
ECHO Echo for RS-232 (0-1) PH Phase
ENH Enhancements mode (0-1) (s1B? Status register query
IER Error query (1 digit) RE Recallstate {— , 0-9)
ERR? Error query (3 digit) RF Rear or front output (2-1)
ESTH Status reg. mask (also MS) (0-15) | RMT Remote with lockout
EXTR? Ext Ref query *RST Reset (Preset)
FR Frequency RSW Reset single sweep

Function Select (0-5) Loy Start continuous sweep

HEAD Query Header Enabled (0-1) SM Sweep mode (1-3)
HV High voitage (0-1) SpP Sweep stop frequency
ID? Model Identify (short) SR Store state (0-9)
*|DN? Mode! Identify (long) S8 Reset or Start single sweep
LCL Local, clear lockout ST Sweep start frequency
MA Amplitude modulation {0-1) TE Self Test
MD Data transter mode (1-2) T Sweep time

Note that most commands may be followed by a question mark (?) to interrogate the related

parameter.

* Only bits 0 to 3 may enable an SRQ.

0000000000000 000000020000000000000000000)°
Z
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Commands, Continued

Data Suffix
0to9 Digits Hz Herz dB dBm
E Exponent character KH KHz DV dBvrms
Xyz Alpha-numeric string MH MHz DE Degrees
— minus sign MR milli-Volts RMS SE Seconds
Decimal point MV milli-Volts p-p ENT Enter, no units
' VO Volts p-p * EOS character
VR Volts RMS
Status Byte
Bit Value Name Description
0 1 ERR* Program or keyboard entry error
1 2 sSTop* Sweep stopped
2 4 START* Sweep started
3 8 FAIL* Hardware failure
5 32 SWEEP Sweeping
] 64 RQS Requested service
7 128 BUSY HP 3325 is busy

* Only bits 0 to 3 may enable an SRQ.

Bits which can be enabled to generate an SRQ and the arguments for MS and ESTB:

Arguments Fail Start Stop ERR
@,0 Mask Mask Mask Mask
A1 Mask Mask Mask ENABLE
B 2 Mask Mask ENABLE Mask
G 3 Mask Mask ENABLE ENABLE
D, 4 Mask ENABLE Mask Mask
E 5 Mask ENABLE Mask ENABLE
F.6 Mask ENABLE ENABLE Mask
G, 7 Mask ENABLE ENABLE ENABLE
H, 8 ENABLE Mask Mask Mask
1,9 ENABLE Mask Mask ENABLE
J, 10 ENABLE Mask ENABLE Mask
K, 11 ENABLE Mask ENABLE ENABLE
L 12 ENABLE Enable Mask Mask
M, 13 ENABLE Enable Mask ENABLE
N, 14 ENABLE Enable ENABLE Mask
0 15 ENABLE Enable ENABLE ENABLE

(Example: MSI or ESTB9ENT cause an SRQ to be generated when an Error of Failure occurs.

ESTB? returns the byte value of the mask.)
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Hardware Failure Codes

Fail 010 DAC range error

Fail 011 bad checksum, low byte of ROM

Fail 012 bad checksum, high byte of ROM

Fail 013 machine data bus line stuck low

Fail 014 keyboard shift register test fafled

Fail 021 signal too big during calibration

Fail 022 signal too small during caibration

Fail 023 DC offset too posttive during cal

Fail 024 DG offset too negative during cal

Fail 025 - unstable/noisy calibration

Fail 026 calibration factor out of range: AC gain offset
Fail 027 calibration factor out of range: AC gain slope
Fail 028 calibration factor out of range: DC offset
Fail 029 calibration factor out of range: DC slope
Fail 030 exernal ref unlocked

Fail 031 oscillator unlocked, VCO voltage too low
Fail 032 oscillator unlocked, VGO voltage too high
Fail 033 HP-IB isolation circuits tailed self test
Fail 034 HP-IB IC failed self test

Fail 035 RS232 test 1ailed loop-back test

Fail 036 memory lost (battery dead)

Fail 037 unexpected interrupt

Fail 038 sweep-limit-fiag signal failed self test

Fail 03¢ fractional-N IC failed self test

Fail 040 Modutation Source failed self test

Fail 041 function-integrity-flag flip-flop always set
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Progrﬁmrning Error Codes

Error 100 entry parameter out of bounds

Error 200 invalid units delimiter for entry

Error 201 invalid units delimiter with high voltage

Error 300 frequency too large for function

Ervor 400 sweep time too large, sweep rate too small
Error 401 sweep imé t0o small

Error 500 amplitude/offset incompatible

Error 501 offset too big for amplitude

Error 502 amplitude too big for offset

Error 503 amplitude too small for offset

Ervor 600 swesp frequency .

Error 601 sweep frequancy too large for function

Error 602 sweep bantwidth too small

Error 603 log sweep start freq too small

Efror 604 log sweep stop < start freg

Error 605 discrete sweep slement is empty

Error 700 unknown command

Error 70 illegal query

Error 751 key ignored -- in remote {press LOCAL)

Error 752 key ignored -~ local lockout

Error 753 feature disable in compatibility mode

Error 754 attempt to recall a register that has not been stored since power up (use

enhancements moge)

Ervor 755 amplitude modulation not allowed on selected function (warning only)
Eeror 756 modulation source arbitrary wave fomt is empty
Ervor 757 100 many modulation source arbitrary waveform points
Error 758 finnware failure

Error 800 iliegal character received

Error B01 fllegal digit for selection item
Error 802 illegal binary data biock header
Error 803 legal string, string overflow
Error 810 RS232 ovemun -- characters lost
Error 811 RS232 parity emor
Error 812 R$232 frame error
Entor 800 option not installed
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Chapter 3
General Information

Introduction

This chapter contains general information about the P 33258, including its performance

specifications, safety considerations, instrument description, available options, supplied
accessories, and available accessories.

Specifications

Instrument specifications are listed in table 3-1. The specifications are the performance
standards or limits against which the instrument is tested.

Safety Considerations

This product is a safety class 1 instrument (provided with a protective earth terminal).

The instrument and manual should be reviewed for safety markings, instructions, cautions,
and warnings to ensure safe operation.

The connector shells listed below are common to one another and floating with respect to
earth ground.

. Main Signal (front and rear)
. Sync Out

. Mod Source Out

. Ref, Qut

. 10 MHz Oven Outputt
Marker

X-Drive

Z-Blank

9. Aux, 0 dBm

10. FastSync

11. Ext. RefIn

12, Phase Mod In

13. Amptd Mod In

ONORALN

For gperator protection, the maximum float voltage is 42V peak from earth ground.

This manual may have a yellow manual change supplement with it. This supplement
contains information to correct errors and incorporate new information to keep the manual
current. The supplement for this manual is identified by the manual print date and part

number, both of which appear on the manual title page. Complimentary copies of the
supplement are available from Hewlett-Packard.
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General Information

Instrument Description

The HP 3325B Synthesizer/Function Generator produces sine wave, square wave, triangle
waveforms, and positive and negative ramp waveforms from 1 uHz to 2 maximum frequency
of 20 Mhz for sine wave and 10 Mhz for square wave and 10 kHz for the triangle and ramp

functions. (The .999 extensions are assumed.) Frequency resolution is 1 xHz or eleven digits.

Output amplitude is 1 mVpp t0 10 Vp. The output amplitude level may be entered or
displayed in Vims or dBm (500) as well as Vpp. Any function may have a de offset of up

to £4.5V or the output may be de-only up to +5V. An optional high voltage output produces
up to 40 Vyp into a load > 500Q, < 500 pF.

The HP 3325B performs linear or log frequency sweeps in any of its waveforms at sweep
times of 10 ms to 1000s for linear sweeps. Log sweep times are from 1s to 1000s for single
sweeps and from 0.1s to 1000s for continuous sweeps. The direction of & single linear sweep
may be up or down. A continuous sweep moves back and forth between the start and stop
frequencies in an up/down/up/down/. . . fashion. Log sweeps always start at the start

 frequency and sweep up to the stop frequency. Discrete sweep is a feature which allows
creation of custom sweep patterns.

The HP 3325B is fully programmable through two separate computer interface connectors
located on the rear panel. They are the Hewlett-Packard Interface Bus (HP-IB) and
an RS-232 serial interface. A desktop computer can be configured and programmed to

remotely operate the HP 3325B with either of these two interfaces. Interface information is
in Chapter 2, Remote Operation.
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General Information

New or Enhanced Features of the HP 3325B

The feature set of the HP 3325B is a superset of the HP 3325A features. The additional
features and improvements are summarized in the following:

* Non-volatile memory added: battery backup provides power to the memory when
the power switch is in the standby position or when the instrument is
disconnected from line voltage.

* Modulation source added: a second source of sine wave, square wave, and
arbitrary waveforms provides a signal which may be used to modulate the main

signal. The output connector for this source is on the rear panel between the two
modulation input connectors.

+ RS-232 interface added: this serial interface offers an alternative to the HP-IB.
Additional remote operation commands have heen added to the command set to

allow it to be used in the same manner as the HP-IB (i.e.; emulate the HP-IB bus
commands).

* Frequency range of the rear-panel syne output extended to 60 MHz.

* Discrete sweep added: a sequence of up to 100 linear sweeps or frequency steps
(called segments) offers the ability to create custom sweep patterns. Each
segment is composed of & start frequency, stop frequency, sweep time, and

marker frequency. Refer to Chapter 1, Operation and Reference, for more
information on this feature.

Additional front-panel conveniences such as a preset key, frequency entry
increment and decrement (defined by a new F STEP key), and the use of the
left-arrow key as a backspace during parameter entries.

Over-voltage circuit breaker added: an over-voltage protection circuit provides
added reliability and reduces maintenance.

+ Extended self-test and diagnostic capabilities to reduce maintenance.
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General Information

Compatibility with the HP 3325A

The HP 3325B enhancements were designed to improve upon the capabilities of the

HP 3325A without sacrificing compatibility. In most cases the new faatures do not cause
compatibility problems. Complete backward compatibility is achieved by turning off the
enhancements switch (on the rear panel). This feature is also programmable. Table 3-2
shows a comparison of the HP 3325A features that have been enhanced and are controlled by
the enhancements switch.

Table 3-2. Comparison of compatible and enhanced features relative to HP 3325A

Compatibility Mode Enhancement Mode
Store/recall registers cleared when power Store/recall registers are non-volatile.
Is turned off,

Programming times compatible with the Some items program faster,

HP 3325A.

Amplitude calibration time compatible Calibration is faster.

with the HP 3325A.

Frequency, time, and phase entries are All entries are rounded.

truncated.,

Ampiitude or offset entries stop a sweep. Amplitude and offset vaiues can be
changed while sweeping without
stopping the sweep.

Actual sweep time can vary significantly Actual sweep time value deviates

from value entered for very narrow-band less from value entered.

sweeps.

Actual sweep stop-frequency can vary Actual sweep stop-frequency value

from value entered for very narrow-band deviates less from entered value,

sweeps.

Continuous log sweeps always cover an Partial decades possibie.

integer number of decades.

Log sweep momentarily pauses between Pause time between log sweep

sweeps. segments minimized.




General Information

Options

Table 3-3 lists the options available for the HP 3325B. These options are available when the

instrument is ordered by specifying the option number, or are available for later installation
by ordering the HP part number,

Table 3-3, Options

HP 3325B Option HP Part Number Description
001 03325-88801 High Stability Frequency Reference
002 03325-88802 High Voltage Output
907 5062-3989 Front Handile Kit
908 5062-3977 Rack Flange Kit
909 5062-3983 Rack Mount Flange Kit with Mandles
910 - Extra Manual Set

Accessories Supplied

Table 3-4 lists the accessories supplied with the HP 3325B. Additional Operating and Service
manuals may be ordered through your HP Sales and Service Office.

Table 3-4. Accessories Supplied

Description Quantity HP Part Number
Operating Manual 1ea. 03325-80015
Installation Manual 1 ea, 03325-80007
Service Manual 1ea 03325-90005

Accessories Available

Table 3-5 lists the accessories available for the HP 3325B. These accessories may be obtained
through your HP Sales and Service Office.

Table 3-5. Accessories Available

Accessory HP Part Number
Ground solator 155074
500} Feed-Thns Termination 11048C
Transit Case 8211-2855
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Specifications

Table 3-1. Specifications
Frequency Amplitude (all waveforms)
Range: Resolution:
Sine: 1Hz to 20,999 999 999 MHz 0.03% of full range or 0.01 dB (4 digits).
Square: 1xHz to 10.999 999 999 MHz Range:

Triangle/Ramps: 1xHz to 10.999 999 999 kHz
Resolution:

1uHz, <100 kHz

1mHz = 100 kHz (1. Hz available, not displayed)
Accuracy:

+5x 10%/year, 20°C to 30°C, at time of calibration,
(Standard instrument)

Stability:

+ 5 % 10%/year, 20°C t0 30°C, standard (See also
option 001, high stability frequency reference)
Warm-up Time;

20 minutes to within specified accuracy.

Main Signal Output
(all waveforms)

Impedance:
500 = 19Q, 0-10kHz
Return Loss:

>20 dB, 10 kHz to 20 MHz, except > 10 dB for
>3V, 5 MHz to 20 MHz

Connector:

BNC; switchable to front or rear panel,
non-switchable with option 002 except by intemal
cable change.

Floating: .
Qutput may be floated up to 42V peak (ac + dc)
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1 mV to 10 Vpp in 8 amplitude ranges, 1-3-10
sequence. Ranges are 1 mV — 2,999 mV, 3 mV
=9.909 mV, 10 mV — 29.99 mV, 30 mV —93.99 mV,
1V - 2990V, .3V - 9999V, 1V — 2,008V, 3V

= 10V, (without d¢ offset).

Fmction Peak to Peak rms dBm{5002)
Sine
minimum 1.000 my 0.354 mvV —58.02
maximum 10,00V 3.536V +23.98
Square
minimum 1.000mv | 0.500 mV - 53.1
maximum 10,00V 5.000v +26.99
Triangle/Ramps
minimum 1.000mV | 0.280mV - 57.78
maximum 10.00V 2.887V +22.22
Accuracy: (with 0 Vdc oftset)
Sine:

001 Hz 100 kHz 10MHEz  20MHz
+23.98 dBm + J1dB + 4dB
+13.52 dBm
—1602dBml £ 20B + 6dB + 6dB
—56.02 + 94dB

Sguare Wave:

001 Hz 100 kHz 10 MHz
10 Vpp *+ 1.0% * 11.1%
3vpp
1 mVpp + 22% + 136%

Triangle:

001 He 2 kHz 10 kHz
10Vpp + 1.5% +50%
IVvpp
1 mVpp * 27% + 8.9%

Ramps:

001 Hz S00 Hz 10 kHz
10Vpp + 1.5% * 10%
3vpp
1 mVpp + 27% + 11.2%

With dc offset, increase all sinewave tolerances by
.2 dB and all function tolerances by 2%,



Spacifications

Table 3-1. Specifications, Continued

Sinewave Spectral Purity

Phase Noise:

— 60 dBc for a 30 kHz band centered on a 20 MHz
carrier (excluding = 1 Hz about the carriet) with
option 001 installed.

Spurious:

All non-harmonically related output signals will be
more than 70 dB below the carrier (— 60 dBc with
de offset), or less than — 90 dBm, whichever is
greater.

Waveform Characteristics

Sinewave Harmonic Distortion:

Harmonically related signals will be less than the
following levels relative to the fundamental:

Frequemcy Range Harmonic Level
1 Hzto 50 kHz — 65 dB¢
50 kHz to 200 kHr — 60 dBc
200 kHz to 2 MHz — 40 dBc
2MHz 10 15 MHz — 30 dBc
15 MHz 10 20 MHz —25dB¢
Squarewave Characteristics:

Rice/fall time: = 20 ns 10% to 80%, at full output.

Overshoot: < 5% of peak to peak amplitude, at full
output.at 1 MHz.

Settiing time: < 1us to settle to within .05 of final
value, tested at full output with no load, 10 Hz to
500 kHz.

Symmetry: < .02% of period +3 ns.
Triangle/Ramp Characteristics:
Triangleframp linearity {(10% to 90%, 10 kH2):
*.05% of full p-p output for each range.
Ramp retrace time: < 3 us, 90% 10 10%.

Period variation for alternate ramp cycles = 1%
of period.

DC Offset

Range:
DG only (no ac signal): 01o =5.0 V/50Q

DC + AC: Maximum dc offset + 4.5V highest
range; decreasing 1o * 4.5mV lowest range.

Resolution: 4 digits
Accuracy:

DC onty: + .02 mV 10 £20 mV, depends offset
chosen.

DC + AC, to 1 MHz: +.06 mV to = 60mV depends
on ac output level, £.2 mV to = 120 mV for ramps
10 10 kHz.

DC + AC, 1 MH2to 20 MHZ: =15 mV 1o
+ 150 mV, depends on AC output level,

Phase Offset

Range:

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

Resolution: 0.1°
Increment Accuracy: =0.2°
Stability: + 1.0 degree of phase/C

Sinewave Amplitude Modulation

Modulation Depth (at full output for each range):
0-100%

Modulation Frequency Range:

DC to 400 kHz (0-21 MHz carrier frequency)
Envelope Distortion:

- 30 dB 1o 80% modulation at 1 kHz, 0 Vdc offset
Sensitivity:

+ 8V peak for 100% modulaiton

input Impedance: 10k

Connector: Rear pane! BNC

3-7



Specifications

Table 3-1. Specifications, Continued

Phase Modulation - Modulation Source:

Sine Function Range: Frequency Range: Sine 0.1 Hz-10 kHz, Square 0.1
* 850°, + 5V input Hz-2 kHz
Sine Function-Linearity: Frequency Resolution: 2 digits

Frequency Accuracy: Typically 0.1% (Sinewave)
Amplitude Range: 0.1 Vppto 12 Vpp

Amplitude Resolution: 0.1V

Amplitude Accuracy: Typically = 200 mV
Impedance: Designed to drive = 10 kQ loads
Sinewave Purity: Typically better than — 34 dBc
Standard Waveforms: Sine, Square

Arbitrary Waveforms: Vertical resolution 256
points, horizontal resolution 4096 points, 300,000
samples/sec, 10 kHz maximum.

Output Location: Rear Panel BNG

*0.5%, best fit straight line

Squarewave Range: = 425°

Triangle Range: = 42.5°

Positive and Negative Ramps: * 85°
Modulation Frequency Range: DC —5 kHz
Input impedance: >40kQ

Connector: Rear panel BNC

Frequency Sweep

Sweep Time:
Linear: 0.0tsto 10008

Logarithmic: 1s to 1000s single, 0.1s to 1000s
continuous
Maximum Sweep Width:

Full frequency range of the main signal output for
the wave form in use except minimum log start
frequency is 1 Hz,

Minimum Sweep Width:
Minimum sweep width
Sweop time Sweep time
Fenction 01 sec. 999 sac.

Sine JmHz 999.9 mHz
Square .05 mHz 499.5 mH:z
Triangle 005 mHz 49.95 mHz
famps | .01 mHz 99.99 mH:

Minimum log sweep width is 1 decade.

Phase Continuity:

Sweep is phase continuous over the full frequency

range of the main output.

Discrete Sweep:

Number of segments: 100 maximum (Start and
stop frequencies settalbe for each segment)

Time/segment: 0.01s to 1000s, 0.01s resolution.



Specifications

Table 3-1. Specifications, Continued

Auxiliary Outputs

Auxiliary Frequency Output:

Frequency Range: 21 MH2 to 60.999.999 99 MHz,
underrange coverage to 19.000 000 001 MKz,
frequency selectior from front panel.

Amplitude: 0 dBm; output impedance: 50
Connector: Rear panel BNC

Syne Output:

Square wave with V high 2 1.2V V low =0.2V into
500 Frequency rangs is the same as the main

signal output for front pane sync and DC — 60 MHz
for rear panel sync

Output impedance: 50Q

Connector: BNC front and rear panels.

X-Axis Drive: (0-100s sweeps only)

0to +10 Vdc linear ramp proportional to sweep
frequency; linearity, 10-90%, % .1% of final value

(applies for sweep widths which are integer
multiples of the minimum sweep wicth),

Connector: Rear panel BNC
Sweep Marker Output:

High to low TTL compatible voltage transition at
keyboard selected marker frequency. (Linear
sweep only.)

Connector: Rear panel BNC

Z-Axis Blank Qutput:

TTL compatible voltage levels capable of sinking
current from a positive source. Current 200 mA,
voltage 45V, power dissipation 1 watt maximum.
1 MHz Reference Output:

0 dBm output for phase-tocking additional
instruments to the HP 3325B.

Connector: Rear panel BNC

10 MHz Oven Output:

0 dBm intermal high stability frequency reference

output for phase-locking HP 3325B or other
instruments (option 001 only).

Connector: Rear panel BNC

Auxiliary Inputs

Reference Input:

For phase-locking HP 3325B to an external
frequency reference. Signal from 0 dBm to
+20 dBm into 5042, Reference signal must be a
subharmonic of 10 MHz from 1 MHz to 10 MHz.

Connector: Rear panel BNC. With option 001 this
input may be jumpered to the 10 MHz reference
output;

Amplitude Modulation Input:
See modulation specifications
Phase Modulation Input:

See modulation specifications.

Remote Control

Frequency Switching Time (to within 1 Hz
exclusive of programming time):

- =10 ms for 100 kHz step; =25 msec for 1 MHz

step; = 70 msec for 20 MHz step,

Phase Switching Time (to within S0° of phase lock
exclusive of programming time;

<30 ms.

HP-IB Interface Functions:

SHt, AH1, Té, L3, SR1, RL1, PPO, DC1, DT1, CO, E1
RS-232 interface:

Subset of ANSI/EIA-232-D-1886, CCITT V.24

Type: DTE, 25 pin female "D” connector

Baud Rate: 300-4800



Specifications

Table 3-1. Specifications, Continued

Option 001 High Stability
Frequency Reference

Aging Rate:

+5x 10'8Meek, aﬁgr 72 hours continuous

operation; * 1 x 10” mo., after 15 days continuous
- Operation.

Warm-up Time:

Reference will be within = 1 x 107 of final value 15
minutes after tum-on at 25°C for an off time of less
than 24 hours,

Option 002 High Voltage Output

Frequency Range: 1xHzto 1 MHz
Amplitude:

Range: 4.00 mVto 40.00 Vpp in 8 ranges, 4-12-40
sequence, into 50082 <500 pF load. Ranges are
four times the standard instrument ranges, without
dc offset.

Accuracy: 2% of full output for each range at
2 kHz. :

Flatness: * 10% relative to programmed amplitude.

Sinewave Distortion:

Harmonically related signals will be fess than the
following levels (relative to the fundamental full
output into 5002, load):

10 Hz-50 kHz. —65dB

50 kHz-200 kHz: - 60 dB

200 kHz-1 MHz: — 40 dB
Square Wave Rise/Fall Time:

* 125 ns, 10% to 90% at full output, with 5000,
500 pF load.

Output impedance;
<2Qat de, <10Q at 1 MHz
DC Offset:

Range: 4 times the specified range of the standard
instrument.

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

Maximum Output Current:
+ 20 mA peak

3-10

General

Operating Environment:
Temperature: 0°C to 55°C

Relative Humidity: 95%, 0°C to 40°C
Altitude: = 15,000 ft.

Acoustic Noise Emission:

LpA <70 dB (sound pressure level)
operator position

normal operation per 1SO 7779
Power:

100/120/220/240V, +5%, — 10%; 48 {0 66 Hz:
80 VA, 120 VA with all options

Weight:
9 kg {20 Ibs) net; 14.5 kg (32 Ibs) shipping
Dimensions:

133.4 mm high x 426.5 mm wide x 498.5 mm deep
(6 1/4"Hx 16 3/4"Wx 19 5/8' D)

1 ‘ 900000



A
Accessories 35
Amplitude calibration key 1-3, 1-32
Amplitude key 1-17

Amplituda limits of a¢ functons  1-17

Amplitudle moduation  1-28
input connactor 1.3
input impedance 1-29
Amplitude vs. function 110
Arbitrary wavaforms 130
Arrow keys 1415
Assign zero phase key  1-20
Attention (ATN) bus line 2.4
Auxiliary output connector  1-3

B

Bandwicth vs, function 1-16
Bandwidth, linear sweep 125
Baud rate 1.35,2-14

Bus commands (HPIB) 27

Bus management lines (HPIB) 2.3

C
Calibration 1-32
Cancelling sweeps  1-24
Changing sweep bandwicth 1-24
Changing the bus address  2-7
Cireuit breaker raset  1-3
Glear command 2.7
Clear discrete key 1-26
Clear display 1-13
Clearkey 113
Clear lockout 2-8
Clear memory 131

clear all memory 1-4

discrete sweep table  1-3
Command Mode 2.4, 27
Command syrtax 217
Compatibility 2.31,2-89, 271, 5-4
Competibility mode  1-4, 2-13
Connectors

amplituce modulation input  1-3, 1.28

auxiiary output  1-3, 1-41
external reference input  1-3
fastsync output  1-3

HPB 1-34

main signal 1.8

main signal output  1-91

main signal output (front panel) 1.3

main signal qutput (rear pane)  1-3
marker output  1-3, 1-37
modulation source  1-29
modulation source output  1-3
phase moduiation input  1-3, 1-20

Index

reference culput 1-3
RsS-232 135
synchronized oulput  1-3
10 MMz oven 1.3, 142
Yedrive 1.3, 1.37-1-38
Z:blank 1.3, 1-38
Z-blank output  1-37
Continuous
discrete sweeps  1-27
indicater 1-25
linear sweeps 125
sweeps 1-21, 1-24, 1-37
Converting units  1-17

D
Data entry 1-12
Datakeys 1-2,1-12
Data Mede 24, 2.7
Data transferpata 2.2
DC offset 1-11

key 117

limits 118
Default address 2.7
Deseripion of the HRIB 2.2
Disabling modulation  1-30
Discrete sweep key 1-27
Discrete sweeps  1-21, 1-26, 1-37
Display 12

clear 1413

de offset  1-11

indicators  1-14

paramsiers 1-14

wunits  1-14
Displaying the bus address 26
Distortion  1-11

causes 1-3

E
Editing data ertries  1-13
End or identify (EO) 2.4
Enhancemente 1.25 213, 2.31

Emtering cliscrete sweep perameters  1.26

Entry keys  1-2

EQCS character 2-20

Errot messages  1-13, 267
Example Programs 2.72

External frequency reference  1.42
External reference indicator 1-3

External reference input connector  1-3



Index (com't)

F
Fan 13
Fan Fiker 1-3
Fast syne output connector  1-3
Fast sync output signal  1-40
Frequency
bandwidth vs. function 116
entry indicator  1-15
key 1-186
reference output  1-42
resojution 1-16

stepkey 1-15
sweeps 1-21
Function

amplitude ranges 510
bandwidith 1-16
keys 111

H

Handshake lines (HP-IB) 23
Handshake, serial interface  1-36, 2-14
Hardware handshake 2-14
High voltage option 1.9
HP-IB Address

default 2.6

displaying 28

tak and fisten 2-5
HP-IB Capabilities 2.2, 2.5
HP-IB degeription 2-2
HP.IB interface  1-3, 1-23

I
Impadance
of amplitude modulation input  1-29
of main signal output 18
of phase modulation input  1-29
Indicators
amplitude 317
arbitrary wavetorm  1-30
audliary 1-3
continuous  1-25
dc offset 1-17
display 1-14
external reference  1-3
frequency 1-16
bequency entry  1-15
function 1-11
listen 1-33
marker frequency  1-23
modulation 1-3
medulation source  1-29
phase 1.20
rearonly 18
remcte  1-33, 1-36, 2-18
shit 1-7
SR 133

start frequency 122 .
status -2

stop frequency  1.22

uwiits 12
Instrument gdescription  3-1
instrument preset key 1-3
Interface

HF-IB  1-3, 1.33

RS-232 1.3, 185, 2-11
Interface clear (IFC) 2-4, 2.7

K

Keys

amplitude  1-17
amplitude calibration 1-3, 1-32
amplitude modulation 1-28
amplitude modulation off  1-30
a55ign zero phase  1-20
bus address  1.34

clear 1-13

clear discrete  1-26

data 12

dataentry 1-12

de offset 117

discrete swasp  1-27
entry 1-2

frequency 1-16

frequency step  1-15
function 1-11

instrument prasat 1.3
local 1-2, 1-33, 138, 2-18
marker frequency 1.23
marker inlo center frequency  1-23
modify 1-2,1-15
modulation source  1-3
phase 1-20

phase modulation  1-29
phase modulationoff  1-30
rear-only 1-3,1-8

recall  1.31

reset/start  1.24

shitt 1-2, 1.7

start 125

stat frequency 1-22

stop frequengy 1-22

store  1-31
swaapn 1.2
time 1-22
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L

Limits, offset 1-18

Linear sweep bandwidth 1-25
Linear sweeps 1-21,1.25
Listen-only address 2.7

Local command 2415

Local HP-IB bus command 2-8
Local key 1-2, 1-33, 1-36,2-15
Local lockout 2-8, 2-57

Log sweepe  1-21, 1.25, 1.37

M
Main furction keys  1-14
Main signal
bandwidth ve. function 1-16
impedance 1.8
loading 1-10
output connector  1-8
output connector ffront panel) 1-3

output connector {rear panel)  1-3
return loss 1.8

specification 1-8

termination  1-11
Marker 1-23
Markar frequency key 1-23
Marker into center frequancy key 1-23
Marker output connector 1-3
Masking the status byte 26 -2
Madimum de offset  1-18
Memory clear 1-31,2-7
Messages, error  1-13, 2-67
Minimum de offset 1-18
Maodity bandwidth 1-24
Madify keys  1-2, 1-15
Modifying entry values  1-15
Meduation 1-28

indicators 1-3

source 1-28-1-29

source amplitude  1-29

source frequency  1-30

source keys 1-3

source cutput eonnecter  1-3

voltage limits  1-28

N
New faatures  3-3

O

Offset  1-11

Offest limits 118

QOptions 3-5

handies 3-5

high voltage 1-9

high-stability frequency reference  1-42
rack mourt 35

Overshoot  1-11

Index {con't)

P

Farallel poll 2-8
Parameter units  1-14
Parameters 2-19
Paramaters, viewing  1-14
Farty 1-36,2-14

Pnhase key 1-20

Phase meodulation 1-28
inpuwt connector  1-3
input impedance 1-28
Phase range 1-20
Pewer line

voltage limits 13
Power switch  1-2
Powerdown state 14
Progsetatate 1-3- 1.5, 213, 2.58

R
Rear-only key 1-3, 1-8
Rear-panel switches 1-3
Recall diserete sweep segments  1-27
Recall state 2-55
Recalling instrument states  1-31
Receive pacing 2-14
Reference output  1-42
Reference output connector  1-3
Remote (RS-232) 2.57
Remote command 2-8
Femote mode 2-15
Remote operation command list  2-69
Remote operation commancs
amplitude calibration 2-21
amplitude dats entry  2.22
amplituce modulation contral  2-42
assign zero phase  2-24
calibration mode  2-25
clear discrete sweep table 2-26
control location of main signal  2.58
data transfer mode control 243
dc ofiset dataentry 2-51
discrete sweep storefrecall 2-28
discrete sweep table clear 2.26
display on/off 2.27
display string  2-29 ,
echo chararters (RS-232) 2-30
enable SRQ  2-33, 2.50
erhmncements control  2-31
eror query  2-32
external reference locked query  2-35
frequency data entry  2.38
function select 2-37
high vottage output control  2-39
identification query 2-40
lecal command 241
main signal rearffront connector  2-56
marker frequency data entry  2-44

iif



Index {con't)

mask status bye 233, 2-50
mod source amplitude data entry  2.45
mod source arb waveform entry  2-48
mod source frequency data entry  2-47
mod source function select 2-48
option query  2-52
phase data entry 2.53
phase modulation control 248
query status byte 2-54
recall state 2-585
remote command (RS-232) 2.57
reset 258
reset single sweep  2-59
response header contrel  2-38
set SRO mask 2-33, 2-50
start eontinuous sweap 2.50
star! frequency data entry 265
slart single sweep 2-64
status byte query  2-54
stop frequency data entry  2-62
store state  2-63
sweop mode selecton 261
sweep time date entry 266
wavelorm select  2-37
Resetbution 1-3
Resetistartkey 1-24
Resolution, frequency 1-18
Resolution, phase  1-20
Retum ioss
main signal 18
Rs.232
baud rate  1-35, 2-14
cable pin assignments 2.12
interface  1-3, 1-38, 2-11
remcte cortrof  2-19

S
Safety consideration 3-1
Selecting a function  1-11
Selftest 13
Serigl

baud rate 2.14

handshake 1-38, 2-14

inerface 2-11

poll (HF-IBy 2-8, 2-54

word length  2-14
Service request (SRQ) 2-4, 28
Setlocal 2-8
Setup parameters, viewing 1-14
Shitt key 1.2, 1-7
Single discrete sweeps  1-27
Single sweeps  1-21, 1-24, 1-37
Software handshake 214
Specification 38
Standby 1.4
Start frequency key 122
Startkey 1-25

State

powerdown 14

preset 1-4-1-5

tum-on 1.4
Status bit 2.8
Statusbyte 2.10, 2-54

magsk 2-8.29
Status indicators  1-2
Stepfrequency key  1-22
Stering discrete sweep parameters  1-25
Stering instrument states  1-31
Sweasp

keys 12

parameter defacst values  1.21

time imit 1-22
Switches

rear-pane!  1-3
Symbols 2-20
Synchronized output connector  1-3
Synchronous output signal 140
Syntax  2-17
Syntax drawings rules 2-20
System controller 2-3

T
Telkf¥isten addresses 2-5
10 MHz Oven autput connector  1-3
Termination, main signal  1-11
Tests, zelkiest 1-3, 1-32
Time key 1-22
Transfer rate  2-2
Trigger HRIB) 28, 2-64
Turn-on state  1-4, 213

U

Unitz 1-14
conversion 1-17
indicatorg  1-2
v

Viewing the bus address 26
Voltage range vs. function  1-10

w
Warm-uptime 14

X
Yedrive connector  1-3
X.drive signal  1-38

Z
2Zblank connector  1-3
Z-blank signal  1-38
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Warranty

The inlermation contained in this
document is subject w change
without notice,

Hewlett.Packard makes no
warranty of any kind with
regard to this material,
including, but not limited to,
the implied warranties or
merchantability and fimess
for 2 particular purpose.

Hewlett-Packard shal) not be liable
for errors contained herein ar for
incidental or consequential damages
in connection with the fumishing,
performance, or use of this marerial.

Safety Summary

The following general safery
precavtions musk by observedl
during all phases of operarion,
service, and repair of this
instrument. Failure o cowply with
these precautions or with specific
warnings elsewhere in this manua)
violates safety standards of design,
manufacture, and inrended use of
the instrument. Hewlete-Packard
Company assumes no liability for the
eustomer's failure to comply wich
these requirements. This is a Safery
Class | instrument.

Ground the Insarument

To minimize shock hazard, the
instrument chassis aru enbinet must
be connected o an elecrical
ground, The instrument is equipped
with a three-conduector ac power
cable. The power cable must either
be plugged into an approved
three-contact eleetrical sutlet or
uwsed with a three-contact to
two-contact adaprer with the
grounding wire (green) firmly
conmected to an electrical groun
{safery ground) at the power outlet,
Tha power jack and mating plug of
the power cable meet Intemational
Electrorechnical Commission (1EC)
safety skandards.

Do Not Operairte in an
Explosive Atmosphere

Do not aperate the instrument in
the presence of flammable gases or
fumes. Operation Ff any electzical
instrument i suchi an environment
constitues a definite safery hazard.

Keep Away (rom Live
Circuits i

Operating personnie) must not
[emove inscrument covers.
Compenent replncimenc and
internal adjusements must be mada
by qualified mainténance personnal.
Do not replace components with
power cable connected. Under
certain conditions, dangerous
volcages may exist even with the
power cable removed. To avoid
injuries, always distonnect power
and discharge circuits before
wuching them. !

Do Not Service or Adjust
Alone '

Do not actempt infernal service or
adjustmene unless another person,
eapable of rendering Best aid and
resuscitation, is présent.

Do Not Substinute Parts
or Modify Insrument
Because of the danger of
introducing addiridnal hazards, do
not install substitute pares or
perform any unauthorized
maditicorion to the imscrument.
Return che instrumest to a
Hewlett-Packard $.1Ies and Service
Office for service and repair to .1
ensure the safery flenmres are ©'
maintained.

Dangerous Procedure
Warnings

Warnings accompény patentially
dangerous procedures throughout
this manual. Instructions contained
in the warnings must be followed.

Safety Symbols

The following safety symbols are
used throughour this manual and in
the instrument. Familiarize yourself
with each symbol and its meaning
before operating this instrrument.

CGeneral Definitions of
Safecy Symbols Used on
Equipment or in Manuals

[nstruction manual symbol. The
preduct is marked with this symbol
when it is necessary for the user to
refer to the instruction manual to

protect against damage to the
insTsement,

J

Indicates damgerous voltage
{terminals fed trom the interior by
voltage exceeding 1000 volts must
be 50 marked}.

®

Protective ground {earth) terminal.
Used 1o identify any temina? which
is inlended for connecrion o an
external protective conductor for
protection against electrical shoele
inwise of a faull, or te the tenvinal
of a protective ground (earth)
elecrrade.

D

Low-noise or noiseless, clean ground
{earth) terminal. Used for a signal
comman, a3 well a5 providing
protection against elec rical shock
in case of a fault. A cerminal
marked with this symboel must be
connected o ground in che manner
described in the installation
(operating) manual, and before
operating the equipment.

e oor L

Frame or chassis rerminal.

A connection o the frame (chassis)
of the equipment which normally
includes all exposad metal
SETUCEUrRS,

AV

Alternating currenc {power tine),

Diirect cusrent (power line).

—_—

N

Alermating or direcr current
{power line).

Warning

The waming sign denotes a hazard.
It calls atcention to a procedure,
practice, condition or the like,
which if not correctdy performed or
adhered 1o, could resulc in injury or
death to personnel.

Caution

The caution sign denores a hazard.
[t calls atrention o an operating
procedure, practice, condition or
the like, which, if not carrectly
petformed or adhered to, could
resultin damage to or destruction of
part or 3l of the product or the
user’s data.
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Warning '

- To prevent potential fire or shock hazard, do
g not expose equipment to rain or moisture.
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CERTIFICATION

Hewlett-Packard Company certifies that this product met its published specifications at the time
of shipment from the factory. Hewlett-Packard further certifies that its calibration measurements
are traceable fo the United States National Bureau of Standards, 1o the exient allowed by the
Bureau’s calibration facility, and the calibration facilities of other international Standards
Organization Members.

WARRANTY

This Hewlett-Packard product is warranted against defects in material and workmanship for a
period of one year from date of shipment. During the warranty period, Hewlett-Packard
Company will, at its option, either repair or replace products which prove to be defective.

For warranty service or repair, this product must be returned to a service facility designated by
HP. Buyer shall prepay shipping charges 1o -hp- and -hp- shall pay shipping charges to return
the product to Buyer. However, Buyer shall pay all shipping charges, duties, and taxes for
products returned to -hp- from another country.

HP software and firmware products which are designated by HP for use with a hardware
product, when properly installed on the hardware product, are warranted not to fail to execute
their programing instructions due to defects in materials and workmanship. K MP receives
notice of such defects during their warranty period, HP shali repair or replace software media
and firmware which do not execute their programming instructions due to such defects. HP
does not warrant that the operation of the software, firmware or hardware shall be
uninterrupted or error free.

LIMITATION OF WARRANTY

The foregoing warranty shall not apply to defects resulting from improper or inadequate
maintenance by Buyer, Buyer-supplied software or interfacing, unauthorized modification or
misuse, operation outside of the environmental specifications for the product, or improper site
preparation or maintenance.

NO OTHER WARRANTY S EXPRESSED OR IMPLIED. HEWLETT-PACKARD SPECIFICALLY
DISCLAIMS THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR
PARTICULAR PURPOSE.

EXCLUSIVE REMEDIES

THE REMEDIES PROVIDED HEREIN ARE BUYER'S SOLE AND EXCLUSIVE REMEDIES.
HEWLETT-PACKARD SHALL NOT BE LIABLE FOR ANY DIRECT, INDIRECT, SPECIAL,
INCIDENTAL, OR CONSEQUENTIAL DAMAGES, WHETHER BASED ON CONTRACT, TORT,
OR ANY OTHER LEGAL THEORY.

ASSISTANCE
Product maintenance agresments and other customer assistance agreements are available for
Hewlett-Packard products.

For any assistance, contact your nearest Hewlet-Packard Sales and Service Office. Addresses
are provided at the back of this manual,
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SAFETY SUMMARY !

The following general safety precautions must be observed during all phases of operation, service,
and repair of this instrument. Failure to comply with these precautions or with s pecific warnings
elsewhere in this manual violates safety standards of design, manufacture, and intended use of the
instrument. Hewlett-Packard Company assumes no liability for the customer’s failure to comply
with these requirements. This is a Safety Class 1 instrument.

GROUND THE INSTRUMENT '

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

DO NOT OPERATE IN AN EXPLOSIVE ATMOSPHERE

Do not operate the instrument in the presence of 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 attempt 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
perform any unauthorized modification to the instrument. Retumn the instrument to a
Hewletl-Packard Sales and Service Office for service and repair to ensure the safety features
are maintained. '

DANGEROUS PROCEDURE WARNINGS

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

Warning Dangerous voltages, cépable of causing death, are present in this
e instrument. Use extreme caution when handling, testing, and adjusting.
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SAFETY SYMBOLS
General Definitions of Safety Symbols Usad On Equipment or in Manuals.

ﬂ HEWLETT
B PACKARD

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 (terminais 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 indicate 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 instaliation
(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 structures.

Alternating current (power line.)
Direct current (power line.)

Alternating or direct current (power line.)

Warning The WARNING sign denotes a hazard. It calis attention to a procedure,

practice, condition or the like, which if not correctly performed or adhered
a to, could resuit in injury or death to personnel.

Caution The CAUTION sign denotes a hazard. & 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.

Note The NOTE sign denotes important information. [t calls attention to procedure,
# practice, condition or the like, which is essential to highlight.
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Chapter4
HP 3325B Installation

This section contains instructions for installing and interfacing the HP 3325B
Synthesizer/Function Generator as well as tests to verify performance. Included are initial
inspection procedures, power and grounding requirements, operating environment, available
accessories and options, installation instructions, interfacing procedures, and instructions for
repacking and shipping.

There are two sets of tests: the first, operational verification, is a subset of the second,
performance tests, an exhaustive test of the HP 3325B specifications. The operational
verification is typically used as an incoming inspection tool upon initial receipt. The

performance tests are used just before shipping from the factory, after any service work, and
when a full calibration is performed.

4-1



General Installation Information

General Installation Information

Initial Inspection

The HP 3325B was carefully inspected both mechanically and electrically before shipment.
1t should be free of mars or scratches and in perfect electrical order upon receipt. To assure
that this is the case, perform the following steps:

* Inspect the HP 3325B for physical damage incurred in transit. If the HP 3325B
was damaged in transit, file a elaim with the carrier.

Waming  The integrity of the protective earth ground may be interrupted if the
HP 33258 is mechanically damaged. Under po circumstances should the
HF 33258 be connected to power if it is damaged.

* Check for supplied accessories (listed in Chapter 3 of the Operating Manual).

Inspection will be completed after testing the electrical performance using the Operational
Verification tests which appear later in this document. Also included in this document is the
Performance Test. This is a very detailed test procedure designed to verify that the

HP 3325B meets all the performance specifications.

Power Requirements

Caution Before applying ac line power to the HP 33258, ensure the voltage selector on the
HP 33258 rear panel is set for the proper fine voltage and the correct fine fuse is
instalied in the fuse holder. Procedures for changing the line voitage selector and fuse
are contained in the following section for “Line Voltage Selection.™

The HP 3325B can operate from any single phase ac power source supplying 100V, 120V,
220V or 240V in the frequency range from 47 to 66 Hz (see table 4-1). With all options
installed, power consumption is less than 100 VA.

Table 4-1. Line Voltage Ranges

Selector ' AC Voltage

Voltage Range
100 80108V
120 108-126V
220 198-231V
240 . 216-252v

2



General Installation Information

Line Voltage Selection

The line voltage selector is set at the factory to correspond to the most commonly used line
voltage of the country of destination. The line voltage selected for the HP 8325B is indicated
on the line voltage selactor (refer to figure 4-1). Refer to table 4-2 for the line voltage ranges

and table 4-3 to set the line voltage and select the appropriate fuse. To change the line
voltage and fuse:

Remove the power cord.

2. Pryopen the power selector cover on the rear panel with a small serewdriver
(see figure 4-1).

3. To check or replace the fuse, pull the white fuse holder out of the power
selector and remove the fuse from the fuse holder.

4. Toreinstall the fuse, insert a fuse with the proper rating into the fuse holder.
The white arrow on the fuse holder handle should point toward the top of the
instrament. Push the fuse holder into the power selector.

5.  Tochange the line voltage, remove the eylindrical line voltage selector.

Caution Remove line voitage seleclor to change voltage. Rotating the selector without
removing the cylinder could damage the modute.

6. Reinstall the cylindrical line voltage selector and ensure the required voltage

label is facing out of the power selector. The cylinder is keyed so that it can
not be installed backwards.

7. Close the power selector by pushing the side catches in (toward the center of
the cover) and then pressing down firmly on the cover.

8. Check that the correct line voltage appears through the window in the power
selector cover.

Table 4-2. Line Voltage and Fuse Selection

Line Setting Fuse Type HP Part Number
100V/120V 1.5A 250V Quick-Acting (F) 2110-0876
220V/240v 750 mA 250V Quick-Acting (F) 2110-0877

Over-Voltage Protect Circuit Breaker

In addition to the current protection provided by the line fuse, the HP 33258 is protected by
an over-voltage circuit breaker. This device disconnects the power supply from the main
power connector when the line voltage exceeds the upper limit. The reset switch, located on
the rear panel (figure 4-1), pops out when this occurs. If this occurs:

1. Turn the power switch to STANDBY (&) and disconnect the power cord.

2. Check the setting of the line-voltage selector, as described earlier in this
chapter, to be sure that it matches the power connected to the HP 3325B.
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Figure 4-1. Line VoRkage Selection, Fuse Replacement, and Circuit Breaker
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3. Reset the circuit breaker by pushing the reset switch on the rear panel.
4.  Reconnect the power cord and turn the power switch on.

If the circuit breaker pops out when power is restored and the line voltage level is within the
limits described in table 4-1, send the HP 3325B to a qualified service facility for repair.

Warning Line voltages should be measured by a qualified service person who is aware
of the hazards involved.

If the circuit breaker does not open and the HP 3325B does not operate, remove power and
check line fuse.

Power Cable and Grounding Requirements

The HP 3325B is equipped with a three-conductor power cord which, when plugged into an
appropriate receptacle, grounds the HP 3325B cabinet. The type of power cable plug shipped
with each instrument depends on the country of destination. Refer to figure 4-2 for the part
number of the power cable and plug configurations available.

Warning The power cable plug must be inserted into an outlet provided with a
protective earth terminal. Defeating the protection of the grounded
instrumnent cabinet can subject the operator to lethal voltages.
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Figure 4-2. Power Cables

* The number shown for the plug is the industry idemntifier for the piug only. The number shown
for the cabie is an HP part number for a complets cable including the plug.

** UL listed for use inthe United States of America.
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i
Operating Environment |

The following summarizes the HP 3325B operating environment ranges. In order for the
HP 3325B to meet specifications, the operating environment must be within these limits.

Warning The HP 3325B is not designed for outdoor use, To prevent potential fire or

shock hazard, do not expose the HP 33258 to rain or other excessive
moisture.

|
Temperature

The HP 3325B may be operated in temperatures from 0°C to 55°C.
Humidity _
The HP 3325B may be operated in environments with humidity up to 95% (0°C to +40°C).

However, the HP 3325B should be protected from temperatures or temperature changes
which cause condensation within the instrument.

Altitude ;
The HP 3325B may be operated at altitudes up to 4572 meters (15,000 feet).

Instrument Cooling

The HP 3325B is equipped with a cooling fan mounted on the rear panel. The HP 3325B
should be mounted so that air can freely circulate through it. When operating the HP 33258,
choose a location that provides at least 75 mm (3 inches) of clearance at the rear, and at least
25 mm (] inch) of clearance at each side. Failure to provide adequate air clearance will result
in excessive internal temperature, reducing instrument reliability. The filter for the cooling
fan can be cleaned without removing it. The filter (HP part number 3150-0387) should be
cleaned with a vacuum cleaner every thirty days.

Installation

The HP 3325B is shipped with plastic feet in place, ready for use as a portable bench
instrument. The plastic feet are shaped to make full width modular instruments self-align
when they are stacked. The clearances provided by the plastic feet in bench stacking and the
filler strip in rack mounting allow air passage across the top and bottom cabinet surfaces.

A front handle kit can be installed for ease of handling the HP 3325B on the bench. The part
number for the front handle kit is listed in table 3-8 of the HP 33258 Operating Manual.

.r.
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Figure 4-3, Rack Mount and Handle Kits

Option 908 (rack mount flange kit) and 909 (rack mount flange kit with handles) enable the
HP 3325B to be mounted in an equipment cabinet. The rack mount for the HP 3325B is EIA
standard width of 482.6 mm (19 inches). To install the HP 3325B in an equipment cabinet:

* If installed, remove the plastic trim (see figure 4-3) and front handles from the
HP 3325B.

* Remove the plastic feet from the bottom of the HP 3325B.

¢ Install the rack flange kit with or without handles according to instructions

included with the kit. (Kit part numbers are listed in figure 3-8 of the HP 3325B
Operation Manual.)

Note ‘The rack mount flange kit of Option 908 will not provide the space requirement for
rack mounting when used with the front handle kit of Option 907. if front handles
are not available, use tha combination kit of Option 908 to rack mount with
handles. If Option 907 front handles are available, use Rack Mount Fiange Kit, HP
part number 50624072 to add rack rounting.

* Install an instrument support rail on each side of the instrument cabinet.

(The instrument support rails, used to support the weight of the instrument, are
included with HP instrument cabinets.)

* Lift the HP 3325B to its position in the cabinet on top of the instrument support
rails.

* Using the appropriate screws, fasten the HP 3325B rack mount flanges to the
front of the instrument cabinet.

4.7
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HP-iB Piggyback
Connectors

Figure 44, Typicall HP.IB System Interconnection

HP-I1B System Interface Connections

The HP 3325B instrument is compatible with the Hewlett-Packard Interface Bus (HP-IB).
The HP-IB is Hewlett-Packard’s implementation of IEEE Standard 4881978 and ANSI
Standard MC 1.1. The HP 3325B is connected to the HP-IB by connecting an HP-IB interface

cable to the connector located on the rear panel. Figure 4-4 iliustrates a typical HP-IB system
interconnection.

With the HP-IB system, up to 15 HP-IB compatible instruments can be interconnected. The
HP 10833 HP-IB cables have identical piggy-back connectors on each end so that several
cables can be connected to a single source without special adapters or switch boxes. System
components and devices can be connected in virtually any configuration. There must, of
course, be a path from the controller to every device operating on the bus. As a practical
matter, avoid stacking more than three or.four cables on any one connector. If the stack gets
too long, any force on the stack can damage the connector mounting. Be sure that each
connector is firmly screwed in place to keep it from working loose during use. The HP 3325B
uses all the available HP-IB lines, therefore, any damaged connector pins may adversely
affect HP-IB operation. Refer to figure 4-5 for a description of the HP-IB connector.

Caution The HP 33268 contains metric threaded HP-IB cable mounting studs as opposed to
English threads. Metric threaded HP 10833A, B, C ,or D HP-IB cable lockscrews must
be used to secure the cable to the instrument. Identification of the two types of
mounting studs and lockscrews is made by their color. English threaded fasteners are
colored silver 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-IB cable hardware illustrations and part numbers follow.

b.
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Figure 4-5. HP-IB Connector Information

To achieve design performance with the HP-IB, 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 (see figure 4-5 for HP-IB cable lengths).

Therefore, when interconnecting an HP-IB system, it is important to observe the
following rule:

Total cable length for the system must be less than or equal to 20 meters
(65 feet} or 2 meters (6 feet) times the total number of devices connected
to the bus, whichever is less.
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Storage And Shipment

The HP 3325B should be stored in a clean, dry environment. The following are
environmental limitations that apply to both storage and shipment: '

|
Temperature ! =40°C to +75°C
Humidity Up to 95%
Altitude Up to 15,300 meters (50,000 feet)

The HP 3325B should also be protected from temperatures or temperature changes which
cause condensation within the instrument.

Containers and materials identical to those used in factory packaging are available through
Hewlett-Packard offices. If the instrument is being returned to Hewlett-Packard for service,
attach a tag indicating the type of service required, return address, model number, and full
serial number. Also, mark the container FRAGILE to ensure careful handling. In any
correspondence, refer to the instrument by model number and full serial nuraber.

The following general instructions should be used for repacking with commercially available
materials: '

* Wrap the instrument in heavy paper or anti-static plastic. If shipping to a
Hewlett-Packard office or service center, attach a tag to the instrument

indicating type of service required, return address, model number, and full serial
number.

* Use a strong shipping container. A double-wall carton made of 350-pound test
material is adequate, '

* Use a layer of shock absorbing material 70 to 100 mm (3 to 4 inch) thick around
all sides of the HP 3325B to provide firm cushioning and prevent movement
inside of the eontainer. Protect the control panel with cardboard.

Caution Styrene peliets in any shape should not be used as packing material. The pellets do
not adequately cushion the instrument and do not prevent the instrument from shifting

inthe carton. The pellets also create static electricity which can damage electronic
compoenents., -

|
* Seal shipping container securely.
* Mark shipping container FRAGILE to ensure careful handiing.

* In any correspondence, refer to the instrument by model number and full serial
number.

10



Operational Verification

The following procedures are recommended for incoming inspection and for testing the
instrument after repair. Additional tests to be performed following repair of certain cireuits
are indicated in Section VIII of the HP 3325B Service Manual. An Operational Verification
Record is located at the end of this section. For ease of recording the test data at various

times, copies of the blank Operational Verification Record may be made without written
permission from Hewlett-Packard,

Operational Verification includes the following procedures:

Self Test

Sine Wave Verification

Square Wave Verification

Triangle and Ramp Verification
Ampilitude Flatness Check

Sync Output Check

Frequency Accuracy

Output Level and Attenuator Check
Harmonic Distortion

Close-in Spurious Signat

Required Test Equipment

The test equipment required for Operational Verification is listed in table 4-8. Any
equipment that satisfies the critical specifications given in the table may be substituted for
the recommended model.

Table 4-3. Test Equipment Required for Operational Verification

Instrument Critical Specifications Recommended Model
Analog Vertical: TEK 2245
Oscilloscope Bandwicith: de to 100 MKz HP 1740A (Alternate)
Deflection: 0.01 to 5 V/div
Horizontal;

Sweep: 0.05 us 10 0.5 s/div
X 10 Magnification

Delayed Sweep
Electronic Courtter Frequency measurementto 20 MHz | HP 53284 with Option
Accuracy: = 2 counts 010, 040, and 041
Resolution: 8 digits HP 5328B with Opt. 010
DC Digital Voltmeter Ranges: 0.1 1o 100V HP 3455A/3478A

Resoclution: 5 1/2 digits
Accuracy: * 0.1%

41



Operational Verification

Table 4-3. Test Equipment Required for Operational Verification (Gont'd)

instrument Critical Specifications Recommended model
500 Feedthru Accuracy: & 0.2% HP 11048C
Termination Power Rating: 1W
High Freguency Freguency Range: 1 to 80 MHz HP 1417/ 8552B/ 65538/
Spectrum Analyzer ‘Amplitude Accuracy: = 0.5¢B 1 8566A/B/8568A/B
Noise: >70 dB below reference
Low Frequency Frequency Range: 100 Hz to 50 kHz | HP 3580A/3585A/B
Spectrum Analyzer Amplitude Range; 2 mV to 20V
Noise: >80 dB below input
reference or —140 dBv
Resistor 4700 2W 5% HP 0698-3634
Resistor 56.2Q 1/8W 1.0% HP 0757-0395
Adapter BNC female-to-dual banana piug HP 1251-2277
Self Test

This test uses the control, ROM, and ¢control elock sireuits to verify operation of these and
other cireuits. The following front panel indications result from this test.

LED check: Turns on all LEDs fci:r about two seconds.

The following messages are displayed for about one second:

PASS 0 or FAIL 027 - tests Amptd Cal of dc offset.
FASS 1 or FAIL 02n ~ tests Amptd Cal of sine wave.
PASS 2 or FAIL 021 - tests Amptd Cal of square wave,
PASS 3 or FAIL 02 - tests Amptd Cal of triangle wave.
{n is a number from 0to &)

Press the blue [Shift] key, then press the
display should not indieate any failures.

Sine Wave Verification

This procedure visually checks the sine wave output for the correct frequency and any visible

irregularities.

Bquipment Required: Analog Oscilloscope

[Amptd Cal] key. All LEDs should light, and the

a.  Connect the HP 3325B signal output to the oscilloscope vertical input, Set
the input switch to the 50Q position. If your oscilloscope does not have a 500
input, use a 50() feedthru termination at the input.

12
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Operational Verification
Set the HP 3325B as follows:
High Voltage Output {option 002) oft
Function Sine
Frequency - 20MHz
Amplitude 10 Vo

Set the oseilloscope vertical control to 2 V/div, horizontal to 0.05 us/div.

The oscilloscope should display one cycle per division, approximately five
divisions peak-to-peak. :

Change the HP 3325B frequency to 1 MHz.
Change oscilloscape horizontal control to 0.1 us/div.

The oscilloscope should display one sine wave having no visible irregularities.

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

Set the oscilloscope input switeh to 1 MQ de coupled position {or disconnect
external 5002 feedthru termination).

Select the high voltage output on the HP 3325B. A LED near the key
indicates that the high voltage output is on.

Change the amplitude to 40 Vyp. The oscilloscope should display one sine
wave approximately eight divisions peak-to-peak having no visible
irregularities.

Turn off the high voltage output.

Square Wave Verification
This procedure checks the square wave output for frequency, rise time, and aberrations.

Equipment Required: Analog Oscilloscope

Connect the HP 3325B signal output to the oseilloscope vertical input. Set
the input switch to the 500 position. If your oscilloscope does not have a 500
input, use a 50 feedthru termination at the input.

Set the HP 3325B as follows:
High Voitage Output (option 002) Off
Function Square
Frequency 1 MHz
Amplitude 10 Vpp

Set the oscilloscope vertical control to 2 V/div, horizontal to 0.2 us/div. The

oscilloscope should display two square waves, approximately five divisions
peak-to-peak.

413



Operational Verification

Triangle and Ramp Verification

This procedure checks the trian
retrace time.

Switch the oscilloseope vertieal eontrol to 1 V/div, so that the aberrations

(overshoot and ringing) can be measured, Aberration excursion should be less

than 500 mV (1/2 div). ! |
Repeat step d at 2 kHz and 0l1 ms/div.
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 ns.

Equipment Required: Analog Oscilloscope

a.

H14

|
Connect the HP 3325B signal output to the oscilloscope vertical input. Set
the input switch to the 504 position. If your oscilloscope does not have a
500 input, use a 5002 feedthn;.l termination at the input.

Set the HP 3325B as follows:
High Voltage Output (option 002) off
Function : Triangle
Frequency 10 kiHz
Amplitude 10Vpp

Set the oscilloscope vertieal control to 2 V/div, horizontal to 0.1 ms/div. The

oscilloscope should display one triangle wave per division, approximately five
divisions peak-to-peak. '

Change the HP 3325B function to positive slope ramp. The display should be
one ramp per division, approximately five divisions peak-to-peak.

Change the function to negati:ve slope ramp. The display should be one ramp
per division, approximately five divisions peak-to-peak.

Change the oscilloscope hoﬁzé:ntal and vertical controls so that the ramp
retrace time from the 30% to 10% points can be measured. Retrace time

should be less than 3 us. ! |
Change the HP 3325B ﬁ.mctioi:n to positive slope ramp and repeat step f.
Change the function to triangie. .

Set oscilloscope vertical contrél to 2 V/div, horizontal to 10 us/div. The

oscilloscope should display oné triangle wave with no visible irregularities in
either slope. ; .

gle and ramp ou;tput signals for frequency, shape, and ramp



Operational Verification

Amplitude Flatness Check |

This procedure provides a visual check of the sine wave amplitude flatness.

Equipment Required: Analog Oscilloscope

a.  Connect the HP 33258 signal output to the oscilloscope vertical input. Set
the input switch to the 500 position. If your ostilloscope does not have
a 50€} input, use a 50 feedthru termination at the input.

b.  Set the HP 3325B as follows:

High Voltage Output (option 002) Off
Function Sine
Frequency 2kHz
Amplitude 10 Vpp
Sweep Start Freq OHz
Sweep Stop Freq 20 MHz
Sweep Marker Freq SMH2
Sweep Time 0.01 sec

¢.  Connect the HP 3325B X-Drive output to the oscilloscope channel B input.
Connect the signal output to the oscilloscope channel A input.

*d. Set the oscilloscope as follows:

Display AvsB
Channel A Sensitivity 1 V/div
(uncal — adjust for full vertical deflection)

Channel B Sensitivity 0.5 V/div

<

{uncal - adjust for full horizortal sweep)

*Settings may vary from one oscilloscope o another, Note that whichever oscilloscope is used, it _
should be operated in a X-Y mode with the HP 3325B X-Drive output driving the horizontal (X)
channel and the signal output driving the vertical (Y) channel,

e.  Press the HP 3325B [Start Cont] key.

£ The oscilloscope display should show & sweep that is essentially flat, dropping
no more than 3.5%. Any de variations should be ignored, taking the
peak-to-peak reading for flatness comparison.

Sync Output Check
This test verifies the syne output signal levels. -
Equipment Required: Analog Oscilioscope

a.  Connect the HP 3325B sync output to the oscilloscope vertical input. Set the
input switch to the 50Q position. If your oscilloscope does not have a
50Q} input, use a 50(2 feedthru termination at the input.

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

¢.  Adjust the oscilloscope controls to measure the high and low voltage levels of

the syne square wave. The high level should be greater than +1.2V and the
low level should be less than +0.2V.

4-15
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Operational Verification i

Frequency Accuracy |
This test compares the accuracy of the HP 3325B output signal to the following specification:

+5 X 10 ~° of selected frequency (20°C to 30°C).

Equipment Required: Electronic Counter (calibrated within three manths or with an

a.

accurate 10 MHz extemnal reference input)

Connect the HP 3325B signal output to the electronic counter channel A
input with a 50Q feedthru termination. Allow HP 3325B to warm up for 20
minutes and the eounter to warm up for its specified period.

Set the HP 3325B output as follows:

Function Sine
Fregquency : 20 MMz
Amplitude ' 0.98 Vpp
DC Offset ov

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

Change the HP 3325B funetion to square wave. Frequency automatically

changes to 10 MHz. Electronic counter should indicate 10 000 000.0 Hz
=50 Hz, ,

! .
Change the function to triangle. Frequency automatieally changes to 10 kHz.
Move the counter input to the sync output of the HP 3325B. Set the counter

to average 1000 periods. Electronic counter should indicate 100 000.00 ns
+0.5 ns. '

Change the funetion to positive slope ramp. Electronic counter should
indicate 100 000.00 ns +0.5 ns.

Output Level and Attenuator Check
This procedure checks the output level and the attenuator by using the “dc only” function.
Equipment Required: DG Digital Voltmeter

a.

H16

500 Feedthru Termmination

Conneet the HP 3325B signal output directly to a 50} feedthru termination
and then with a cable to the voltmeter input.

If the instrument has high voltage output (option 002), make sure the high
voltage output is off (high voltage indicator light in the lower right corner of
the front panel is off).

Press whichever function key is presently active, indicated by a lighted
indicator beside the key. This removes the ac output. The indicator beside the
[DC Offset) key should light.

Set the HP 3325B dc offset to —5V, then press the [Amptd Cal] key.



k.

Operational Verification

The voltmeter reading should be ~4.980 to ~5.020 V.

Change the HP 3325B dc offset to +5V. Voltmeter reading should be
+4.980 to +5.020V,

Change the HP 3325B dc offset to the following voltages. The voltmeter
reading should be within the tolerances shown.

DC Offset Tolerances
#*1.499Y +1.49300 to 1,50499 Vv
*499.9 mv +0.49790 t0 0.50190 V
*149.9 mv +0.14930t 0 0.15050 V
*49.99 mv +0.04979 t0 0.05019 V
*14.99 mv =0.01493100.01505 V
*4.999 mv +=0.004979 10 0.005010 V
*+1.499mv +0.001479 t0 0.001519 Vv

High Voltage Output (option 002) DC Offset

Remove the 500} feedthru termination and connect the HP 3325B output -
directly to the voltmeter input.

Select high voltage output on the HP 3325B, A LED near the key
indicates that high voltage output is on.

Set the HP 3325B de offset to 20V, Voltmeter reading should be
+19.775 to +20.225 V.

Set the HP 3325B de offset to —20V. Voltmeter reading should be
-19.775t0 -20.225 V.

Harmonic¢ Distortion

This procedure tests the harmonic distortion of the HP 3325B sine wave output to the
following specifications:

Harmoni¢ Distortion (relative to fundamental)

Fundamental No Harmonic

Frequency Greater Than
0.1 Hz to 50 kHz -65 dB
50 to 200 kHz -60 ¢B
200 kHz 10 2 MH2 ~-40 dB
210 15 MMz =30 dB
1510 20 MHz =25 dB

Equipment Required: High Frequency Spectrum Analyzer

Low Frequency Spectrum Analyzer
5002 Feedthru Termination

Resistor 4700 2W 5%

Resistor 56.2Q 1/8W 1%

17



Operational Verification
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a

Set the HP 3325B output as follows:

High Voltage Output (option 002) Off
Function Sine
Frequency ! 20 MiHz
Amplitude 999 MVpp

Connect the HP 33258 signal output to the high frequency spectrum
analyzer 50} input.

Set the spectrum analyzer controls to display the fundamental and at least
four harmonics. Verify that all harmonics are 25 dB below the fundamental.,

Set the HP 3325B to 15 MHz and verify that all harmonics are at least
30 dB below the fundamental.

Disconnect the HP 3325B from the high frequency spectrum analyzer and
connect it to the low frequency spectrum analyzer 500 input. Set the

HP 3325B to the following frequencies and verify the specified levels, relative
to the fandamental. :

2 MHz | —40 dB
200 kHz —60 dB

Set the HP 3325B frequency to 50 kHz and the amplitude to 9.99 mVpp.

Set the spectrum analyzer controls to display the fundamental and at least
three harmonics. (It may be necessary to decrease the video bandwidth to

separate the harmonics from the noise floor.) Verify that all harmonics are at
least 656 dB below the fundamental.

Set the HP 3325B to the following frequencies and verify that all harmonics
are 65 dB below the fundamental.

10 kHz
1 kHz
100 Hz

High Voltage Output (option 002)

Connect the HP 33258 signal output to the low frequency spectrum analyzer
high impedance input (see figure 4-6).

Select the high voltage output .on the HP 3325B. Set the amplitude to
40 Vpp and the frequency to 100 Hz.

Set the spectrum analyzer controls to display the fundamental and at least
three harmonies. Verify that all harmonics are 65 dB bslow the fundamental.

Set the HP 3325B to the following frequencies and verify that their
harmonics are below the specified levels, relative to the fundamental.

10 kHz -B5¢dB

200 kHz -60dB

1 MHz ! —-40dB
Turn off the high voltage output.

.“



Operational Verification
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Close-In Spurious Signal

70 dB lower than the fundamental signal.
Equipment Required: Spectrum Analyzer
a.  Set the HP 83258 as follows:
High Voltage Output (option 002)
Function _
Frequency

Amplitude
DC Offset

70 dB below the fundamental.

Q...O...O......Q.....5...........Q.....QQ..

Figure 4-6. Harmonic Distortion Verification (High Voltage Output).

This procedure tests the sine wave output for spurious signals which may be generated by
the HP 3325B frequency synthesis circuits. The spurious signals must be more than

Off

Sine

20.001 MHz
—-299dBm
w

.  Connect the HP 3325B signal output to the spectrum analyzer 50(} input.

¢.  Set the spectrum analyzer controls for a center frequency of 20.001 MHz,
a resolution bandwidth of 30 Hz, a frequency span of 100 Hz/div, and the
fundamental referenced to the top of the display graticule. :

d.  Set the spectrum analyzer center frequency to 20.002, 20.003, and
20.004 MHz, verifying in each case that all spurious signals are more than

4-19



Performance Tests !

The following procedures compare the instrument operation to its specifications listed in’
Appendix A. Performance Test Records are located at the end of this section. These test
records lists all of the tested specifications and acceptable limits. For ease of recording data
at various times, copies of the blank Performance Test Records may be made without written
permission from Hewlett-Packard.

The Performance Tests include the following:

Harmonic Distortion

Spurious Signal

integrated Phase Noise

Amplitude Modulation Envelope Distortion
Square Wave Rise Time and Aberrations
Ramp Retrace Time

Syne Output

Square Wave Symmetry

Frequency Accuracy

Phase Increment Accuracy |

Phase Modulation Linearity

Amplitude Accuracy

DC Offset Accuracy (DC Only).

DC Offset Accuracy with AC Functions
Triangle Linearity .

X Drive Linearity

Ramp Period Variation

L

Required Test Equipment

The test equipment required for the Performance Tests is listed in table 4-4. Any equipment

that satisfies the critical specifications given in the table may be substituted for the
recommended model. :

1-20
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Performance Tests

Table 4-4. Test Equipment Required for Performance Tests.

Instrument

Critical Specifications

Recommended Model

Anzlog
Oscilloscope

Sampling
Oscilloscope

Electronic Counter

AC/DC Digital
Voltmeter

500 Feedthry
Termination

High Frequency
Spectrum Analyzer

Low Frequency
Spectrum Analyzer

Verticaj

Bandwidth: d¢ to 100 MHz
Defiection: 0.01 to 5 V/div
Horizontal

Sweep: 0.05 us to 0.5 s/div
»10 Magnification

Delayed Sweep

Vertical
Deflection: 2 mV/div
Horizontal
Sweep: 10psto 50 us/div
Transient response
Aberrations:
< +0.5%, — 3% Vpp
first 5 ns following
step transition
< *=1% pp after 5ms

Frequency measurement
Frequency Range: 10 20 MHz
Resolution: 8 digits
Accuracy: + 2 counts

Time interval Average A to B
Resolution: 0.01 ng

AC Function (True RMS)
Ranges: 110100V
Accuracy : = 0.2%
Resolution: 5 1/2 digits
Crest Factor: 4:1

DC Functions
Ranges: 0.1 to 100 V
Accuracy: + 0.05%
Resolution: 6 digits

Accuracy: = 0.2%
Power Rating: 1W

Frequency Range: 1 kHz to 80 MHz

Amplitude Accuracy; = 0.5 dB
Noise: > 70 dB below reference

Frequency Range: 20 Hz to 50 kHz

Amplitude Accuracy: = 0.5 dB
Spurious Responses: 80 dB
below reference

TEK 2245
HP 1740A (alternate)

TEK 7603* with 7711/
7511 and S-1

HP 5328B with Opt. 010
HP 5328A with Option
010, 040, and 041

HP 3455A /3478A

HP 11048C

HP 85528/85538/
B8566A/B/8568A/B
HP 141T (alternate)

HP 3580A/3585A/B

(*) This equipment is only necessary to perform the Square Wave Rise Time and Aberrations test.

4-21



Performance Tests

22

Table 4-4. Test Equipment Required for Performance Tests, (Cont’d)

Instrument

Critical Specifications

Recommended Model

Freguency Synthesizer

Double Balanced Mixer

+ MHz Low Pass Filter

15 kHz Fiiter

AC Voltmeter

Sine Wave Signal
Source

DC Power Supply

Thermal Converter

2kHz to 20 MHz P O. Box 97
Boonton, NJ 07005

Resistive Divider Consisting of:

2 Resisters: 61,110 0.1% 1/4W HP 0699-0090

2 Resistors: 36.550) 0.1% 1/8W HP 069B8-7169
Resistive Divider Consisting of:

Capacitor: 300 pF 5% HP 0160-2207

3 Resistors: 13300 0.1% 1/4W HP 0698-7453

Resistor: 4302 0.1% 1/8W HP 0688-8264

Frequency. Range: 100 kHz to 21 MHz

Amplitude Range: to +13.01 dBm
Outpwt impedance: 500
Phase Noise (integrated):

9.9 MHz: « - 63dB

20MHz: < — 70 dB

Spurious: > 75 dB below fundamental

Impedance: S0Q
Frequency Range: 1 - 20 MHz

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

Consisting of
Resistor: 10 kQ 1%
Capacitor: 1600 pF 5%

Ranges: 0.1to 1V

Frequency Range: 20 Hz - 1 MHz
Input Impedance: =1 MQ

Meter: Log scale

Acc (100 Hz to 10 kH2): =1%

Frequency: 10 kHz
Amplitude: 1 Vims into 20 kO
Distortion: —60 dB

Volts: 0to =5V
Amps: 10 mA
Floating Output

Input Impedance; 500

Input Vokage: 1 Vrms
Frequency: 2 kHz 10 20 MHz
Frequency Response: =0.05 dB

HP 3335A

ZP10514 Mini-Circuits
PO Box 350166
Brooklyn, NY 11235-0003

Model JOO3

TTE Inc.

12016 115th Avenue NE
Kirkland, WA 98034

HP 0757-0340
HP 0160-2223

HF 3400A
HP 400FL {alternate)

HP 3325A/B/3336A
HP 204C (alternate)

HP 6214A/6214B/C

HPF 110S0A/Ballantine
Model 1395A-1 with
cable 12577A Opt. 10
Ballantine Labs, Inc.
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Performance Tests

Table 4-4. Test Equipment Required for Performance Tests. (Cont’d)

Instrument Critical Specifications Recommended Model
High-Spead DC DC Voltage: 0to =10V HP 3437A
Digital Voltmeter External Trigger: Low True
TTL Edge Trigger
Trigger Delay: Selectable 10 to 140 us
BNC-to-Triax Adapter Female BNC to Male Triax HP 1250-0595
Resistive Divider Consisting of:
- 2.5 Resistor: 300 1% 1/4W HP 05698-7533
Resistor: 2002 1% 1/4W HP 0698-6206
Hegistive Divider Consisting of:
- 2.6 Resistor: 100 kQ 1% 1/8W HP 0757-0465
Resistor: 162 k() 1% 1/8W HP 0757-0470
Resistor 4700 2W 5% HP 0598-3634
Resistor 56.2Q 1/8W 1.0% HP 0757-0395
Adapter BNC female to dual banana plug HP 1251-2277
BNC Tee HP 1250-0731
Step Attenuator 0-12dB; 1 dB steps HP 355C
0-40dB HP 3ss5D*

(%} This equipment is only necessary to perform the Square Wave Rise Time and Aberrations test,

Harmonic Distortion

This procedure tests the harmonic distortion of the HP J3325B sine wave output to the
following specifications:

Harmonic Distortion {relative to fundamental)

Fundamental No Harmonic
Frequency Greater Than
0.1 R210 50 kHz -65dB
50 10 200 kHz —60 dB
200 kH2 102 MMz -40 dB
21015 MHz -30 48
1510 20 MHz ~26dB

Equipment Required: High Frequency Spectrum Analyzer
Low Frequency Spectrum Analyzer
500 Feedthru Termination
Resistor 4700 2W 5%
Resistar 56.2(2 1/8W 1%

4-23
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Performance Tests

1-24

a.  Set the HP 3325B output as follows:

High Voltage Output (option 002) Off
Function Sine
Frequency ' 20 MHz
Amplitude 999 MVpe

Connect the signal output to the high frequency spectrum analyzer 500
input.

Set the spectrum analyzer co:latrols to display the fundamental and at least
four harmonies. Verify that all harmonies are 25 dB below the fundamental.

Set the HP 3325B to 15 MHz and verify that all harmonics are at least
30 dB below the fundamental.

Disconnect the HP 3325B from the high frequency spectrum analyzer and
connect it to the low frequency spectrum analyzer 50Q input. Set the

HP 3325B to the following frequencies and verify the specified lovels, relative
to the fundamental.

2 MHz ' | —40dB
200 kHz -60 0B

Set the HP 3325B frequency to 50 kHz and the amplitude to 9.99 mVpp.

Set the spectrum analyzer controls to display the fundamental and at least
three harmonics. (It may be necessary to decrease the video bandwidth to
separate the harmonics from the noise floor.} Verify that all harmonics are at
least 65 dB below the fundamental.

Set the HP 3325B to the following frequencies and verify that all harmonics
are 65 dB below the fundamental.

10 kHz

1 kHz

100 Hz :

High Voltage Output {option 002)

Connect the HP 3325B signal output to the low frequency spectrum analyzer
high impedance input (see figure 4-6).

Select the high voltage output on the HP 8325B. Set the amplitude to
40 Vypp and the frequency to 100 Hz.

Set the spectrum analyzer controls to display the fundamental and at least
three harmonies. Verify that all harmonics are 65 dB below the fundamental.

Set the HP 33258 to the following frequencies and verify that their
harmonics are below the specified level, relative to the fundamental.

10 kHz | -65dB
200 kHz —-60 dB
1MHz s -40 dB

Turn off the high voltage output.

® 0000000000000 000000000000000000OBCCGKS



0000000000000 20000 020000000000 OF0CBVOOCDCBOCRNCNCRNOINNS

Performance Tests

Spurious Signal

This procedure tests the HP 3325B sine wave output for spurious signals. Circuits within the
HP 3325B may generate repetitive frequencies that are not harmonically related to the
fundamental cutput frequency. All spurious signals must be more than 70 dB below the
fundamental signal or less than —~90 dBm, whichever is greater.

Equipment Required: Spectrum Analyzer

Mixer Spurious

a.  Connect the HP 3325B signal output to the spectrum analyzer 50Q (RF)
input and the HP 3325B EXT REF input to the analyzer 10 MHz reference
output (see figure 4-7).

b.  Set the HP 3325B as follows:

Function : Sine
Amplitude ~20 dBm
Frequency 2001 MHz
¢ Set the analyzer controls as follows:
Center Frequency 2001 MHz
Frequency Span 1 kHz
Video BW 100 Hz
Resolution SW 30 Hz
d.  Adjust the spectrum analyzer to reference the fundamental to the top display
graticule.

e.  Without changing the reference level, change the spectrum analyzer center
frequency to 27.999 MHz to display the 2:1 mixer spur. Verify that this spur
is at least 70 dB below the fundamental.

£ Change the spectrum analyzer center frequency to 25.998 MHz to display the
3:2 mixer spur. Verify that this spur is at least 70 dB below the fundamental.

g8 In asimilar manner, change the HP 3325B frequency and the spectrum
analyzer center frequency to the following frequencies. For each setting,
verify that all spurious signals are 70 dB below the fundamental.

Spectrum Analyzer

HP 23258 nter Frequency
21 Spur 328pur
4100 MHz 25.9 MHz 21.8MHz
6.100 MHz 23.9MHz 17.8 MHz
8.100 MHz 21.9 MHz 13.8 MHz
10.100 MKz 19,9 MHz 9.8 MMz
12.100 MHz 17.9 MHz 5.8 MMz
14.100 M-z 15.9 MHz 1.8 MHz
16.100 MHz 13.9 MHz 22 MHz
18.100 MHz 11.9MH2z 6.2 MH2
20.100 MH2 9.9 MHz 10.2 MMz
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Figure 4-7. Mixer Spurious.

Close-in Spurious (Fractibnal N Spurs)
Set the HP 3325B frequency to 5.001 MHz and the amplitude to —2.99 dBm.

Set the spectrum analyzer controls as follows:

Center Frequency . 5.001 MHz
Frequency Span ! 1kHz
Video BW : 100 Hz
Resolution BW : 30Hz

Adjust the spectrum analyzer to reference the fundamental to the top display
graticule. !

Without changing the reference level, change the spectrum analyzer center
frequency to 5.002 MHz to display the API 1 spur. It may be necessary to
decrease the video bandwidth’to optimize the display resolution.

All spurious (non-harmonie) signals should be at least 70 dB below the
fundamental. .

Without changing the reference level, set the HP 3325B frequency and the
spectrum analyzer center frequency to the frequencies listed below. For each

setting, verify that all spurious signals are at least 70 dB below the
fundamental. !

Spectrum Analyzer

HMP 33258 _ nter Frequency
5.0001 MMz ! 5.0011 MHz
5.00001 MHz : 5.00101 MH2
5.000001 MHz 5.001001 MHz
20.001 MHz : 20.002 MHz
20.001 MHz ' 20.003 MHZ
20.001 MHz : 20.004 MHz
20.001 MHz 20.005 MHz
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Performance Tests

Integrated Phase Noise |
This test compares the HP 3325B integrated phase noise to the following specification:

~B0 dB for a 30 kHz band centered on a 20 MHz carrier (excluding =1 Hz
about the carrier).

Fquipment Required: Frequency Synthesizer

Doubie Balanced Mixer

500 Feedthru Termination

AC/DC Digital Voltmeter

AC Voltmeter

15 kHz noise equivalent filter consisting of:
Resistor: 1T0kQ + 1%
Capacitor: 1600 pF x 5% (see figure 4-8)

1 MMz Low Pass Filter

a. Connect the equipment as shown in figure 4-8, connecting the 15 kHz noise

equivalent filter output to the ac voltmeter. Phase lock the HP 3325R and the
signal generator together.

b.  Set the HP 3325B as follows:

Function Sine
Frequency 19.901 M2z
Amplitude 0dBm

¢.  Set the synthesizer (reference) as follows:
Frequency 19.9 MHz
Amplitude +7.00 dBm

d.  Record the ac voltmeter reading (dB scale).
e.  Change the HP 3325B frequency to 19.9 MHz.
£ Connect the 15 kHz filter output to the digital voltmeter.

g  Press the HP 3325B [Phase] key. Using the modify keys, adjust the output
phase for a minimum reading on the digital voltmeter.

h.  Disconnect the 15 kHz filter output from the digital voltmeter and connect it
to the ae voltmeter,

i.  Record the ac voltmeter reading (dB scale) and subtract it from the reading
recorded in step d. The difference should be —54 dB or greater. Add —6 dB to
this number and enter on the Performance Test Record, 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 frequency
synthesizer,
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Figure 4-8. Iﬁtegrated Phase Noise.

Amplitude Modulation Envelope Distortion

This procedure tests the HP 3325B emplitude modulation envelope distortion to the
following specification:

—30 dB to 80% modulation at 1: kHz, OV dc offset

Equipment Required: Sine Wave Signal Source
Spectrurn Analyzer

a.  Connect the equipment as shoiwn in figure 4-9.
b.  Set the HP 3325B output as follows:

Function : Sine
Frequency i 1 MHz
Armnplitude 3V
DC Offset ov
High Voltage Output (option 002) Off
AM 1 On

+28
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Figure 4-3. AM Envelope Distortion.

¢.  Set the modulating signal source frequency to 1 kHz and adjust the level to
produce 80% modulation of the HP 3325B output. This is indicated by
modulation sidebands being 8.0 dB down from the carrier, as viewed on the
2 dB/div display of the spectrum analyzer.

d. Adjust the spectrum analyzer to display the fundamental frequency, the
1 kHz sideband frequency, and at least 4 harmonics of the sidebands. All
harmonics should be at least 30 dB lower than the modulation sidebands.

Square Wave Rise Time and Aberrations

This procedure compares the HP 3325B square wave output to its rise/fall time and
overshoot specifications.

Rise and Fall Time: =20 ns, 10% to 90% at full output
Overshoot: =5% of peak-to-peak amplitude at full output

Equipment Required: Sampling Oscilioscope
40 dB Attenuator

a.  Connect the HP 3325B signal output to the attenuator input and the
attenuator output to the oscitloscope input. Set the attenuator for 40 dB

attenuation.
b.  Setthe HP 3325B as follows:
High Voltage Output {option 002) Off
Function Square
Frequency ' 1 MHz
Amplitude 10V

4-29
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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 ns.

Adjust the oscilloscope vertical and horizontal controls so that the square
wave fall time between the 10% and 90% points can be measured. Fall time
should be less than 20 ns.

Adjust the oscilloscope vertical and horizontal controls so that the square
wave overshoot can be measured. Overshoot should be less than 500 mV at
positive and negative peaks. .

Ramp Retrace Time

This test compares the HP 33258 retrace time of the positive and negative slope ramps to
the following specification:

=3 us 90% 1o 10%

Equipment Required: Analog Oscilloscope

a.

d

Connect the HP 3325B signal output to the oscilloscope vertical input. Set
the input switch to the 50Q position. If your oscilloscope does not have a
50} input, use a 500 feedthru termination at the input. '

Set the HP 3325B as follows:

High Voltage Output (option 002) oft

Function ' Positive Slope Ramp
Frequency : 10 kHz

Ampiitude : 10 Vpp

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 us.

Change function to negative slope ramp and repeat step c.

Sync Qutput

This procedure checks the voltage levels of the square wave on the HP 3325B front and rear

panel sync outputs to the following specifications:

+-30

Vhigh > +1.2V; Viow < +0.2V into 500

Equipment Required: Analog Oscilloscope

a

Connect the HIP 3325B front sync output to the oscilloscope vertical input.
Set the input switch to the 500} position. If your oscilloscope does not have a
500 input, use a 50 feedthru termination at the input.

Set the HP 3325B function to sine, frequency to 20 MHz.

0000000000000 00000000000000000000000000000Y°
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Figure 4-10, Square Wave Symmetry.

¢.  Adjust the oscilloscope controls to measure the high and low levels of the

sync square wave. The high level should be greater than +1.2V and the low
level should be less than +0.2V.

d.  Repeat the measurment for the rear panel FAST ™ sync out. The high level
should be greater than +0.5V and the low level less than +0.5V,

Square Wave Symmetry

This procedure checks the symmetry of the HP 8325B square wave signal output to the
following specification:

=0.02% of period +3 nanoseconds

Equipment Required: Electronic Counter

a.  Connect the HP 3325B signal output to both inputs of the electronic counter,
using a BNC tee (see figure 4-10),

b.  Set the HP 3325B output as follows:

Funetion Square
Frequency 1 MHz

Amplitude 1Vms
DC Offset ov

c.  Adjust the electronic counter to measure time interval average A to B, with
Slope A +, Slope B ~. Note the reading.

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

FAST™ is g trademark of Fairchild Semiconductor Corporation.




Performance Tests
ELECTRONIC
COUNTER
3325B
- I | -
249 = Zoomm e
o ot - J4 .
LT 2222 T gl
| ———— \'d'
Figure 4-11. Frequency Accuracy.

Frequency Accuracy , |
This test compares the accuracy of the HP 3325B output signal to the following
specifications:

32

Cy

£5 x 10 % of selected frequeﬁcy (20°C to 30°C)

Equipment Required: Electronic Counter (calibrated within three months or with an

accurate 10 MHz extemal reference input)

Connect the HP 3325B signal output to the electronic counter channel A
input with a 50Q feedthru termination. Allow the HP 3325B to warm up for
20 minutes and the counter’s frequency reference to warm up for its specified

period. :
Set the HP 3325B output as follows:

Function Sine
Frequency ; 20 MHz
Amplitude ' 0.99 Vpp
DC Offset ov

Set the counter to count the frequency of the A input with 0.1 Hz resolution,
and adjust for stable triggering. Electronic counter should indicate
20 000 000.00 Hz £100 Hz.

Change the HP 3325B function to squeare wave. Frequency automatically

changes to 10 MHz. Electronic counter should indicate 10 000 000.0 Hz
+50 Hz. .

Change the HP 3325B function to triangle. Frequency automatically changes
to 10 kHz. Move the counter input to the sync output of the HP 3325B. Set
the counter to average 1000 périods. Electronic counter should indicate

100 000.00 ns £0.5 ns.

Change the HP 3325B function to positive slope ramp. Electronic counter
should indicate 100 000.00 ns +0.5 ns.
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Figure 4-12. Phase Increment Accuracy.

Phase Iincrement Accuracy
This test comperes the HP 33258 phase increment accuracey to the following specification:
*0.2»
Equipment Required: Frequency Synthesizer
Electronic Counter
a.  Connect the equipment as shown in figure 4-12.
b.  Set the HP 3325B as follows:

High Voltage Output (option 002) Off
Function Sine
Frequency 100 kHz
Amplitude 13 dBm

¢.  Set the synthesizer as follows:
Frequency 0.1 MHz
Amplitude 13dBm

d.  Set the counter as follows:
Function Time Interval Avg Ato B
Frequency Resolution, N 10°
Inputs 500, Separate
Siope Aand B Positive
Sampie Rate Maximum

e.  Press the HP 3325B [Phase] key to display phase. Using the modify keys,
adjust the phase until the counter reads approximately 200 ns. Press the
blue [Shift] key, then the [Asgn Zero 3] key.
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£ Set the counter sample rate to hold, then reset the counter. 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 difference (in
nanoseconds) between the HP 3325B output and the reference signal.

g Setthe HP 3325B phase to ~1°.

h.  Reset the counter. Record the counter reading (to 2 decimal places) in the
space for I° Increment Time Interval.

i Determine the time difference between the counter readings in steps h and {,
and record in the Time Difference column. The difference should be from
22.22 t0 33.34 ns.

J- Setthe HP 3325B phase to —10°

k.  Reset the counter. Record the counter reading in the space for 10° Increment
Time Interval. :

. Enter the time difference between the Zero Phase Time Interval and the
reading in step k in the Téme Difference column. This should be from
272.22 to 283.34 ns.

m. Set the HP 3325B phase to ~100°.

n.  Reset the counter. Record the counter reading in the space for 100°
Incremental Time Interval.

o. Enter the time difference betimeen the Zero Phase Time Interval and the
reading in step n in the Time Difference colamn. It should be from
2772.22 to 2783.34 ns.

Phase Modulation Linearity !

This procedure compares the HP 3325B phase modulation linearity to the following
specification: i

+0.5%, bestfit straight line

Equipment Required: Frequency Synthesizer
Electronic Counter
DC Power Supply
Digital Voltmeter

a.  Connect the equipment as shown in figure 4-13.

‘.
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Figure 4-13. Phase Modulation Linearity.

b.  Set the HP 3325B as follows:

High Voltage Output (option 002) Off
- Function Sine

Frequency 100 kHz
Amplitude 13 dBm
Phase Modulation On

¢.  Set the synthesizer as follows:
Frequency 100 kHz
Amplitude 13 dBm

d.  Set the electronic counter as follows:
Function Til'EB Interval Avg Ato B
Frequency Resolution, N 10
Inputs 50Q, Separate
Slope Aand B Positive
Sample Rate Madimum

e.  Using the voltmeter to monitor the de

power supply output, set the d¢ voltage

as near —5.0000V as possible.

Press the HP 3325B [Phase] key to display phase. Using the modify keys,
adjust the phase until the counter reads approximately 200 ns. Record the
counter reading as a reference for the following steps.

As soon as possible after recording the counter reading, note the voltmeter
reading and record on the Performance Test Record in the DVM Reading,

x1 space.

h.  Press the HP 3325B blue [Shift] key, then the [Asgn Zero $] key.
i Change the dc power supply output to ~4.0000V,

J-  Using the modify keys, adjust the HP 3325B phase to return the counter
reading to the value recorded in step f.
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Record the voltmeter reading in the DVM Reading, x2 space.

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

Press the HP 3325B blue [Shift] key, then the [Asgn Zero ®] key.

Change the power supply output to the following voltages and repeat steps
Jj through m for each. Record the DVM reading and phase differences in the
apipropriate spaces on the Performance Test Record.

DC DVM Phase

Voltage Reading Difference
-3.0000V : X3 3
=2.0000V s 4
=1.0000V x5 5

0.0000V : Xs ]
+1.0000V ' X7 7
+2.0000v Xs 8
+3.0000V _ Xg 9
+4.0000V ; X0 10
+5.0000V 11 11

Enter the cumulative phase change in the Cumulative Phase column. That is,
enter the 2 Phase Difference in the y2 space, then add the ¥2 and 3 velues and
enter in the y3 space. Add the y3 and 4 values and enter in ¥4, and so on.

On the Performance Test Record, multiply each x value by the corresponding
y value and enter in the x times y column.

Total the DVM Reading column and enter in the Sx space, Total the

Cumulative Phase values and enter in the 3y space. Total the x &#mes y values
and enter in the Zxy space.

Square eagh x value and enter in the »° column. Total this column and enter
in the 3x “ space.

Square the 2x value and enter in the (3x)2 space.

Multiply the Zx value by the 3y value and enter in the 2x2y space.

The equation for determining the best fit line specification for each y value is:
¥ = ai1x +ag

Where: a1x and ag are constants to be calculated from data taken previously
Where: x is the value of the modu!ating voltage, recorded as x1 through x11
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First determine the value of a3 using the following equation:

ZX3y
3xy —
_ n
= 2x % - Ex)?
n

Where: 5x, 3y, Sxy, SxZy, Zx 2, and (3x) 2 are the previously caleulated values
entered on the Performance Test Record

Where: n = 11 (the number of points to be calculated)
Determine the value of a¢ using the equation:

Sy-a1 3z

ao=—— ——

n n

Calculate each value for y using the equation: Y = aix + ao. Enter each result
on the Performance Test Record in the Best Fit Straight Line Values column,
(yD through (y11).

Determine the test limits for each y value by increasing and decreasing the

caleulated (y) values by 0.5% of the (y11) value. Enter in the Maximum and
Minimum columns.

Transfer the y1 through y11 Cumulative Phase entries to the Measured
Cumaulative Phase column. Each value should be within the calculated limits.
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Amplitude Accuracy

This procedure tests the amplitude accura
the specifications listed in Appendix A:

k38

Equipment Required: AC/DC Digitél Voltmeter

AC: Accuracy sufficient to verify a 1% specification 1o 100 kHz
DC: Resolution, 1 uv
High Speed Digital DC Voltmeter
At least 3 1/2 digit resolution, 1 1/2 ps or faster settling time.
5002, 0-12 dB (1 dB/step) Attenuator
502 Feedthru Termination
Thermal Conwerter
Analog Oscilloscope
Must have delayed sweep of 0.05 us/div and delayed
sweep gate output.
Components:
2 Resistors 36,5502 0.1% 0.125W
2 Resistors 61.110 0.1% 0.25W
Resistor 4302 * 0.1% D.125W
3 Rasistors 13300 * 0,1% 0.25W
Capacitor 300 pF * 5%

*Used only to test High Voltage (option 002}

Amplitude Accuracy at Frequencies up to 100 kHz

Sine Wave Test. Connect the HP 3325B signal output through a 500
feedthru termination to the ac digital voltmeter input.

Set the HP 3325B as follows:
High Voltage Output (option 002) off
Function Sine
Frequency i : 100 Hz
Amplitude 3.536 Vrms (10 Vpp)
DC Offset ov
Press the [Amptd Cal] key.

Read ac volimeter. Change the HP 33258 frequency to 1 kHz and 100 kHz

and repeat. Verify that all three voltmeter reading are between 3.495 and
3.577 Vrms (23.98 dBm = 0.1 dB). '

Change the HP 3325B amplitude to 1.061 Vrms (3 Vip) 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 and 1.073 Vrms (13.52 dBm = 0.1 dB).

Change the HP 3325B amplitude to 0.3536 Vrms and set de offset to 1 mV,
Set the HP 3325B frequency to 100 Hz, 1 kHz and 100 kHz and read ac

voltage. Verify that all three readings are between 0.3411 and 0.3660 Vrms
(3.98 dBm + 0.3 dB). i

ey of the HHP 3325B ac function output signals to
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g  Function Test. Connect the HP 3325B sync output to external trigger input

of oscilloscope. Connect the HP 3325B signal output to the voltage divider of
figure 4-14A. Connect the voltage divider output to oscilloscope vertical input
and to high speed voltmeter input. Connect delayed sweep gate from

oscilloscope to external trigger input of high speed voltmeter

(see figure 4-144).
h.  Setthe HP 3325B as follows:
High Voltage Output {option 002) Oft
DC Offset ov
Amplitude 10 Vpp
Frequency 999 Hz
Function Square
i.  Bet the oscilloscope as follows:
Display AorB
Vertical Sensitivity 0.5 V/div
Trigger Ext
Main Sweep 1 ms/div
Delayed Sweep 5 us/div
Delay 250

J-  Set the voltmeter as follows:

Range 1.0V
Trigger Ext

Delay 0s
Coupling DC, 1 MO

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.

L Press [Amptd Cal] or the HP 3325B.

m. Read positive peak voltage of attenuated waveform on voltmeter. If the
reading is not stable, alternately press hold, then ext 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 and 3.735 V,

n.  Change the HP 3325B function to triangle. Change oscilloscope to:

Vertical Sensitivity 0.2 V/div
Vertical Position 9 o'clock
Main Sweep 0.5 ms/div
Delay 500
Magnify X10
Delayed Sweap 1 psfdiv

Adjust oscilloscope delay to place the intensified spot on peak of triangle and
read positive peak voltage on the high speed digital voltmeter. Press negative
trigger, move vertical position knob of oseilloscope to 3 o’clock and adjust
intensified spot to read negative peak on the voltmeter. Verify that sum of
positive and negative peak voltage is between 3.643 and 3.754 V.

439
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=20

P-

Change the HP 3325B function to positive ramp. Change oscilloscope to:
Trigger positive
Main Sweep 2 ms/div

Place intensified spot on posiﬁve peak. Alternately press hold, then ext to
repeat readings. Record the most positive reading.

Move vertical position knob to 3 o’clock, adjust delay and read negative peak.
Ramp jitter should be visible on all ramp readings (the high speed digital
voltmeter will hold the readings). Verify that sum of positive and negative
peaks is between 3.643 and 8.754 V.

Change the HP 3325B function to negative ramp. Change oscilloscope trigger
to positive and take negative ramp reading as above.

Change the HP 3325B function to square and frequency to 1 kHz. Set
oscilloscope as follows:

Main Sweep 50 ps/div
Delayed Sweep . 0.05 psidiv

Read positive peak; push negative trigger and read negative peak. Verify that
sum is between 3.661 and 3.735 V.

Change the HP 3325B function to triangle and frequency to 2 kHz. Set
oscilloscope main sweep to 20 us/div and delay to 610. Adjust delay and

Position. Set positive and negative trigger to read peaks. Verify voltage to be
between 3.643 and 3.754 Vpp. |

Change the HP 3325B function to positive ramp and frequency to 500 Hz.
Set main sweep of oscilloscope to 0.2 ms/div and adjust sweep vernier to
return peaks to center screen (trigger must be negative to see jitter at this
point). Verify voltage to be between 3.643 and 8,754 Vpp.

Change the HP 3325B function to negative ramp and oscilloscope trigger to
positive, Verify voltage of 3.643 to 3.754 Vpp.

Change HP 3325B frequency to 100 kHz and function to square. Return
oscilloscope sweep vernier to ¢alibrate and set main sweep to 0.5 us/div and
magnify to off. Read positive and negative peak voltages in the center of the
screen. By pressing positive/negative trigger, verify voltage of

3.661 to 3.735 Vpp.

Change the HP 3325B function to triangle (frequency will go to 10 kHz). Set

oscilloscope main sweep to 5 us/div and press magnify. Verify voltage of
3.513 to 8.883 Vpp.

Change the HP 3325B function to positive ramp. Set oscilloscope main sweep

to 20 us/div. Adjust delay to set end of intensified spot on highest peak. Verify
voltage of 3.328 to 3.996 Vpp,

Change the HP 3325B function to negative ramp. Verify voltage of
3.328 to 3.996 Vpp.

0000000000000 00000000000000000000000000000
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aa. Change the HP 3325B amplitude to 3 Vpp, and remove the voltage divider
from the circuit. Reconnect the HP 3325B signal output to the oscilloscope
and voltmeter through the 500 feedthru termination. Set the HP 3325B
frequency to 99.9 Hz and the function to square.

bb. Repeat tests i through z. Test limits are as follows:

Test  Frequency Funttion Minimum Maximum
m 99.9Hz Square 2970V 3.030v
a] 99.9 Hz Triangle 2955V 3.045v
q 99.9 Hz + Ramp 2955V 3.045v
4 299 Hz — Ramp 2955V 3.045V
s 1kHz Square 2870V 3.030v
t 2 kHz Triangle 2955V 3.045v
u S00 Hz + Rarnp 2955V 3.045v
v 500 Hz - Ramp 2955v 3.045v
w 100 kHz Square 2870V 3.030V
X 10 kHz Triangle 2850V 3.150v
¥ 10 kHz + Ramp 2700V 3.300V
z 10 kHz - Ramp 2,700V 3.300V

cc.  Change the HP 3325B amplitude to 1 Vpp, and set dc¢ offset to 1 mV, Set

frequency to 99.9 Hz and function to square, Set oscilloscope vertical
sensitivity to 0.05 V/div for all 1 Vpp tests.

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

Test Frequency Function Minimum Maximum
m 999 Hz Square 0.870V 1.030V
0 989 Hz Triangle 0.960V 1.040V
q 995Kz + Ramp 0.960V 1.040V
r 99,9 Hz - Ramp 0.960V 1.040v
s 1 kH2 Square 0.970v 1.030V
t 2 kHz Triangle 0.960V 1.040V
u 500 Hz + Ramp 0.960V - 1.040V
¥ 500 Hz — Ramp 0.960V 1.040V
w 100 kHz Square 0970V 1.030V
X 10 kHz Triangle 0.940V 1.060v
y 10 kHz + Ramp 0.890V 1110V
2 10 kHz - Ramp 0.890V 1.110V

High Voltage Output Amplitude Accuracy for Frequencies to 100 kHz
{for instruments with high voltage option 002)

ee. Sine Wave Test. Connect the HP 3325B signal output to the ac voltmeter

with 2 6 foot cable. Connect a 5000, 300 pF load (at either end) in parallel
with the line.

ff.  Select the high voltage output on the HP 3325B. A LED near the key
indicates that the high voltage cutput is on.
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Set the HP 3325B function to sine, frequency to 2 kHz, and amplitude to

14.14 Vrms (40 Vyp). Press [Amptd Call. The ac voltmeter reading should be
13.86 to 14.42 Vrms,

High Voltage Function Test. Connect the HP 33258 signal output to
oscilloscope and voltage divider with a 6 foot cable. Trigger oscilloscope on

HP 3325B sync output. Trigger high speed voltmeter on delayed sweep gate
from oscilloscope (see figure 4-14B).

The voltage divider shown in .ﬁgure 4-14B is built into a small metal box with
2 BNC connectors. Parts used are:

R3, 4430 consists of 3 paralle] 1330Q resistors, each 0.1%, 0.25W
R4, 4302, 0.1%, 0.125W
C1, 300 pF, 5%

Connect the tap to the input of high speed voltmeter as shown in figure 4-14B.

Set the HP 3325B frequency to 2 kHz and amplitude to 40 Vpp. Set voltmeter
to 1V range and external trigger. Set oscilloscope as follows:

Vertical Sensitivity : _ 2V/div
Vertical Position ’ 8 o'clock
Trigger : External
Main Sweep r, 20 us/div
Delayed Sweep ' 0.05 yis/div
Delay 615
Magnify x 10

et the HP 3325B to square wave and read positive peak on voltmeter.
Switch oscilloscope to negative trigger, vertical position to 4 o’clock, and read
negative peak. Verify that voltage is between 3.466 and 3.607 Vpp-

Change the HP 3325B function to triangle, and read peak voltages. Voltage
should be 3.466 to 3.607 Vip.

- Change the HP 3325B to positive ramp. Change oscilloscope main sweep to

0.1 ms/div and delay to 500. Verify voltage of 3.466 to 3.607 Vpp. Repeat for
negative ramp by changing oscilloscope trigger to positive.

Amplitude Flatness: (Frequencies above 100 kHz)
Set the HP 3325B as follows:

High Voltage Output {option 002) Off
Function Sine
Freguency 1 kHz
Amplitude | 3V

Set the 500 attenuator to 3 dB and connect to signal output. Connect 1 Vems
thermal converter to attenuator output. Connect voltmeter with microvolt
resolution to thermal converter output (see figure 4-14C).

Press the HP 3325B [Araptd Cal] key. Record the voltmeter reading in the 3V
sine wave 1 kHz reference space on the Performance Test Record.
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qq- Use the modify keys to increase the frequency in 2 MHz steps from 1 kHz to

uu.

20.001 MHz, recording the voltmeter reading at each frequency. In each case,
allow the thermal converter several seconds to stabilize.

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

Change. attenuator to 12 dB. Change the HP 3325B amplitude to 10 Vpp.
Repeat steps pp and qq for 10 Vip. Verify that all readings are within 6.3% of
the 1 kHz reference.

Disconnect the thermal converter from the HP 3325B output.

Square wave flatness. Set the HP 3325B as follows:

High Voltage Output (option 002) Of
Function : Square
Frequency 1 kHz
Amplitude : 10 Vipp

Connect the HP 3325B signalI output to an oscilloscope with a 500 feedthru
termination. Set the oscilioscope as follows:

Vertical Sensitivity 2Vidiv
Time/Div ; 0.1 ms

|
Use the modify keys to increase the HP 3325B frequency from 1 kHz to
10.001 MHz in 2 MHz steps. Two lines will appear on the oscilloscope. Verify
that they remain within 1/2 major division of 5 divisions apart for all 11
frequencies.

High Voltage Qutput (option 002
Amplitude%latnesps a{)ovej 00 k)-lz

Connect the HP 3325B output to an oscilloscope with a 5001}, 500 pF load

(load attached at either end). Cable capacitance (30 pF/foot) must be included

in the 500 pF. ' ,

The HV divider (figure 4-14B) may be used with 6 feet of cable.

Set the oscilloscope as follows:

Vertical Sensitivity : 10 V/div
Time/Div 1ms

Set the HP 3325B to 40 Vpp sine wave and 1 kHz. Adjust oscilloscope
intensity and focus for a sharp trace.

Use the modify keys to increase the HP 33258 frequency from 1 kHz to

1.001 MHz2 in 200 kHz steps. Verify that the width of the bright region of the
sereen is 4 +0.4 divisions for all 11 frequencies.

.“
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DC Offset Accuracy (DC Only)

This procedure tests the HP 3325B de offset accuracy when no ac function output is present
to the following specifications:

*0.4% of full range*
* Except lowest atlenuator range where accuracy is =20 uV

Equipment Required: DC Digital Voltmeter with 5 digit resolution, capable of measuring
> 20V for high voltage output (option 002)
500 Feedthru Termination

a.  Connect the HP 3325B signal output directly to the 50Q feedthru
termination and then with a cable to the de digital voltmeter input
(see figure 4-154).

b.  Press whichever function key is presently active, indicated by a lighted
indicator beside the key. This removes the ac output. The indicator beside
the [DC Offset] key should light.

e.  Set the HP 3325B de offset to 5] then press [Amptd Cal].
d. The voltmeter reading should be +4.980 to +5.020 V.

e.  Change the HP 3325B de offset to —5V. Voltmeter 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
voltage,
DC Offset Tolerances
+1.439V +1.49300 to 1.50489 V
*499.9 mvV *049790 10 0.50190 V
*148.9 mv *0.14930 to 0.15050 V
=49.99 mv +0.04979 t0 0.05019 V
+14.99 mvV =0.01483 t¢ 0.01505 V
*4.999 mv *0.004979 t0 0.005019 V
*1.493 mvV +0.001479 t0 0.001519 V

High Voltage Output (option 002} DC Offset

g  Remove the 50() feedthru termination and connect the HP 3325B ocutput
directly to the voltmeter input.

b.  Select the high voltage output on the HP 3325B. A LED near the key
indicates that the high voltage output is on.

i.  Set the HP 3325B de offset to 20V. Voltmeter reading should
be +19.775 to 20.225 V.
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Set the HP 3325B de offset to —20V, Voltmeter reading should
be —19.775 t0—20.225 V

DC Offset Accuracy with AC Functions

This procedure compares the HP 3325B
specifications:

46

DC + AC, = 1 MHz; =1.2%, Ramps +2.4%
DC + AC, > 1 MHz: 3%

Equipment Required: DC Digital Voltmeter

500} Feedthru Termination

Conneet the equipment as shown in figure 4-15A. Set the voltmeter to
measure de voltage.

1

Set the HP 3325B output as follows:

High Voltage Output {option 002) Oft

Function Sine

Frequency 20,929 299 999 MHz
Amplitude : 1Vee

DC Offset : +4.5V

Press [Amptd Cal). After amplitude calibration (approzimately 2 seconds) the
voltmeter reading should be +4.350 to +4.650 Vdc.

Change the dc offset to —4.5V. Voltmeter readin g should
be —4.350 to ~4.650 Vde.

Change the HP 3325B frequency to 999.9 kHz. The voltmeter reading should
be —4.440 to —4.560 Vde.

Change the HP 3325B de offset to +4.5V. The voltmeter reading should
be +4.440 to +4.560 Vdc.

Set the HP 3325B function to'square. The voltmeter reading should
be +4.440 to +4.560 Vde.

Change the HP 3325B dc offset to —4.5V. The voltmeter reading should
be —4.440 to —4.560 Vde.

Change the HP 3325B frequency to 9.9999 MHz. The voltmeter reading
should be —4.350 to ~4.650 V.

Set the HP 3325B function to triangle, frequency to 9.9 kHz. The voltmeter
reading should be ~4.440 to —4.560 V. .

Set the function to positive ramp. The voltmeter reading should
be —4.380 to —4.620 V,

0000000000000000000000000000000000000800000
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Performance Tests
Triangle Linearity
This procedure tests the linearity of the HP 3325B triangle wave output to the following
specifications:

+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 Volimeter (This procedure is written to use

the high speed and delay capabilities of the HP 34374)
Resistive Divider, + 2.5, consisting of: ‘

3002 1% 1/4W
200 * 1% 1/4W
BNG-to-Triax Adapter
a.  Connect the HP 3325B and the high-speed voltmeter through the divider as
shown in figure 4-15B,
b.  Set the HP 3325B as follows:
High Voitage Output (option 002) Ot
Function Triangile
Frequency 10 kHz
Amplitude 10Vpp
¢.  Setthe voltmeter as follows:
Range W
Nurnber of Readings 1
Trigger BExternal
NOTE The HP 3437A triggers on the negative going edge of the HP 33258 sync square
wave.
d.

Set the voltmeter delay to 0.00003 (seconds). Record the voltmeter reading
on the Performance Test Record under Positive Slope Measurement, (10%) y1.
This is the 10% point on the positive slope of the triangle (see figure 4-15C).

Measure the voltage at each 10% segment point by setting the voltmeter
delay to the following. Enter on the Performance Test Record in the
appropriate spaces under Positive Slope Measurement.

Delay Percent of Slope

0.000035
0.00004
0.000045
0.00005
0.000055
0.00006
0.000065
0.00007

83388888




Performance Tests

Measure the voltage at each 10% segment point on the negative slope by
setting the voltmeter delay to the following, Enter the reading on the

Performance Test Record in the appropriate spaces under Negative Slope
Measurement.

Delay _ Percent of Siope
0.00008 90
0.000085 80
0.00009 ; 70
0.000085 : 60
0.0001 50
0.000105 40
0.00011 30
0.000115 20
0.00012 10
g  Algebraically add the voltages recorded in the Positive Slope Measurement
column and enter the total in the Sy space.
h.  Multiply 3y by 45 (which is 3x) and enter the result in the 2xZy space,
1. Multiply each y value by the corresponding x value and enter in the x times y
column. Total these values and enter in the Sxy space.
- The equation for determining the best fit straight line specification for each y
value is: ;
¥ = aix + ag
Where: a1 and ap are constants to be caleulated from data taken previously.
NOTE Calculate the values of a1 and apto at least five dacimal places,
k

48

First determine the value of a1 using the following equation:

Sxy — 2x3y
8] = n
3x % - Gx)°
n

Where: Zx, Sy, Zxy, xSy, Sx 2,:and (Ex) 2 are the previously calculated values
entered on the Performance Test Record.

Where: n = 9 (the number of points to be calculated)
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Performance Tests
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Figure 4-15. DC Offset and Triangle Linearity.



Performance Tests

. Determine the value of ag using the equation:

0000000800000 0000000000000000000000000000°

2y—~81 3x

20 = — —

n n

m. Calculate the best fit straight line value for each point (y3 through y9) using
the equation: :

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

n.  For each delay (x), subtract the calculated voltage (y’) from the measured
voltage (y). Find the largest positive voltage difference (+Vemaz) and the

largest negative difference (=V may). Using the following formula, eompute
the % linearity. !

I-l-Vrnaxl + |—Vma:x|
% LINEARITY = X 100%
BVOf[:S

0.  Algebraically add the voltages recorded in the Negative Slope Measurement
column and enter the total in the Zy 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,

X Drive Linearity

This procedure tests the linearity of the HP 8325B rear panel X Drive output to the following
specifications: 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,

Equipment Required: High-Speed DC Digital Voltmeter (This procedure is written to use
the high speed and delay capabilities of the HP 3437A)
Resistive Divider, + *~ 2.6, consisting of;
100 k0 1% 1/8W
162 kO 1% 1/8W
DC Power Supply
BNC-to-Triaxx Adapter

a.  Connect the equipment as shown in figure 4-16A.

k50



Performance Tests
. b.  Set the HP 3325B as follows:

High Voltage Output (option 002) Off
Function Sine
Amplitude 10 Vpp
Sweep Start Frequency 1 MHz
Sweep Stop Frequency 10MHz
Sweep Marker Frequency 4 M2z
Sweep Time 0.01s

¢.  Press the HP 3325B [Start Cont) key.

d.  Set the voltmeter as follows:
Range 1w
Number of Readings 1
Trigger External

NOTE The HP 3437A triggers on the negative going edge of the Z Blank signal, which

occurs at the start of a sweep up.

e.  Set the voltmeter delay to 0.001 (seconds). Adjust the de power supply for a
voltmeter reading of —1.600V. Record the voltmeter reading on the
Performance Test Record under X Drive Ramp Measurement, (10%), y1. This
is the 10% point on the X Drive ramp (see figure 4-16B).

£ Measure the voltage at each 10% segment point by setting the voltmeter
delay to the following, Enter on the Performance Test Record in the
appropriate spaces under X Drive Ramp Measurement.

Delay Percent of Ramp

¢.002
0.003
0.004
0.035
0.006
0.007
0.008
0.009

£8338338888

g  Algebraically add the voltages recorded in the X Drive Ramp Mensurement
column and enter the total in the Zy space.

h.  Multiply Sy by 45 (which is x) and enter the result in the ZxZy space.

i.  Multiply each y value by the corresponding x value and enter in the x times y
column. Total these values and enter in the Sxy space.

J- The equation for determining the best fit straight line specification for each y
value is:

¥y = aix + ap

Where: a1 and ag are constants to be calculated from data taken previously.

451
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Performance Tests
EXTERNAL
TRIGGER
Z BLANK QUTPUT NPUT
X DRIWVE QUTPUT
23258 / . l 3.37
_IJ_I_!_Jj::r:::- J I R R :
o 42 .
- RPN A 162K °
T— — 02 125w —— —
AN
A. 00K 2
POWER SUPPLY 1% 125W

it

TRIGGER
10%

T

DELAY ims}1 2 3 4 56 7 8 9

ov

; 90%
¥

Figure 4-16. X Drive Linearity

NOTE Calculate the values of a1 and ap to at least five decimal places.

k.  First determine the value of aj using the following equation:

Ix2

Zxy - L4

RS oy s
n

Where: 3x, Iy, 3xy, $xZy, Ix 2, and (3x) © are the previously calculated values
entered on the Performance Test Record.

Where: n = 9 (the number of points to be calculated)
1. Determine the value of a¢ using the equation:

Zy—a1 Sx i
ap = — —_
n n

52
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Performance Tests

Calculate the best fit straight line value for each point (y1 through y9) using
the equation:

y=a1x + ap

Enter each result on the Performance Test Record in the Best Fit Straight
Line column. -

Determine the minimum and maximum allowable voltages at each point by
subtracting and adding 0.004V to the voltage calculated in step m (10.5V +
2.6 % 0.1%). Enter these voltage limits on the Performance Test Record
under Minimum and Maximum. The voltage measured and recorded in the X

Drive Ramp Measurement column should be within these calculated
tolerances.

NOTE

The HP 33258 X Drive maximum voltage (100%) is set at the factory to +10.5V,

.....................6.................}....
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Performance Tests

Figure 4-17. Ramp Period Variation.

Ramp Period Variation

This procedure tests the variation betweeri alternate cycles of the HP 3325B positive and
negative slope ramps to the following specification:

< ®1% of period, maximum

Equipment Required: Analog Oscilloscope, with delayed sweep

a.  Connect the HP 3325B signal output to the oscilloscope vertical input. (Do
NOT use a 10:1 probe.) Set the input switch to the 50} position. If your
oscilloscope does not have a 50¢) input, use a 50} feedthru termination at the

input.
b.  Setthe HP 3325B as follows: !
Function _ Negative Slope Ramp
Frequency § 100 Hz
Amplitude i 10 Ve
¢.  Set the oscilloscope as follows:
 Vertical ; _ 2 V/div
Main sweep : 2.0 ms/div
Delayed sweep 20 ps/div
Trigger Positive

d.  With the 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.

£ The reset portion should show more than one line, as in figure 4-17. The
lines should not be separated by more than ten divisions on the display.

g  Change the HP 3325B function to positive slope ramp and set oscilloscope
trigger to negative to verify the positive ramp.

h.  Increase the HP 3325B frequency to 99.999999 Hz to check the low

frequency ramps. Verify that ramp period variations do not exceed ten
divisions. :

0000000000800 00000000000000000000000000000°
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Operational Verification Record

Operational Verification Record

Calibration Entity and Address

Test Performed By

Test Date

Serial Number
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Operational Verification Record
Operati'onal Verfication Record
Self Test
Passed:
Sine Wave Verification
Stepd 20 MHz: Frequency and Amplitude Passed:
Stepyg Signal Purity : Passed:
High Voitage Output (1 MHz) Passed:
Square Wave Verification
Stepc _ Frequency and Amplitude Passed:
Stepsdand e Aberations Passed:
Siepf Rise Time Passed:
Triangle and Ramp Verification
Stepe Triangle Freq. and Amptd. Passed:
Stepd + Ramp Freg. and Amptd. Passed:
Stepe — Ramp Freq. and Amptd. Passed;
Step — Ramp Retrace Time Passed:
Stepg + Ramp Retrace Time Passed:
Stepi Triangle Linearity Passed.
" Amplitude Flatness
‘Measured Value Passed:
. Sync Output Check
Measured Value Specification
High: >+ 1.2V
Low: <0V
Fraquency Accuracy
Measurement Measured Value Specification
Stepc Sine 20 MHz + 100 Hz
Step d Square 10 MHz + S0Hz
Stepe Triangle 10 kHz (100,00 ns) =+ .5ns
Step Ramp 10 kHz (100,000 ns) =.5n8
i
20f3
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Operational Verfication Record, Continued

Operational Verification Record

Output Level and Attenuator Check

(DG Ofiset Only)

Entry Minimum Measured Value Maximum
- 5 - 5.020v — 4,980V
(+)5V + 4.980V + 5.020v
* () 1.499V { ) 1.49300V (=) 1.50499V
4989 mv + 0.49750V + 05.0190V
149.9 mV + 0.14930v + (0.15050V
4999 my + 0.04979v + 005019V
14.99 mv + 0.01493y + 0.01505V
4,999 mvV + 0.04979V + 0.005019v
1.499 mV + 0.001479v + 0.001519V

* All entries and limits are >
High Voltage Output (Option 002)

Entry Minimum Measured Valus Maximum
20V +19.775V + 20,225V
— 20V — 20.225v - 19.775V

' Rarmonic Distortion

Entry Measured Value All Harmonics Below:
20 MHz - 25dB
15 MHz - 30dB
2 MHz - 40dB
200 kHz - 60dB
50 kHz - 65dB
10kHz - 6548
1kHz - 65d8
100 Hz - 65¢B

High Voltage Output {Option 002)

Entry Measured Value All Harmonics Below:
100 Hz - 65dB
10 kHz - 6548
200 kHz - 60dB
1 MHz — - 40dB

Close-in Spurious Signal Test

Measurement

Passed:

3of3
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Ferformance Test Record

Performance Test Record

Calibration Entity and Address

Test Performed By

Report Number

Customer

Trace Number

Installed Options

Test Date

Temperature

Humidity

Power Line Frequency

10of14



Performance Test Record

Trace Number;

Report Number: Test Date:

Test Equipment:

Low Frequency Spectrum Analyzer
Model

Trace Number

Calibration Due Date

High Frequency Spectrum Analyzer
Model

Trace Number

Calibration Due Date

Digital Multimeter
Model

Trace Number

Calibration Due Date

High Speed DC Digital Voltmeter
Model

Trace Number

Calibration Due Date

Frequency Counter
Model

Trace Number

Calibration Due Date

20f14
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Trace Number:

Sampling Oscilloscope
Model

Report Number:

FPerformance Test Record

Test Date: [/ f

Trace Number

Calibration Due Date

Analog Oscilloscope
Model

Trace Number

Calibration Due Date

Frequency Synthesizer
Model

Trace Number

Calibration Due Date

Feedthrough Termination
Model

Trace Number

Calibration Due Date

Thermal Converter
Model

Trace Number

Calibration Due Date

3o0f14
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Performance Test Record .
Trace Number: Report Number: TestDate:_ [ [ . ®
®

Sinewave Signal Source ®
Model ®
Trace Number .
®

Calibration Due Date .
Step Attenuator (1) :
Model .
Trace Number ,
@

Calibration Due Date .
Step Attenuator (2) @
Model :
Trace Number ‘
Calibration Due Date . :
DC Power Supply .
Model @
@

Trace Number .
Calibration Due Date ' :
®

o

®

L

@

o

@

: @

: @

&

aof14 @
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Performance Test Record
Performance Test Record
Harmonic Distertion

Fundamental Frequency Measured Value Specification

20 MHz - 25dB

15 MH2 - 30dB

2 MHz — 40dB

200 kHz — 60dB

50 kHz - 65dB

10 kHz - B65dB

1 kHz - 65dB

100 Hz —~ 65dB

High Voitage Output (Option 002)

Fundamental Frequency Measured Value Specification

100 Hz - 85dB

10 kHz - 65adB

200 kHz - = 60dB

1 MH:z - 40 dB

Spurious Signal
Mixer Spurious (2:1 spur/3:2 spur)

Frequency 2:1 spur 3:2 spur Specification

4.100 MHz = 70dB

6.100 MHz = 70d8

8.100 MHz = 7048

10.100 MHz = 7048

12100 MHz =< 70dB

14.100 MHz =70dB

16.100 MH2 = 70dB

18.100 MHz = 70dB

20100 MH2 = 70d8

Clase-in Spurious

Frequency Measured Value Specification

5.0001 MHz = 70dB

5.00001 MHz < 70dB

5.000001 MHz = 70dB

20.001 MHz = 70dB

Integrated Phase Hoise

Frequency Measured Value Specification

. | 19.901 MHz = 60dB
Sof14



Performance Test Record
Performance Test Record, Continued
Amplitude Modulation Envelope Distortion
Frequency Measured Value Specilication
= 30dB
Square Wave Rise Time and Aberrations
Measurement Measured Value Specification
Rise Time < a0ns
Fall Time < 20ns
Overshoot, Positive Peak < 500 mv
Overshoot, Negative Peak < 500 mvV
Ramp Retrace Time
Measurement Measured Value Specification
+ Ramp < 3us
— Ramp <3us
Sync Output
Measurement Measured Value Specification
Vhigh >+ 1.2V
Viow <+ 02V
—
Square Wave Symmetry
Measuremant Meaasured Valve Specification
<32ns
' Frequency Accuracy
Measurement ' Measured Value Specification
Sine, 20 MHz + 100 Hz
Square, 10 MHz + 50 Hz
Triangle, 10 kMz (100,00 ng) + 5ns
Ramp, 10 kHz (100,000 ns) + 5ns
Phase increment Accuracy
Measurement Minimum Time Ditference | Maximum
Zero Phase Time Interval
1°increment Time Interval 2222ns 33.34ns
107 Increment Time Interval 27222 ns 283,34 ns
100° Increment Time Imstval 2772.22 ns - 2783.34 ns

6of 14
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Performance Test Record
Phase Modulation Linaarity
DVM Reading Phase Difference Cumulative Phase xtimesy x!
By | ' 1 0 ¥1 0 0
R 2 ¥2
3 3 y3
x4 4 ¥4
X5 S ¥s
X8 6 ¥6
X7 7 y7
X8 8 ye
X8 9 ¥9
x10 10 Y10
X il y11
=X Zy Xy 2)(2
=92 oy
Baﬁ:: ;:;:Em Minimum Limit mas'":‘:}::ﬁ"’"""" Maximum Limit
{y1) 13 0
{v2) y2
{v3} y3
{v4) y4
{vs} ¥5
(ve) Y6
v7) y7
(vs) ¥8
{v9) yo
{rio) Y10
{v11) y1
Specification: £ 0.5% of (yn1) = %
7of14




Performance Test Record
Amplitude Accuracy
Sine Wave Test
Entry Minimum Measured Maximum
Amplitude: 3.536 Vrms
Sine, 100 Hz 3.495V 357V
Sine, 1 kHz 3.495y 3577V
Sine, 100 kHz 3.495V _ 357V
Amplitude: 1.061 Vrms
Sine, 100 Hz 1.048y 1.073y
Sine, 1 kHz 1.048v 1.073v
Sine, 100 kHz 1.048v 1.073v
Amplitude: 0.3536 Vrms
DC, 1 mv
Sine, 100 Hz 03411V 0.3660V
Sine, 1 kHz 0.3411?«' 0.3660V
Sine, 100 kHz 0.3411V 0.3660V
Function Test
Eniry Minimum Measured Maximum
Amplitude: 10 Vpp
Square, 99.9 Hz 3.661V 3.735v
Triangle, 99.9 Hz 3,643V 3.754v
Pos Ramp, 99.9 Hz 3.843v 3754y
Neg Ramp, 99.9 Hz 3.643v 3,754y
Square, 1 kHz 3661V 3.735V
Trangle, 2 kHz 3.643V 3.754v
Pos Ramp, 500 Hz 3643V 3.754v
Neg Ramp, 500 Hz 3.643v 3.754v
Square, 100 kHz 3661V 3735
Triangle, 10 kiz 3513V 3003V
Pos Ramp, 10 kHz 3.328v 3,996V
Neg Ramp, 10 kiz 3.328V 3.996v

8of 14
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. Performance Test Record
. . Amplitude Accuracy, Continued
: Entry Minimum Measured - Maximum
® Amplitude: 3 Vpp
® Square, 99.9 Hz 2970V 3.030v
® Triangle, 99.9 Hz 2.955Y 3.045V
® Pos Ramp, 99.9 Hz 2.955v 3.045V
Neg Ramp, 99.9 Hz 2.955V 3.045v
pt )
. Square, 1 kHz 2.970v 3.030v
Triangle, 2 kHz 2.995V 3.045v
. -
. Pos Ramp, 500 Hz 2.955v 3.045v
° Neg Ramp, 500 Hz 2.955v 3.045V
® Square, 100 kHz 2.970V 3.030v
® Triangle, 10 kHz . 2.850v 3.150v
. Pos Ramp, 10 kHz 2.700V 3.300v
® Nag Ramp, 10 kHz 2.700v 3.300V
® ;glplﬂude: 1Vpp
: 1mV
@ _
. . Square, 99.9 Hz 0.970v 1.030v
Triangle, 99.9 Hz 0.960V 1.040v
® Pos Ramp, 89.9 Hz 0.960V 1.040V
® Neg Ramp, 99.9 Hz 0.960V 1.040v
®
® Square, 1 kHz 0.970v 1.030v
Triangle, 2 kHz 0.960v 1.040V
. Pos Ramp, 500 Hz 0.960v 1.040v
: Neg Ramp, 500 Hz 0.960V 1,040V
P Square, 100 kHz 0.970v 1.030v
® Triangle, 10 kHz 0,940V 1.060V
Pos Ramp, 10 kHz 0.880v 1110V
: Neg Ramp, 10 kHz 0.890V 1110V
®
®
®
®
®
°Q
@
@
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Performance Test Record
Amplitude Accuracy, Continued
High Voltags (Option 002) Sinewave Test
Entry Minimum Measured Maximum
Amplitude: 14.54 Vrms
Sine, 2 kHz | 13.86V i 14.4V
High Voltage (Option 002) Funclion Test
Entry Minimum Measured Maximum
Amplitude: 40 Vpp
Square, 2 kHz 3.466V 3.607v
Triangie, 2 kHz 3.466V 3.607V
Pos Ramp, 2 kHz 3.466V 3607V
Neg Ramp, 2 kHz 3.466V 3.607V
i
10 0f 14
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. Performance Test Record
. . Amplitude Flatness
: Measurement Minimum Measured Value Maximum
. Sine, 3Vpp, 1 kHz =Y
(Reference)
. Allowable tolerance
. (=6.6%) 0.934y 1.066Y
® 2.001 MHz 0.934Y 1.066Y
. 4,001 MHz _ 0.934y 1.066Y
6.001 MHz 0.934Y 1.066Y
@ 8.001 Mtz 0.934Y 1.066Y
o 10.001 MHz 0.934Y 1.066Y
. 12.001 MHz 0.934Y 1.066Y
. 14.001 MHz 0.934Y 1.066Y
16.001 MHz 0.934Y 1.066Y
@ 18.001 MHz 0.934Y 1.066Y
® 20.001 MHz 0.934Y 1 .065Y
: Sine, 10 Vpp, 1 kHz =Y
{Reference)
. Allowabie tolerance
{+x6.3%) 0937y 1.063Y
| 2001 MHz 0.934Y 10667
® . 4.001 MHz 0.934 1.066Y
o 6.001 MHz 0.934Y 1.066Y
. 8.0 MHz 0.934Y 1.066Y
. 10.001 MHz 0.934y 1.066Y
12.007 MHz 0,534y 1.066Y
14.001 MHz 0.934Y 1.066Y
@ 00
. 16.001 MHz 0.934Y 1.066Y
. 18.001 MHz 0934y 1.068Y
. 20.001 MHz 0.934Y 1.066Y
® Square, 10 Vpp Pass: Fail:
{check one)
®
: High Voliage (Option 002) Flatness
@ Sine, 40 Vpp Pass: Fail:
. {check one)
@
®
®
&
®
®
@ 110f14
®



Performance Test Record
DC Offset Accuracy (DC Only)
Entry Minimum Measured Value Maximum
5V + 4980V ' ' + 5,020V
- 5 - 5.020v + 4.980v
— 1499V — 1.50499V — 1.49300V
1,499V + 1.49300V + 1.50499v
4999 mv <+ 0.49790V + 05.0190V
— 499.9mV — 05.0190v — 0.49790V
— 1499mv — 0.15050V — 0.14930v
149.9 my + 0.14930V + 0.15050V
4899 mV + 0.04979V. + 0.05019v
- 4999 mv - 0.05019v — 0.04979v
- 1499 mV — 0.01505v -~ 0.01493v
1499 mv + 0.01493v + 0.01505v
4999 mv + 0.004979V + 0.005019V -
- 4999 mv — 0.005019V - 0.004979V
- 1.499mvV — 0.001519V - 0.001479v
1.499 mV + 0.001479V + 0.001519V
High Voltage Output (Option 002)
Entry Minimum Measured Value Maximum
20v + 19.775V + 20.225V
- 20V - 20,225V -19.775V
DC Ofiset Accuracy with AC Functions
Entry Minimum Measured Value Maximum
Sing 20.999 999 999 MHz
4.5V <+ 4.350v + 4.650v
- 45V — 4650V — 4350V
Sine 999.9 kHz
- 4.5V - 4,560V - 4.440V
4.5V + 44407 + 4,960V
Square 999.9 kHz
4.5v + 4.440V + 4.560V
- 4.5V — 4560V — 4,440V
Square 9.9999 MHz
— 45V — 4650V — 4,350V
Triangle 9.9 kHz
- 4.5V — 4.440V - 4560V
Ramp 2.9 kHz
-4 5Y - 4380V - 4620V
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®
. Performance Test Record
: . Triangle Linearity
() XValues | Poskive Slope Measurement | xtimesy | o iied bestFi Tolerances
Straight Line Miimum  Maximum
. xt=1 (10%) y1 1)
@ X2 =2 (20%) y2 2
® X4 =4 (40%) y4 o)
%<5 |Go%)ys o
@ 6 =6 (60%) ¥6 6)
® X7 =7 (70%) y7 7
® [zmt [wom o
® xg =9 (90%) yg - 9
Zx=45 Ey EW
® =% =2025 | Ey
® 0% = 285
®
® :
® xValues | Negative Slope Measurement | xtimesy Calculated Best Fit Tolerances
aignt Line nimum aximum
Straight Li Mini Maxi

® w=8 Oy =
® 8 =8 (80%) yB 48)

=7 70%)y7 7
o@® -
. =3 {50%

= 1Y5 v5)
@ X4 = 4 (40%) y4 )
® B =3 (30%}y3 o3)
. =2 {20%) y2 v2)
® X =1 (10%)y1 1)
® E2=2025 | Soy
® (=x? = 285
®
®
®
®
@
®
®
®
®
@
@
@
g 13 0f 14
¢



®

®

Performance Test Record ®

X Drive Linearity . @

Galculated Best Fit Tolerances ®

X Values Positive Slope Measurement | xtimesy Straight Line Minimom Maximum ®

Xl =1 (10%) 1 1) ®

X2 =2 (20%) y2 | v2) ®

X3=3 (30%) y3 (¥3) ®

x4 =4 (40%) y4 {y4) ®
x5=5 (50%) ¥5 (¥5)

% =6 (60%) 6 (v6) ®

xr=7 (70%) y7 {7} ®

B=8 {80%) v3 {v8) ®
xg=9 (90%) y9 {v9)

Tx =45 Iy Zxy ®

% =2025 | Dy ®

=02 = 285 ®

. ®

Ramp Period Variation ®

Measurement _ Measured Value Specification .

Negative Slope Ramp, 100 Hz <=+ 100 us ®

Positive Slope Ramp, 100 Hz | <= 100us ®

Posttive Slope Ramp, 99.9 Hz : <+ 100us . ®

' ®
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®

®

®
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ppendix A
Specifications
B Frequency M Amplitude (all waveforms)
Range: Resolution:
Sine: 1 xHz to 20.999 939 999 MHz 0.03% of full range or 0.01 dB (4 digits).
Square: 1 uHz to 10.999 999 999 MHz Range:

Triangle/Ramps: 1 4Hz to 10.999 999 999 kiHz
Resolution:

1ugHz, <100 kHz

1 mHz = 100 kHz (1 zHz available, not displayed)
Accuracy:

+5x 10 of selected value, 20 °C to 30 °C, at time
of calibration, (Standard Instrument)

Stability:

=5 x 10"%/year, 20 °C to 30 °C, standard {See also
option 001, high stability frequency reference)
Warm-up Time:

20 minutes to within specified accuracy.

B Main Signal Output (all waveforms)

Iimpedance:
5002 = 192, 0-10 kHz
Return Loss:

=20 dB, 10 kHz to 20 MHz, except >10dB for
>3V, 5 MHz to 20 MHz '

Connector:

BNC; switchable for front or rear panel,
non-switchable with option 002 except by internal
cable change.

Floating:
Output may be floated up to 42V peak (ac + dc)

1 mV to 10 Vpp in 8 amplitude ranges, 1-3-10
sequence. Ranges are 1 mV -2.899 mV, 3 mV
-8.999 mV, 10 mV -29.99 mV, 30 mV -99.99 mV, .1V
-.2099V, .3V -,.9999V, 1V -2.999V, 3V -10V, (without
dc offset).

Fumclion peak o peak 4 4Bm (505
Sine
minimum 1.000 mV 0.354 mV -56.02
maximum 10.00V 3.536V + 23.98
Square
minimum 1.000 mv 0.500 mv -53.01
maximum 10.00V 5.000v + 26.99
Triangle/Ramps
minimum 1.000 mV 0,239 mV -57.78
maximum 10.00V 2.887V + 22.22
Accuracy: (with 0 Vdc offset)
Sine:
001 Hz 100 kHz 10MHz 20 MHz
+2398dBm | £ .1 dB +.4dB
4+ 13.52 dBm )
-16.02 dBm +2d8 + 648 +.6d8
- 56.02 ¢Bm + 948
Square Wave:
001 Hz 100kHz 10 MH:
10Vpp +1.0% +=11.1%
3 Ve *22% *+13.6%
1 mVpp - =
A-1



Appendix A
Triangle:
001 Hz 2 kHz 10 kHz
10 Vpp *1.5% *=5.0%
3Vpp
1 mVgp +27% =8.2%
Ramps:
001 Hz 500 Hz 10 kHz
10 Vpp + 15% *=10%
Ivpp
1 mVpp =10% *11.2%

With de offset, increase all sinewave tolerances by
.2 dB and all function tolerances by 2%.

M Sinewave Spectral Purity

Phase Noise:

- 60 dBc for a 30 kM2 band centered on a 20 MH2
carrier (excluding = 1 Hz about the carmier) with
option 001 installed.

Spurious:

All non-harmonically related output signals will be
mors than 70 dB below the carrier (- 60 dBc with dc
offset), or less than - 90 dBm, whichever is greater.

M Waveform Characterlistics

Sinewave Harmonic Distortion:

Harmonically related signals will be less than the
following fevels relative to the fundamental:

Frequem Ralge Harmonie Level
1 Hz1o 50 kiz - 65 dBc
50 kHz to 200 kHz -60dBc
200 kHz 10 2 MHz -40dBc
2MHz10 15 MH? -30 dEc
15 MHz 10 20 MHz .95 dBe

A2

Squarewave Characteristics:
Rise/ffall time: = 20 ns 10% 10 90%, at full output.

Overshoot: = 5% of peak to peak amplituds, at full
output.at 1 MHz.

Settling time: < 1 us to settle to within .05% of final
value, tested at full cutput with no load, 10 Hz to
500 kHz.

Symmetry: = .02% of period + 3 ns.

Triangle/Ramp Characteristics:

Triangle/ramp linearity (10% to 90%, 10 kHz):
% .05% of full p-p output for each range.

Ramp retrace time: =<3 xs, 90% to 10%,

Period variation for alternate ramp cycles: = 1% of
petiod.

B DC Offset

Range: ,
DC only (no ac signal): 0to +5.0V/50Q

DC + AC: Maximum dc offset + 4.5V on highest
range; decreasing 10 + 4.5 mV on [owest range.

Resolution: 4 digits
Accuracy:

DC only: =.02 mVto = 20 mV, depends on offset
chosen.

DC + AC, to 1 MHz: +.06 mVto =60 mV,
depends on ac output level, .2 mVto £ 120 mV
for ramps to 10 kHz.

DC + AC, 1 MHZto 20 MH2: = 15 mVto
= 150 mV, depends on ac output level,

B Phase Offset

Range:

* 719.8° with respect to arbitrary starting phase, or
assigned zero phase.

Resolution: 0.1°
Increment Accuracy: +0.2°
Stability: 1.0 degree of phase/”C



B Sinewave Amplitude Modulation

Modulation Depth (at full output for each range): .

0-100%

Modulation Frequency Range:

DC to 400 kHz (0-21 MHz carrier frequency)
Envelape Distortion:

- 30 dB to 80% modulation at 1 kHz, 0 Vdc offset.
Sensitivity:

= 5V peak for 100% modulation

Input Impedance: 10 kQ

Connector: Rear panel BNC

B Phase Modulation

Sine Function Range:

+850°, =+ 5V input

Sine Function-Linearity:

+0.5%, best fit straight line

Squarewave Range: *425°

Triangle Range: +425°

Posftive and Negative Ramps: =85°
Modulation Frequency Range: dc -5 kHz
input Impedance: >40kQ

Connector: Rear panel BNC

B Frequency Sweep

Sweep Time:
Linear: 0.01s1o0 1000s

Logarithmic: 1s to 1000s single, 0.1s to 1000s
continuous

Appendix A

Maximum Sweep Width:

Full frequency range of the main signal output for
the waveform in use except minimum log start
frequency is 1 Hz. -

Minimum Sweep Width:
Minimem sweep width
Swoep time Sweep time
Function 01 sec. 99.9 see.

Sine; g mHz 999.9 mHz
Square .05 mHz 499.5 mHz
Triangle: 005 mHz 49.95 mHz
Ramps: 01 mHz 99.99 mHz

Minimum log sweep width is 1 decade.

Phase Continuity:

Sweep is phase continuous over the full frequency

range of the main output.

Discrete Sweep:

Number of segments: 100 maximum (Start and
stop frequencies set table for each segment)

Time/segment; 0.01s to 1000s, 0.01s resolution

B Modulation Source:

Frequency Range: Sine 0.1 Hz - 10 kHz,
Square 0.1 Hz-2 kHz

Frequency Resolution: 2 digits

Frequency Accuracy: Typically 0.1% (Sinewave)
Amplitude Range: 0.1 Vppto 12 Vpp

Amplitude Resolution: 0.1V

Amplitude Accuracy: Typically =+ 200 mV
Impedance: Designed to drive = 10 k22 loads
Sinewave Purity: Typically better than - 34 dBc
Standard Waveforms: Sine, Square

Arbitrary Waveforms: Vertical resolution 256
points, horizontal resolution 4096 points, 300,000
samples/sec, 10 kHz maximum,

Output Location: Rear Panel BNC

A3



Appendix A
M Auxiliary Outputs

Auxiliary Frequency Output:

Frequency Range: 21 MHz to 60.999 999 089 MHz,
under range coverage to 19.000 000 001 MHz2,
frequency selection from front panel.

Amplitude: 0dBm; output impedance: 50Q
Connector: Rear panel BNC
Sync Qutput;

Square wave with Vhigh = 1.2V, View =0.2V into
502 Frequency range is the same as the main
signal output for fromt panel sync and dc -60 MHz
for rear panel sync.

Output impedance: 50Q

Connector: BNC front and rear panefs.
X-Axis Drive:

(0-100s sweeps only)

0to + 10 Vdc linear ramp proportional to sweep
frequency; linearity, 10 - 90%, = .1% of final value
(applies for sweep widths which are integer
multiples of the minimum sweep width}.

Connector: Rear panel BNC.
Sweep Marker Output:

High to low TTL compatible voltage transition at

keyboard selected marker frequency. (Linear
sweap onty.)

Connector: Rear panel BNC
Z-Axis Blank Qutput:

TTL compatible voltage levels capable of sinking
current from a positive source. Current 200 mA,
voltage 45V, power dissipation 1 watt maximum.

1 MHz Reference Output:

0 dBm output for phase-locking additional .
instruments to the HP 3325B.

Connector: Rear panel BNC.
10 MHz Oven Qutput:

0 dBm internal high stability frequency reference
output tor phasedocking HP 3325B or other
instruments (option 001 only).

Connector: Rear panel BNC.

A-4

B Auxiliary Inputs

Reference Input;

For phase-locking HP 3325B to an external
frequency reference. Signal from 0 dBmto
+20 dBm into 50Q. Reference signal must be a
subhamonic of 10 MHz from 1 MHz to 10 MHz.

Connector: Rear panel BNC. With option 001 this
input may be jumpered to the 10 MHz reference
output,

Amplitude Modulation input:

See modulation specifications

Phase Modulation Input:

See modulation specifications

B Remote Contro!

Frequency Switching Time (1o within 1 Hz
exclusive of programming time:

= 10 ms for 100 kHz step; = 25 msec for 1 MHz
step; = 70 msec for 20 MHz step.

Phase Switching Time (to within 90° of phase
lock exclusive of programming time:

=15 msec.

Amplitude Switching Time (to within amplitude
specifications, exclusive of programming time):
<30 ms.

HP-IB Interface Functions:

SH1, AH1, T6, L3, SR1, RL1, PPQ, DC1, DT1, Co, E1

RS-232 Interface:

Subset of ANSI/E|A-232D-1986, CCITT V.24
Type: DTE, 25 pin female “D” connector
Baud Rate: 300-4800 .



B Option 001 High Stability
Frequency Reference

Aging Rate:

+5 x 10 week, after 72 hours continuous
operation; + 1 x 10”7 mo., after 15 days continuous
operation.

Warm-up time:

Reference will be within = 1 x 107 of final value 15
minutes after tum-on at 25 °C for on off time of less
that 24 hours.

B Option 002 High Voltage Output

Frequency Range: 1 uHzto 1 MHz
Amplitude:

Range: 4.00 mV to 40.00 Vpp in 8 ranges, 4-12-40
sequence, into 5002 < 500 pF load. Ranges are
four times the standard instrument ranges, without
dc offset.

Accuracy: =+ 2% of full output for each range at
2 kHz.

Flatness: =+ 10% relative to programmed amplitude.
Sinewave Distostion:

Harmonically related signals wilt be less than the
following levels {relative to the fundamental full
output into 500Q, load):

10 Hz - 50 kHz: -65dB

50 kHz - 200 kHz: - 60 dB
200 kHz - 1t MHz: -40dB
Square Wave Rise/Fall Time:

+ 125 ns, 10% to 80% at full output, with 500,
500 pF load.

Square Wave Overshoot:

+ 10% of peak to peak amplitude with 500%,
500 pF load.

Output Impedance:
<2Qat d¢, <10Qat 1 MH2
PC Offset:

Range: 4 times the specified range of the standard
instrument.

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

Appendix A

Maximum Output Current:
+ 20 mA peak

M General

Operating Environment:
Temperature: 0°Cto55°C

Relative Humidity: 95%, 0 °Cto 40 °C
Altitude: = 15,000 .

Acoustic Noise Emigsion:

LpA < 70 dB (sound pressure level)
operator position

normal operation

per SO 7779

Power:

100/120/220/240V, + 5%, - 10%:; 48 t0 66 H2; 90
VA, 120 VA with all options

Weight:

9 kg {20lbs) net ; 14.5 kg (32 Ibs) shipping
Dimensions: '

133.4 mm high x 425.5 mm wide x 498.5 mm deep
(5 1/4 inch Hx 16 3/4 inch W x 18 5/8 inch D)
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Amplinzcie
Accuracy test  4-38
Flatness check 415 .
Medulafion envelope distortion tast 428
Aftenustor check  4-16

C
Circult breaker 4.3

D

DC offset accuracy
AC functions test  4-46
DConlytest 4-45

F
Frequency accuracy test 4.16, 432
H
Hatmonic distortion test  4-17, 4-23
High voltage output

Amplitude accuracy test  4-41, 4-44
DC offset accuracy test  4.45
Harmonic distortion check  4-18
Hasmonic distortion test  4-24
Sine wave venfication 413

HP-IB system intorface connections 48

I

Initial inspection 4-2
Inetallation 4-8
Instrumart cooling 46

L
Line voltage selection 4-3

0

Operating environment 4-6
Operational verification
Amplitude flatness  4-15
Close-in spurious signal  4-18
Frequency accuracy 4-16
Harmonic distorion 4417
Outpurt level and afteruator 416
Required test equipment  4-11
Selftest 412

Sine wave 412

Square wave 4-13

Sync output 415
Triangle and ramp  4-14
Output level checkt 418
Over-voliage circuit braaker 4-3

Index
P

Perormance tests
Amplitude accuracy 4-38
Amplitude modulation envelope distortion  4-28
DC offset accuracy 445
DC offset accuracy with ac functions 446
Frequency accuracy 4-32
Hammonic distortion  4-23
Integrated phase nuise 427
Phase increment accuracy 4-33
Phase modulation linearity  4-34
Ramp period varision 4-54
Ramp retrace time  4-30
Required test equipment 420
Spurious signal  4-25
Square wave rise ime and abemrations  4-29
Square wave symmety 4-31
Syne output  4-30
Trangle linearity 4-47
X drive linearity 4-50
Phase '
Increment agcuracy test  4-33
Integrated phase noise test  4-27
Modulation lincarity test 4-34
Power .
Cable grounding requirements 4.4
Requirements 42

R

Ramp
Period variation test  4-54
Retrace time test  4-30
Verification 4-14

Required tost equipment
Operational verification 4-11
Performance tests 420

S

Saif tast 4412

Sine wave verification 4-12
Spurious signal test  4-19, 4-25
Square wave

Rige time and sbemations test  4-29
Symmetry test  4.31

Verification 4-13
Storage and shipment 4-10

Sync output test  4-15, 4-30

T

Triangle

Linearity tegt  4-47
Verification 4-14
X

X drive linearity test  4-50



Artisan Technology Group is an independent supplier of quality pre-owned equipment

Gold-standard solutions We buy equipment Learn more!

Extend the life of your critical industrial, Planning to,upgrade your/current Visit us at artisantg.com for more info
commercial, and military systems with our equipment? Have/surplus equipment taking on price quotes, drivers, technical

superior service and support. up’shelf'space? Well give'it a new home. specifications, manuals, and documentation.

Artisan Scientific Corporation dba Artisan Technology Group is not an affiliate, represéntative, or authorized distributor for any manufacturer listed herein.

(217) 352-9330 | sales@artisantg.com | artisantg.com TECHNOLOGY GROUP

We’re here to make your life easier. How can we help you today? Vl ARTISAN




