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Section 1
Introduction and Specifications

1-1. INTRODUCTION

The 6060B Synthesized Signal Generator (referred to as the Generator or instrument)is a
fully-programmable, precision, synthesized signal generator. The Generator is designed
for applications that require good modulation, frequency accuracy, and output level
performance with moderate spectral purity. It is well suited for testing a wide variety of
RF components and systems including filters, amplifiers, mixers, and radios, particularly
on-channel radio testing.

1-2. UNPACKING THE GENERATOR

This shipping container should include a 6060B Signal Generator, an Operator
Information Card, a Getting Started Manual, an Instruction Manual, and a line power
cord. Any accessories ordered for the Generator are shipped in a separate container.

Section 2, Installation and Operation, gives instructions on inspecting your new
Generator, and what to do if the instrument arrives with shipping damage. Reshipment
information is also included.

1-3. SAFETY
This instruction manual contains information, warnings, and cautions that should be
followed to ensure safe operation and to maintain the Generator in a safe condition.

The Generator is designed primarily for indoor use, and it may be operated in
temperatures from 0°C to and 50°C without degradation of its safety.

WARNING

TQ AVOID ELECTRIC SHOCK, USE A POWER CORD THAT HAS A THREE-
PRONG PLUG. IF YOU DO NOT USE A PROPER POWER CORD, THE 6060B
CASE CAN DEVELOP AN ELECTRICAL POTENTIAL ABOVE EARTH GROUND.

CAUTION

To avold damage to the 6060B, check that the rear panel line vollage selection
card and fuse are correct for the line voltage in your area. The correctline voltage
and fuse combinations are:

LINE VOLTAGE FUSE

100/120V ac, £10%, 47 Hz to 63 Hz 1.5 AMP
220/240V ac, 1-10%, 47 Hz to 63 Hz .75 AMP
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1-4. OPERATOR INFORMATION CARD

The Operator Information Card has an adhesive backing so it may be affixed to the top of
the Generator in bench applications or to the operator consol¢ in remote applications. A
copy of the card is located at the end of Section § of this manual as a convenient reference
or for duplication.

1-5. GENERATOR DESCRIPTION

Fundamental features of the Generator are as follows:

0.01-MHz to 1050-MHz frequency range in 10-Hz steps

+13-dB to -127-dBm level range in 0.1-dB steps

AM and FM, internal or external

Internal 400-Hz and 1000-Hz modulation oscillator
Relative frequency and amplitude

Volts/dBm conversion

Store/recall memory

Master/slave for frequency, amplitude, and modulation step (IEEE-488 Interface
controlled.)

Fluorescent display
5 1/4-inches high, rack mountable

1-6. Controller Functions

The Controller microprocessor controls all operator interface functions, performs
background operations such as status checks, and updates (strobes) the front panel
displays. Whether you are using local control with the front panel, or remote control with
the IEEE-488 Interface option, the microprocessor provides self test and diagnostic
capability. Economical instrument performance is achieved by using software
compensation EPROMs and accuracy-enhancement circuitry.,

1-7. LOCAL CONTROL
The value of the basic output parameters of the Generator, i.¢., amplitude, frequency, or
modulation can be controlled in threc ways:

Direct numeric entry
Incrementing or decrementing the bright digit

Step-up or step-down entry where the step size can be operator programmed

Other controls provide selection of the POWER ON/QFF, RF QUTPUT ON/QFF,
MODULATION ON/OFF, internal/external frequency reference, and STATUS.

1-8. DISPLAY FIELD
The programmed values of modulation, frequency, and amplitude are displayed in the
three display ficlds.
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1-9. REMOTE-CONTROL PROGRAMMING

The Option -488 IEEE-488 Interface allows the Generator to be remotely controlled with
any IEEE-488 bus controller. The instrument can also be used on the IEEE-488 bus
without a controller in a listen-only or talk-only mode by selecting the appropriate
Generator rear panel IEEE-488 switch settings.

All instrument controls can be remotely controlled except the POWER ON/OFF and the
rear panel REF INT/EXT switches. The Option -488 IEEE-488 Interface provides
additional commands not available with local control, such as data transfer and
individual control of internal I/ Q control bits.

The Option -488 IEEE-488 Interface allows two Generators to track amplitude,
frequency, or modulation in a master/slave configuration when using the front panel
step-up and step-down entries on one of the instruments. For instance, frequency
tracking is convenient for tests involving mixers, and amplitude tracking is useful for two-
tone intermodulation testing.

1-10. Frequency

The specified frequency range is 0.01 to 1050 MHz. The frequency is synthesized from a
10-MHz reference and provides an output resolution of 10 Hz over the entire frequency
range. The relative frequency mode allows the frequency to be programmed in relation to
a center frequency or an offset frequency. This is convenient for testing filters and mixers.
The output frequency stability and accuracy depends on the reference, whether that
reference is internal or external.

1-11. Reference

The internal frequency reference is 2 10-MHz ambient crystal oscillator. If Option -130
High Stability Reference or the option -132 Medium Stability Reference is installed, that
oscillator is locked to the internal crystal oscillator. With the rear panel REF INT/EXT
switch set to INT, the Generator output frequency is synthesized from the internal
10-MHz crystal oscillator reference, and the internal oscillator (timebase) signal is
available at the 10 MHz QOUT connector.

The Generator can be operated from an external 10-MHz timebase by setting the rear
panel REF INT/EXT switch to EXT and applying a timebase signal to the REF IN
connector. :

With the REF INT/EXT switch set to EXT, the Generator can be operated from an
external 1-, 2-, 2.5-, 5-, or 10-MHz, 0.3V to 4V peak-to-peak sine or square-wave
reference applied to the REF IN connector, In either position of the INT/EXT switch,
the selected reference is available as a 10-MHz signal at the rear panel 10 MHz OUT
connector.

1-12, Amplitude

The Generator has a specified signal level range from +13 to -127 d Bm with programming
limits of +19 and -147.4 dBm. This corresponds to specified terminated voltages of 1V to
0.1 uV and limits of 2V to0 0.01 uV, respectively, The maximum usable signal level is
approximately +15 dBm. The level entry can be in dBm or volts, or it can be converted
from one to the other. In addition, the relative amplitude mode allows you to account for
cascaded gain or loss, or to display the level (in dB) relative to 1 4V or 1 mV.

1-13. Moduiation
Both intérnal and externalamplitude modulation and frequency modulation capability is
available. The internal modulation oscillator is selectable between 400 Hz and 1000 Hz.
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AM depths of 09 t6 99% are available in 195 steps. FM deviation ranges of [ kHz, 10 kHz,
and 100 kHz are available in steps of | Hz, 10 Hz, and 100 Hz, respectively.

1-14. OPTIONS AND ACCESSQORIES

The following options are available for the Generator:

Option -130 High-Stability (Ovened) Reference
Option -132 Medium-Stability Reference

Option -488 IEEE Interfacc

Option -651 Low-Rate FM (External only)

Option -830 Rear RF OUT and MOD IN Connectors

Section 6 provides more detailed information on the options.
The following accessories are inciuded with each Generator:

The following accessories are available for the Generator:

DESCRIPTION ACCESSORY
NO.

Rack Mount Kit. Includes M05-205-600 (5 1/4-inch Y6001
Rack Mount Fars) and M00-280-610 (24-inch Rack Slides)

IEEE-488 Shielded Cable, | meter Y8021
IEEE-488 Shielded Cable, 2 meters Y8022
IEEE-488 Shielded Cable, 4 meters Y8023
Coaxial Cable, 50 ohms, 3 feet, BNC {m) both ends Y9111
Coaxial Cable, 50 ohms, 6 feet, BNC (m) both cnds YoI112

1-15. RECOMMENDED TEST EQUIPMENT

The test equipment recommended for the performance tests, calibration adjustments,
and troubleshooting are listed in Table 4A-1. This equipment is assumed to be calibrated
to the manufacturer’s specifications. If the recommended test equipment is not available,
equivalent test equipment can be substituted.

1-16. MNEMONICS
The mnemonics used on the schematics, block diagrams, wiring diagrams, truth tables,
and in the text, are listed in Figure 8-1.

1-17. SIGNAL GENERATOR SPECIFICATIONS

Unless otherwise noted, the following performance is guaranteed over the specified
environmental and ac power line conditions 20 minutes after turn-on. Table 1-1 lists the
(Generator specifications.
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- Table 1-1. Signal Generator Specifications

Warranted performance, 20 minutes after turn-on within operating temperature

range.
FREGUENCY (8 1/2-Digit Display)

RANGE - . oheerictermcnecrmrrns

RESOLUTION cvvrrrvencncccrnsrnans
ACCURALY wvvvvrrvremerssrrnenenes

REFERENCE (Internal) .acecicnrn=~

REFERENCE (External) eenrreenmenes

AMPLITUDE (3 1/2-Digit Display)

RANGE (Indicated) eiveunuvrvenres

RESQLUTION venvenn

ACCURACY wnnamereare=ns

SOURCE SWR navcmceccucussnsananas

SPECTRAL PURITY (CW ONLY)

SPURTOUS sevevverurrvwmarmrmmren=n

HARMONICS cuvveuvewnnvrnrrnrrrnne

0.01 MHz to 1050.0 MHz in 3 bhands:
0.01 MHz to 244.99999 MHz,
245 MHz to 511.99999 MHz.
512 MHz to 1050 MHz.

10 Hz.
Same as reference (See REFERENCE).

The unit coperates on an internal
free-air 10-MHz crystal oscillator.
aging <+0.5 ppm/month and <i% ppm for
25%¢, +25%C. Internal reference
signal (10 MHz} available at rear
connector, level >0 dBm. terminated
in 50 ohms.

ACCEPtE- 1. 2, 2.3, 5. or 10~-MHz 5ignal.-
Level of 0.3V to 4.0V p-p into 50 ohm
termination.

+13 (+13 peak on AM) to ~127 dBm;
(Autaranging 6-dB step attenuator).

0.1 dB (<1% or 1 nV in voltsl.

+1.0 dB ¢20°C +5°C) at and above
0.4 MHz; below D.4 MHz 12 dB at or
above =100 dBm and +3 dB below ~100
dBm.

<1.5 below 1 dBm and at or above 0.4
MHz; <2.0 elsewhere.

<=-460 dBc for offsets greater than 10
kHz. Fixed freguency spurs are <-60
dBc or <-140 dBm whichever is lLarger.
<=55 dBc for frequencies <100 kHz.

NGTE

"digc" refers to decibels relative to
the carrier frequency. or in this
case, relative to the signal lLevel.

£=3{) dee from 0.7 MHz to 1050 MHz.
<=26 dBg from D0.01 MHz to 0.1 MHz.
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Table 1-1. Signat Generator Speclifications (cont)

RESIGUAL FM (rms in
0.3-kHz to 3-kHe Band) ...euo---. <10 Hz for 245 MHz to 512 MHz; <20 H:
elsewhere (209¢ +50¢).

RESIDUAL FM (rms in
0.05-kHz to 15-kHz Band) - %22 Hz for 245 MHz to 512 MHz; <44 H:
etzewhere (20°¢ +5°0).

RESIDUAL AM (in
0.05-kHz to 15~kHz Band) .-...... %60 dBc.

AMPLITUDE MQPULATION (2-Digit Display)
PEPTH RANGE . .cvasrnransnaswsanu. 0% to 99%.
RESOLUTION weuesacvsvncinncnnnnns 1%.

ACCURACY ..... reneenneas H(2L + 4X% of setting) for internal
rates, for depths 90% or Less and peak
amplitude of +13 dBm or less.

bISTORTION rarvesennnsasas $1.5% totat harmonic distortion (THD)
to 304 AM, <3% to 70% AM. <5% to 90X
AM at internal rates., except for
frequency >950 MHz and carrier power
»48 dBm, where specified performance is
<3% THD to 70% AM, <5% THD to 90X AM.

BANDWIDTH €3 dB) v.uueus 20 Hz to 30 kHez.

INCIDENTAL FM tusauwns "‘-‘.D.fpfm for internal rates and 30X AM,

FREQUENCY MODULATION (3-Digit Pisplay?

PEVIATION RANGES .vivecavrrnerses 100 Hz to 999 Hz, 1 kHz to 9.99 kMz.
and 10 kHz to 99.9 kHz.

MAXIMUM DEVIATION ....... Lesser of 99.9 kHz and 2f f_ ahove

245 MHz. or Efm (f #8000 Eefuu 245
MHz. where f Js in MHz; (f_ ~100)/3
kHz. below 0.4 Miz (f_ in kHz).

RESOLUTION ... reeenses 3 digits.

ACCURACY L R R T Y i?% er rates Df 0-3 kHZ to 20 kHz
(0.3 to 1 kHz for f0 <0.4 MHz) and
>100~Hz deviation.

DISTORTION suvnnuus sevveses <14 THD for rates of 0.3 kHz to 20 kHz
(0.3 to 1 kHz for fo <0.4 MHz) and
*100=-Hz deviation.

BANDWIDTH (3dB) naevenswens 0.02 kHz to 100 kHz; unspecified for
fo <0.4 MHz.

INCIDENTAL AM ernnevsvasswae 1% AM at 1-kBz rate, for the maximum
deviation or 50 kHz, whichever is
Less.
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Table 1-1, Signal Generator Speclfications (cont)

MODULATION SOURCGE

INTERNAL vevusncnnsneeennneannass D.4 kHz or 1 kHz, 3% for 209C to

EXTERNAL sivusutascrnconncnncrers

MODES BN Ay E S PN RS AA r Y P R EEE A

GENERAL

TEMPERATURE
Operating seeccrnevanasicnne
Non=-0perating veveeeassucnms

HUMIDITY RANGE
Operating cavervsvnnsacrrren

ALTITUDE
OpEFat‘ing LI T N R I I A

VIBRATION
NOH-Oper‘at‘ing LEE R N NI A ey

SHOCK
Non=0perating aceececeveaansss

ELECTROMAGNETIC
COMPATIBILITY sssssusbrnenwsasns- ThE
<1

309C; add 20.1%/°C outside this
range.

453V max.; 1V peak provides indicated
modulation index. Nominal input
impedance 15 600 chms.

Any combination of internal AN,
internal FM, external AM. and external
FM. Modulation may also be disabled.
The nominal input impedance with both
external AM and external FM enabled is
560 chms.

0°¢ to 50°¢ (32°F ro 1229F).

~409C to 759¢C (-40% to 167°F).

95% to 30%C., 75% to 40°C, 45% to 50°¢.
Up to 10,000 ft.

> Hz to 15 Hz at 0.06 inch, 15 Hz to
25 Hz at 0.04 inch, and 25 Hz to 55 Hz
at 0.02 inch. double amplitude (DPA).

Bernch handling per MIL T 28800¢ Class
5. Style E,

radiated emissions induce <3 uv
uv of the Generator'*s output

gignal) into a 1-inch diameter, 2=turn
Loop, 1-inch from any surface as
measured into a 50-chm receiver.

Also complies with the following standards:

CED3 of MIL-5TD-4618 (Power and interconnecting leads), 0.015 MHz to

50 MHz.

REDZ of MIL-S5TD-461B (14 kHz to 10 GHz).

FCC Part 15 (j), class A.

CISPR 11.

SIZE weucucarvrnwnrnancrnvannanas Witth Height
43 com 13.3 cm
17 in 5.25% 1in




INTRODUCTION AND SPECIFICATIONS

Table 1-1. Signal Generator Spacifications (cont}

vesasaae 100, 120, 220, 240V ac #1104, 47 to
63 Hz, <180 VA (<15 VA, with Option
=130 installed, and the Generator
turned off (standby).

WEIGHT wawrmcamecanaaneans <15.7 kg (35 Lbs).

NON-VOLATILE MEMORY

50 instrument states are retained for 2 years {typically), even without
ac Line power applied.

REVERSE POWER PROTECTION
PROTECTION LEVEL .en---- Up to 50 watts from a 50-ohm source.
0.01 MHz to 1050 MHz. Withstands up to

50V dc. Protection is not provided
when the Generator is off.

60608 OPTION -130 HIGH STABILITY REFERENCE

AGING RATE veensvnnnnns <+5 x 107 '0/day, after 21 days
coptinuous operation.

TEMPERATURE STABILITY ..... vevnne <22 x 10710/9¢ ¢oven remains powered
in standby).

&6060B OPTION -132 MEPIUM STABILITY REFERENCE

AGING RATE wuvevennunnnr vee <t1 x 1077 /month after 5 days
continuous operation.

TEMPERATURE STABILITY suvnwnrn--n <21 x 1D-?IOC (D to £09¢)
(no powered standby?.

640608 OPTION =488 IEEE-488 INTERFACE (LEEE Std 4BE-1978)

INTERFACE FUNCTIONS ....... wa-ewu- SH1, AH1. T3, TED, L5, LED. SR1. RL1.
PRO, DCT. BT1. CO. and E1.

60608 OPTION =651 LOW RATE EXTERNAL FM
MAXIMUM DEVIATION scvvacvenanann- .99 kHz.
DROOP .. viiicsscsamannannnnnnne== S15% on a 10-Hz square wave,
BANDWIDTH (3dB) ..vessssssssssn-a 0.5 Hz to 100 kHz (typical).
MAX DC INPUT cicveaanssssssa £10 MV,

INCIDENTAL AM <1% AM at 1-kHz rate and deviation <10
kHz .

SUPPLEMENTAL CHARACTERISTICS

The following characteristics are provided to assist in the application
of the Generator and to describe the typical performance that can be
expected.

FREQUENCY SWITCHING 3PEED ,..---- <100 ms to be within 100 Hz.
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Table 1-1. Signal Generator Specifications (cont)

AMPLITUDE SWITCHING SPEED .ue.... <700 ms to be within 0.1 dB.

AMPLLITUDE RANGE suvmrrmnu=anm=n=--- Programmable to +19 dBm and -147.4
dBm, usable to +15 dBm. Fixed-range,
selected by special functioen, allows
for more than 12 dB of vernier without
switching the attenuator.

NOISE {at 20-kHz offset) .veense. €113 cdBe/Hz Cexcept <-107 dBc/Hz
below 245 MHz and above 512 MHz).

RESIBUAL FM (rms in D.3 to 3 kHz) Approximately a Linear function of
output frequency between the following
typical band-edge values;

15 Hz at Q.1 MHz to 17 Hz at 244.99999
MHz -

& Hz at 245 MHz to B Hz at 511.99999
MHz -

12 Hz at 512 MHz to 17 Hz at 1050 MHz.

EXTERNAL MODULATION .vvvr-s------ Annunciators indicate when a 1V peak
signal is applied. #2%. over a 0.02-
kHz to 100-kHz band.

IEEE wrevasunsssnannsassrnnsssnes ALL cOntrols except the power switch
and the internal/external reference
switch are remotely programmable via
IEEE-488 Interface (Std 4BE~19TH).

AlLL status including the optidn
complement are available remotely. The
Store/Recall memory data may be
transferred via an external controller.
In talk-only. the appropriate commands
are generated when the front panel
step—up and step—down entries are made
to control another 60608, a 6060A, a
6070A. or a 6071A. (The &070A and
&071A only have FREQUENCY STEP.)

FREQUENCY BRIFY .eiuasesamssesnss a1 ppm/hr sfter 1-hour warmup at
constant ambient temperature using
internal free-air crystal.

1
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A Message From

John Fiuke Mfg. Co., Inc.

Some semiconductors- arid custom IC's can be
damaged by electrostatic discharge during
handling. This notice explains how you can
miinimize the . chances of destroymg such devices
‘by:

1. Knowing that there is a problem,

2. 'Learning the guudellnes for handling them.

3 :Usmg the procedures and packaging and
bench techntques that are recommended

The Static Sensitive (S.8.) devices are identified in th-e-FIuk,e te}:chnic.al ma'n'ual parts Iist wiﬁth'the symbol

The following practices should be followed to'minim‘ize-;:llé‘maglé to 8.8. devices.’

Wy i

. 3. DISCHARGE PERSONAL STATIC. BEFOHE
- = - HANDLING DEVIGES: USE A HIGH RESIS-
MINIMIZE HANDLING . TANCE GROUNDING WRIST STRAP.

2. KEEP PARTS IN ORIGINAL CONTAINERS o
" UNTIL READY FOR USE. 4. HANDLE S.S. DEVICES BY THE BODY

Page 1 of 2




/l 8. WHEN REMOVING PLUG-IN ASSEMBLIES,
5. USE STATIC SHIELDING CONTAINERS FOR HANDLE ONLY BY NON-CONDUCTIVE
e Nl vl EDGES AND NEVER TOUGH OPEN EDGE
CONNECTOR EXCEPT AT STATIC-FREE
WORK STATION, PLACING SHORTING
- TRIPS ON EDGE CONNECTOR HELPS TO
PROTECT INSTALLED S8 DEVIGES.

6. DO NOT SLIDE §.8. DEVICES OVER
ANY SURFACE

HANDLE S.5. DEVICES ONLY AT A
STATIC-FREE WORK STATION

. ONLY ANTI-STATIC TYPE SOLDER-
SUCKERS SHOULD BE USED.

ONLY GROUNDED TIP SOLDERING
IRONS SHOULD BE USED.

A complete line of static shielding bags and acces-
sories is available from Fluke Parts Department,
Telephone 800-526-4731 or write to:

7. AVOID PLASTIC, VINYL AND STYROFOAM® JOHN FLUKE MFG. CO., INC.
IN WORK AREA : PARTS DEPT. M/G 86
) 9028 EVERGREEN WAY
EVERETT, WA 98204

PORTIONS REFRINTED
WITH PERMISSION FROM TEKTRONIX, INC.
AND GENERAL DYNAMICS, POMONA DIV,

" Dow Ghemica JOOBID-07UB604/SE EN  Litho in U.S.A.

Page 2 of 2 Rev. 1 MAR B6&




Section 2
Installation and Operation

2-1, INTRODUCTION

This section describes how to install and operate the Generator, This section contains
information for an initial inspection, setting up the instrument, and local and remote
operation.

2.2. INITIAL INSPECTION

The Generator is shipped in a special protective container that should prevent damage
during shipment. Check the shipping order against the contents of the container, and
report any damage or short shipment to the place of purchase or the nearest Fluke
Technical Service Center. Instructions for inspection and claims are included on the
shipping container.

I reshipment of the Generator is necessary, please use the original shipping container. If
the original container is not available, use a container that provides adequate protection
during shipment, It is recommended that the Generator be surrounded by at least three
:nches of shock-absorbing material on all sides of the container. Do not use loose fill to
pad the shipping container. Loose fill allows the Generator to settle to one corner of the
shipping container, which could result in the Generator being damaged during shipment.

2.3. SETTING UP THE GENERATOR

The following paragraphs describe how to set up the Generator for operation. This
information includes: line power requirements, Jine voltage selection procedures, fuse
replacement procedures, and rack mounting instructions,

2-4. Llne Power Requirements

The Generator uses a line voltage of 100 or 120V acrms (% 109%) with a 1.5A fuse; or 220V
or 240V ac (£ 109%) with a 0.75A fuse. The line frequency must be between 48 to 63 Hz.
The power consumption of the instrument is <7180 VA with a full option complement.

2.5, Line Voltage and Fuse Selection

CAUTION

Verity that the intended line power source matches the line vollage setting ot
your Generator before plugging in the line power cord.

Refer to Figure 2-1 to set the line voltage of the Generator to match your available source.
Figure 2-1 also shows how to replace the line fuse of the Generator. The correct fuse value
for each of the four line voltages is listed on a plate attached to the rear panel of the
Generator,
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Figure 2-1. Fuse/Filter/Line Voltage Selection Assembly

2-6, IEEE-488 Address

If the IEEE-488 Interface option is installed, the IEEE-488 address can be selected using
the switches located next to the IEEE-488 connector on the rear panel. Talk-only and
listen-only modes can also be selected on this switch.

2-7. RACK OR BENCH MOUNTING THE GENERATOR
CAUTION

Allow at least 3 inches of clearance behind and on each side of the Generator to
ensure praper air circulation.

To meet the specified radiated emissions, the IEEE-488 connector must be
terminated with a shielded IEEE-488 cable, such as a Fluke Y8021,

-

The Generator normally operates on an internal reference oscillator. However, if
desired, the Generator can be operated on an external reference by setting the rear panel
REF INT/EXT switch to EXT and connecting the external reference to the REF IN
conneclor.

CAUTION

When operating on the internal reference, a 10-MHMz signal is present at the 10
MHz OUT connector on the rear panel. To meet the specified radiated emissions,
this connector must be terminated with a ENC non-shorting dust cap. A dust cap,
JF 478982, is supplied with the Generator. If a cable is connected, it must be a
double-shielded coaxial cable such as RG-223 terminated in a 560} load.

CAUTION

Qutput spectral degradation occurs if the Generator is operated on internal
reference with an external reference signal applied.

The Generator may be placed directly on a work bench or mounted in a standard
(24-inch deep) equipment rack. Use the Fluke Y6001 Rack Mount Kit for mounting the
Generator on an equipment rack. Instructjons for installing the Generator with the Rack
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Mount Kit are provided in the kit. The outside dimensions of the Generator are shown in
Figure 2-2. The Rack Mount Kit is composed of the following parts:

5-1/4-inch Rack Adapter, P/N M05-205-600
24-inch Rack Slides, P/N M00-280-610

2.8. GENERAL OPERATING INFORMATION

The following paragraphs contain general information on the operation of the
Generator. This includes all the information required to familiarize the you with the
instrument and the differences between local and remote operation,

2-9. Familiarization
Figure 2-3 shows the front panel controls, indicator, and connectors and Table 2-1
describes the features. '

Figure 2-4 shows the rear panel controls, connectors, and switches and Table 2-2
describes the features.

2-10. Local Verses Remote Operation

There are two modes of controlling the output of the Generator. One mode uses the keys
on the front panel; this is called local operation, The other mode is available when the
IEEE-488 Interface option has been installed, and an IEEE-488 controller is used to
control the Generator. This is referred to as remote operation. An overview of local
control is presented first. The next heading, Operating Reference Material, is divided into
two parts. The first part covers local and remote control operations that have similar
entry methods. The second part, Remote Operation, contains information on commands
or descriptions that pertain only to remote operations.

2-11. Power-On Sequence

When the Generator is turned on, a power-on sequence is started. During the power-on
sequence, the microprocessor tests the analog circuitry, the program ROM, the scratch-
pad RAM, and the front panel displays. The front panel displays are tested by lighting all
segments for a brief period at the same time the rest of the self tests are performed.

If any of the self tests fail, an error code is displayed. If the operator initiates any front
panel entry before the power-on sequence is completed, the self test is aborted, and the
Generator is set to the state it was in when turned off. In addition, the RF output is turned
on. Table 2-3 lists the Instrument Preset State. Power-on instrument settings that relate
to the optional YEEF-488 Interface are described in the Remote Operation paragraphs in
this section.

2-12, Changing Output Parameters
The four parameters of the Generator (i.., frequency, amplitude, amplitude modulation
{AM}, and frequency modulation (FM)) may be changed by one of three methods:

FUNCTION-DATA-UNIT
Bright-Digit Edit
Step Entry

These different methods all accomplish the same result but use different approaches. The
reason for this apparent redundancy is to reduce the chance of error during complex test
procedures that require continuously resetting parameters or in those cases when a testis
partly under remote control and only some of the parameters require changes.
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Figure 2-3. Front Panel Controls, Indicators, and Connectors

Table 2-1. Front Panel Controls, Indlcators, and Connectors
MODULATION A three~digit display, with associated indicators used to
DISPLAY display the AM depth. FM deviation. source of modulation
FIELD signal, and modulation frequency.

1

-
L]

INT AM Indicates that the internal modulation oscillater signal
is amplitude modulating the Generator.

EXT AM Indicates that the Generator 95 amplitude modulated by the
signal copnected to the MOD INPUT conmector.

IMT FM Indjcates that the internal modulation oscillator signal
i5 freguency modulating the Generator.

EXT FM Indicates that the Generator is frequency modulated by the
signal connected to the MOD INPUT connector.

STEP Indicates that the Step [+ J or L+ keys (Step Entry)
affect the current Modulation display value.

Indicates that the value displayed is the AM Pepth in
percent,

Indicates that the value displayed is the FM Deviation
in kHz.

Indicates that the internal modulating frequency is 400 Rz.
Indicates that the internal medulating frequency is 1000 Hz.

Indicates that the external modulaticon signal is more than
2% above the nominal 1V peak requirement for calibrated
Operation.

Indicates that the external modulation signal is more than
o4 helow the nominal 1V peak input reguirement.
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Table 2-1. Front Panel Controls, Indicators, and Connectors (cont)

REL

AMPLITUDE
RISPLAY
FIELD

STEP
REL
dBm

v

uv

mv
STATUS
DISPLAY
FIELD

EXT REF

RES ENTRY

UNCAL

RF QFF

REMOTE

ADDR

SRR

MGDULATION
ON/OFF

An B8 1/2-digit display, with two indjcators used to
display the output frequency of the Generator. Also used
to display the spacial function code, status error codes,
or the memory location heing stored or recalled, as well
as relative and actual frequency. when 'REL' is Lit. and
step frequency.

Indicates that the Step L+1 or [+] keys (Step Entry)
affect the output frequency.

Indicates that the displayed frequency is relative to a
reference frequency.

A3 1/2-digit (and sign) display. with six indicators,
used to display the output amplitude of the Generator
into a 50-ohm Load.

Indicates that the Step [+J or [+ 31 keys (Step Entry)
affect the output amplitude.

Indicates that the displayed amplitude is relative to a
reference amplitude.

Indicates that the output amplitude i3 in degibels
relative to one milliwatt,

Indicates that the output amplitude is in volts.
Indicates that the output amplitude is in microvobts.
Indicates that the output amplitude is in millivolts.
(Shown unlit.) The status display field is composed of 11

indicators used to denote the current status of the
Generator or instrument entry.

Indicates that the rear panel REF switch 45 in the EXT
Cexternal) position.

Lights when an invalid entry 1s made.

Lights when a parameter entry is outside jts specified
range, This indicator flashes when any of the internal
PACs have over- or under-flowed or when any abnormal
operation is detected,

Lights when the RF QUTPUT is disabled.

Lights when the Generator s in the remote (IEEE-4B8
Interface) mode of operation.

Lights when the Generator is addressed to Listen or talk.

Lights when the Gererator has asserted the IEEE-488
SRA signal.

Used to select type, source, and frequency of modutation.
With the exception of the C400/10001 key. these keys
operate as independent push-on/push-off switches for

the given function. Any combination is allowed,

Enables internal amplitude modulatien at the frequency
annunciated by the '400/1000' Hz indjcator.
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Table 2-1. Front Panel Controls, Indicators, and Connectors (cont)

INT M Enables internal frequency modulation at the frequency
annunciated by the '400/1000' Hz indicator.

EXT AM Enables external amplitude modulation using the signatl
applied to the MOD INPUT connector.

EXT FM Enables external frequency modulation using the signal
applied to the MOD INFUT connector.

400/1000 Alternately =ets the interpal modulation oscillator's
frequency to 400 or 1000 Hz. The selected frequency is
displayed only when INT AM or INT FM is enabled. -

(::) FUNCY ION With the exception of the [STEP] and LSPCL] keys. these
keys operate as interlocked switches that select the
parameter to be entered or edited, For the [FRERD.
CamMPL], CAM], and CFM] FUNCTION keys, the bright digit
appears in the corresponding display of the selected
function.

Selects the frequency parameter of the Generator to be
programmed by using the DATA,. EDIT, or STEP entry keys.

Selects the amplitude parameter of the Generator to be
programmed by using the DATA. EDPIT. or STEP entry keys.

Selects the amplitude modulatien (AM) parameter of the
Generator to be programmed by using the PATA. EDIT, or
STEP entry keys.

Selects the frequency modulation (FM) parameter of the
- Generator to be programmed by using the DATA, EDIT, or
STEP entry keys.

Enables the spesial function mode. Special functions are
called up by a two-digit code, that is entered by using
the DATA keys. Refer to the paragraphs on Special
Function in this section for a detailed description and a
List of the special functions.

After one of the four parameter functions has been .
selected for programming, pressing this key allows you to
program a step-wise change to that parameter. The step
increase or decrease is then perforned every time the

STEP L+] or [+] keys are pressed.

A ten—digit (plus sign and decimal key) keypad used for
entering a parameter's value, the special function code,
or a memory recalt/store Location.

Uszed with the DPATA keys to store the current instrument
state in a memory Location. Memory Llocations 071 through
50 are available.

Used with the DATA keyz to recall an instrument state
from a memory location. Memory locatiens 01 through 50
are available for operator-stored states; memory Location
9% contains the Instrument Preset State (see Table 2-3.)
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Table 2-1. Front Panel Controls, Indicators, and Connectors {cont)

e

SEQ Sequentially recalls, in increasing lLocation eorder. the
instrument states stored in memory. While the L[SEQ] key
is pressed, successive memory Locations are displayed.
When the key is released, the Location tast displayed is
recal Led.

(::)UNITS These keys. with the exception of CCLR/LCLY, serve as the
terminating keystroke of a function entry, thereby causing
the Generator to be programmed. The amplitude units keys
are aklso used during Amplitude Units Conversion entries.

Ugsed with the CFREQ], CFMI, and CAMPL] function keys to
program the numerical DATA entries in terms of megahertz
(frequency or frequency modulation) or volts (amplitude).

Used with the L[AMPL] function key to program the numerijcal
DATA entries 9n terms of decibels per milliwatt.

Used with the CFREQ], L[FM1, and CAMPL] function keys to
program the numerical DPATA in terms of kilohertz
(frequency or frequency modulation) or millivolts
Camplitude).

Used with the [AM] function key to program the numerical
DATA entries in terms of percentage AM depth.

Used with the CFREQ], CFMJ]., and CAMPLI function keys ta
program the numerical DATA in terms of hertz (frequency
or frequency medulation} or microvelts (amplitudel.

CLR/LCL When the Generator is in tocal operation., this key is
used to clear the current entry and returns the Generator
to the previous state. When the instrument is5 in remote
operation, this key is used to return locab control.

STEP These two keys work in conjunction with the STEP Fuhction
key. These keys repeat while they remain pressed.

L+] Aftep 2 parameter is set to the step function mode, and
the 'STEP' indicator appears in the display field. this
key in¢rements the parameter by the step value previously
programmed,

After a parameter 15 set to the step function mode, and
the "STEP' indicator appears in the display field. this
key decrements the parameter by the step value previously
programmed.,

These keys are used to position the bright digit within a
display field and to increase or decrease the bright
digit valus. ALL four keys repeat while they remain
pressed. The function keys are used to move the bright
digit to the desired display field.

Increases the bright=digit value.

-

Moves the bright digit one digit to the left.
Decreases the bright-digit value.

Moves the bright digit one digit to the right.
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Table 2-1. Front Panel Controls, Indicators, and Connectors {cont)

STATUS A push—and~hold key that displays the Uncal and Reject
Entry status codes in the MODULATION, FREQUENCY, and
AMPLITUDE display fields.

® ®

ON/OFF A push-on/push-off key (wWith a corresponding 'RF OFF!
indicator in the STATUS display filed) that enables
or disables the output of the Generator.

Cannector A BNC connector for input of & 1V peak, external
modulation signal.

tonnector A standard RF connector at the output of the Generator.

POWER A push-on/push~off detent switch that applies Line power
to the Generator.

®@6 ®

2-13. Function Entry
Changing an instrument parameter with the FUNCTION-DATA-UNIT entry method of
consists of:

Selecting the Function to be changed
Entering the new numerical value of the parameter
Selecting the Units of the numerical value (megahertz, millivolts, etc).

The command syntax for function entries is:
Select Function - Enter Data — Select Unit

I. Select one of the four parameters using the FUNCTION keys. The bright digit
appears in the corresponding display field. The presence of the bright digitin the
display field indicates that the value of the selected parameter is ready to be
programmed or changed.

Enter the data with the DATA keys. The numerics appear in the appropriate
display field,

Select a UNIT key. This gives the data its absolute value, and causes the
microprocessor to internally program the Generator to the new state.

For the amplitude and frequency functions, the entered data programs the displayed
value. If the relative mode is enabled, the displayed value may be different from the actual
output value.

Once a function is selected, that parameter or feature remains in the active programming
mode until a new function is selected. Data for a selected parameter must be followed by a
unit value and must be within the range specified for the function. The display field
flashes and, the *‘REJ ENTRY’ status indicator flashes if the entered data is not within the
specified range. A rejected entry does not affect the output of the Signal Generator. The
output of the Generator remains at its previous values until a new value is accepted.

A function entry may be terminateéd at any time by the {CLRILCL] key or by selecting
another function. e
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Figure 2-4. Rear Panel Controls, Connectors, and Switches

Table 2-2, Rear Panel! Controls, Connectors, and Switches

AC INPUT

REF INT/EXT

®

10 MHZ QUT

REF IN

MOD INPUT

RF QUTPUT
IEEE
CONNECTQR

B) IEEE ADDRESS
SWITCH

Permits operation from 100. 120. 220. or 240V ac. The
number visible thraugh the window on the selector card
indicates the nominal Line voltage to which the Generator
must be connected. The Line voltage is setected by
orienting the selector card appropriately. A 1 1/2=-ampere
fuse is reguired for 100/120V operation; a 3/4—ampere
fuse is reguired for 220/240V operation.

Permits selection of the Generator freguency reference.
When set to INT, the Generator cperates on the internat
reference., which is either the standard oscillator or the
high-stability oseillator 1f either of the High-Stability
References 135 installed. In e¢ither case. the internal
10-MHz reference signal is available at the 10 MHZ ouT
connector. When set to EXT, the Generator reference 15 a
1. 2. 2.5. 5. or 10-MHz signal applied to the external
REF IN connector.

10-MHz s5ine wave, >0 dBm Level when terminated in 50 ohms.

Accepts a 1. 2. 2.5, 5. or 10=MHz, 0.3V to 4V p-p sine
wave or sguare wave signal into nominally 50 ohms.

Connector (BNC) s present only with the REAR RF OUT and
MOD IN option to accept a 1V peak external modulation
signal.

Connector (type N) is present only with the REAR RF QUT
snd MOD IN option to provide the Generator output signal.

Present only with the IEEE-488 Interface option to allow
remote operation of the Gemerator via the IEEE-488 bus.

Present only with the IEEE-488 Interface option and
allows the selection of the Generator hus address.

=
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Table 2-3. Instrument Preset State

FUNCTION SETTING

frequency 300.00000 MHz
Frequency Step . 1.00000 MHz
Amplitude . . . =-10.0 dBm
Amplitude Step . P A
Modutation Rate . 1000 Hz
AM Pepth . R 11
AM Depth Step & & & o o ¢ o 5 ¢ 5 2 & &« o - - =1%
FM Deviation without/with Option =451 . . 5.0/.5 kHz
FM Deviation Step without/with Option 631 - 100410 Hz
Modulation Display . AM pepth
Bright=Digit Location o o o o o « o « & « y Bright Digit
Frequency Bright=Digit Position . . . . . « » 1 MHz
Amplitude Bright=bigit Position -« 1 dBm
AM Bright-Digit POosition « + v ¢ v = & = = 1%
fM Bright=-Digit Position without/with Option . « = » » 10/7 Hz
Special Funetions . . - 20,30.70.80 .90
INT AM c v o« u s s Off
EXT AM . . . .

INTFM . .. e 1
EXTFM . . . . ot f
Step Function : FrEquency Step

-}
-u.ﬂ-a--

L s T T T TR ]

2-14. Bright-Digit Edit Operation

Changmg an instrument parameter by the edit entry method is the fa.stest way to make
vernier {incremental) changes to one of the four parameters. The EDIT keys are used with
the four parameter FUNCTION keys to position the bright digit in the desired display
field and then increase or decrease the bright-digit value.

The command syntax for bright-digit edit entries is:

Select Display Field - Position Bright Digit -- Change Bright-Digit Value

1. Use one of the four FUNCTION kéys to position the bright digit in the
appropriate display field.

2. Use the [+] or [« ] EDIT keys to position the bright digit fo the desired
resolution, and use the[ « Jor[ + ] EDIT keys to increase or decrease the value
of the bright digit.

The position of the bright digit within a display field is maintained when the bright digit is
moved from one display field to another.

The repeat rate of the [ « J or [ + ] EDIT keys may be changed to a faster or
slower rate (a medium repeat rate is the default) with a special function code.
Refer to the paragraphs on Special Function and the reference pages in this
section for the method and code.

2-15. Step Operation

Changing parameters by the Step Entry method allows you to preset step-wise increments
of a parameter then change that parameter (by the amount programmed in the step
function) [ + ] or [ + ] with a single keystroke.

The command syntax for step entries is:
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Sclect Step Function -- Enter Data -- Select Units - Change Parameter

|. Select the parameter to be changed step-wise using one of the FUNCTION key.
2. Press the [STEP] key to enable the Step function.

3. Program the step amount using the DATA and UNIT keys.

4. The parameter value can now be changed, up or down by the programmed step
amount by using the [ + Jor [ + ] STEP keys,

While the [STEP] key is pressed, the display field of the selected parameter shows the step
amount. The ‘STEP’ indicator 1s lit in the display field currently affected by the [STEP]
key.

The repeat rate of the [+] or [+] STEP keys may be changed to a faster or slower rate (a
medium repeat rate is the default) with a Special Function code. Refer to the paragraphs
on Special Functions and the reference material for the method and code.

A step entry is ignored when the result of that step entry would cause the value of the
parameter to exceed its programmable limit.

2-16. Status and Clear Entries

The Status entry allows you to interrogate the Generator for an explanation of
uncalibrated or rejected entry operation (‘UNCAL’ or ‘REJ ENTRY’) indicator is lit.
Refer to the paragraphs on Status and Clear Entry in the reference section for a complete
list of status codes.

The [CLR|LCL] key may be used to clear a partial DATA entry orclear the flashing ‘REJ
ENTRY’ indicator,

2-17. RF Output On/Off

The RF OUTPUT [ON/OFF] key allows the operator to enable or disable the RF
output of the Generator. This feature is useful in zeroing a power meter, finding the noise
floor of a system, or determining the presence or source of an unknown signal.

On power-up, the RF output of the Generator assumes the state it was in when the
Generator was turned off. Pressing the RF QUTPUT[ON/OFF] key disables the output
of the Generator and causes the ‘RF OFF” indicator (in the STATUS display field) to
light. If the RF ON/OFF was off at power-on, pressing the [ON/OFF] key will ¢nable
output,

2-18. Modulation On/Off and Rate

The MODULATION ON/OFF keys allow you to select any combination of modulation
or no modulation. The MODULATION display field indicates what combination of
modulation has been selected. Each modulation key is a push-on push-off type (except
the [400/1000] key).

The [400/ 1000] key toggles the internal modulation oscillator between 400 and 1000 Hz.
The ‘400 Hz” and “1000 Hz’ indicators are lit only when INT AM or FM modulation is
enabled.

2-19. Memory
Memory entry using the [STO] key allows you to save up to 50 complete front panel
settings for later recall.
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The command syntax for memory operations foliows. No memory location needs to be
specified for the sequence operation.

Select Memory Function - Enter Memory Location

To store the current front panel setting, press the [STOT key (located below the DATA
keys). The last memory location stored or recalled is displayed in the FREQUENCY
display field. Next, use the DATA kevs to enter the two-digit memory location code. The
location code must contain both digits (e.g., 01, 02, ...50). The two-digit code appears in
the FREQUENCY display field as it is entered,

To recall a front panel setting, press the [RCL] key (located below the DATA keys). The
last memory location stored or recalled is displayed in the FREQUENCY display field.
Next, use the DATA keys to enter the memory location code of the desired front panel
setting. Remember, the location code must contain both digits of the memory location
code. ’

Memory location 98 contains the Instrument Preset State that can be recalled at any time.

The [SEQ] key allows the front panel settings stored in memory to be sequentially
recalled. This process is activated by pressing the [SEQ] key at any time, When the [SEQ]
key is pressed, the memory location code of the currently recalled setting appears in the
FREQUENCY display field, and the location is recalled. When the last memory location
is reached (50), the [SEQ] key starts over at 01. The [SEQ] key repeats while pressed.

2-20. Special Function

Special Function Entries allow the operator to enable several special operating functions
in the Generator. For ¢éxample, special functions allow the operator to change the repeat
rate of the STEP and EDIT keys, start the self tests, display the results of the power-up
self tests, display the IEEE-488 address, enable relative and fixed-range features, and
disable or enable special attenuation features. A complete list of the special functions
available is presented in Table 2-4,

The command syntax for special function entries is as follows:

Select Spectal Function ~ Enter Special Function Code

The special function is selected by pressing the [SPCL] key. The special function code is
entered using the DATA keys.

2-21. OPERATING REFERENCE MATERIAL .

This reference section describes local and remote operation for each Generator function.
The functions are arranged in alphabetical order. For each function, the syntax of the
command, allowable data ranges, and other information is presented.

2-22. Amplitude and Frequency Entry

The following information describes how to control the carrier frequency and amplitude
by the FUNCTION-DATA-UNIT entry sequence. This method applies to both normal
and relative operations, The frequency display is a fixed-point display in MHz, The
amplitude display is fixed point while displaying dBm but is floating point when
displaying voltage units,

The RF OQUTPUT [ON/OFF] must be enabled for the Generator to produce an output
(see the reference material on RF OUTPUT ON/OFF Entry).
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Table 2-4. Special Functions

SPECIAL FUNCTION

OPERATION

0o
0z
03
04
Ty
08
ov

Clears all currentiy set special fumctions.
Initiates seif tests.

Display test. This test is detailed in Section 3.
Key test. This test is detailed in Section 3.

Set SRA it IEEE-488 Interface option is installed.
Recet 5SRO if IEEE-488 Interface option is installed.
bjsplay instrumenmt software revision Level.
Information appears in the MODULATION and FREQUENCY
display fields for approximately 3 seconds or until
another key is pressed.

bisplay IEEE-488 mode and address in decimal form if
the IEEE-4B88 Interface optiom is installed.

Display self-test results. Zeros in the display
fields indicate that the self tests have passed. See
Section 4 for details of the self-test display.
Turn on displays.

Turn off all displays. ALL other functicns still
operate.

Initialize memory locations to Instrument FPreset
State. 'Sto' appears in the FREQUENCY display field
for 3 seconds. If during this time, the [STO] key is
pressed, all memory locations are initialized.
Latch test. This test is detailed in Section 4.
bisplay option loading. $¢e "Interrogate Commands"
in Section ¢ for details.

bisable Relative Frequency. See reference page on
Relative Function.

Enable Relative Frequency. See referente page on
Relative Fumction.

bisable Relative Amplitude. See referente page oh
Relative Function.

Enabte Relative Amplitude. See reference page on
Relative Function.

Set repeat rate for EDIT and STEP keys to medium.
Sat repeat rate for EDIT and STEP keys to fast.

Set repeat rate for EDIT and STEP keys to slow.
Enable Amplitude correction. Normal operation.
pDisable Amplitude correction. If level accuracy

is not critical, level correction efrcuitry can
disabted for improved programming speed. Level
accuracy may be up to 7 dB Low.

bisable attenuator correction, Useful as a
troubleshooting tool. RF input to attenuator is
fLat.

Program alternate 24 dB attenuation. See Section 4.
Program alternate 24 dB attenuation. See Section 4.
Program alternate 24 ¢B attenuation. See Section 4.
Program alternate 24 dB attenuation. See Section 4.

Pisable Amplitude Fixed Range. See reference
material on Amplitude Fixed Range.

Enable Amplitude Fixed Range. See reference
material on Amplitude Fixed Range.
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Command Syntax

Select Function -- Enter Data - Select Unit

|

Summary

COMMAND RANGE RESOLUTION NOTES
Set Frequency

lLocal: LFRE&] LMHz | V] 0.01 to 1050 MHz 10 Hz
CkHz {mv1
CHz [uv]

Remote: "FRY ngz' ‘0.01 to 1050 MHz 10 Hz
"MZ"
IIKZ"
quu

Set Amplitude

Local: LCAMPLI LdB{m)1 =127 to +13 dBm 0.7 dBm
CMHz |v] 0.1 W to 1 v 3 digits
CkHz tmV2
[Hz Juv]

. Remote: "AP" "pE" ~127 to +13 d8m 0.1 dBm
e 0.7 W to 1 V 3 digits
HMV"
lluvll
IINV"

Example

Set Frequency to 10.7 MHz and Amplitude to -7.5 dBm.

Local: CFREG] £1] CO] C.3 L73 [MHz(V]
CaMeL] -1 L73 C.] L51 CdB(m)]

Remote: "FRIQ.7MZ,AP-7.5DB"

Frequency ranging occurs at 245 and 512 MHz.

. FUNCTION ([FREQ] or[AMPL]) remains selected untilanother FUNCTION
- or [STEP), [STO], [RCL], or [SPCL] is pressed.

float equals floating-point number.

Amplitude uncalibrated range from -147.4 to -127.1 dBm and from +13.1 to
+19 dBm.

Amplitude ranging occurs at 1/2V, 1/4V, 1/8V, ... 1/283V with AM off and
1/4V, 1/8V, 1/16V, ... 17224 V with AM on,
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Related Operations

Amplitude Fixed Range
Bright-Digit Edit Entry
Relative Function

Step Entry

2-23. Amplitude Fixed Range

The following information describes how to use the Fixed-Range special function, This
special function fixes the current amplitude range (holds the currently selected step of the
Step Attenuator). This function allows monotonic and nontransient level control over a
limited range around those levels where the Step Attenuvator normally autoranges. This
level control may be accomplished with the Bright-Digit Edit Entry only.

-

The level vernier in fixed range has at least 12 dB of range.
Command Syntax

Select Fixed Range -- Enable or Disable

Summary

COMMAND
Enable Fixed Range
Local: [SPCL] L9]
Remote: "§p" "9©
Disabte Fixed Range
tocal: [SPCLI [92

Remote: "&P" "g"

Example

Set the Gene¢rator for monotonic and nontransient amplitude control (Bright-Digit Edit
only) over the range of the vernier level control below 0.25V.

Local: L[AMPLI C.1 [2]1 C5]1 [Hhz (V] {spcud {91 11
Remwte: "AP.25V,5P91"

Notes

I. The amplitude range is fixed only for Bright-Digit Edit operations. Other
methods of changing the amplitude cause the step attenuator to autorange if
Necessary.

With amplitude fixed range disabled, amplitude ranging occurs at 1/2V, 1/4V,
1/8V, ... 1/223Vwith AMoffand 1/4V ]/8V 1/]16V, ... 1/224V with AM on.

Related Operations

Bright-Digit Edit Entry
Relative Function
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2-24, Amplitude Units Conversion

The following information describes how to convert the displayed amplitude level from
dBm to volts and volts to dBm. The output of the Generator does not change during these
operations.

Command Syntax
Select Amplitude Function — Select Unit
Summary

COMMAND
Convert dBm to volts

Local: C[AMPL] - [MHz|VI
CkHz [mv]
CHz | V]

Remote: "AP* —_— iy
My
Ty
TN

o=y

Convert volts to dBm
Local: CAMPL] ~— [dB(m)1]

Remote: “APY - I

Example

i
&M

Change the displayed amplitude of -10.0 dBm to its voltage equivalent.

Local; C[AMPLI L[MHz{Vv]

Remote: "APV™

1. Any voltage unit is accepted since the microprocessor automatically selects the
units appropriate for the value being displayed.

Related Operations
Relative Function
2-25. Bright-Digit Edit Entry
The following information describes how to use a Bright-Digit Edit Entry to change an

instrument parameter. The output frequency, amplitude and the modulation indices can
be modified with this entry method.

The RF OUTPUT [ON/OFF] must be enabled for the Generator to produce an output.
(See the reference material on RF QUTPUT [ON/OFF] Entry.)

Command Syntax

Select Display Field — Position Bright Digit - Change Bright-Digit Value




INSTALLATION AND OPERATION

Summary

COMMAND
Edit Frequency

Local: [FREQ] EDIT C+#3/C+31 — EDIT L+3/[+]

Remote: "“FB" float "GZ" -— "KF" float
nyz
Hp g
Nyt

Edit Amplitude
Local: CAMPL] ERIT [+#1/0+1] — EDPIT £+ 1/C+1]

Remote; ''AB" float “bB" -— "XA" float
lavia
"MV"
"UV“
"NV"

o

Edit FM Deviation

Local: L[FM3 EDIT L+J/0+3 == EDIT L+ 3/0+]

i

Remote: "DB" float “GZ == "KD" float
"Mz~
rean
HyzH

Edit AM Depth

o)

Local: CAM] ERIT C¢3/0+ ] = EDIT [+3/0+]

Remote: “PEY float "PC" -— "KP" float

Example |

Edit the displayed amplitude of 9.7 dBm to 10.0 dBm.

Local: Put the bright digit in the amplitude display by
pressing CAMPL]. Sekect the Least significant digit
in that display by pressing EDIT [+ until the
bright digit is on that digit. Increase the value of
that digit by pressing EDIT [+ ] three times.

Remote: "AB.1DB,KA3”

-

Example 2

L

Edit the displayed FM Deviation from 5.0 kHz to 3.0 kHz.

Local: Put the bright digit in the FM display by pressing
LFM]. Select the 1-kHz digit by pressing the EDIT (3]
or EDIT [+ 1 until the bright digit is on that digit.
Decrease the value of that digit by pressing EDIT [+1
twice,

femote: “DBIKZ, KD-2"

o
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- The bright-digit field remains selected until another display field is selected.

_ The bright-digit position is maintained for each of the four functions so that the
bright digit can be moved from one display to another and back without losing
its position in that previous display field.

- float equals floating-point number.

In remote, the bright digit is positioned within a display field using a decade
value and associated unit, Minus signs are ignored.

In remote, the bright digit is moved to the corresponding field and is increased or
decreased by the signed integer following the “KF, KA, KD, KP” messages. The
generic edit command “KB” may also be used to edit up or down the current
bright-digit position. Positive integers do not require a sign.

Related Operations

Relative Function
Amplitude Fixed Range

2-26. Memory Entry
The following information describes how to use the memory function to store and recall
front panel settings. The Generator has 50 memory locations that are retained for 2 years

with the power off.

The sequence feature allows the operator to recall successive memory locations.
Command Syntax
Select Memory Function — Enter Memory Location
Summary
COMMAND
Store
Local: LSTOl — Enli [nl
Remote: "ST" ~— int
Recall
Local: LCRCL]
Remote: "RC"

Sequence

Local: [5ER]

femote: "S54
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Example

Recall the Instrument Preset State (located in memory location 98). Change the
frequency parameter to 302 MHz, then store the new front panel setting in memory
location 06,

local: CRCL] L[PJC81 ELIT [+1 [L+1 [ST0) COJIL&]

Remote: "RCY8,.KFZ,5T&6"

Notes

ko]

I, The memorylocations available for operator use are 01 through 30. Additional-
ly, the following special memory locations are available:

Memory location 00 contains a backup-memory location. After a recall (or
sequence) operation it contains the last front panel setting. After a store
operation, it contains the data in the stored memory location before the store
operation. Thus, a recall operation can be reversed by recalling location 00.

Memory location 98 contains the Instrument Preset State.

Memory location 99 contains the present instrument state.

In local control, two data digits must be entered to specify the memory location.
The recall or store is performed when the second digit is released.

The last memory location specified (used for sequence operations) is displayed
while the [STO] or [RCL] button is pressed.

int equals unsigned integer.

The sequence operation recalls the next higher memory location, starting from
the last memory location stored or recalled. No memory location need to be
specified. When the highest location is reached, the sequence starts over again at
location 01,

While [SEQ] is pressed, the next memory location number is displayed and the
memory location is recalled. This key is repeating.

2-27. Modulation Entry

The following information describes how to preset the modulation index (AM depth or
FM deviation), internal modulation rate (400 or 1000 Hz), and how to select the
modulation source (internal and/or external).

The FUNCTION-DATA-UNIT method of selecting the modulation index is
summarized in the following command syntax. The indices may also be modified using
Bright-Digit Edit or Step Entry. Since there is only one modulation display, the
modulation index displayed is determined by the last modulation FUNCTION key
pressed.

Command Syntax

Select Function — Enter Data — Select Unit
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Summary

COMMAND RESOLUTION NOTES
Set AM Depth
Local: LAMI ) 0 to 99% 1.2
Remote: "AM" A 0 to 99% 1,3
Set FM Deviation
Local; [FM] EMHz [V] 0.1 to 99.9 kHz 3 digits 1,4
CkHz |mv]
CHz juv]
Remote: "FM" r:g: 0.1 to 99.9 kHz 3 digits 1,3.4

IIKZII
IIHZII

Summary

COMMAND
Select Modulation Rate
Lecal:  C400/10007

Remote: .'MR" "u" or ll1..

Summary

COMMAND
Enabie or Disable Modutation

Local: LCINT AM]
CIRT fM]
CEXT AM]
CEXT FM]

Remote: "AI" "0" or
"FI n "0" Or
"AE" "DII Ol"
[} FEII IID" Or

Example

Set the FM deviation to 5 kHz, the modulation rate to 400 Hz, and internally modulate
the carrier.

Local: LFM] [53 CkHzl CINT FM] E£400/10001

Remote: "FM5KZ,MRO,FIT"
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This operation does not change the Generator output unless the corresponding
modulation is enabled.

Uncalibrated if peak amplitude exceeds +13 dBm or if AM depth exceeds 90%
and AM is enabled.

float equals floating-point number,

Uncalibrated if FM is enabled and FM deviation is below 100 Hz or above
(frequency -100 kHz)/ 3.

Toggles between 400 or 1000 Hz only. An indicator shows selected rate only if
internal modulation is on,

“0” gelects a modulation rate of 400 Hz; “1” selects 1000 Hz.

These are ON/OFF operations; any combination is allowed.

Two indicators ‘“EXT HI' and ‘EXT LO’ are lit when external modulation is on
to indicate that the external modulation signal is 295 above or 2% below the
nominal 1V peak input requirement.

9. *“0” turns the modulation source off; “1” turns it on,

Related Operations

Bright-Digit Edit Entry
Step Entry

2-28, Relative Function
The following paragraphs describe how to change frequency and amplitude using the
Relative mode. There are two steps:

1. Setting the reference

2. Changing the parameter relative to that reference

Setting the reference is done by setting the parameter to the desired value and then
enabling the relative mode for that parameter. This causes the ‘REL’ indicator to light
and the displayed value to be zero in the corresponding display. The Generator output
does not change during these operations. In the relative mode, the usual means of
changing the parameter may be used; i.e.,, FUNCTION-DATA-UNIT, Step, or Bright-
Dagit Edit Entry.

In the relative frequency mode, the actval frequency is the sum of the reference and the
displayed frequency. The actual frequency may be displayed by pressing the [FREQ] key.

In the relative amplitude mode, the actual amplitude is the sum of the reference and the
disptayed amplitude when the reference and the displayed quantities have the same units.
However, with mixed units (volts and dB), the actual amplitude is the voltage value scaled
by the dB value. The actual amplitude may be displayed by pressing the [AMPL] key.
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Command Syntax

Select Relative Function - Enable or Disable

Summary

COMMAND

Frequency

tocal; C[SPCL] [23

Remotez "SP" "2"

==5

Amplitude

Lecal: [SPCLI [31]

Remote: “sp“ “3"

Example

Set the amplitude to -15 dBuV; ie., 15 dB below ! microvolt.

Local: CAMPLI C11 LHz|uvd CSPCL] [31 C11 CAMPLI C-1 E13 OS5I CdBim)]

Remote: "“APTUV,5P31,AP-15DE"
Note
1. 1 enables the relative function; 0 disables the relative function.
Related Operations

Amplitude and Frequency Entry
Bright-Digit Edit Entry
Step Entry

2-29. RF QUTPUT ON/OFF Entry
The following information describes how to enable the output of the Generator using the
RF QUTPUT [ON/OFF] key and the corresponding remote code.

Command Syntax
RF Qutput On/Off

Summary
COMMAND

RF Output On
Loecal: RF OUTPUT CON/OFF] when 'RF OFF' is on
kemote: “ROT"

RF Output Off
Local: RF OUTPUT [ON/OFF] when 'RF OFF' is off

Remote: "“"ROO™
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1. Turning the RF Qutput on resets the RPP circuitry if it has tripped.

2-30. Special Function Entry

The following information describes how to use the Special Function Entry to use the
special operating functions of the Signal Generator. Table 2-4 lists the special functions
available,

The speaial function codc 15 a two-digit number. The first digit indicates the classification
of the special function, and the second digit speeifies the particular special funetion,

The special function is executed when the second special function code digit is entered.
There are ten classes of special functions. The special functions in the O(n) and 1(n) class
cause an action to be performed, Classes 2(n) through 9(n) cause an instrument state to
change. The status of classes 2(n) throvgh 9(n) appears (left to right) in the frequency
display field when the [SPCL] kev is pressed.

Command Syntax
Select Special Function — Enter Special Function Code
COMMAND NOTE

Leocat: [SPCL] — [nl [nl

Remote: "5P" == int

Example

Change the repeat rate of the EDIT and STEP keys to slow.

Lacal: [5PCL] 73 C2]
Remote: "3P72"
Note

1. int equals unsigned integer.

Related Operations

Fixed Range
Relative Function

2-31. Status and Clear Entry

The Status entry allows you to interrogate the Generator for an ¢xplanation of cither
uncalibrated operation {UNCAL’ indicator is lit) or rejected entry operation (the ‘REJ
ENTRY’ indicator in lit).

When either the ‘UNCAL’ or 'REJ ENTRY  indicatoris lit, press and hold the [STATUS]
key to display the Uncalibrated or Rejected Entry Error Code Message. These messages
provide detailed information on the nature of the uncalibrated or rejected entry
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condition. Table 2-5 contains a list and explanation of all the Uncalibrated Error Code
Messages. Table 2-6 contains a list and explanation of all the Rejected Entry Error Code
messages,

Table 2-5. UNCAL Error Codes

CODE DESCRIPTION

000 000 D00 = Indicates no UNCAL conditions

001 000 000
002 o000 Goo
*004 000 00c
020 000 OOO

FM deviation < 100 Hz (<10 Hz with Option —&51)

M deviation > (freg —-100 kHz)/3

Excess FM deviation. main or reference PLL unlocked
AM depth > 90X

*000 010 000 = Main or reference PLL unlocked

000 Q00 001
000 000 002
*000 000 D04
*=000 000 010
*000 000 De0
%000 000 040
Qo0 000 100
000 000

*00G 000

level vernier below calibrated range or Level < =127 dBm
Peak (AM} amplitude > +13 dBm

Amplitude unleveled

Fixed-range level vernier at 0

Fixed-range Level vernier at full scale

RPP tripped

Level below —127 dBm

Level correction disabled

RF output off

W mmawrnn

Table 2-8. REJect ENTRY Codes

CODE DESCRIPTION

007 DOD M deviation not between O and 99.9 kHz
(2.99 kHz with Option -651)
0ng2 00N FM deviation Step not between 0 and 99.9 kHz
(9.99 kHz with Option -651)
AM depth not between 0 and 9%%
AM depth step not between O and 99%
IEEE-4 B8 command syntax error
IEEE-488 input value out of range
Special function requires IEEE option
IEEE edit or step operation beyond allowed range

004 200
10 000
020 000
040 000
100 000
200 000

0ao oot
000 004
000 040
000 100
000 200

Frequency not between 0.01 and 1050 MHz
Frequency step not between 0 and 1050 MHz
Invalid mewmory Lotation

Invalid data in memory

Special function not allowed

anuwaunu

000 000
000 000
000 000
G00 oo0
000 000
000 000
040 000

Output amplitude not hetween 10 nV and 2V

Insufficient resolution for units conversion

Units conversion to volts not allowed with reference in volts
Units conversion to dB not allowed with reference in volts
Amplitude step not between O and 166 dB or D and 1999V

Units conversion on amplitude step not allowed

Amplitude step and current amplitude display not in same units

| L T | B I | 1 |
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The [CLLR LCL] key may be used to clear a partial DAT A entry orclear the flashing *“REJ
ENTRY" indicator. Press the [STATUS] key while an ‘UNCAL’ indication exists to
display the Uncal Error Codes in three fields:

Flashing codes (denoted by *) indicate abnormal operation or aberrated output. Non-
flashing codes indicate operation outside specified range.

Press the [STATUS] key while the ‘REJ ENTRY” indication exists to display the Reject
Entry error codes:

2-32. Step Entry

The following information describes how to use the Step Entry function to change an
instrument parameter. The RF OUTPUT [ON/OFF] must be enabled for the Generator
to produce an output. (See the reference material on RF OUTPUT [ON/OFF] Entry.}

Command Syntax
Select Step Function — Enter Data - Select Units -- Change Patameter

Summary
COMMAND RESOLUTION NOTES

Freguency

Local: CFREQIJESTEPI=--DATA ——L{MHz|V] ——STEP [+ 1/0+ ]
CkHz {mV1
CHz |uvd
C to 1050 MHz 10 Hz

Remote: "F§" --float=="GZ"  =="FU"/"Fp"
IIMZII
OIKZ“
"Hz“
0 to 1050 MHz 10 Hz

Amplitude

Local: CAMPLIESTEP]1-—DATA ==~[dB(m>] =- STEP [+ 1/E+1]
[MHz [v]
CkHz [mv]
CHz | uvd
0 to 166 dB 0.1 dB
0 nv to 1999 V3 digits

Remote: “LS“ -=-float=--"DB" sasi LA Hriy
IIVII
IIMV.I
IIUVII
“NV“
D to 166 dB 0.1 aB
0 nV o 1999V 3 digits

FM daviation

Local: [FMILSTEP] —DATA —L[MHz|V]} — STEP £+ 1/0+1
LkHz [mV]
CHz |uv]
0 to 99.9kHz 3 digits




INSTALLATION AND OPERATION

: npgn ——flnat—~"52" —tp s pp
Ilmzll
lezll
IIHZII

0 to 99.9kHz 3 digits

AM depth

Local: CAMILSTEP] ——DATA —LX%] — STEP [+1/C+1
0 to 99% 1%

Remote: "PS" —float—""PC" —"put/"pp"
0 to 99% 1%

Example

Recall the Instrument Preset State: [RCL] [9] [8]. Step the displayed frequency of 300
MHz, in 10-MHz steps, to 270 MHz.

Local: CFREQ] LCSTEF] [11 LO] [MHz{V] C+2 L] C+1STEP

Remote: “F310MZ,FL,FD,FD”

float equals floating-point number.

Entering the step size from IEEE-488 does not select the step function, For
example, “FS10MZ” does not select the step function; “FD” or “FU” must be

- used to select the frequency step function. The generic step up/down commands
“SU™ and “SD” may be used to step the current step function,

If the Low-Rate FM option is installed, the range of FM deviation stepsis 0 to
9.99 kHz.

Related Operations
Relative Function
2-33. HEMOTE OPERATION (IEEE-488 INTERFACE)

The following paragraphs describe how to operate the Generator using the IEEE-488
Interface option. This option allows you to program the Generator and operate
instrument functions via the IEEE-488 bus (with the exception of the front panel
POWER switch and the rear panel REF INT/EXT switch). The IEEE-488 Interface
option also provides additional programming features not accessible from the front
panel,

The rest of this section is divided into two parts: the first part describes how to set up the
Generator for operation on the IEEE-488 bus and gives some typical programming
examples, The first part also includes a complete list of the programming commands
recognized by the Generator software.

The second part describes the implementation of the IEEE-488 interface and
programming features that are accessible only from the IEEE-488 Interface, The second
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part includes typical timing data, provided as an aid to system programmers. This
information can assist in writing programs that have greater speed and efficiency.

The (yenerator can be used with any IEEE-488 controller in the normal addressed mode.
The following two additional modes are available for operation without a controller:

Listen-only mode
Talk-only mode

In the listen-only mode, the Generator responds to all data messages on the IEEE-488
bus. In the talk-only mode, the Generator sends commands on the IEEE-488 bus to
program another 6060B Generator (or a 607xA with some restrictions),

2-34. Setting Up the IEEE-488 Interface
Figure 2-5 shows a 6060B Signal Generator connected to a 1722A via the IEEE-488 bus,

CONTROLLER
C_J
| s

(’ R T AR LT

AR ANNN NN
Lt.).,.‘l_,_l

Figure 2-5. 60608 Signal Generalor Connected to a 1722A

Use the following procedure to set up the Generator with the IEEE-488 Interface option:

1. Connect a standard IEEE-488 cable between the Generator and the IEEE-488
device,

NOTE
The IEEF-488 Interface signal SHIELD (pin 12) can be disconnected (when

using an IEEE-488 cable with g metallic hood) from instrument ground. To do
this, use the left most address switch (as viewed from the rear panel).

2. Select the IEEE-488 address and mode as follows:

a. Forcontrol of the Generator with a controller, set both the LISTEN ONLY
and TALK ONLY switches to 0 (down). Set switches al through a5 to the
desired address 0 through 30. For example, for an address of 1, set switches
a2, a3 a4, and a5 to 0 (down), and set switch al to ! (up).

For talk-only operation, set thc TALK ONLY switch to ] (up).

For listen-only operation, set the LISTEN ONLY switch to 1 (up) and the
TALK ONLY switch to 0 (down).

3. Verify the address and mode:
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Press the [SPCL] and the [1]{0] keys. Verify that the selected address
appears in decimal in the Frequency display field.

If the talk-only mode or listen-only mode has been selected, “to” or “lo”
appears to the left of the address in the Frequency display field,

NOTE
The address switches are continuously monitored except when in remote. The

TALK ONLY and LISTEN QONLY switches are only read when the Generaior
is powered on.

2-35. Programming Commands

After the address and mode have been set, the Generator can be programmed by an
IEEE-488 controller or from another Generator. Tables 2-7 and 2-8 and the
programming examples following them provide the basic information on how to
program the Generator.

== ]

More details about the commands can be found in two places. Commands that are
available from the front panel are described in the first part of this section. Those
commands that are only available from the IEEE-488 Interface are described in the
Commands Descriptions paragraphs later in this section of the manual.

Table 2-7 is an index for the IEEE-488 Commands used in Table 2-8. This index isa list of
the command headers according to function. Table 2-8 lists all the remote commands that
are recognized by the Generator. The commands are listed alphabetically by function.

2-36. Programming Examples

The following three examples show how to use the IEEE-488 bus and use a variety of
controllers to program the Generator. In the first example, a Fluke 1722A Controller is
used to program the Generator. In the second example, two Generators are configured to
track each other in frequency. In the third example, a 1722A is used to program the
Generator with the frequency step up controlled by the trigger command.

Tabla 2-7. Index of IEEE-488 Commands

FUNCTION COMMANDE HEADERS

Amplitude Entry AP, 8P3x. RA. SPBx,

Binary Learn Commands LI, LM

Clear Commands (B, CE. CL

Edit Entry AR, DB, FB, FB, KB,

Frequency Entry FR., SPZ2x, RF

Interface Mode Commands EM, RM. TM, VM, UM,

Interrogate Commands Ip, IE, Ii. 10, IR. Iv

Memory Entry RC, 5T. Sa :

Modulation Entry AM. AE, Al, FM, FE. MF

Manitor Commands I8, 0B, 0D, RB, WW, XA. XB, XD, XR-
RF ON/OFF Entry RO

Special Function Entry sP

SR Commands IM, 5M, XF

Step Entry F5. L5, Ps. FD, LU. LD, PU.
Ph, DU. DD

Trigger Commands T, TR
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Tabie 2-8. IEEE-488 Commands

COMMAND

COMMAND

111 HEADER

NUMERIC

SUFFIX

COMMENTS

AMPLITUDE ENTRY

Program AP
Amplitude

Program displayved amplitude
in units of:

volts

millivolts

microvolts

nanovaolts

dE or dBm

Convert
Amplitude
Units

Change amplitude units to:
volts
volts
vobts
voltsg
dB or dBm

Relativye
Amplitude

Disable/enable relative
amplitude operation

Relative
Ampldtude

Altermate progremming command
for disable/epable relative
amplitude cperation.

Level
Correction

Enable all level correction.
Pisable all level correction.
Disabte attenuator correction,

Ampldtude P
Fixed Range

Dizable/enable amplitude
fixed-range operation.

BINARY LEARN COMMAN

Store a LI
front Panel
Setup

string

The Generator stores the string into
the memory location specified by int.
See the Command Descriptions paragraph
for decoding the Learn string.

Send a
front Panel
Setup

The Generator responds with
the contents of the memory
Llocation specified by int.
S5ee the Command Descriptions
paragraph for decoding the
Learn string.

CLEAR COMMANDS

Clear IEEE- B
488 Qutput
Buffer

Clears IEEE-488 output
buffer.

Clear error

Clears the IEEE-488 rejected
entry statug,

bevice
Clear

Clears the instrument state.

EDIT ENTRY

Position

Amplitude

Position the bright digit in
the AMPLITUDE display with

pezprea]
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‘Table 2-8, |EEE-488 Commands (cont)

Bright Digit the stated resclution. For
example, enter “ARTOMV" for
10=-m¥ reselution.

Position ' Fosition the bright digit in
FM Bright the FM display with the stated
bigit resolution. For example, enter
"pRIKZ" for 1-kHz resolution.

Position Position the bright digit in the FREQUENCY
Frequency digsplay with the stated resolutioen. for
Bright Digit example. enter "FBIMZ" for 1-MHz

‘ resolution.

Pasition Position the kright digit in
AM Bright the AM display with the stated
bigit resolution. For example. enter
"PBIPCY for 14 resolution.

Edit Edit the current bright digit
by float counts.

Edit Move the bright digit to the
Ampl ttude AMPLITUDE displkay and edit
amplitude by float counts.

Edit FM. Move the bright digit to the FM display
and edit FM by fleoat counts.

Edit Move the bright digit to the
Frequency FREQUENCY display and edit
frequency by float counts.

Edit AM KP Move the bright digit to the AM display
' and edit AM by float counts.

FREGUENCY ENTRY

Frequency FR Program displayed frequency in units of:
Programming
gigahertz
megahertz
kilohertz
hertz

Relative Digable/enable retative
Frequency frequency operation.

Relative Atternate programming command
Freguency for disable/enable reLative
fregquency operatiobn.

INTERFACE MODE COMMANDS

Errar Mode EM 0/1 Disable/enable the ¢lear
error mode, If disabled.
IEEE-4BB error status 95
cleared onty when jinter-
rogated. If enabled., the
error status is cleared when
a new message is processed.
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Modulator attenuation is thus approximately proportional to the modulator control
voltage at the emitter of Q103. Proportionality is required to maintain constant leveling
loop bandwidth as modulator attenuation varies. Minimum attenuation is obtained with
a modulator control voltage of 10V, while maximum attenuation is obtained with 0V.

Comparator U310A and associated components form an unleveled indicator cireuit. The
comparator senses the modulator control voltage at the emitter of Q103. This voltage is
normally less than +11V, and the comparator output is high. If the modulator control
voltage exceeds +11V, the modulator attenuation is at a minimum, and the levelingloop
becomes inoperative (unleveled). This condition could be due to a fault or some abnormal
operation such as over-modulation. In this case, the comparator output (UNLVLL) goes
low. The Controller senses this low and causes the front panel ‘UNCAL’ indicator to flash
and displays an unleveled status if interrogated.

3-54. LEVEL CONTROL

The instrument output level is set by the level-control circuit. Inputs to this audio signal
processing circuit are the internal and external modulation signals, a dc reference voltage,
and the digital control commands. The circuit output is the leveling loop control voltage
that provides vernier level control of the Generator output. Digitally encoded level,
modulation depth, and temperature-compensation information are provided by the
Controller.

Selection of the internal or external modulating signal, or no modulation, is made by
analog switches U401C, U401D, and Op-amp U402B. The selected, buffered modulation
signal at U402B pin 1 is applied to pin 4 of U301, a dual 8-bit DAC. U301, with U302D,
acts as a digitally programmed variable attenuator and is labeled AM DAC.

Binary AM depth control information from the Controller is applied to DAC U301, The
output at U302D pin 14 is the modulation signal scaled to the programmed AM depth.
This ac signal is summed by op-amp U302B with a dc reference voltage provided by
CR403. The output at U302B pin 7 is called the 1+AM signal. This signal provides the
desired AM depth when scaled by the LVL DAC and applied to the leveling loop. AM
depth adjustment is provided by potentiometer R421.

The instrument RF output amplitude is temperature compensated in a frequency-
dependent manner as follows. The 1+AM signal is applied to pin 18 of dual 8-bit DAC
U301, the DAC B reference input. The DAC output, at U405D pin 14, is the 1+AM signal
attenuated by an RF frequency-dependent factor provided by the Controller using
constants stored in the Generator firmware. This voltage is applied to a
resistor/thermistor network that includes R303, R305, R306, and RT30].

‘The network output is the 14+AM signal attenuated by an RF frequency and temperature-
dependent factor, and is applied to summing op-amp U302C. The 1-++AM signal is also
applied to this summing amplifier. Thus, the voltage at U302C pin 8 is the temperature-
compensated and scaled 14+AM signal,

—

This signal is applied to the reference input of Level DAC U303. This 12-bit DAC, with
op-amp U302A, latches U304, U305, controls the Qutput assembly RF output amplitude,
The DAC output voltage, at U302A pin 1, is the temperature-compensated 14+AM signal
multiplied by a factor proportional to the 12-bit level control number provided by the
Controller. This voltage is the leveling loop control voltage. The Generator RF output
level adjustment is provided by potentiometer R311, and DAC offset voltage adjustment
is provided by potentiometer R309.
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Table 2-8. i{EEE-488 Commands (cont)

none

nene

Interrogates the uncalibrated output
error todes. The Generator respords with
three octal fields:

“AAAAA,BBBER, CCCCLY. See Table 2-5 for

a List of uncal error codes.

Software
Version

Interrogate the software version. The
Generator responds with the status
message: "Vux.x'" where x's are decimal
digits representing the current
software revision level.

MEMORY ENTRY

Recall

Recall the front panel =zetup stored at
the memory Location specified by int.

Store

3T

Store the current front panel setup at
the memory lLocation specified by int.

Sequence

sQ

Sequence (recall) to the next
higher memory Llocation.

MODULATION ENTRY

Program AM

AM

Program AM depth in percent.

External AM

AE

Disable/enable external AM
modulation.

Internal AM

pisable/enable internal AM modulation.

Program FM

Program FM deviation in units of:

gigahertz
megahertz
kitchertz
hertz

External FM

pisablefenable external FM modulation.

Internal M

bisable/enable internal FM modulation.

Program
Mod Freq

Program modulation frequency
to 400 Hz/1000 Hz.

Program
Mod Fregq

Program modulation frequency in units of:

gigahertz
megahertz
kilchertz
hertz

MONITOR COMMANDS

Input Bit

16

BIT
besig-
nator

Respopd with the value of the
degignated hardware bit.

Output Bit

BiT
Desig-
nator

Set the designated hardware
kit to 0 or 1.
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Table 2-8. iEEE-488 Commands (cont)

Qutput bDac

int

DAC
Desig=
nator

Set the value of the desig-
nated hardware DAC to the
value specified by 1int,

Read Byte

ncne

Read the value of the
addressed byte. The Generator
responds with an unsigned integer.

Read Werd

Read the value of the
addressed word. The Generator
responds with an unsigned jnteger.

befine
Write
Address

pefines the address to be
used by the write byte/word
commands.

Write Byte

Write int into the address
specified with the define
write address command,

Write Word

Write int into the address
specified with the define
write address command.

Read
Attenuation

Read the current attenua-
tion. The Generator respords
Wwith an unsigned integer.

Write
Attenuation

Change attenuation to 6dB
times the unsigned integer.
The integer can be 0 to 23.

Set
Frequancy
Pirect

Set the frequency hardware
directly to the specified
synthesizer frequency.

RF Output

"XRO" programs all attenuation.
"XR1" restores attenuatiaon to
1ts previous state.

RF ONSOFF EN

RF Output

Turn RF output off/on.

SPECIAL FUNC

Special
Functijons

Clears all spegial functions
Initiates self test

Display check

Key check

Set/reset SRQ

Display 5/W rev and inste 1D
Dicplay IEEE-4BB address
Display self-test results
Turn onfoff display
Initialize memory

Latch test

Pisable/enable relative freqg
bisablefenable relative ampl
Medium key repeat rate

Fast key repeat rate

SLow key repeat rate

Enable all Level correction
Digable all level correction
Disgble attepnuator correction
Program alterrate 24dB attens
Pisable/enable ampl fixed ring
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Table 2-8. IEEE-488 Commands (cont)

SRG COMMANDS

Interrogate
SRQ Mask

Interrogate the SRQ mask. The
Generator responds with the
decimal value of the SRO mazk.

Set 5RQ

The SRQ mask s set 1o int.

Local
Operatién
Alert Mode

bizsahle/enable a mode to set
SRE each time & local entry
i5 made. This SRQ is enabled
by setting the front panel
bit in the SRE mask.

STEP ENTRY

Frogram
FREQ SYEP
Size

Program frequency step size in units of;

gigahertz
megahertz
kilohertz
hertz

Program
AMPL STEP
Size

Program amplitude step size in units of:

vaLts‘

millivelts
microvolts
hanovolts
dB or dBm

Program
AM STEP
Size

Program AM step size 1in
percent.

Program
FM STEP
Size

Program FM step size in units of:

gigahertz
megaherts
kilohertz
hertz

Step Uplhoun

Step the currently selected
step function up/down one step.

Step Up/Down
Freguency

Change the current step
funetion to fregquency and step
fregquency up/down one step.

Step Up/Down
Ampl itude

Change the current step
function to amplitude and step
amplitude up/down one step.

Step Up/Down
AM

PU/PD

Change the current step function to AM
and step AM up/down one step.

Step Up/Down
FM

pu/pp

Change the current step function to FM
and step FM up/down one step.

TRIGGER COMMANDS

Configure
Trigger

T

string

Configures the trigger. Each time a
trigger command or a group execute
trigger interface message i3
received, the Generator executes the
string of commands. The string record
must end with a record terminator.
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Table 2-8. IEEE-488 Commands (cont)

Trigger none nene Trigger command. Equivalent teo the group
execute interface message, Upon processing
the trigger command, the Generator executes
the string, which has heen preprogrammed
with the configure trigger command.

2-37. PROGRAMMING EXAMPLE 1
Use the following procedure to program the Generator with a Fluke 1722A Instrument

Controller to this state;

Frequency 210 MHz
Armplitude 6 dBm
Modulation Freq. 1000 Hz
FM 5 kHz
Internal FM ON

AM 15%,
External AM ON

|. Connect the Generator to the Controller with an 1IEEE-438 cable.

2. Set the address switch of the Generator as follows (as viewed from the rear of the
instrument):

00000010

Enter the following program into the Controller:

luke 17224 BASIC program to control a &0&40B.
- hazﬁddress of the &0&0B is 2.

loar the &0A0B 2o that it is in a known state.

T PORT ©

NTE A% \ CLEAR 8AY

ET THE &0&40B.

NT @AY, “FRZ10MZ, AP&DE, MR1, FM3KZ, FILl, AMISPC, ARL"

B
T
c
1
M
=l
I
D

) b e ek N e
Q- SHORO

v
(Ll S PR, e

ZA 2

4. Run the program by typing on the Controller “RUN (RETURN)".

2-38. PROGRAMMING EXAMPLE 2

The 60608 Signal Generator can be connected to an other 6060B Signal Generator in a
master-siave configuration. In the following example, two Generators are configured to
track each other in frequency. This configuration may be used to track frequency,
amplitude, AM, or FM,

1. Connect two 6060B Signal Generators together with an IEEE-488 cable.
2. Set the rear panel address switch of the first Generator (talker) as follows:

00100000

Set the rear panel address switch of the second Generator (listener) as follows:

01000000

Manually program the talker Generator as follows:

FUNCTION VALUE KEY SEQUENCE

Frequency 210 MHz [FRE®QY £27 11 LO] [MHz |Vl
Step Function Frequency CFREQ] [STEP]

Frequency Step 1.2% kHz £11 £.0 €21 €51 CkHz|mV1
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Manually program the listener Generator as follows:

FUNCT1CON VALUE KEY SEGUENCE .
Frequency 195 MHz CFREQ] [11] £%91 [5]1 [MHz|V]
itep Function Freguency CFREG] L[STER]

Frequency Step 1.25 kHz £11 £.3 [21 C53 CkHzmV1

On the talker Generator, press the [ + ] STEP or[ « ]STEP keys. Each time the
key is pressed, the frequency of both Generators increases or decreases by 1.25
kHz (the Frequency Step) at frequencies 15 MHz apart.

Different functions on each Generator can be programmed to track in the master-slave
configuration. In other words, while the master Generator can be programmed to step
increase 25 kHz FM, the Slave Generator can be programmed to step 2505 AM.

NOTE

To use the step function feature for other functions, change the step function
on the Generators to the desired functions.

2-39. PROGRAMMING EXAMPLE 3

In the following example, the Generator is programmed by a Fluke 1722A Controller (via
the IEEE-488 bus) to the same state as in Programming Example 1. Additionally, the
frequency step size is set to 1.25 kHz, and the trigger buffer is programmed to execute the
step up command when the trigger command is received. The SRQ mask of the Generator
is set to generate an SRQ) when the RF output has settled and the Generator is ready for
more input from the bus.

The program then enters a loop where it waits for the ready SRQ, sends the GET (group
execute trigger) interface message to step up the frequency, and waits again. At this time
you should do the following:

1. Connect the Generator to the Controller with an IEEE-488 cable.
2. Set the rear panel address switch of the Generator as follows:
00000111

3. Enter the following program into the Controller:

' Fluke 1722A BABIC program to _control a &060B.
AZThe7address of the &0&80B iz 7.

%
! Clear the 60600 so that it is 1n a known state.
INIT PORT O
EEED%’EtEAMﬁB&gIﬁ.EhR BAY
1 Sp
PRINT 2A%: "FRZI1OMZ, APSLDE. MRI: FMOKI, FI1Y. AM1ITPC, AELY
! Set the #requency step. output valild mode.
11! can#iaura the tr1¥99f U#Fcr.
PHINT @AY, T“FE1,25ML,vMl, CTE
! Set the SRA mnik to enable "nutput valid" ERG
PRINT eAx, vEM1E"
! Wait for above commands to finish processing
WALIT 100Q \ SZ = GPL (AL}
¢ Triagor the first step up

! Wait for SRQ

N SRG_GOTO BOO

WAIT FOR SRG

OFF SRQ

' Check the serial poll response

&% = SPL(AY) "
IF (5% AND &4%+146%) { ) B80% THEN PRINT s% " Bad Berial Foll Responce
%Rga1gger the next step up

| Resume operation-— walting far next SRG

EEEUHE 300
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4, Run the program by typing on the Controller “RUN (RETURN)™.

2-40. Interface Functions

The Generator implements a subset of interface functions defined by the IEEE Standard
488-1978. Table 2-9 summarizes the interface functions implemented, This section
describes the operation of the Generator in response to interface messages associated with
each interface function.

Table 2-9. IEEE-488 Interface Functions List

FUNCTION DESCRIPTION

5H1 Complete source handshake capability

AH1 Complete acceptor handshake capability

TS Basic talker., Talk only. Serial poll,. Unaddressed if MLA
TED No extended talker capability

L3 Basic Listener. Listen only. Unaddressed if MTA
L.ED No extended Listener capability

SR Complete service request capability

REA Complete remote/local capability

PPO No parallel poll capability

bey Complete device clear capability

DTY Complete device trigger capability

€0 No controtler capability

£1 Open-collector drivers

2-41. Address Mode

In the address mode, the Generator may be operated from local (using the Front Panel
keys) or from remaote (using the IEEE-488 Interface). The following paragraphs describe
the operation of the Generator in both states and transitions between the states.

The available IEEE-488 messages and their descriptions for the address mode of
operation are presented in Table 2-10.

2-42. LOCAL OPERATION
The Generator powers up in the local mode. When in local mode, the following

conditions are present:
The front panel indicator REM, is not lit.

Device trigger (GET), device clear (DCL), and selected device clear (SDC) interface
messages are ignored.

All device dependent messages are ignored.

If the data output was requested while the Generator was in the remote mode, the
data output of a talker may be sent.

2-43. GOING FROM LOCAL TO REMOTE
The Generator switches from local to remote when the “my listen address message”

(MLA) is received, and the Remote Enable {REN) signal is true.
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Table 2-10. IEEE-488 Address Mode Message Descriptions

MESSAGE DESCRIFTION

pon
Fower-0n

Talker When powered up, the Generator generates a Fower—
Operation On message (pon) and clears its output buffer. The
Generator is not addressed to takk when powered up.

Listener The Generator is not addressed to Listen when the power
Operation is turned on.

“Service The state of the Service Request (SRE) signal on pon
Request is determined by the SR@ mask. Because of the nom-volatile
Operation memory,. the SR mask is the same as when the power was
removed. Therefore, if the 5RQ mask enables the power

on, output valid, or ready SRGs. the SRG signal will be

true during pon.

MTA
My Talk Address

Talker The Generator 15 addressed to talk upon receipt of
Operation the MTA message. The front panel "APDR' indicator is
Lit while the Generator is addressed to talk.

Listener The Gernerator unlistens when the MTA message is received.
Oparation

MLA
My Listen Address

Talker The Generator untalks when the MLA message is received.
Operation

Listenar The Generator 15 addressed to Listen when the MLA
Operation message is received. The front panel "ADDR' dndicator

of the Generator js Lit while the Generator is addressed
to Listen.

‘Date

Talker The Generator semds data to the IEEE-4B8 bus only when
Operation requested hy a programming data message. Message formats
are described in the Command Description paragraphs. An
End of Record (EOR) character is gent with EOI asserted
following all outputs. The EOR character is either a
carriage return or & line feed, depending on the setting
of the terminator mode. The parity bit is always zero.
Muttiple output requests are buffered until the buffer
is full. Processing of programming data messages is
stopped until the buffer is no longer full. The buffer
can be cleared with the Clear Buffer command ("CB"). The
buffer is also cleared on power up (pon). with a Clear
tommand ("CL™), or with a Devic¢e Clear interface message
(DLl or SDC).

Listener Command syntax, error processing, and dinput buffer
Operation averflow are described in the paragraphs on Command
Progcessing. Refer to Table 2-8 for a List of IEEE-48B8
commands that are recognized by the Generator.
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Table 2-10. IEEE-488 Addrass Mode Message Descriptions (cont)

MESSAGE DESCRIPT ION

IFC
Interface Clear

Talker The Generator untalks and unlistens when the IFC message
Operation is recejved.

Listener The Generator unlistens and untalks when the IFC meszsage
Qperation 15 received.

OTA
Other Talk Address

Talker The Generator untalks when the OTA message is received.
Operation

SPE
Serial Poll Enable

Talker After receiving the SPE message. the Generator responds
Operation with the serial poll status byte. if addressed to talk.

SPD
Serial Poll Disable

Talker After receiving the SPD message. the Generator resumes
Operation normal talk operation.

ULA
Unlisten Address

Listener The Generator unlistens when the ULA message is
Operation recejved.

RSV
Request Service

Service The front panel SRR indicator is Lit when the rsv
Operation mesgsage is sent. The Generator may request service

for several reasons. Each reason for service request

can be individually masked with the set mask command
("SM"}. The service regquest mask can be jnterrogated with
the interrogate mask command ("IM").

bt

bevige Clear

CLear The DCL message i5 jgnored when in Local. When the DCL
Operation message 15 recejved (during remote operation) the
Generator is tleared. Any characters in the input buffer
are cleared followed by the same operatijon as the clear
command ("CL'"}. The operation of the BCL message is
identical to the operation of the selected device clear
(5DC) message. The cleared state of the Generator is
described in the paragraphs on Power—0On Conditions.
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Tabie 2-10. IEEE-488 Address Mode Message Descriptions {cont)

MESSAGE DESCRIPTION

shC
Selected Devige
Clear

Clear The 5DC message is ignored during Lecal operation.
Operation When the SDC message is received {during remote

oparation), the Generator is c¢leared. Any characters in

the input buffer are cleared followed by the same
operation as the clear command ("CL"). The gperation of the
SPC message is identical to the operation of the device
clear (DCL) message. The cleared state of the Generator

is described in the paragraphs on Power-On Conditions.

==

BET
Group Execute
Trigger

Trigger The GET messade 95 dgnored during Local operation. When
Qperation the GET message is received (during remote operations.
the Generator executes:a command string that has been
preprogrammed with the Configure Triguer command ("CT™).
The operation of the GET message is identical to the
operation of the Trigger ("TR")} command.

Undefined IEEE-488
Commands

ALl undefined IEEE-488 commands are acknowledged by the
Generator handshake sequence, but no action is taken,

2-44. REMOTE OPERATION
When in the remote mode, the following conditions are present:

The front panel REM indicator is lit.

Device trigger {GET), device clear (DCL), and selected device clear (SDC) interface
messages are processed,

All device-dependent messages are processed during the remote mode.

2-45, GOING FROM REMOTE TO LOCAL

The Generator switches from remote to local mode in one of the following ways: The
IEEE-488 Go To Local (GTL) message is received, the remote enable signal REN is false,
or a Return To Local (rtl) message is generated by pressing the front panel [CLR/LCL]
key (if the Generator is not in the local lockout mode).

The Generator enters the local lockout mode when the Local Lockout message (LLO) is
received. The Generator exits the local lockout mode to the local mode when REN is
false,

When switching from remote to local, unprocessed commands in the input buffer are
processed until the input buffer is cleared or a front panel entry is made. Switching to
local has no effect on the contents of the output buffer.

2-46. Talk-Only Mode
Figure 2-6 shows two 6060B connected together with the IEEE-488 Bus.
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< IEEE-486 bus > :

Figure 2-6. 60608 |EEE-488 Bus Connected o a 60608 |IEEE-488 Bus

To select the talk-only mode, set the TALK ONLY address switch to | (up). If the tatk-
only address switch and the listen-only address switch are set to 1, the talk-only mode is
selected.

In the talk-only mode, the listener, remote/local, service request, device clear, and device
trigger interface functions do not apply.

If the talk-only mode is selected, the Generator is always addressed to talk and the front
panel ADDR indicator is always lit. The Step Up (*5U") or Step Down (“*5D”) message
issent when the[ « ]STEP or[ + ] STEP front panel keys are pressed. This output is not
buffered and if no listener is connected to the IEEE-488 Interface, no output will be sent.
A carriage return followed by line feed (with the EOI signal true) are always sent as the
end of record.

2-47. Listen-Only Mode

To select the listen-only mode, set the LISTEN ONLY address switch to | (up). If the
talk-only address switch and the listen-only address switch are set to 1, the talk-only mode
is selected.

If the listen-only mode is selected, the Generator is always addressed to listen, and the
front panei ADDR indicator is always lit. The Generator listens and responds to all data
messages on the IEEE-488 Interface. The response to data messages 18 the same as in the
addressed mode of operation except that requests for talker output are ignored.

In the listen-only mode, the talker, remote/local, service request, device clear, and device
trigger interface functions do not apply.

2-48. Command Syntax

The Generator IEEE-488 bus commands alphabet consists of the letters A through 2
(upper and lower case letters are treated equally), digits 0 through 9, and the following
special characters:

@..;+-CRLF

Spaces, tabs characters, and the parity bit are ignored.

The IEEE-488 commands for the Generator consist of the following three parts:
Header

Numeric
Suffix
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The header is always required, but the numeric and suffix may be optional, Thisrule gives
the following four possible combinations:

(HEADER?

(HEADER) (NUMERIC)
(HEADER) (NUMERIC) SUFFIX)
(HEADER) (SUFFIXD

Multiple commands may be separated with one of the end of string (EOS) characters “;”
or “,”. Use of EOS characters facilitates recovery in the event of a syntax error and will
also enhance readability.

|

2-49. COMMAND HEADER SYNTAX ,

The command header is a two alpha-character string, A list of the IEEE-488 command
headers used on the Generator is presented in Table 2-8. The header determines the
syntax of the numeric and suffix as listed in the table,

2-50. NUMERIC DATA SYNTAX

There are four types of numeric data: Boolean, unsigned integer, floating point, and
trigger string. The following paragraphs describes each of the four numeric data formats.
A syntax diagram is included for each format. '

1. Boolean

Boolean numeric data must be either a “0” or a “1". All other characters will
- result in & syntax error.

e

L]

Unsigned integers may be specified in decimal or in hexadecimal. Any number
of decimal digits are accepted. However, values greater than 65,535 are rejected.
Hexadecimal numbers are preceded by an “X", Only 4 hexadecimal digits are
accepted. Specifying a number in hexadecimal for the read word and read byte
commands causes the response to be sent in hexadecimal. Decimal digits may be
the numerals  through 9. Hexedecimal digits may be the hexadecimal digits

through F.

hexdig

. Unsigned Integer
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3.

Floating Point

The floating-point numeric data format is the most flexible format. Digits may
be the numerals 0 through 9. Any number of digits are accepted for both the
number and the exponent, However, numbers greater than 2,147,483,629 are
truncated, and exponents greater than 32,749 are rejected.

2-51,

Trigger String

The trigger string numeric data is a string of Generator commands terminated
with an EOR. The string may be up to 71 characters not including the EQR.
Commands in the string are not checked for validity until the trigger string is
executed with the trigger command.

EOR is the end of record character. This character is sclectable with the
terminator mode command. “TMO” selects the linefeed character. “TM1”
selects the carriage return character. The [EEE-4&8 interface signal EOI
agserted with any other character is also considered an end of record.

»

EOS is an end of string character, use either *;" or *,
3 B

command 1

SUFFIX SYNTAX

Suffixes arc always one or two alpha-characters. Certain suffixes are used to scale the
numeric (the same as the front panel UNITS keys). Other suffixes mnemonically
designate hardware components. The five types of suffixes are described in Table 2-11.

2-52.

Command Descriptions

The following paragraphs describe the remote IEEE488 Interface operating commands
that are not accessible from the front panel of the Generator. IEEE-488 Interface
commands that are accessible from the front panel of the Generator are described earlier
in this section.
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Table 2-11. Suffix Types

SUFFIX TYPE SUFFIX MNEMONIC EGUIVALENT EXPONENT

Frequency and FM GZ gigahertz
Mz megahertz
Kz kilchertz
HZ hertz

Ampl itude ¥ volts
My millivolts
uv microvoelts
NV nanovolts
v/ ¢Bm or B

AM PC pereent

RPAC/BIT Designators DAC and BIT designators
are two alpha=character
mnemonics that refer to
hardware bACs and bits.
Refer to the paragraphs
on Monitor Commands for
a complete List of
dezignators,

Learn Suffix A Learn suffix 18 a
string of ASCIL
characters that contain
coded memory Location
contents. Refer to the
paragraphs on Binary
Learn Commands for
decoding of the Learn
string.

2-53. BINARY LEARN COMMANDS

Front panel setups are stored in the memory of the Generator in a packed binary format.
The binary learn commands are used to transfer this binary data between an IEEE-488
controller and the Generator. These commands allow you to minimize the amount of
programming commands needed to program the entire instrument state. The binary learn
commands are:

“LM” Learn Memory
“LI” Learn Interface

The syntax for the Learn Memory (“LM™) command is as follows:

“LM” Memory Location Code

The Generator responds to the “LM” command with a string of 64 ASCII characters
followed by an {EOR) (end of record character). This string represents the front panel
settings (in a packed binary format) that were stored in the memory location specified.

NOTE

The (EOR), end of record character, is sent with EOI asserted. “TMO" selects
the linefeed character, and “TM1” selects the carriage return character.
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Example
[EEE-488 Command: “LM98"
Response:

“BOABAAAAPPIMAAAKAAAAAAAABBOBKKAAAAAPECEAA
BPEAAABDAEEBBAGBLKKMPAC”(EOR)

Refer to Figure 2-7 for information on how to decode this learn string.
The syntax for the Learn Interface “LI” Command is as follows:

“L1” Memory Location Code: Learn String
The Generator stores the learn string in the memory location designated by the memory
location code, If the memory location specified 18 99, the instrument is programmed to the
data sent in the learn string.
Example

To program the Generator to the Instrument Preset State:

“LI99BOABAAAAPPIMAAAKAAAAAAAABBOBKKAAAAAPECEAABPE
AAABDAEEBBAGBLKKMPAC”

Note that the binary learn string in this example is the same as the learn string returned
from memory location 98 which contains a record of the Instrument Preset State.

Instructions:
1. Convert the hexadecimal number to a signed decimal number as follows:
a. Multiply the most significant hexadecimal digit by 16.
b. Add the next significant digit to the value obtained in Step a.

¢.  Multiply the sum of Step b by 16, and add in the next hexadecimal digit until
the least significant hexadecimal digit has been added.

NOTE

If the hexadecimal number started with an 8 through F, the number is
negative. Perform Step d for negative numbers.

d. Subtract, 16 from the number raised to the power of the number of digits.
Example of Instruction 1:
To convert hexadecimal number 1E:

(1% 16) + 14 =30

(Since the most significant digit is 1, the number is not negative.)
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==

Character Position

Character

AM Depth
CHAR. POS. 1 2

CHAR . B Q

HEX EQIV.

INSTRUCTION

VALUE

CHAR. PO3.

1
1
1
i
i

CHAR .

HEX EQIV.

"INSTRUCTION

VALUE T X

Reference Amplitude

CHAR. PQS. 5 60

6 7 8
we. R ED
HEX EGIV. 0 u u 0

INSTRUCTION 1 and 3 2

Figure 2-';: Learn String Example
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pigplayed Ampiitude
CHAR. POS5.

CHAR .

HEX EQIV.

INSTRUCTION

VALUE

RESOLUTION

RESULT —10.0 dBm

Amplitude Step

CHAR. POS. 13 14 15 16

oo R E] [

HEX EGIV.

INSTRUCTION

VALUE

RESOLUTION

RESULT

Reference Frequency
CHAR. POS.

CHAR.

HEX EQIV.

INSTRUCTION

Figure 2-7. Learn String Example (cont)
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CHAR. POS5.

CHAR.

HEX EQIV.

INSTRUCTICN

CHAR. POS.

CHAR .

HEX EQIV.

INSTRUCTION

VALUE

CHAR. POQS.

CHAR.

HEX ERIV.

INSTRUCTION

VALUE

RESOLUTION

RESULT

Displayed Freguency

300,000,000 Hz

Frequency 3Step

1,000,000 Hz

FM Deviatian

41 42 43 44 57
PSP ] e
o b)) o] |

5000 Hz

Flgure 2-7. Learn String Example (cont)
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CHAR. PO%.

CHAR.

HEX EQlv.

INSTRUCTION

VALUE

RESOLUTION

RESULT 100 Hz

Data Set #1 (miscellaneous data)

CHAR. POS5, 49 51 52

CHAR.

HEX EQly.

0

I—Relative Amplitude
(special function
3x}.
0= 0ff, 1 = On

on —— Retative Frequency
special function 2x)
Externat Mod level 0D=off, 1 =o0on
01 EXT LO
10 EXT HI e Step Function
11 Invalid oM FRE@, 010 = AMPL,
00 = Valid 100 = MOE

Not Used

W nou

——— Modulation Rate
EXTERNAL FM 01 = 400 Hz, 10 = 1000 Hz
0=off, 1 = on

b INTERNAL AM
INTERNAL FM-—u—— 0=o0ff, 1 =on
0=off, 1 =oan

EXTERNAL AM
0=2off, 1T =0on

Figure 2-7. Learn String Example (cont)
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Checksum
CHAR. POS. 61 6z

CHAR. P

HEX EQIV.

INSTRUCTION &

bata Set #2? (miscellanecus data)

CHAR. POS. 53 54

CHAR.

HEX EGIV. I

plojo it | 10 0 011 }]0

Brightj TFreq- bright digit

Digit Pos. o001 15t digit
o001 FRER 000 = Znd digit
0010 = AMPL Q011 = 3rd digit
o011 AM 0100 4th digit
0100 = FM 0101 5th digit
0110 = 6th digit
rey Repeat Rate — 0111 7th digit
(Special function Tal)
00 = MEDIUM o Modulation display
01 FAST 0=4aM, 1 =F¥M

10 SLOW

n e
@ mn i

—=AM bright digit

AMPL bright digitmeme— 0 = 1st digit, 1 = Znd digit
00 = 1st digit
o1 2nd digit e EM Lright digit
11 = 3rd digit 00 = 15t digit
01 = 2nd digit
10 = 3rd digit

Amplitude Special Functions
CHAR. FOS5. 63

CHAR . A

HEX EGIV.

BINARY EQIV.

Amplitude Amplitude Fixed Range
Correction (Special Function 9x)

{Special Function 8x) 00 = fixed Range off
00 = ALL Correctien on 07T = Fixed Range on
01 = Attenuator Correction off

10 = ALL Correction off

Figure 2-7. Learn String Example (cont)
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To convert hexadecimal number FFOC:
(((((15 * 16) + 15) * 16) + 9} * 16) + [2 = 65436
{Since the most significant digit is F, the number is negative.)

Using Step d; 16 4 =65536, 65436 - 65536 =-100. The signed decimal equivalent to
FFoC is ~100.

2. Amplitude quantitics have a number and a resolution associated with them.
This applies to the Displayed Amplitude, Reference Amplitude, and Amplitude
Step.

Use the following procedure to identify the resolution of an amplitude quantity:

a. [Ifthe resolution is A or B (hexadecimal), the resolution of the numberis 0.1
dBm or 0.1 dB units.

Example:

The Displayed Amplitude (in this figure) is -100 with a resolution of A.

a. The actual displayed amplitude is -10.0 dBm.

b. If the stored resolution 15 0 through 9 (hexadecimal), the amplitude quantity
is in volts. To convert the number to the actual amplitude in nanovolts,
multiply the amplitude number by the power of ten represented by the
resolution,

Example: An Amplitude Step of 12, with a resolution of 6 would be an
actual amplitude step of 12,000,000 nV or 12 mV.

If the Relative Amplitude mode is off, the data stored in the reference amplitude
location is not used.

If the Relative Frequency mode is off, the data stored in the reference frequency
location is not used.

FM and FM Step quantities have a number and a resolution associated with
them. To convert the number to the FM quantity in Hz, multiply the number by
the power of ten represented by the resolution. If the Low-Rate FM option is
installed, the FM quantity, adjusted by the resolution, has a resolution of 0.1
Hz,

Example: The FM number (in this figure) is 500, with a resolution of 10 Hz, The
actual FM deviation is 5000 Hz.

The checksum data 15 calculated by adding the data in the learn string, two
hexadecimal digits at a time, The total, including the checksum, should add up
to a number whose least significant two hexadecimal digits are 1.

NOTE
The memory location code must be an unsigned integer indicating the memory
location to be learned. Memory location 99 refers Lo the current instrument

settings. Memory location 98 refers to the Instrument Preset State as listed in
Table 2-3.
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The characters in the learn string correspond to each Generator function, A description
of how to interpret the characters in the learn string is given in Figure 2-7. Table 2-12
shows the conversion from the learn string to the hexadecimal character.

Table 2-12. Learn Character to Hexadecimal Conversion

LEARN HEXADECIMAL DECIMAL
CHARACTER EQUIVALENT EQUIVALENT

bl R R DI FR LR - ]

-
Q

MMM RO =20
Ju”
-t

MOoOZETEZC-R~FRIOMMST D™

- el ol
W g

2-54. CLEAR COMMANDS
The following IEEE-488 clear commands are recognized by the Generator:

“CB” Clear IEEE-488 input buffer
“CE" Clear IEEE-483 rejected entry error status
“CL” Clear instrument

The “CB” command can be used to clear the Generator output buffer. The output buffer
should be cleared at the beginning of any remote program to synchronize data output.
The output buffer is also cleared on power up, with the “CL” clear Generator command,
or by the SDC and DCL clear interface messages.

The “CE” command can be used to explicitly clear the error status. The error status is also
cleared when it is interrogated with the “IR” command, or the “CL” clear Generator
command, or the SDC and DCL clear.

The “CL” command is used to clear the instrument state. The same actions are performed
with the SDC and DCL clear interface messages, (In addition, the input buffer is cleared
with the clear interface messages,) The following IEEE-488 commands are performed
with the clear Generator command: “RC98, RO1, CE, CB, RM0, TM0, EM(, VMO0,
UMO, SM192, SPO8, XF0, DWQ, CT"(EOR}.

2-55. INTERFACE MODE COMMANDS

Interface Mode commands are used to configure the Generator for different modes of
IEEE-488 interface operation, Since the Generator knows when its RF output has settled,
it can be configured to synchronize itself with the Controller. This eliminates WAIT
statements in the program, which are normally used to allow time for the output of the
controlled device to settle. Table 2-13 lists the Interface Mode Commands.
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Table 2-13. interface Mode Commands

COMMANLD DESCRIPTION COMMAND STATUS

off
off
LF

ot f
off

“EM! Error Mode an.
“RM Record Mode on,
M Select Terminator CR-
"um" Unbuffered Mode of.
WM Valid Mode on.

it i

The error mode selects when the IEEE-488 rejected entry status is cleared, Tf turned on,
the crror status is cleared when a new message is processed. If turned off, the status is
clearcd only when interrogated with the “IR” (interrogate rejected entry) command or
when explicitly cleared with the “CE” (clear error command).

The record mode selects whether the message unit is a record or a command. When
turned on, the message unit is a record. When turned off, the message unit isa command.

The terminator mode selects the character used as the record terminator. The terminator
character is not used for command processing unless the record mode is enabled. When
turned on, the record terminator CR {carriage return) is used. If turned off, the record
terminator LF (line feed) is used. The record terminator character is the last character in
all IEEE-488 messages sent from the Generator,

The unbuffered mode selects when messages from the IEEE-488 interface are processed.
When turned on, messages are read from the 1EEE-488 interface only when the
microprocessor is ready to process them. In this mode, the input buffer will contain a
maximum of one message. (A message may be one command or one record, depending on
the setting of the record mode.) When turned off, messages are read from the IEEE-488
interface to the input buffer of the Generator at the fastest rate. In this mode, the input
buffer may contain up to 80 characters.

The valid mode selects when messages are processed by the Generator microprocessor.
When turned on, processing of a new message 1s begun only after the RF output has
settled and become valid. When turned off, a new message is processed immediately after
the completion of the previous message.

The interface modes can also be programmed using the command, “@"” n (where n is an
integer). The interface modes are set to the value of n where n is the sum of the codes for
the desired modes. The integer codes for the interface modes that can be programmed
using the “@" n commands are as follows:

Terminator Mode
Record Mode
Valid Mode
Unbufferad Mode
Error Mode

6

For example, to select the record mode and valid mode, the command is “@” 6.
Interface Mode Example

In this example, the RF output of Generator is connected to a circuit that is being

measured by a voltmeter, The output of the Generator must be settled before the
voltmeter is given it’s command to make a measurement,
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A Fluke 1722A program might look something like:

M1, RM1, VM1, UMIY initialize the 50560, select modes
OMZ . AP—-23DB" ! grogrnm the &0&0

! er the volimeter
! get %he reading

The entire record is transferred into the Generator before processing begins. In this
example, processing begins when the record terminator CR is received. The foliowing
character (LF in this case) will not be received into the Generator until the entire record is
processed and the output has settled. No wait statement is needed between setting up the
Generator and taking the measurement because the Generator will not handshakethe LF
character until its output has settled.

NOTE

A record is a string of characters separated by (EOR). A message is the
smallest group of characters that the Generator can process when programmed
JSrom the IEEE-488 interface.

NOTE

The output valid state of the Generator occurs 45 ms after any hardw are has
been changed.

2-56. INTERROGATE COMMANDS

Interrogate commands allow the status of the Generator to be given over the IEEE-488
interface. These commands consist of headers only. The interrogate commands available
on the IEEE-488 interface are:

“ID” Give Instrument ID

“IE” Elapsed Time Indicator

“II" Interface Mode Status

“10” Option Loading

“IR™ IEEE-488 Rejected Entry Status
“IT" Self-Test Results

“TU” UNCAL (uncalibrated) Status
“TV” Software Revision Level

When the “ID” command is sent, the Generator responds with its instrament model
number (and end of record character) as in “6060B”{EOR).

When the “IE” command is sent, the Generator responds with the time the instrument
has been in operation since it was manufactured. The time is 9 digits, a decimal point, a
10th digit and the {EOR) character. The time is in .1 hour units. For example,
“000003459.3"(EQR) indicates 3459.3 hours of operation since manufacture.

The “II"” command interrogates the current selection of interface modes. A 5-digit integer
followed by the (EOR} character is the sum of the modes selected as follows:

Il II Ik LI
— G0 B D =

L=,

Terminator mode=
Record mode
Valid mode
Unbuffered mode:
Error Mode
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The “I0” command interrogates the Generator for its option complement. The returned
record contains three integers, separated by commas, that indicates configuration of
options. For the 6060B, the first number is always 6, which indicates that the Generator
being interrogated is in fact a 6060B. The two remaining numbers are the sum of the
option related numbers as follows:

2nd Number

4 = -130 High-5tability Reference Option
8 =-651 Low-Rate FM Option
16 = -132 Medium-5tability Option

3rd Number
2 = -830 Rear Qutput Option

For ¢xample, “6,12,2” would indicate a 6060B with options -651, -130, and -830.

The “IR” command interrogates the Generator for rejected entry error status. (Sec Table
2-6 for a list of rejected entry codes.) The returned record is the surn of errors that have
been detected while processing IEEE-488 commands. The status is cleared when
interrogated with the “IR” command. The status can also be explicitly cleared with the
“CE” command and is also cleared on the “CL” command and the clear interface
messages DCL and 5DC.

The “IT” command interrogates the Generator for the self-test results. Table 2-14. lists
the self-test error codes. The self tests are performed on the Generator powéer-up and can
also be initiated with special function 02

i

The self-test results are reported in four fields which are explained in the table. Any non-
zero code indicates that some tests failed. Further details of the self-test results are listed
in the Service Section. Table 2-14. shows the self-test error codes.

The “IU” command interrogates the Generator for the UNCAL entry status. (See Table
2-5 for a list of the UNCAL Error Codes.)

The “1V” command interrogates the Generator for its current software revision level, The
returned record 1s similar to the following:

“VI.0" (EOR),

This means that the software revision level is Version 1.0.

Tahle 2-14. Self-Test Error Codes

MOD FREQ AMPL
aa bbb cee ddd

Modulation (AM and FM) test results

If displayed, indicates the self test did not complete
frequency test results

Digital test results

Amplitude test results
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2-57. MONITOR COMMANDS

The Generator monitor commands are intended for troubleshootmg and maintenance
procedures. They allow the instrument hardware to be programmed to states not
normally possible with the regular programming commands.

CAUTION

The autput of the Generator Is not guaranteed H the Generator hardware has
been changed with these monitor commands.

There are three types of monitor commands: Input/ Output, Read/ Write, and Hardware
Control, Table 2-15 lists the Input/ Qutput types of monitor commands. Table 2-16 lists
the Read/ Write types of monitor comrmands. Table 2-17 lists the Hardware Control types
of monitor commands.

2-58. SRQ COMMANDS

The Generator asserts the SRQ bus management line on the IEEE-488 interface bus
whenever the Generator requires service. The Controller can then perform a serial poll to
determine the need for service. The set mask command is used to designate those needs
that require service. The SRQ commands are as follows:

“SM” Set SRQ Mask
“IM” Interrogate SRQ Mask
“XF” Local QOperation Alert Mode

The SRQ mask is set to the sum of the reason values listed in Table 2-18. These reason
values correspond to the allowable reasons that will be requiring service. The SRQ Mask
is set by the following command sequence:

“SM” Sum of Reasons

M

The Generator asserts SRQ when one of the allowed reasons becomes true. The serial poll
response is the sum of those values for reasons that are currently true, independent of the
setting of the SRQ mask. For example, if the rejected entry SRQ is enabled with “SM2”
and a rejected entry occurs, the serial poll response will indicate that the Generator
generated the SRQ (value of 64) and that a rejected entry occurred (value of 2). In
addition, other values may be set. The default SRQ mask 15 192,

The “IM” command interrogates the current SRQ mask, and an integer is returned.

The “XF” command enables a mode that causes an SRQ to be generated any time the
Generator processes an entry. In this mode, a front panel SR Q is generated (i.e., the serial
poll response indicates that a front panel SRQ is the cause of the SRQ). This mode is
enabled and disabled with its own command, not through the Set SRQ Mask commands
(as are all other SRQs). The Alert Mode is enabled/disabled as follows:

“XF0" = Alert Mode off, “XF1" = Alert Mode on.

2-59. TRIGGER COMMANDS

The Generator has the ability to preprogram a command string of arbitrary Generator
programming commands. This command string is executed whenever the trigger
command “TR” or the IEEE-488 group execute trigger interface message (GET) is
received. This method of programming the Generator can be used when a long string of
commands is to be sent to the Geperator over and over. The programming time is
shortened by the time required to transmit the string of characters from the controller to
the Generator.
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Table 2-15. Input/Qutput Monitor Commands

COMMAND NAME COMMAND VALUE DESIGNATOR NAME LOCATION

Read Input Bit H1g" YEX" exrefl AZAT . U11=13
"H5"  hsoptl AZA7. U11-14
"IE"  qeinl AZAT, UI1-7
“LF" Lefm AZAT ., U4D-13
"MH"  mlevhi AZAT . U4LO-B
"ML mlevlo AZAT . UaD-3
NYT nvinl AZAT. UT1-B
"RO"  roptl AZAT . U407
"RPY rppl AZA7. U11-3
YRT"  rptrpl AZAT . UT1-4
"5R" shrefl AZAT, U40-18
v trseql A2A7 . U4D-4
"uk"  unlok AZAT,. U117
Uy unlvl AZA7 . U118
A" msoptl AZAT . U40-14
"YXB''  extra-b AZAT . U4D-T

set Qutput Bit "og" 0oer1 "CL" clr A2A7, U17-16
"EA"  extam A2AL . U308-19
"EEY extfm AzA4 . U308-16
"FE™  fmen AZAT, U19-19
“ER' fropt-panel  AZA7. U17-9
"HO™ haocth AZA4, US05-5
"HT" het AZ M, . U059
"It intam AZ A4, UZ0B-15
YIE" intfm A2AL, U308~12
"LP" mid AZA4 . U305-6
"MA"  rmux0 A2A1. U3Z-5
'me" rrmuxl A2Al, U32=2
"mME"  mf4001L A2AL . U30E-9
"MG"  module-gate A2A7. U17-4
M5 trmodl AZAT . U32=15
"NE"  nven AZAT. W75
"PU"™  pulse A2A4 . U3D8-4
YRI"  rinh AZAT, U32-9
"RR"  rprst AZAT,. U17-2
"3E"  shen AZAl, L3212
"EHY shet AZA1, U3Z2-16
X" xoeni AZAT, U3E-6
"YA"  extra—a AZAT,. U1T-19
"YB"  extra-b AZAT. UFT-15
"Y' extra-c AZAT, WI7-12

$et Output DAC "0D" (integer value) (DAC location)
0=-255 "AM"  AM dac M.&.
0127 "AT"  attenuator  A2A7. W27-5. 6. 9.

12, 15, 16. 19

p=1023 "“FM"  FM dac AZAL ., U4D3=6 throwgh 13
0=7 "FR" FM range AZAl. U19-12,15.16
0-1023  "KN"  kn dac AZAl1, U27-& through 13
0-1023  "KV" kv dac AZA1, U29-4 through 13
0=4095 "LE"  level dac AZA4, U303-4 through 15
0-255 "TL temp.comp.dac ..
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Table 2-16. Read/Write Monltor Commands

COMMAND NAME

COMMAND SYNTAX NOTES

Read byte

Read word

Pefine write address
Write byte

Write word

HRB L1
"Rw L1}
IID“ L1}
NHB 1]
llww“

memory Llocation
memary location
memery location
value

value

Notes

1. The Generator responds to these commands with the value of the byte
or word in the memory location addressed. The memory Llocation must
be an unsigned integer. The value returned is followed by an <EQR>,
If the memory Location is specified in hexadecimal, then the value
is returned in hexadecimal preceded by an "X".

The Define Write Address command specifies the write address used
. With the Write Byte and Write Word commands. When the Write Byte and
. Write Word commands are used, the specified data will be written to
that write address.

‘Table 2-17. Hardware Centrol Monltor Commands

COMMAND NAME

COMMAND SYNTAX

Read attenuation
Set attenuation

RF on/off

Set synthesizer freguency

llelt

“¥B" integer

"Wp" floating point decimal “Mz"
"xR" I!ul. or tl1‘ll

Notes

1. The current settings of the Attenuator can be read or set. The
attenuation is a number from 0 to 23 where the number zpecifies the
multiple of 6-d8 attenuation. Zero indicates ne attenuation. and 23 i3
the maximum attenuation. Only the attenuators are changed with the
"¥e" command. The value of the attenuation will be output on the “XA"
command as an unsigned integer followed by <EOR-:.

The "XD" command can be used to program the Generator to the specified
frequency. Only the synthesizer circuits on the Synthesizer PB i3
programmed. No offset is added, no filters are programmed, no V(0
compensation is calculated, and no Level correction is calculated.

“YXRO" programs all attenuvation, and "XR1" restores the attenuator to
its previous state.

The trigger commands are as follows:

“CT” Configure Trigger
“TR"” Execute Trigger Buffer

The configure trigger command is followed by a string of any Generator programming
commands up to 71 characters in length. The validity of the programming commands is
not checked until the trigger buffer is executed. The power-on value of the tripger string is
null (nothing).
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Table 2-18. SRQ Mask and Status Values

REASON

TRUE

FALSE

Ready

Rejected Entry

tUncal ibrated

Power on

Output valdid
Not Used

RQS

Front panel

Input buffer is empty
and no commands are
being processed.

IEEE-4 B8 rejected
entry; error code is
not zero.

RF output is not
calibrated. (Front
panel 'UNCAL' indi-
cator is Lit.)

Instrument has
powered up.

RF output i35 settled.

SRQ mask ANDed with
currently set values
is not zero,

Special function OF.

Input buffer is not
empty or commands are
being processed.

IEEE=488 rejected
entry error; code is
ZErQ.

RF output is
galibrated, (Front
panel *UNCAL' indi-
cator is not Lit.)

Special function 0B,

RF output is not
settled.

Reason for SRA goes
away or serial poll
is performed.

Special function 0B.

The trigger command causes execution of the trigger buffer, which has been
preprogrammed with the configure trigger command “CT”, The trigger buffer can also be
executed by sending the IEEE-488 group cxecute trigger interface message (GET).

2-60. Command Processing

The following paragraphs describe how 1EEE-488 commands are processed by the
Generator. Command processing is a term for how commands are executed and how
errors are handled.

2-61. COMMAND EXECUTION

The execution of the JEEE-488 commands depends on the selection of interface modes
with one exception: if an IEEE-488 input is buffered and the buffer becomes full,
command execution starts and no further input is accepted until there is room in the input
buffer. For more details, refer to the paragraphs on Interface Modes.

2-62. ERROR HANDLING

The Generator detects two types of errors while processing IEEE-488 comtmands: syntax
errors and processing errors. All errors are accumulated until the error status is
interrogated or is explicitly cleared. The IEEE488 rejected entry status is interrogated
with the “1R" command. The error status is cleared with one of the following commands:

“CE” Clear Error Command
“CL"” Clear Command
DCL or SDC Clear Interface Messages

The error status is also cleared on power-up.
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The SRQ mask can be set to assert SRQ when an error is detected. The SRQ is unasserted
when the error status is cleared,

Syntax errors are commands that do not have the correct syntax for the specified header.
For example, “FE5” is a syntax error because the external FM command requires a
Boolean numeric field. Unrecognized headers are also syntax errors. An IEEE488
syntax error causes all commands from the point of the error up to the next string
terminator or record terminator to be ignored.

Processing errors are comnmands that are syntactically valid, but the requested value is
outside the range of programmable values. For example, “FR99GZ" is syntactically
correct, but the Generator cannot be programmed to'a frequency of 99 gigahertz.
Command processing continues with the next command.

2-63. Timing Data

The programming time can be broken down into four groups: transfer of commands to
Generator, command parsing time, software programming time, and instrument settling
time.

The total programming time depends on the selection of the interface modes, In some
modes, programming steps are performed in parallel and ean increase throughput. This
section gives some typical timing data for the above four programming steps and
describes how the interface modes affect their relative timing.

2-64, TRANSFER OF COMMANDS TO GENERATOR

The maximum rate of transfer is 0.4 to 0.5 ms per character. With most IEEE-488
controllers, all characters sent with a single output or print statement is transferred
together at the maximum rate. The total time to transfer commands to the Generator is
obtained by muitiplying the number of characters by the rate of transfer.

2-65. COMMAND-PARSING TIME

Command-parsing time is the sum of the time required to process the header, the
numeric, and the suffix. Some commands do not have numerics or suffixes. Table 2-19
gives the typical time it takes to process the different components of a command.

2-66. SOFTWARE PROGRAMMING TIME

The minimum time required to process a command is 20 ms. Most of the commands that
do not program the hardware (such as storing step values) are programmed in 20 ms,
Table 2-20 gives the typical time value for programming the different functions in the
Generator.

2-67. INSTRUMENT-SETTLING TIME
Commands that do not change the state of the hardware (such as programming step
values) have no settling time after the software-processing time.

For all other Generator parameters, except frequency and recall, the instrument has
settled by the time the software-programming time is up, so no additional instrument-
settling time is required.

Worst case frequency changes (including recalls) typically settle within 35 ms after the
software-programming time. If level correction is disabled, this settling time is increased
to 45 ms. Small frcquency changes (not crossing a band) typ1c:ally settle by the time the
software-programming time is up, so no additional instrument-settling time is required.
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Tahle 2-19. Command-Parsing Time

COMMAND COMPONENT TIME

Header Z ms

Boolean Numeric 1 ms

Unsigned Integer Numeric 2 ms + 1 ms per character
Floating-Point Numeric 2 ms + 1 ms per character
Trigger=5tring Numeric 10 ms + 0.5 ms per character
suffix 1 to 1.5 ms

Learn-Interface Suffix 35 ms

Table 2-20. Typical Programming Time of the Generator Functions

FUNCTION TIME (IN ms) NOTES

Frequency 25
Amplitude in Volts 50
Amplitude in dBm a0
AM Depth 45
FM Deviation k19]
Modulation Frequency
Enable/Disable AM
Enable/Disable FM
Recall 98

RF Output On

RF Output Off

Notes
May take up to 5 ms longer §if the relative mode is ehabled.

Can save 10 ms if all Level correction 15 disabled with special
function 81.

Add 20 ms when frequency changes from greater than or equal to 245
MHz to less than 245 MHz. Subtract 20 ms from frequency hardware-
settling time in this case.

Edits and steps may take up to 5 ms longer than the programming
function directly.

Add 5 ms when the Attenuator settings change.

Recalt!s vary considerably depending on the stored data. Maximum is
approximately 250 ms.

2-68. TIMING OPTIMIZATION
Timing depends upon the interface modes selected. Read the paragraphs on Interface
Mode Commands for a complete description of the interface modes.

The transfer of commands from the IEEE-488 controller to the Generator can never be
processed in parallel with anything else. The transfer of commands usually happens
simultaneously, regardiess of which interface mode is selected.

The parsing of the command and programming the new instrument state is performed
one message unit at a time. The record mode selects a command or a record as the
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message unit, The record mode off (“RM0”) is slower since there is extra processing
between message units, and the message unit is smaller.

If the valid mode is enabled, the processing of message units is delayed until the Generator
has settled from the previous message. If the output of the Generator does not need to be
settled between programming strings, the valid mode should be turned off to speed up
processing. If the output does not need to be settled between commands, but needs to be
settled between records, enable the valid mode and the record mode. The instrument
processes commands within the record as fast as possible and wait for the output to settle
only between records.

2-69. Power-on Conditions

The power-on conditions of the Generator depend on whether or not the IEEE-488
Interface Option is installed. Table 2-21 lists the instrument parameters at power-on with
the IEEE-488 Option installed. The remote clear commands can be used to reset all
parameters except the last memory location and the remote/local state,

Table 2.21. 1IEEE-488 Power-On State

INSTRUMENT PARAMETER STATE

Mepory location parameters Same as power

RF on/off Same as power
Last memory Llocation Same as power
Remote/local state Local

IEEE-488 output buffer © Cleared

IEEE-428 input buffer ‘Cleared

Valid mode Same as power off
Record terminator Same as power off
Unbuffered mode Same as power off
Recard mode Same as power off
SRQ mask Same as power off
Trigger configuration Same a3 power off
SRR interface signal May be asserted

Notes

The contents of memory Location 98 (Instrument Preset State) fs
Listed in Table 2«3.

The Last memory location is used for sequence operations.

If the SR@ mask has the power on, output valid, or ready 5RQ enabled,
the SRA interface signal is asserted on power—on.

2-63/2-64




Section 3
Theory of Operation

3-1. INTRODUCTION .
This section of the manual describes the theory of operation for the Generator. There are
four major headings:

General Description
Functional Description
Software Operation

Detailed Circuit Descriptions

The General Description briefly explains the functions and components of the three
major modules of the Generator. The Functional Description covers the main output
parameters, amplitude, frequency, and modulation. The Software Operation section
describes the software and how it affects the hardware. The Circuit Description is a
comprehensive explanation of the operation of each circuit assembly.

3-2. GENERAL DESCRIPTION

The Generator has three major sections, The front section includes the keyboard and
display for local control. The module section includes the frequency, level, modulation,
and control circuits. The rear section includes the power supply, cooling fan, and assorted
external connectors.

3-3. Front Section

The front section of the Generator provides the operator interface. It includes the primary
controls, connectors, and indicators of the Generator, All front panel keys and displays
(except the power switch that controls the power supply directly) are monitored and
handled by the Controller in the module section.

3-4. Module Section

The module section is a multi-compartmented, shielded enclosure that includes the
circuits that generate the instrument stimulus functions; frequency, modulation, and
amplitude. The Controller is also located here. The Controller governs the Generator
operation and at power-on determines if any options are installed by checking the option
status bits. The optional Low-Rate FM, is also located in this section of the instrument.

3-5. Rear Seclion

The rear section includes the power supply, the cooling fan, various external connectors,
the IEEE-488 Interface and the High-Stability Reference Options.
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The power supply is a linear design providing two +15V, =15V, +5V, +37V, +18V, and 6V
ac to the Generator. All the power supplies are series-pass regulated except the 6V ac
filament supply and the +18V supply, which provides power to the Attenuator relays and
Reverse Power Protector (RPP) relays. A fuse/filter/line-voltage selector allows the
Generator to operate from any common supply voltage.

The dc fan is powered from the unregulated +5V supply. The fan operates only when line
power 1§ available and the front panel POWER switch is ON,

The Option -130 High-Stability Reference operates whenever the instrument is plugged
into an active ac outlet, regardiess of the position of the instrument POWER. switch.

3-6. FUNCTIONAL DESCRIPTION
The following paragraphs describe the key output parameters of the Generator: level,
amplitude modulation, frequency, and frequency modulation.

3-7. Level

Level control is provided by two separate circuits, a step attenuator and a vernier level
DAC. The 6.02 dB per step Attenuator/ RPP, (A2 AS) provides coarse control. Fine level
control is provided by a vernier level DAC that varies the automatic level control voltage
(ALC). The microprocessor automatically controls the step attenuator and the vernier
level DAC. The microprocessor also applies level correction to compensate for the
Generator frequency response.

Each Generator has level correction data for the QOutput and Attenuator assemblies,
stored in the Qutput and Attenuator calibration EPROMs, The EPROMs are located on
the Controller assembly. The correction data is based on measurements of cach assembly
during calibration of the Generator at the factory.

This microprocessor level correction data is applied only to the vernier level DAC; it does
not affect the coarse level control provided by the Attenuator. In other words, all
Generators have the same attenuator pads inserted at a selected level even though the
correction data is different for each Generator.

To improve level accuracy in relation to temperature, the Generator uses a software
temperature compensation technique. This technique uses data that is the same for all
Generators regardless of the options installed.

3-8. Amplitude Modulation

The output of the level DAC is the ALC loop control voltage. The Generator output
signal is amplitude modulated by varying this control voltage with the modulating signal.
A 1V peak modulating signal from the internal modulation oscillator or from the external
MOD INPUT connector is applied to the AM DAC, a multiplying D-to-A Converter.
The multiplying factor of this DAC, corresponding to the programmed percentage of
modulation, is factored by the Controller.

The modulation signal from the AM DAC is summed with a fixed d¢ reference voltage.
The composite signal (de plus modulation) is applied to the LEVEL DAC, a level control-
multiplying DAC. The multiplying factor for this DAC is also handled by the Controller
and corresponds to the programmed signal level. The multipling factor also includes the
level correction information stored in the calibration EPROMs,

The operation of the ALC loop causes the amplitude of the RF signal to conform to this
varying controi voltage, thus amplitude modulating the Generator output.
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3-9. Frequency ‘
The 0.01-MHz to 1050-MHz frequency coverage is divided into the following three
bands: - '

Low-band 0.01 MHz to 245 MHz
Mid-band 245 MHzto 512 MH2
High-band 512 MHz to 1030 MHz

The high and mid bands are derived directly from a voltage-controlled oscillator (VCO)
followed by a binary divider that is part of the main phase-locked loop (PLL).

This PLL synthesizes the 245- to 512-MHz band using a modified N-divider loop with a
single-sideband mixer (SSB} in the feedback path. The reference frequency for the loop is
1 MHz, which would normally provide 1-MHz steps in a conventional N-divider loop.
However, this Generator provides 0.02-MHz steps by using a modified N-divider eircuit
with pulse deletion controlled by a rate multiplier.

Additional resolution is gained by introducing a signal from the sub-synthesizer circuit
into the main PLL through the SSB mixer in the feedback path. This signal provides
internal frequency steps of 5 Hz. The sub-synthesizer consists of a 14-bit rate multiplier
followed by a divide-by-1000.

Since the main PLY bandwidth varies with the programmed frequency (due to N
changing and variations in the VCO tuning coefficient), the Controller uses compensa-
tion to program the phase detector gain via the KN DAC to maintain constant loop
bandwidth. By keeping the loop bandwidth constant, loop stability and modulation
transfer is controlled, thus ensuring accurate, wideband FM.

3-10. Frequency Modulation

Frequency modulation is achieved by applying the modulation signal simultaneously to
the PLL VCO and the Phase Detector, Both are necessary because modulating either the
VCO or the Phase Detector alone results in FM with a high-pass filter characteristic, or
phase modulation with a low-pass filter characteristic. The filter characteristic cutoff
frequencies are equal to the PLL bandwidth,

The modulating signal applied to the VCO and the Phase Detector is adjusted in
amplitude by the KV DAC to compensate for variations in the VCO tuning coefficient,
This compensation is done automatically by the Controller using factory calibration data
measured on the VCO in each Generator. This compensation data is stored in the VCO
Calibration EPROM.

By integrating the modulation signal applied to the Phase Detector and simultaneously
applying the modulation signal to the YCO, the two effects are complementary and result
in a flat FM response.

3-11. SOFTWARE OPERATION

The Generator software is executed on a Texas Instruments TMS 9995 microprocessor
in the A2A7 Controller assembly, The instrument program is stored in 48K-bytes of
ROM, two scratch pad RAM, 2K-bytes off-chip and 250-bytes on-chip RAM. Three
2K-byte EPROMs contain the individual Generator calibration data. The software
provides the following general functions:

e Interfaces with the front panel keys and the IEEE-488 Interface to provide
access to the Generator functions.
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Configures the Generator functional blocks to produce the required output and
then applies linearization and compensation data to optimize the instrument
performance and resolution,

®  Implements a set of self test and diagnostic functions.

3-12. User Interface

The Generator software is implemented with a simple operating system that allows
several tasks to operate in a round-robin fashion on a equal priority basis. Input and
output to the front panel and to the IEEE-488 Interface option, however, execute at a
higher priority and are handled as interrupt routines,

At power-on, the software performs an instrument self test and initializes both the RAM
and the Generator hardware. Three tasks are continuously in operation:

Service task
Key task
IEEE-488 task

The service task checks the status signals. The key task and IEEE-488 task Process uscr
input. A fourth task is activated only when needed to process certain UNCAL
(uncalibrated) or REJ ENTRY (rejected entry) conditions that cause the instrument
STATUS display to flash.

3-13. Amplitude Control

Amplitude is programmed using a 23-step (6.02 dB per step) attenuator assembly and a
12-bit vernier level DAC. The level DAC settings depend on a combination of the
programmed output level and amplitude correction data.

The amplitude correction data compensates for level inaccuracies and is a function of the
Generator frequency. Correction factors are stored in the Output and the Attenuator
Calibration EPROMs. Each Qutput and Attenuator assembly comes with a matched
calibration EPROM. The assemblies may be replaced under the Module Exchange
Program with only minor adjustments needed after installing the replacements.

3-14. Attenuators

One 6-dB, one 12-dB, and five 24-dB sections of the Attenuator are programmed in
combination to provide course level control. The indicated voltages at which the
Attenuator changes ranges are 2-™ volts, where

m =1, 2, 3,..23 for non-AM, or

m =2, 3, 4, .24 for AM operation

Table 4D-15 lists the Attenuator sections programmed for various displayed levels,

3-15. Level DAC

The level DAC setting (LEV @ through9) is calculated from the Generator output level. If
level correction is enabled, the level DAC setting is further modified by the data stored in
the Output and Attenuator calibration EPROMs.

To minimize level transients that could damage external circuitry, the following sequence
15 used in programming the Attenuators and the level DAC when the Attenuator sctting is
changed:
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The LEVEL DAC is programmed to zero.
The new Attenuators are programmed in addition to the old Attenuators.

After a S-ms wait to allow the Attenuators to settle, the new Attenuator and
LEVEL DAC settings are programmed.

3-16. Temperature Compensation
The temperature compensation DAC (TC DAC) data isstored in the Generator software
as a function of the output frequency (Fo). This data is the same for each Generator.

3-17. Reverse Power Protector

The Reverse Power Protector (RPP) A2A5 protects the Generator from damaging
voltages applied to the RF QUTPUT connector. The status line RPTRPL indicates
whether the RPP circuitry has tripped. If the RPP trips, the RF output is programmed
off, and the R¥ OFF indicator flashes. The RPP circuitry is reset by the operator turning
the RE OUTPUT on. This causes the Controller to reset the RPP by toggling RPRSTL,
and programming the RF on.

3-18. Frequency Reference Control

Programming of the frequency reference control bits depends on the setting of the
INT/EXT reference switch as well as whether the High-Stability Reference or the
Medium-Stability Reference option is installed.

3-19. Frequency Control

The output frequency (Fo) is programmable with 10-Hz resolution. The minimum
calibrated output frequency is 0.01 MHz, and the maximum calibrated output frequency
is 1050 MHz. The filter and band control bits are programmed in five bands and are
determined by the output frequency (Fo). For each band, a synthesizer frequency is
determined.

The programming data of the KV and KN DACs are calculated from the synthesizer
frequency and the instrument-specific VCO Calibration EPROM data. The KV DAC
settings on the high and low bands are one half the settings on the mid-band to
compensate for the effective doubling of the FM deviation that occurs on the high and
low bands.

3-20. Modulation On/Oft
The four modulation modes are:

Internal AM
External AM
Internal FM
External FM

The modulation modes can be programmed separately or in any combination. The AM
depth and FM deviation DACs are always programmed regardless of whether or not
modulation is enabled. When enabling or disabling modulation, only the modulation
control bits are programmed. Table 4D-17, Modulation ON/OFF Control, lists the
control states for each modulation choice.

3-21. Modulation Frequency

The two internal modulation frequencies of 400 Hz and 1000 Hz are programmed with a
single control bit MF400L. Table 4D-18 Modulation Frequency Control lists the
MF400L control states.
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3-22. Amplitude Modulation

‘The Generator allows amplitude modulation depth programming from 0 to 999 with 163
resolution. However, the maximum calibrated AM depth is 90%. Programming an AM
depth greater than 90% causes the "UNCAL” indicator to light. When the combination of
signal amplitude and programmed AM depth exceeds +13 dBm peak, the ‘UNCAL’
indicator lights to warn you the output level is no longer guaranteed. Amplitude
modulation depth is programmed using the 8-bit AM DAC, with a setting of 200 on the
AM DAC corresponding to 10095 AM modulation of the output frequency.

3-23. Frequency Modulation
Frequency modulation (FM) is programmable with three digits of resolution in the three
decade ranges. Table 4D-12, FM Ranges, lists the three ranges.

3-24, FM Deviation
The FM DAC is a 10-bit DAC programmed to the FM deviation in Hz divided by the
resolution. Table 4D-13 lists the settings of the FM DAC,

3-25. Self Test

At power-on, the Generator automatically self tests its digital and analog circuits, If the
Generator fails any self test, the test results are automatically displayed as error codes.
Several special functions are available for additional tests. (See section 4D-16.) Also, the
Generator microprocessor continuously monitors two status signals, UNLVL
(unleveled) and UNLOK (unlocked).

The self tests can also be invoked by using the [SPCL][0][2] keys. The results of the self
test can be displayed in the four display fields with [SPCL] [1][1] keys and can also be
transmitted using the optional IEEE-488 Interface,

Self tests I through 5 are digital checks that indicate the general functionality of the
Controller assembly. Self tests 6 through 10 use the two status signals UNLVL and
UNLOK to test the general functionality of the RF circuitry.

During the self-test sequence all attenuators are programmed ON (maximum
attenuation) to prevent unwanted signals at the output. In addition, the Generator is
programmed to the internal frequency reference because the self tests fail if there is no
reference supplied,

The self-test error codes and descriptions are listed in Section 4D, A brief description of
the different Generator self tests are described in the following:

Test 1. The Generator RAM is verified by writing data to each memory location
and checking that the same data can be read back. Both the off-chip
RAM and the on-chip RAM are tested in this way.

The data in each word of the two instrument software EPROMs is
successively summed and rotated by two. The result of this procedure is
compared with a checksum for each EPROM.

The data in cach of the three calibration EPROMs (VCQ, Output, and
Attenuator) is summed and compared with a checksum.

The IEEE-488 (if installed) is verified by the microprocessor writing data
to the IEEE-488 chip and then by reading it back to see if the response is
the one expected. The operator is given a report only if the test fails,
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Fach memory location of the Non-Volatile RAM is checked with a
checksum.

The low-pass filters on the Qutput assembly are tested by setting the
frequency at the top of each of the four half-octave non-HET bands and
verifying that the output is leveled. Then, the frequency is set above the
cutoff frequency, and the output is checked to see if the output is
unleveled.

The synthesizer operation is verified by programming the Generatorto a
normal operating frequency and checking to see that the instrument is
locked. The Generator is then programmed to a synthesizer frequency
below 225 MHz and then above 550 MHz and is checked to see that the
instrument becomes unlocked. Finally, all frequency reference circuitry is
turned off and checked to see that the Generator becomes unlocked.

The Generator PLL operation is verified by forcing a large change in
frequency. When this is done, the Generator should become unlocked
and then lock again.

Frequency modulation is verified by overmodulating the carrier and then
checking the unlocked indicator. This is done by programming internal
FM on and programming the KV DAC to a higher than normal value.

Test 10.  Amplitude modulation is verified by overmodulating the catrier and then
checking the unleveled indicator. This is done by programming a high
output level and programming INT AM on with a high AM depth.

3-26. Service Special Functions
There are two special function self tests for the front panel indicators and keys. These
special function self tests are described in the following:

1. The front panel displays are checkedf_,aﬁy time by pressing the [SPCL] [0][3]
keys. When this is done the microprocessor lights all display segments. This test
is terminated by pressing any key on the instrument.

. Check the normally open front panel keys by pressing the [SPCL] [0][4] keys.
Now, each key pressed has its row and column address displayed in the center of
the FREQUENCY display field. The special function is exited by pressing the
[CLR/LCL] key.
3-27. Status Signals

Five status signals indicate the Generator option complement, and these status bits are
interrogated at power-on self test as follows:

HSOPTL = () indicates Option -130 High-Stability Reference is installed.

MSREFL = 0 indicates Option -132 Medium-Stability Reference is installed.
IEINL = () indicates Option -488 IEEE-488 Interface is installed.

L.LRFML = 0 indicates the Option -651 Low-Rate FM is installed.
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ROPTL

= 0 indicates Option -830 rear pancl RF QUTPUT and MOD IN
connectors i3 installed.

The status of the rear panel REF EXT/INT reference switch is continuously monitored
with the EXREFL bit. The state of this bit is used by the Controller to display the
‘EXTREF indicator on the front panel and to program the reference source.

The RF output of the Generator is considered calibrated whenever the ‘UNCAL’
indicator 15 off. The ‘UNCAL’ indicator is lit, but not flashing, whenever the calibrated
limit of the Generator is exceeded. However, the RF output is still considered usable,

The '"UNCAL’ indicator flashes when the output of the instrument is considered
unusable. This is the result of a severe overrange condition or when one of the following
analog status signals becomes active,

RPTRPL

UNLOKL

UNLVLI,

= 0 indicates that the RPP circuitry has tripped. If this occurs, the
RF output is programmed off to provide additional protection to
the instrument. The ‘RF OFF’ and ‘UNCAL’ indicators flash to
indicate that RPP has tripped.

= 0 indicates one of several conditions. The Synthesizer or the
reference circuits could be out-of-lock, If FM is on, it could indicate
FM over-modulation. The ‘UNCAL’ indicator flashes for any of
these circumstances.

= 0 indicates that the output is unleveled. This could also be the
result of amplitude over-modulation. With this condition, the
‘UNCAL’ indicator flashcs.

3-28. DETAILED CIRCUIT DESCRIPTIONS
This section contains the detailed circuit descriptions for the following assemblies:

Al Front Section

AlA] Display Assembly
A1A2 Switch Assembly

A2 Module Section

A2A1 Synthesizer Assembly

A2A2 VCO Assembly

A2A4 Qutput Assembly

A2A5 Attenuator/ RPP Assembly
A2ZAT Controller Assembly

A2AB Non Volatile Memory Assembly

A3 Rear Section

A3A| Power Supply Assembly

3-29. FRONT SECTION, A1

The Generator front section, Al, consists of the Display PCA AlAl, the Switch PCA
AlA2, and the Elastomer switches mounted in a sheet metal housing. The front section
also includes the display lens, the POWER ON/OFF switch, and the MOD INPUT

connector,
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3-30. Display PCA, A1A1

The Display PCA A1A] provides a readout of the programmed modulation, frequency,
amplitude parameters, and status information. This displayed information and the bright
digit are controlled by the Controller, A2A7, under the direction of the instrument
software. The display is comprised of two vacuum fluorescent displays and their
associated control circuitry. The two displays are refreshed as four groups of eight display
fields (usually a digit) each. The four groups share the digit (grid) strobes but have
individual segment (anode) strobes.

3-31, DATA COMMUNICATIONS

Display data is sent through a byte-wide bidirectional data bus from the Controller A2A7
and is latched by Ul through U5 on the display board. Latch select signals DIGL,
SEGIL, SEG2L, SEG3L, and SEGYL determine which latch receives the data, Level

shifting buffer drivers U6 through U10 interface the TTL latches directly to the +37V
anodes of the vacuum fluorescent displays.

3-32, DISPLAY FILAMENT VOLTAGE

The 6.0V ac filament voltage for the display is derived from a center-tapped winding on
the power supply transformer, T1. The ac filament voltage is biased at -+6.2V above
ground by circuitry on the power supply board A3Al, to provide a cutoff potential for the
displays.

3-33. BRIGHT-DIGIT EFFECT

The bright-digit effect is achieved by providing three extra refresh cycles (strobes) to the
specified digit. Grid current-limiting resistor R3 provides uniform digit brightness by
controlling electron depletion from the display cathode filaments.

3-34. SWITCHBOARD INTERFACE

The digit strobe data latched by U1 is buffered by open collector inverters Ul3and Ul5,
and strobes the front panel switch matrix. The switch columns are strobed in unison with
the eight display fields. The switch matrix status is read by the tri-state buffer Ul4.

3-35. DISPLAY BLANKING

Monostable U11 and NOR gate U12 clear the display if new field or segment strobes are
not received. This protects the display if the microprocessor stops refreshing. The display
can be blanked manually by pressing [SPCL] [1][3] which sets the signal CLRL and the
output of U1l low, thus clearing latches U2 through US. To restore the display, press
[SPCL] [1]2]

3-36. MODULATION-LEVEL INDICATOR

The external modulation-level indicator warns the operator when the modulation signal
is not set to 1V peak (= 295 typically). The external modulation signal iscompared in the
dual-comparator, U16, with internal references of 0.98 and 1.02V. Two status bits,
MLEVLO and MLEVH , are at the output of the 0.5 second dual one-shot, U17. If either
of these reference voltages are exceeded, the two status bits are sensed by the Generator
Controller that controls the ‘EXT HI’ and ‘EXT LO” indicators in the MODULATION
display field.

3-37. Switch PCB, A1A2

All the front panel control keys, except the POWER ON/OFF switch, consist of an
Elastomer membrane sandwiched between the Switch PCB A1A2 and the front panel
sheet metal housing. The Switch PCB consists of a 6-by-8 matrix of open switch contact
pads, When a key is pressed, a conductive pad on the back of the Elastomer membrane
connects a set of contact pads. The Controller software senses what row and column of
the matrix are connected when a key is pressed.
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3-38. MODULE SECTION, A2
The module section consists of a cast module frame with gasketed covers and includes the
following electrical assemblies:

A2ZAl, Synthesizer

A2A2, VCO

AZ2A4, Qutput

A2A5, Attenuator/ RPP
A2A7, Controller

A2AR, Nor Volatile Memory

3-39. Synthesizer PCA, A2A1

The Synthesizer PCA provides frequency control and modulation of the Signal
Generator output. The Synthesizer assembly is located on the top side of the Module
Section A2, Together with VCO A2A2 and a 10-MHz reference frequency, the
Synthesizer assembly simultaneously generates a high-band signal that spans 490 to 1050
MH:z and a mid-band signal that spans 245 to 512 MHz.

=aecr

The high-band and mid-band signals are coupled to the Output A2A4. Here,
heterodyning extends the Generator frequency coverage down to 0.01 MHz.

The Synthesizer assembly consists of the following functional circuits that are described
in the following paragraphs:

10-MHz Reference
Main PLL

FM Processing
800/40 MHz PLL
Sub-Synthesizer

3-40. 10-MHZ REFERENCE

The Generator reference is the internal 10-MHz crystal oscillator. If Option -130 High-
Stability Oscillator or Option -132 Medium-Stability Oscillator is installed, that
oscillator is locked to the internal crystal oscillator, An external reference of | , 2,5, 0rl10
MHz can also be locked to this oscillator,

The internal 10-MHz crystal oscillator (XO)is a crystal, Y1, and an FET transistor, Q39
The frequency is adjusted by C240 and R230. The oscillator signal from Q39 is buffered
by Q40, converted to TTL by U55-B, and sent to the sub-harmeonic phase detector, U6R,
and the rear output through a 10-MHz band-pass filter, C247, L73. The 10-MHz
reference is also sent to the 800/40-MHz loop-phase detector, the main loop-phase
detector via divide-by-10, U58.

3-41. MAIN PHASE-LOCK LOOP

The main phase-lock loop (PLL) is a fractional divider PLL with a single-sideband mixer
(SSB) in the feedback path. The oscillator for this loop is a separate PCA, the A2A2
VCO, All the remaining PLL circuitry is on the synthesizer PCA A2Al

The key signals to the main PLL are the 1-MHz reference signal from the 10- MHz
Reference circuit, the 245-MHz to 512-MHz signal from the binary divider, and the 20-
kHz to 40-kHz signal from the sub-synthesizer circuit. The fractional division technique
provides 20-kHz frequency resolution,
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The $SB mixer, in conjunction with the sub-synthesizer, provides additional 5-Hz
resolution at the Synthesizer frequency. This corresponds to 10-Hz resolution on the
high band.

The main PLL consists of the VCO, the binary divider, the SSB mixer, the triple-modulus
prescaler, the N-Divider, the phase detector, and the loop amplifier. Alt but the VCO are
described in the following paragraphs. The VCO is discussed in paragraphs 3-48.

3-42. Binary Divider And Single-Sideband Mixer

The 490-MHz to 1050-MHz signal from the VCO via J107 is coupled to the binary
divider, U1. Regulator Q1 provides +5V for the divider. One output of Ul is coupled to
the Output PCA, A2A4 through J104. The other output is amplified by Q2 and Q3. This
signal is split into two quadrature (90° phase difference) signals by 3-dB coupler, U6.

This signal, and two other audio quadrature signals from U10, are summed in the double-
balanced mixers U7 and U8 to produce two double-sideband suppressed-carrier signals.
Because of the phase relationship of the outputs of the mixers, the summing of the two
composite signals (in resistor metwork R21 and R22) results in the upper-sideband
component being suppressed. The predominate remaining signal is the lower-sideband
signal.

The lower-sideband signal, spanning 245 MHz to 512 MHz in 20-kHz steps, is amplified
by U9 and applied to the N-Divider where it is divided down to | MHz.

3-43. N-Divider
The main components of the N-Divider are:

Triple-Modulus Prescaler (divide by 20/21/22) U18, U19, and U26
N-Divider Custom Gate Array Ul7

The triple-modulus prescaler, Figure 3-1, consists of a divide by 10/11 (U20}, divide by 2
(U18A), synchronizing flip-flop (U18B), and quad NOR gates (U19). If all theinputs (El,
E2, E3, F4, and E5) to the 10/11 divider are low, the prescaler divides by 11, and the total
division to the output (U20 pin 7) is 22. If any of the inputs are high, it divides by 10, and
the total division is 20.

If inputs E1 and E3 are low, the modulus of the 10/11 divider is controlled by the output
of the following divide by 2 (U18A). Consequently, the prescaler divides by 10 half the
time and by 11 the other half, resulting in a divide by 21. U20 contains the ECL to TTL
converter. UISB synchronizes the changing of the modulus with the clocking of the
subsequent stages. The N-divider is clocked by the composite prescaler output Ul3A.

The operation of the triple-modulus prescaler is shown in Figure 3-1. The prescaler
operates in conjunction with the N-divider gate array shown in Figure 3-2.
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The N-Divider gate-array contains two 5-bit binary counters {A and N), 2 BCD two-
decade rate multiplier, and latches to interface to the microprocessor. The operation of
the N and A counters is as follows;

At the beginning of a count cycle, a number is loaded into the A and N counters. The A
counter is not at its terminal count, so the output is high, and the mode line (MODE L) is
low. This causes the prescaler to divide by 21 (or 22, TRMODL = low). The mode linc
stays low for 31-A counts, where A is the programmed number. The mode line goes high,
and the prescaler divides by 20 (or 21, TRMODL = low) for 31-N counts.

The total division 1s:
(PH1*(31-A) -+ P*((31-N)-(31-A)) or P*(31-N) + (31-A)

On the 31st count, the counters are reinitialized. Figure 3-3 shows the timing for the A-
counter programmed to 26, and the N-counter programmed to 18. Only the CKNI. and
MODE L signals shown in Figurc 3-2 are accessible at U17, pin 6, and 22, respectively.
Figure 3-3 show the N-Divider timing diagram.

The N-Divider gate array includes a two-decade rate multiplier that produces the
fractional part of the division. It produces a pulse train with a programmed number of
pulses for a 100-cycle frame of the 1-MHz N-divider output,

The programmed number ranges between zero and 98 in steps of two, corresponding to
20-kHz steps at the mid-band output frequency. The flip-flops in the rate multiplier get
setup on count 29, and on count 3(}, a pulse may or may not be present depending on the
programmuing of the rate multiplier. This is the shaded pulse in the timing diagram, Figure

Irregularly spaced rate-multiplier pulses cause the mode line to go low, and the prescaler
divides by P+ at a rate cqual to the rate multiplier programming. At a division of 255,
the N and A counters are normally programmed to 15. This means the divider is always
dividing by 21; consequently, there is no place to slip in the rate-multiplier pulscs.

It might be noted that a 20/21 dual-modulus prescaler will not allow division from 245 to
525 without holes. For example 252 is 0 frames of 20 and 12 frames of 21. Consequently,
there 1s no place {o slip in the rate-multiplier pulses. It is not possible to divide by 253.

By using a triple-modulus prescaler, these problems are solved. Continuing with the
previous example 252 is 12 frames of 21 and 0 frames of 22, The deleter functions by
allowing the prescaler to divide by 22 at a rate equal to the rate-multiplier frequency.
Number 253 is 11 frames of 21 and 1 frame of 22, A software algorithm determines
whether to operate in the 20/21 mode (TRMODL =1) or 21/22 mode (TRMODL =0).

The frequency at the output of the N-divider gate array, is (Fo/ 2 - Fs - Fa)/ N; where Fuis
the VCO output frequency, F:is the sub-synthesizer frequency, and Fuis the fractional-
division frequency.
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3-44. Phase Detector

The 1-MHz reference signal from divide-by-10 U5%, and the |-MHz signal from the N-
divider U17 are connected to a digital phasc-frequency detector (U43, U44, U45). If the
N-divider output is greater than the reference frequency, the level at TP38 is high. When
the output of the level shifter Q16 is above ground, then CR 12 is turned off. This allows
current from Q19 to flow through CR 13 into the integrator, decreasing the voltage at the
integrator output, U48 Pin 6, which then lowers the frequency of the VCO until the
reference and the N-divider output are the same frequency.

simtlarly, if the N-divider output frequency is below the reference, TP39 is low, and the
voltage at the output of level shifter Q17 is below ground, turning off CR 15 and allowing
current from R108 to flow through CR 14 out of the integrator. This raises the voltage at
the output of the integrator, which raises the VCO frequency, The phase-frequency
detector is designed so that if the phase between the reference and N-Divider output slips
more than two ¢ycles in either direction, the corresponding phase-detector output is high
or low. This provides twice the integrator current during acquisition as a conventional
phase-frequency detector.

R107 provides a small bias current to the integrator to bias the phase detector at
approximately 2.5 radians; consequently, the down-pump is normally always on, If the
up-pump comes on, indicating an over-modulation condition, the pulses are detected by
the one-shot, U47 that produces the UNLOK status thatis then sensed by the Controller.

For flat FM response, it is necessary for the PLL bandwidth to be constant at all VCO
frequencies. Two factors cause the loop bandwidth to change: the VCO tuning coefficient
{Kv) and the divider ratio (N),

During calibration of the VCO, the Kv is measured at many frequencies across the band,
and compensation data is stored in the VCOQ Calibration EPROM. The instrument
software uses this data along with N to control the PLL bandwidth in a compensating
manner. The PL.L bandwidth s controlled by changing the current to the down-pump via
the KN DAC, U27, and the voltage-to-current converter, Ud6, Q18, and Q19.

3-45. Loop Amplifier

The loop amplifier-integrator consists of operational amplifier U48, C118 and R9L.
Capacitors C121 and C119 filter the 1-MHz reference. The output of the integrator is
connected to a multi-pole LC filter (R92, C123, €99, C124, C126, C125, L49, L50, and
R93) that attenuates the delete rate (20 and 40 kHz) and reference 1-MHz spurs.

Diodes CRY and CR10 stabilize the loop during switching. The filter is buffered by the
Darlington emitter-follower Q20, which is biased at 10 mA by Q21. Additional lead/lag
compensation is provided by R99, R101, and C131, Proper termination for the filter is
provided by R93 and Q22. The voltage for the loop amplifier is regulated to
approximately +30V by Q15.

Amplifier U49 is a precision clamp to keep the VCO frequency above a minimum value
for oscillation, and below a maximum above which the N-divider would not divide
correctly. The photoisolator 150 detects when the clamp is active, indicating an out-of-
lock condition, This signal is ORed with the signal from one-shot U47 and sent to the
microprocessor as the UNLOK status.

3-46. FM PROCESSING

To provide FM accuracy, the FM signal FMV from the Qutput board is first processed by
the KV DAC (U28, and U29) to compensate for the VCO tuning coefficient. The KV
DAC setting is proportional to 1/Kv, where Kv is the tuning cocfficicnt. This correction
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is stored in the VCO Calibration EPROM on the Controller board. For output
frequencies above 512 MHz and below 245 MHz, the KV DAC setting is halved to
account for the effective frequency doubling that occurs on these bands.

Range switching is provided by resistors R77, R78, R79, and FETs Q10, Q11, and Q12
Comparator U42 converts TTL levels to OV (on), and -15V (off) required by the FETs.
U4lA buffers the range switch, and in conjunction with R82, provides an overall FM
adjustment. At this point, the audio signal splits into two paths. The path that connects to
the integrator, U4l, is for modulation frequencies inside the loop bandwidth.

The path that sums with the VCO control voltage at J103 is for frequencies outside the
loop bandwidth, U41D is an active high-pass filter that compensates for the non-ideal
integrator and the ac coupling to the VCO tuning port,

The output of U41D is summed with the VCO control voltage via R88 and C117. FET
Q13 allows the FM to be turned off. The audio signal is also processed by integrator
U41A, R85, R86, and C115, The audio signal is ac coupled into the phase-detector
integrator via R89, R90, C116, and FET QI4. (Resistor R90 adjusts the low frequency
FM gain). This integrator makes the phase modulation produced at the Phase Detector
appear as FM.

3-47. 800/40 MHz PLL

When the Signal Generator is operated in the low-band, the 800-MHz oscillator 15 locked
to the 10-MHz Reference and provides a local oscillator for the heterodyne circuit on the
Output PCA. It also provides a 40-MHz signal to the sub-synthesizer clock generator.

The 800-MHz VCO is connected to the divide-by-four, U61, followed by a divide-by-five,
U62 and U63, providing 40 MHz to the sub-synthesizer clock generator through selector
U64. When the Signal Generator is not in the low-band, the 800-Hz oscillator and the first
divide-by-four are disabled by turning off Q28 (HET).

The 40-MHz Oscillator consisting of U64, L66, and CR24, is selected by Uo4, The 40-Hz
balanced ECL signal from U64 drives the two-phase clock generator. A self-hiased gate,
165, converts ECL to TTL. U66 divides the 40-MHz signal by four to produce a 10-MHz
signal that is compared against the 10-MHz reference in the phase detector 59 and U635,

Op-amp U0, resistor network Z9, and C181, C185, C186, and C201 integrate the phase
detector pulses to produce a dc control voltage for the 800-MHz VCO and the 40-MHz
VCO. |

3-48. 800-MHz VCO

The 800-MHz VCO is a low noise, limited range, voltage-controlled oscillator for the 800-
MHz PLL, The basic oscillator uses two active devices operating as negative resistance
elements, coupled symmetrically to a resonator made up of a varactor and an adjustable
capacitor. Each device is followed by an amplifier and isolation pad. This provides two
coherent outputs of +5 dBm to the PLL and 0 dBm to the output A2A4 assembly.

The oscillator transistors Q32 and Q35 are biased at 13 mA by R182 and R191. The
voltage at the collectors of Q32 and Q35 is typically +2.5V. The two 6-dB amplifiers Q33
and Q37 are biased so that the voltage at their emitters is about +0.3V, and the voltage at
their bases is about +1V with the collectors at +6.5V.

The PLL contro! voltage from U60 provides the tuning voltage for the varactor CR27.
The adjustable capacitor C206 is set to provide +16V on the varactor to optimize the
VCO noise characteristic. The output attenuators consisting of R 186, R187, R18%, R197,
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R198, and R200 provide isolation between the outputs. The VCQ signalis coupled to the
output assembly A2A4 by a through-the-plate coaxial connector P 108 at the 0 dBm level.
The other VCO signal is connected to the divider U61 to provide the feedback for the
PLI.

3-49. SUB-3YNTHESIZER

The sub-synthesizer consists of the clock generator, U34, 35, Q4, Q5, the gate-array, U33,
the divide by 500, U135, and U16, and the low-pass filter L11 and L17. Internal to the sub-
synthesizer gate-array, U33, are a divide-by-two, a 3 1/2 decade-rate multiplier, and
associated latches.

The balanced 40-MHz ECL clock signal is converted to TTL in Q4 and Q5, and converted
to a two-phase 20-MHz clock in 134, U35.

An enable output of each section allows multiple sections to be cascaded. The input
frequency to the rate-multiplier is 20-MHz. The output frequency can be programmed
from zero to 19.995 MHz in 5-kHz steps. This signal is ORed with the other phase of the
20-MHz clock to produce 20 MHz 10 39.995 MHz at U33 pin 1. This is divided by two in
the gate-array, by ten in U135, and again by 50 in U16 to produce 20 kHz to 39.995 kHz in
5-Hz steps. This TTL signal at TP 11 is filtered by L11, L17, and C41, C42, C48, C50, and
C51. Op-amp, U0 forms an active quadrature generator, and the output pins 14 and 8
are offset by 90°. These two signals are the 20-kHz to 40-kHz inputs for the Main PLL
single-sideband mixer.

3-50. VCO PCA, A2A2

The VCO PCA A2A2 is the heart of the main PLL. It produces the signal that is further
processed to become the Signal Generator output. The VCO assembly is located in a
bottom side compartment of the Module section A2.

The VCO tunes over a frequency range of 490 MHz to 1050 MHz with a conirol voltage
range of +2V to 418V, The basic oscillator circuit uses two active devices operating as
negative resistance elements, Coupled symmetrically to a resonator, each active device is
followed by a 6-dB amplifier and a 15-dB isolator pad that provides two coherent but
isolated signals at about 0 dBm.

One signal is sent to the Output A2A4 assembly, and the other to the Synthesizer A2A1
assembly. To suppress harmonics, two tuned trap filters are placed between the negative
resistance devices and amplifiers Q2 and Q4.

The oscillator transistors Q1 and Q3 are biased at 13 mA by the FET current sources Q3
and Q6. The voltage at the collectors of Q1 and Q3 are typically set at +-6V. The two 6-dB
amplifiers Q2 and Q4 are biased 50 that the voltage at their emitters is about +0.3V and at
their bases about +1V, with the collectors at about +6.5V.

The PLL control voltage from the Synthesizer assembly A2A1 at P102 provides the
tuning voltage for varactors CR1 and CR2. This voltage also controls varactors CR 3 and
CR4 with resistors R6, R4, R18, R19, and R20. These varactors, in conjunction with their
lead inductance and C1 and C32, make up a shunt trap filter at twice the VCO frequency
to suppress the in-band second harmonic at both VCO outputs to typically less than —10
dBe.

The output attenuators consisting of R13, R14, R15, R27, R28, and R29 provide the
isolation between the two VCO outputs at P103 and P104, C23 and C30, in series with the
printed board inductors, form out-of-band trap filters for approximately 1.4 GHz. These
filters further suppress the out-of-band harmonics.
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C23 couples the VCO signal to the Synthesizer assembly by a through-the-plate coaxial
connector P104, The other VCO signal is connected to the Output assembly A2A4 by a
plug-in capacitor, A2C1. This plug-in capacitor allows either VCO or the Output PCAto
be removed independently from the module A2 assembly without the use of a soldering
iron.

3-51. Output PCA, A2A4

The Output PCA accepts RF signals from the Synthesizer and the VCO circuits and
command signals from the Controller. The output cireuit provides a 0.01-MHz to
1050-MHz RF signal to the Attenuator,

The Output assembly reduces harmonic distortion components in the RF signal,
controls RF signal amplitude, introduces AM, and generates the low (heterodyne)
frequency band 0.01 MHz to 245 MHz though mixing. It also generates a modulation
signal to provide internal AM and FM, and provides a digital interconnect path between
the Controller and Synthesizer.

3-52. RF PATH - ‘

The RF path begins with the two RF signals from the VCO and the Synthesizer
assemblies. The SPDT bandswitch circuit selects between the 512-MHz to 1050-MHz
signal at P106 and the 245-MHz to 512-MHz signal at P107. The selected signal is
applied to buffer amplifier Q101 and Q102.

The 245-to 512-MHz signal directly generates the 245-to 512-MHz mid-band output
signal. The 512-MHz to 1050-MHz signal generates the 512-MHz to 1050-MHz bigh-
band output signal directly and the 0.01-MHz to 245-MHz low-band output signal by
mixing with an 800-MHz LO signal.

The buffer amplifier Q101 and Q102 is a common-base, common-emitter cascade circuit
with 7-dB gain. The three cascaded filter circuits that follow the buffer amplifier consist of
combinations of discrete components and printed filters that suppress harmonics in the
Generator RF output signal. o '

The first section of the circuit is a printed 1100-M Hz low-pass filter, The second section is
switched into the RF path via PIN diodes CR106 through CR110 by asserting MIDL
when the Generator is operated in the mid-band (245 to 512 MHz). PIN diodes CR114
through CR 116 select capacitors C119, C121, and C123 whenever HAOCTH is asserted
to change the section cutoff frequency from 512 to 350 MHz. The third section provides
harmonic filtering for the two higher bands, 512 MHz to 730 MHz, and 730 MHz to 1050
MHz. PIN diodes CR111 through CR113 select capacitors C112 through C114 to change
the cutoff frequency from 1050 MHz to 730 MHz whenever HAOCTH is not asserted.

The amplitude modulator consists of PIN diodes CR117 through CR120 and associated
components and follows the switchable filters in the signal path. The modulator is 2
voltagecontrolled variable attenuator that provides AM and output level control.
Modulator control voltage is determined by the leveling-loop circuitry. The levelingloop
is described later in this section.

Q209, Q211, Q213, and associated components follow the modulator in the signal path
and form a three-stage, 20-dB gain, 245-MHz to 1050-MHz amplifier. This amplifier
drives a 3-dB power splitter that consists of resistors R253 through R255 and associated
printed transmission lines.

One power splitter output drives the leveling-loop detector diode CR202. The other
output goes to the HET band switch that includes PIN diodes CR203 through CR210 and
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biasing components, In the 245-MHz to 1050-MHz position, the signal passes through
diodes CR204 through CR209 to the output amplifier Q215. This low-distortion output
amplifier has 6-dB gain and output capability of 15 dBm.

For low-band operation (0.01 MHz to 245 MHz), the signal from the power splitter is
routed through CR203 to an adjustable attenuator, R224 through R229, and then to the
RF port of U201 (a double-balanced mixer). The signal frequency at the mixer RF port
varies from 800.1 MHz to 1045 MHz. The 800-MHz local oscillator (LO) signal for the
mixer comes from the Synthesizer assembly through P108 and is amplificd by Q207. This
fixed-tuned amplifier has 13 dB of gain and provides a 10-dBm signal at the mixer LO
port,

The mixer 0.01-MHz to 245-MHz output signal is passed through a diplexing low-pass
filter (C219 through €230, R230, R231) that suppresses unwanted mixer spurious
products while maintaining a 50-ohm load at the mixer IF port. The filtered IF signal is
amplified by a three-stage IF amplifier Q202, Q204, Q206 and associated components.

The 1F amplifier gain increases with frequency and is nominally 35 dB at 0.01 MHz and
37 dB at 245 MBz. This gain characteristic compensates for the increasing loss with
frequency of the mixer and the diplexing low-pass filter. The output of the IF amplifier
passes through a 245-MHz low-pass filter (C216, C217, C218 and printed inductors) and
PIN diode CR210 to the output amplifier. The +15V power supply for the LO and IF
amplifiers is switched off by Q301 when the instrument is operating in the 245-MHz to
1050-MHz band to avoid introducing spurious products in the instrument output.

3-53. LEVELING LOOF

The leveling loop accepts the unleveled 245-MHz to 1050-MHz signal from the
switchable low-pass filters and generates a leveled signal at the power splitter output that
feeds the HET band switch. The leveled signal is proportional to the leveling loop control
voltage that is generated by the level-control circuit. The signal amplitude at the other
output of the power splitter 1s detected by a Schottky detector diode, CR202,

This diode generates a temperature-dependent d¢ voltage, which is a non-linear function
of the applied RF voltage, 50 temperature compensation and linearization are necessary.
The detector diode signal is low-pass filtered by L217 and €253, and is offset by the
voltage across temperature-compensating diode CR126. G104, Q105 and associated
components form a current source circuit that provides bias current for CR126 and
CR202.

The offset detector diode voltage at U101B pin 3 is linearized by amplifier U101B and its
associated feedback components. Potentiometer R144 provides detector lincarity
adjustment. Thus, the voltage at UIOIB pin 1 is proportional to the RF voltage at
detector diode CR202.

This voltage is divided and applied to the loop integrator amplifier at UL01A pin 6. This
amplifier drives the modulator through emitter follower Q103 and through the action of
the ALC loop, maintaining the voltage level at UIO1A pin 6 ¢qual to that on pin 5. Pin 5
voltage is a function of the leveling loop control voltage applied to R140. R 140, R141,
CR127, and CR 128 form an additional detector linearizing network that is active for low
RF levels. Amplitude modulation is achieved by summing an appropriately scaled
modulation signal with the dc leveling loop control voltage applied to R 140,

The amplitude modulator consists of PIN diodes CR117 through CR 120, resistors R121,
R122, and capacitors C]37 and C138. Attenuation through the modulator is a function of
bias current through the PIN diodes. This current is provided by the modulator linearizer
circuit (R123 through R129, R148, R149, C139 through Cid3, and CR12]).




THEQRY OF OPERATION

Modulator attenuation is thus approximately proportional to the modulator control
voltage at the emitter of Q103. Proportionality is required to maintain constant leveling
loop bandwidth as modulator attenuation varies. Minimum attenuation is obtained with
a modulator control voltage of 10V, while maximum attenuation is obtained with 0V.

Comparator U310A and associated components form an unleveled indicator cireuit. The
comparator senses the modulator control voltage at the emitter of Q103. This voltage is
normally less than +11V, and the comparator output is high. If the modulator control
voltage exceeds +11V, the modulator attenuation is at a minimum, and the levelingloop
becomes inoperative (unleveled). This condition could be due to a fault or some abnormal
operation such as over-modulation. In this case, the comparator output (UNLVLL) goes
low. The Controller senses this low and causes the front panel ‘UNCAL’ indicator to flash
and displays an unleveled status if interrogated.

3-54. LEVEL CONTROL

The instrument output level is set by the level-control circuit. Inputs to this audio signal
processing circuit are the internal and external modulation signals, a dc reference voltage,
and the digital control commands. The circuit output is the leveling loop control voltage
that provides vernier level control of the Generator output. Digitally encoded level,
modulation depth, and temperature-compensation information are provided by the
Controller.

Selection of the internal or external modulating signal, or no modulation, is made by
analog switches U401C, U401D, and Op-amp U402B. The selected, buffered modulation
signal at U402B pin 1 is applied to pin 4 of U301, a dual 8-bit DAC. U301, with U302D,
acts as a digitally programmed variable attenuator and is labeled AM DAC.

Binary AM depth control information from the Controller is applied to DAC U301, The
output at U302D pin 14 is the modulation signal scaled to the programmed AM depth.
This ac signal is summed by op-amp U302B with a dc reference voltage provided by
CR403. The output at U302B pin 7 is called the 1+AM signal. This signal provides the
desired AM depth when scaled by the LVL DAC and applied to the leveling loop. AM
depth adjustment is provided by potentiometer R421.

The instrument RF output amplitude is temperature compensated in a frequency-
dependent manner as follows. The 1+AM signal is applied to pin 18 of dual 8-bit DAC
U301, the DAC B reference input. The DAC output, at U405D pin 14, is the 1+AM signal
attenuated by an RF frequency-dependent factor provided by the Controller using
constants stored in the Generator firmware. This voltage is applied to a
resistor/thermistor network that includes R303, R305, R306, and RT30].

‘The network output is the 14+AM signal attenuated by an RF frequency and temperature-
dependent factor, and is applied to summing op-amp U302C. The 1-++AM signal is also
applied to this summing amplifier. Thus, the voltage at U302C pin 8 is the temperature-
compensated and scaled 14+AM signal,

—

This signal is applied to the reference input of Level DAC U303. This 12-bit DAC, with
op-amp U302A, latches U304, U305, controls the Qutput assembly RF output amplitude,
The DAC output voltage, at U302A pin 1, is the temperature-compensated 14+AM signal
multiplied by a factor proportional to the 12-bit level control number provided by the
Controller. This voltage is the leveling loop control voltage. The Generator RF output
level adjustment is provided by potentiometer R311, and DAC offset voltage adjustment
is provided by potentiometer R309.
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3-55. MODULATICON OSCILLATOR

The modulation oscillator generates a leveled sine wave of 400 Hz or 1 kHz and is the
modulation source for the internal AM and FM functions. The oscillator is a level-
controlled Wien-Bridge type and consists of op-amps U405A, U405B. Frequency is
determined by the series RC time constant of the components between pins 5 and 7 of
U405B and by the parallel RC time constant of the components from U405 pin 5 to
ground. The modulation frequency control line, MF400L, originating at the latch U308,
sclects cither 400-Hz or 1-kHz operation, and is selected by switching resistors with
JFETs Q401 and Q403.

The amplitude of oscillation is controlled by an ALC loop that varies the resistance on
U405B pin 6 to ground. This resistance comprised of R412 and the drain resistance of
402, is nominally 2K ohms. The oscillator signal amplitude is sensed by rectifier CR401.
The average current through CR401 is made ¢qual to the reference current in R416 by
integrator-amplifier U405A. Level adjustment is set by potentiometer R419,
Temperature compensation is provided by R4i17, R4]8, and CR402.

3-56. FM DEVIATION CONTROL

The FM modulation signal source and deviation control circuits are on the Output
assembly. Analog switches U401A, U401B, and op-amp U402A select the internal or
external modulating signal, or no modulation. The selected and buffered modulating
signal at U402A pin 7 is applied to FM DAC U403, This DAC provides fine control of the
FM deviation. (The coarse control FM circuitry is part of the Synthesizer assembly). The
output of the DAC, at U405C pin 8, is the modulation signal multiplied by a factor
proportional to the 8-bit FM deviation control provided by the Controller,

3-57. Attenuator/RPP, A2A5

The Attenuator/ RPP Assembly, A2AS, consists of an Attenuator/ RPP PCA, A2ZA5A4,
in a metal housing mounted on the top side of the A2 module section to form a shielded
enclosure. The Relay Driver /RPP PCA, A2A5A35, is included in this assembly.

The Attenuator assembly controlled by the microprocessor provides coarse control of
the Signal Generator output level. The high-level signal from the OQutput PC assembly,
AZ2A4, is applied to the Attenuator which provides @ dB to 138 dB of attenuation, in 6-dB
steps, to this signal before it gocs to the Generator RF OUTPUT connector.

Compensation data for the attenuator in each Generator is stored in the Attenuator
calibration EPROM located on the Controller PCA, A2A7. The instrument program
uses this data to correct for the combined deviations of the attenuator sections in use, For
more details on level correction, refer to paragraph 3-13, Amplitude Control.

The Attenvator/ RPP Asscmbly provides an attenuation range from 0 dB to 138 dB in
6-dB steps and consists of seven independently cascaded 50-0hm attenuation sections, a
6-dB, a 12-dB, and five 24-dB sections. Each section consists of a DPDT relay and a
three-resistor attenuator pad.

One relay position (when power is applied to the relay provides a straight path for the RF
signal, and the other position (no power applied to the relay) inserts the attenuator pad
into the RF signal path, All seven relays are inside individual shielded compartments in
the Attenuator housing.

The control of the Attenuator relays is latched via U27, the open-collector drivers U30
and U31 on the Controller PCA A2A7 and transistor drivers on the A2ZA5AS5 Relay
Driver/RPP control PCA. For calibration and troubleshooting purposes, special
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functions 83 through 86 allow the direct selection of four of the five 24-dB attenuators.
The other 24-dB attenuator is selected by programming the appropriate level (-12 dBm).

Coupling capacitors C6 and C7 protect against dc or low-frequency power. The diode
limiter, consisting of CR2 through CR9, provides protection against medium RF Power
levels and short-term (fast acting) protection against high RF power levels. Long-term
(latched) protection is provided by relay K8 whenever the reverse RF pwer exceeds a
preset level.

RF power detected by CR1 is compared with the preset voltage in one section of
comparator U1, When the detected voltage exceeds the set value, the output of Ul pin |
goes positive, turning on Q1 and Q2. This actuates K8 to the protect position. In the
protect position, the output connector is shorted to ground and the Generator output is
disconnected from the output connector, ‘

CR15 and R6form alatching network such that K8 remains in the protect position until
the Generator RF Qutput is reset by an RF ON entry. The output of the comparator is
buffered and sent as RPTRPL to interrupt the Controller signal that annunciates the
RPP trip condition by flashing the UNCAL and RF OFF indicators.

3-58. Controller PCA, A2A7

The Controller, under the direction of the instrument software, handles the data interface
between the front panel, remote interface, and Generator functions. The Controller is
located in a top side compartment of the module section, A2.

The Controller printed circuit assembly consists of -the following functional groups:

Microprocessor and its interface circuitry
Attenuator control interface

Front panel interface

{IEEE-488 Interface

Memory ICs and addressing circuitry
Module 17O circuitry

Reset circuit

Status and control latches

3-58. MICROPROCESSOR

The heart of the Controller assembly is Ul, a TM59995 16/8 bit microprocessor. The
digital system clock signal is generated by an oscillator comprised of gates from U5 and
crystal U4l When enabled, bidirectional buffer U4 provides additional drive current to
the data bus operation; when it is disabled, it isolates the microprocessor from the system
data bus. Buffers U33, U34, and U10 provide extra drive current to the microprocessor
address and control signals.

3-60., ATTENUATOR CONTROL INTERFACE
The attenuator control signals are latched by U27. Darlington drivers U30 and U3l
control the Relay Drivers A2A5A5 PCA.

3-61. FRONT PANEL INTERFACE

Data is transferred to and from the front panel circuitry through tri-state bidirectional
data buffer U18. This buffer is active when a front panel latch is addressed and the buffer
control signal from U17 is low; otherwise, it is in the high-impedance state. The front
panel latch select lines are decoded by U36. To reduce RF emissions from the Generator,
low-pass filters comprised of the following components are used on the following signals;
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SIGNALS COMPONENTS

Signal CLRL R6 and C51
Latch select SEG]L. R7 and C53
Latch select SEG2L RS and C54
Latch select SEG3L R9 and €55
Latch select SEG9L R10 and 356
Latch select DIGL Rl1l and C57

In addition, capacitors C58 and C59 bypass the display filament supplies. LC filters
comprised of L1 and C50, and L2 and C52 are used on the 5 volt and +37 volt supplies
to the front panel circuitry.

3-62. |EEE-488 INTERFACE

Tri-state bidirectional buffer U2 buffers the data bus to the optional IEEE- 488 assembly,
A3A3. Address and control lines to the option are buffered by tri-state buffer U3, These
buffers are in the high-impedance state when the option is not addressed.

The active low interrupt signal IEINTL from the IEEE-488 option is connected to the
level four interrupt on the microprocessor. When the option is not present, IEINTL is
pulled up to the ipactive state. Rl and C22 form a low-pass filter to suppress digital
emissions from the Generator.

3-63. MEMORY

The microprocessor uses a 2K-byte RAM (U25) to store program variables. A 32K-and
an 16K-byte EPROM (U21 and U22) contain the microprocessor instructions and
constant data. Three 2K.-byte Calibration EPROMs (U23, U24, U26) contain calibration
datafor the VCO, Output, and Attenuator/ R PP assemblies, respectively. Decoders U20
and U14 decode the individual chip selects for the memory 1Cs,

3-64. MODULE 1I/0O

Control data is transferred to the RF circuitry (located in the Module Section, A2)
through a hyte wide unidirectional data bus. This data is retained on the RF circuit
boards in fatches. Select lines BSELOL, BSELIL, and address lines BAB2 through BABf
are decoded into individual latch enables on the various RF circuit boards, Tri-state
buffers U15 and U16 on the data and address lines provide extra drive current and allow
these signals to float when inactive.

Flip-flop U42 gates the module 1/ 0 select pulse from U8 with the system clock to delay
the leading edges of BSELOL and BSELIL to provide adequate latch setup times. D-flip-
flop U9 latches address lines BAB2 through BABO to provide adequate latch hold times.

3-65. RESET

Comparator U7 and its associated circuitry generate the active low reset signal to the
TMS9995. The reset signal is gencrated on power-up or if the +-5V supply drops below
+5V.

At power-up, R5 and C4 provide a slow-rising reset signal to the microprocessor, and the
output of U7 is ignored, When the +5V supply is up, a reference voltage isset at U7 pin 2,
the negative terminal. This reference voltage is one diode drop below the voltage at the
positive terminal (pin 3). When power is lost, the voltage at the positive terminal falls
below the reference voltage held by C3, and the output of U7 13 immediately pulled low,
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3-66. STATUS AND CONTROL

Tri-state buffers U1l and U40 read the three hardware faunlt detector status signals,
UNLVL, UNLOKL and RPTRPL, the five option status signals HSOPTL, MSREFL,
IEINL, LRFML, and ROPTL, and the status of the REF INT/ EXT switch. Control and
buffer enable signals are latched by Ul7.

3-67. REAR SECTION, A3
The rear panel section consists of a fuse/filter/line-voltage selector switch A3FLI1, a
transformer A3T1, a Power Supply PCA A3Al, and a fan, A3B1. The line-selector
switch accommodates four line voltages, 100/120/220/240 volts, selected by the
orientation of a pullout PCB.

The transformer A3T1, with its two primary windings, accepts these four voltages and
produces the necessary five secondary voltages. The power supply PCA A3Al rectifies,
filters, and regulates these secondary voltages to produce the dc voltages required by the
Generator. The de fan A3B1 is connected to the unregulated +5V supply.

NQTE

The power supply for Option -130 High-Stability Reference is separate. It has
an automatic change over switch for different input line voltages.

3-68. Power Supply PCA, A3A1

The bridge rectifiers in the power supply are used in either a bridge or full-wave center-
tapped configuration with capacitor input filters. Table 3-1 lists the rectifier
configurations as well as the component designations for the various supplies.

The two +15V, the -15V, and the +5V supplies use conventional three-terminal 1C
regulators with internal current-limiting and temperature protection. All three 15V
regulators have reverse voltage protection diodes CR3, 4, and 8.

The +37V regulator voltage is adjustable via R3. A 6.2V supply is developed from the
+37V supply through resistor R4 and zener diode CR7 and is applied to the center tap of
the 6V ac filament supply. This provides grid bias for the front panel displays. All
regulators (except +37V) have their common reference terminals brought out to an
external ground point on module A2 to reduce power supply ripple (P2).

Triac U6 is a voltage surge protector to protect against line voltage surges as well as
overvoltage in case of a wrong setting of the selector switch,

Switch S1 is the REF INT/EXT reference selection switch and is not functionally part of
the power supply.

Table 3-1. Power Supply Reclifier Coniigurations

SUPPLY RECT. CONFIG.| CAP REGULATOR | REMARKS

+37 CR& Bridge | €11 AIA1 U4 Adjustable

+15 CR2 CT/FW c2 us Fixed

+15 CR2 CT/FW c2 " Ul Fixed

=15 CrR2 CT/FW s " uz2 Fixed

+5 CRS CT/FW CB AS us Fixed

+18 CRT Bridge ' €1 Unregulated relay supply
FIL &4V ac with center—tap biased at 6.2V dc.
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3-69. Sub-Harmonic Reference (Part of A2A1)

Comparator 67 forms an ac-to-TTL converter. Diode CR20 and CR21 precondition
the REF IN signal to protect the comparator. Resistors R148, R149, R153, and R217
provide hysteresis, preventing oscillation when there is no input.

MOS switch U70 connects the control voltage of the 10-MHz crystal oscillator to a bias
network R229, R230, and R231, or to the loop amplifier, thus closing a phase-locked

loop.

The phase detector and loop amplifier are made up of UG8, 26, Q27, )28, and U69. The
signal from the external reference input through the ac-to-TTL converter or the
enhanced stability options is applied to the flip-flop clock input, U68-3, via U54, The
10-MHz signal from the crystal oscillator goes to the other flip-flop clock input, U68-11.
The flip-flops arc connected, so the width of the pulse that switches Q38 is the difference
in time of these two signals (U68-3 and U68-11). The phase-detector operating point is set
by R223 and R224.

The output of the loop amplifier is applied as the control signal to the frequency control
input of the 10-MHz crystal oscillator through the control switch U70. The control
switch, U70, is controlled by the Generator Controller through the control line SHENL.
This line is enabled when rear panel REF INT/EXT switch is set 10 EXT or when the
enhanced stability options are present.

An out-of-lock detector is formed with one-shot U71. The out-of-lock detector provides
a status output to the Controller that indicates the 10-MHz oscillator is not locked. An
out-of-lock condition causes the loop amplifier to have a low-frequency beat note which
triggers the one-shot to act as a pulse stretcher.

The output of the one-shot is an active-low signal and is combined through diode CR29
with other signals to form the UNLQK status signal,

3-70. NON VOLATILE MEMORY A2A8

3-71. Power Circuit

There are two sources of power for the Non-Volatile Memory RAM IC, These are the
battcry and the regulated +5V Signal Generator supply. Diodes CR1 and CR2 form a
basic diode switching circuit that allows the power source with the higher voltage to
provide current to the CMOS RAM and isolate the other power source.

Q1 and Q4 are turned on by Q2 and Q3 when the +5V supply is above the threshold
voltage set by VRI, R2, and R3. QI has a low collector saturation voltage. When it is
turned on, the supply voltage to the CMOS RAM is very close to +5V. The output of Q4
is the power valid signal. The CMOS RAM cannot be accessed until the output of Q4
goes high.

3-72. Memory Control

All address, data, and control lines to the CMOS RAM are buffered. The enable signals
WEL, DBINL, and the CMOS RAM are buffered with open-collector gates. These
signals are held at the same potential as the CMOS RAM supply when the +5V supply
goes down, ensuring the CMOS RAM draws the minimum standby current.

The presence of the Non-Volatile Memory is detected by the microprocessor when the
option is plugged into the Controller board. The signal NVMENL, normally at +5V, is
pulled to ground when the option is installed.




Section 4
Maintenance

4-1. INTRODUCTION

This section of the manual presents warranty information and service methods.
Performance test procedures are presented in Section 4A, access procedures in 4B,
calibration adjustment procedures in Section 4C, and troubleshooting and repair
information in Section 4D.

Each Signal Generator is warranted for a period of one year following delivery to the
original purchaser, The warranty is located in front of Section 1 of this manual.

4-2. SERVICE METHODS

The Signal Generator is designed to be easily and economically serviced. You may return
your instrument to Fluke for service, or you may service it yourself, and repair it, if
necessary, by module replacernent or component replacement.

4-3. Fluke Service ‘

Fluke Service is probably the easiest for you. To ship a Signal Generator to the Fluke
Technical Service Center nearest you, see Section 2 for shipping requirements and
Section 7 for a list of repair centers. A cost estimate will be provided if you request one
and if your instrument purchase date is beyond the warranty period.

4-4, Module Replacement

If your Generator develops a problem, see the Troubleshooting Section 4D for
information on identifying the faulty module. With a modest amount of technical
knowledge and test equipment, you can identify the faulty module and replace it using the
Module Exchange Program. This method takes only a day or two to restore the
Generator to proper working order. Very little or no calibration is required depending on
the module replaced. :

Module exchange is used if it is necessary to completely recalibrate any of the three
modules in your Generator that have an associated calibration EPROM.

4-5. Parts Replacement

Parts replacement requires more equipment and service capability but usually offers the
best economy and quickest turnaround. It involves part replacement at the customer’s
facility.

Most faults are detected by the built-in self tests or the UNCAL status circuits. By noting
the self-test error code and interrogating the UNCAL status code, the service technician
learns where the problem is. By applying normal signal tracing and troubleshooting
procedures (see Troubleshooting in Section 4D of the manual), the fault can be quickly
identified,
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The faulty component is replaced, and then the instrument is recalibrated using
Calibration Adjustments in Section 4C of this manual (if necessary). The Performance
Tests explained in Section 4A of this manval are used to verify the Generator
performance after repair or recalibration of the Generator.

Some assemblies have some non-field-replaceable parts. These parts, if replaced, would
invalidate the calibration EPROM associated with that assembly. They are the Output
{A2ZA4), the VCO (A2A2), and the Attenuator/ RPP (A2A5) assemblies. Non-field-
replaceable parts are listed in the appropriate parts lists at the bottom of that list.

In the event that a non-field-replaceable part is defective (about 109 of the parts are not
field-replaceable), it is necessary for the module to be replaced using the Module
Exchange Program in order to realize a complete recalibration of that module and its
associated EPROM. Section 7 lists the national and international Sales Representatives

and Service Centers.




Section 4A
Performance Tests

4A-1. INTRODUCTION

The information in the following paragraphs describes the performance tests for the key
parameters of the Signal Generator, using the instrument specifications as the
performance standard. These covers-on performance tests may be used as an acceptance
test upon receipt of the instrument, as an indication that repair and/ or calibration is
required, or as a performance verification after completing repairs or calibration of the
instrument. Individual performance tests can be used as troubleshooting aids.

The Signal Generator being tested (UUT) must be warmed up with all covers in place for
at least 20 minutes before starting the performance tests.

Periodic calibration is recommended once a year.

4A-2. TEST EQUIPMENT

Table 4A-1 gives a list of the recommended test equipment for the performance tests,
adjustment procedures, and for troubleshooting the Generator. Figure 4A-1 shows a
Two-Turn Loop.

Figure 4A-1. Two-Turn Loop
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Table 4A-1. Recommended Test Equipment

INSTRUMENT NAME

MINIMUM REQUIREMENT

MANUFACTURER
DESIGNATION

byM
DMM

Wideband Amplifier

RF=Spectrum Analyzer
Cucilloscope
FET Probe

RF Voltmeter

Frequency Counter

Modulation Analyzer

Distortion Analyzer

Fower Meter

Sensor

Low-Level Sensaor

Attenuator, 60 dB

LF Synthesized &ig-
Gen

Frequency Standard
Test Cable
Adapter. Coax
Adapter, Service

Twe=Turn Loop

SWR Bridge

Type=N Termination

Coaxial Cable, 50 ohm
Coaxial Cable., 50 chm
Screwdriver, electric

Fower Supply., Variable

5 1/2-Digit. 0.3% DC-20 kHz
3 1/2-Digit, 1% DbC and 1 KHz

»25=dB gain. 0.4 to 1050 MHz
NFf <9 dB.

0.1 to 1.5 GHz, 1-kMz BW
Four=trace 300 MHz. >-mV/Div
pC=900 MHz

0.01 to Y00 MHz. Q.DT to 3V
104

0.4-1050 MHz; 10 Hz res; 0.1V

Input: 0.4 to 1050 MHz, O to
+20 dfim

AM: 10 to 90%. 1%,

FM: 0.1 to 100 kHz dev 1%

1 to 10 rng, +1dB, 0.4 and
1 kHz

Instrumentation accuracy < 11X
=30 to 20 dBm; SWR < 1.2 for
0.4 to 1 MHz, < 1.1 for 1 to
1050 MHz

-&7 to —20 dBm; SWR < 1.4 for
10 to 30 MHz <1.15 for 30 to
1050 MHz

0.4 to 1050 MHz SWR <T.1

10 Hz to 11 MHz. 10 Hz steps,
Spurs and Harm < -50dB.

House Standard. 10 MHz

Pual pin to BNC

50-chm. Type-N(m} to BNC()

S0=okm, Module output to 3MA

For Leakage test (See Figure
4A-1.)

10 MHz to 1000 MHz
S0=-chm

3 ft. BNC both ends
&6 ft, BNC both ends
et to 7 inch-pounds torque

0 to 30V de

JF BR4OA-D9
JF BOZ20B

HP B447p-010

HFP B85588/182T
TEK 2465-11
TEK &20%

HI RF &

JF 7220A

HP 2901A

HP 3398

HP 4358

HP B4BZA (4)

HP 84844

Narda 777C

1v pk JF 60114

JF 732891
JF Y9308
JF 744177

Homebuilt

Wiltron 62N50

JF Y9317
Y911
Y9112

Jergens-
CLAL00/ CLTaA

g}
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Table 4A-1. Recommended Test Equipment (cont)

Notes
A = Adjustment; P = Parformance Test; T = Troubleshcoting.
Helper Instruments,

Two=Turn, 1=inch diameter Loop made of £18 enamel wire soldered to
a BNC connector. Figure 4A-1 shows a two—turn Lloop.

The HPBI0ZA/11722A Measuring Receiver may be used in place of the
widaband amplifier. 60-d8 Attenuator, HP3901A. HP339B, and the
HP435R/ B4B2A/ B4BAA for the alternate performance test.

SWR verified and actual attenuation calibrated to +0.2 dB by the
oparator at application freguencies.

4A-3. POWER-ON TEST .
This performance test is the built-in self test that performs a simple functional check of

the instrument.

REQUIREMENT
The Generator successfully passes the self test.

REMARKS

The test is begun each time the Signal Generator is turned on. Press any of the
FUNCTION keys or the [CLR/LCL] key to abort the test.

PROCEDURE
a. Start the test with the POWER switch off,
b. Turn the POWER switch on.

The Signal Generator automatically starts the self tests, which inplﬁde turning
on all indicators, indicators, and every segment of the display. This test takes
five seconds. ‘

If the instrument fails any of the self tests, the results are shown in the four
display fields. See paragraph 4D-17 for the interpretation of the test failure
codes.

If the Generator passes the self test, it programs the Generator to the same front
panel condition that existed when the Generator was previously turned off. The
IEEE-488 Interface (if installed) is programmed to local control.

4A-4, SYNTHESIS TEST .
. Using a Frequency Counter operating on a common reference with the Generator, the
Generator output frequency is measured at several programmed frequencies.
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PERFORMANCE TESTS

REQUIREMENT

The Generator’s measured and programmed frequencies agree within + one count.
TEST EQUIPMENT

Frequency Counter

REMARKS

Failing this test indicates the need to repair and/or recalibrate the Synthesizer A2A1
assembly.

PROCEDURE

a. Connect the UUT 10 MHz QUT to the Frequency Counter 10-MHz reference
input, and connect the UUT RF OUTPUT to the Counter input.

Set the UUT REF INT/EXT Switch to INT.

Program the UUT to [RCL] [9][8]).

Program the UUT frequency to 111.1111 MHz,
Program the UUT frequency step to 111.1111 MHz.
As the frequency is stepped from 111.1111 MHz, 222.2222 MHz, ctc., to

999.9999 MHz, verify that the Counter reading agrees with the UUT frequency
Tt one count.

4A-5. HIGH-LEVEL ACCURACY TEST

The output power is measured with a power meter at various frequencies, first with the
step attenuator set for zero attenuation, then with each attenuator section individually
programmed, the output level accuracy and attenuator section errors are computed.

REQUIREMENT

The output level accuracy, the attenuator section errors, and the sum of the attenuator
section errors at each test frequency are less than + 1.0 dB, frequency > 0.4MHz.

TEST EQUIPMENT

Power Meter with a Sensor

REMARKS

Faling this performance test indicates the need to replace the Qutput (A2A4) and/ orthe
Attenuator/ RPP A2A5 assemblies. To determine which assembly is at fault, use Section
4D in this manual for Troubleshooting procedures.

The test frequencies of this procedure provide reasonable confidence of the amplitude
accuracy of the UUT. However, additional test frequencies may be included in this test.
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This test verifies the high-level accuracy of the Generator and also verifies that the
amplitude correction factors for the individual Attenuator sections are correct. This test,
in conjunction with the mid-level accuracy and low-level accuracy tests, verifies the
overall level performance of the UUT.

PROCEDURE
a. Calibrate and zero the Power Meter.
b. Program the UUT to [RCL] [9][8].
Connect the Power Sensor to the UUT RF OUTPUT.

Program the UUT frequency to 0.4 MHz,

Select each attenuator section by programming the UUT amplitude to the levels
shown in Figure 4A-2 High-Level Accuracy test conditions, and record the
measured power at each level.

For each programmed level of Figure 4A-2, compute the output power error
(subtract the programmed power in dBm from the measured power in dBm).
These errors must not exceed + 1.0 dB.

For attenuator sections 1 through 7, subtract the measured power for section
zero from the sum of the measured power for that section and the nominal
attenuation for that section, e.g., (-M{O+M1+6) for section 1. The eight section

errors and their sum must not exceed + 1.0 dB.

Figure 4A-2 shows the parameters of the high-level accuracy test.

OUTPUT POWER

ATTENUDATION PROGRAM MEASURELD SECTION
ERROR
SECTION | NOMINAL (dBm? (dBm?} (dB}

+12 Ma mMO=-12

+ 6 M1 =MO+M] +5
0 M2 -MO+M2+1 2

-12 M3 ~MO+M3+24

~12 CSPCL] CBIC31 M4 —MO+M4+24

~12 [SPCLI [8IL41 M5 ~MO+M5 424

~12 L[SPLL] CBILSY Ms =MO+M&+24

-12 CSPCL] C8I061 W7 ~MO+M7+24

Sum of
Errors

Flgure 4A-2. High-l.evel Accuracy Test Conditions




MAINTENANCE
PERFORMANMNCE TESTS

NOTE

To test Attenuator sections 4 through 7, program the Signal Generator to -12
dBm, and key in [SPCL] [8][3] through [8]6] respectively.

h. Repeat steps d through g with the UUT programmed to each of the following
frequencies:

120 MHz, 244 MHz, 245 MHz, 850, and 1050 MHz.
To illustrate the procedure, Figure 4A-3 is an example in which the measured
power and the error calculations are shown. This example is for one frequency,
and these measurements and calculations are repeated at other frequencies. In
this case, the section errors and the sum of the section errors are within the test
limits and, therefore, the unit passed.

4A-6. MID-LEVEL ACCURACY TEST

The level aceuracy is vernified, from -24 to —-66 dBm at frequencies of 120, 244, 245, 850,

and 1050 MHz, using the Power Mcter with a Low-Level Sensor.

REQUIREMENT

Amplitude accuracy is 1.0 dB from +13 to -127dBm.

TEST EQUIPMENT

Power Meter with a Low-Level Sensor

REMARKS

This test, in conjunction with the High-Level Accuracy Test and the Low-Level Accuracy
Test, verifies the overall level performance of the UUT.

It is convenient to use the UUT RF ON/OFF control when zeroing the Power Meter,
PROCEDURE

Program the UUT to the Instrument Preset State [RCL] [9][8], and then
program 30 MHz and -24 dBm,

Calibrate the Power Meter.

Connect the Power Meter with a Low-Level Sensor to the UUT RF OUTPUT.
Zero the Power Meter.,

With the Power Meter, measure the UUT output power (in dBm). It should
agree with the programmed level within = 1.0 dB.

Repeat steps ¢ and f for levels of -30, -36, <42, 48, -54, -60, and -66 dBm.

Repeat steps d to g for frequencies of 244, 245, 850, and 1050 MHz.
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QUTPUT POWER

ATTENUATION PROGRAM MEASURED SECTION
ERROR

SECTION | NOMINAL | (dEm) ClBmd (de)

2.2 +H2.2-12.0
+05.9 . —12.245.9+6 |
~00.2 -1eg.2-0.2+12
=12 -12.1 =12.2-12.1+24
~12 LSPCLICBICZ] ~11.8 =12.2~11.8424
-12 CSPCLICBIC4] —12.0 =12.2-12.0+24
-12 CSPCLICBILSY ~12.3 -12.2-12.3+24

=12 ESpPCLIC8IC6] -11.9 =12.2-11.9+24

Sum of Errors

Figure 4A-3. High-t.evel Accuracy Test Conditions

4A-7. LOW-LEVEL ACCURACY TEST

The Power Meter with a Low-Level Sensor and the calibrated 60-dB Attenuator are used
to verify the UUT level accuracy at —127 dBm and at frequencies of 120, 244, 245, 850, and
1050 MHz, by using the Spectrum Analyzer as an indicator,

REQUIREMENT
Amplitude accuracy is £1.0 dB from +13 to -127 dBm.

TEST EQUIPMENT

Wideband Amplifier

60-dB Attenuator

RF Spectrum Analyzer

Power Meter with a Low-Level Sensor

REMAERKS

This test, in conjunction with the Mid-Level Accuracy and High-Level Accuracy Test,
verifies the overall level performance of the UUT.

Failing this test, but passing the High-Level Accuracy Test, probably indicates a leak-
around problem in the UUT attenuator. Service tip:

Check for a broken feed-through filter or improper mechanical assembly, i.e., loose
screws and/or damaged or misplaced gaskets.

It is convenient to use the UUT RF ON/OFF control when zeroing the Power
Meter,
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PROCEDURE

a, Program the UUT to the Instrument Preset State [RCL][9][8]. then program 30
MHz and -67 dBm.

Calibrate and then connect the Power Meter with a Low-Level Sensor to the
UUT RF QUTPUT.

Program the UUT to —67 dBm.
Zero the Power Meter.

With the Power Meter, measure the UUT output power (indBm) and record the
measurement as the variable P.

Connect UUT RF QUTPUT through the 60-dB Attenuator and the Wideband
Amplifier to the input of the RF Spectrum Analyzer. Use well shielded cables to
avoid leakage that could affect the measurement.

Adjust the Analyzer to display the signal, using a resolution bandwidth of 1 kHz
and a vertical display of 1 dB/ Div. Adjust the reference level so that the response
is at a convenient reference point on the display, e.g., 2 dB below top scale. This
signal response corresponds to a level of (P-A) dBrn, where A is the value of the
60 dB Attenuator.

Program the UUT to a level of -127 dBm, remove the 60-dB Attenuator, and
note the difference in the resulting response on the Spectrum Analyzer from the
previous response (P-A). The actual UUT output level is (P-A) plus this
difference and should agree with the programmed level to within = 1.0 dB.

i, Repeat steps ¢ through h for frequencies of 244, 245, 850, and 1050 MHz.

4A-8. ALTERNATE-LEVEL ACCURACY TEST

The Measuring Receiver is used to verify the UUT level accuracy from +11 dBm to 127
dBm, and at various amplitude and frequency settings that test all level ranges of the UUT
on all RF bands.

REQUIREMENTS

Amplitude accuracy is 1.0 dB from +13 dBm to -127 dBm, frequency > 0.4MHz.

TEST EQUIPMENT

Measuring Receiver

REMARKS

This one test is a more comprehensive test than the High-Level, Mid-Level, and Low-
Level Accuracy tests.

Failing this test at levels above approximately -50 dBm indicates the need to replace the
A2Ad4 Output and/or A2A5 Attenuator/ RPP assembly.

Failing this test at lower levels probably indicates a leak-around problem with the
Attenuator. Check for loose connectors, loose screws, improper gasketing, or a broken
feed-through filter.
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It is convenient to use the UUT RF ON/OFF control when zeroing the power meter
function of the Measuring Receiver. ‘

PROCEDURE

a. Connect the UUT 10 MHz OUT to the 10 MHz timebase input of the Measuring
Receiver.

Set the UUT REF INT/EXT switch to INT.

Program the UUT to[RCL][9][8]}, and then program the UUT to 0.4 MHz, 411
dBm and program the Amplitude Step to 6 dB.

Calibrate the Measuring Receiver and connect it to the UUT RF QUTPUT.

Verify that the level measured with the Measuring Receiver agrees with the
UUT programmed level to within 1.0 dB, as the UUT level is stepped down
from +11 dbm to -127 dBm in six ¢B steps at each of the following frequencies;

0.4 MHz, 120 MHz, 244 MHz, 245 MHz, 850 MHz, and 1050 MHz.

4A-9. OUTPUT LEAKAGE TEST

The output signal leakage is verified with a two-turn loop by measuring the induced signal
with a spectrum analyzer and comparing it to a | uV reference established at each
frequency from the UUT.

REQUIREMENT

The radiated emissions induce less than 1 uV of the Generator’s output signal into a 1-
inch diameter, two-turn loop, 1 inch away from any surface of the Generator as measured
into a 30-ohin receiver.

TEST EQUIPMENT

Wideband Amplifier

RF Spectrum Analyzer

Two-Turn Loop

Type-N Termination

A screen room may be required depending on the RF environment.

REMARKS

Failing this test probably indicates a broken feed-through filter or improper mechanical
assembly, i.e.; loose screws and/or damaged or misplaced gaskets.

PROCEDURE
a. Connect the UUT RF OUTPUT to the Wideband Amplifier input, and connect
the Amplifier output to the Spectrum Analyzer input. Use well shielded cables
to avoid leakage which could affect the measurement.

Program the UUT to the Instrument Preset State, [RCL] [9)(8].

Program the UUT to -107 dBm.
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Adjust the Spectrum Analyzer to display the UUT signal for a convenient
reference, using a vertical scale of 10 dB/division, a resolution bandwidth of 3
kHz, and a span/division of 5 kHz/division,

Disconnect the Amplifier from UUT and terminate UUT OUTPUT with type-N
Termination,

Connect the two-turn loop to the Amplifier input.
Program the UUT to +13 dBm,

Verify that the leakage is less than -107dBm (1 wpV), as indicated by the
Spectrum Analyzer by moving the two-turn loop over the UUT surface at a
distance of I inch.

i.  Repeat steps ¢ through h at 550, 850, and 1050 MHz.

4A-10. ALTERNATE QUTPUT LEAKAGE TEST
RF leakage is verified by measuring the induced signal in a two-turn Joop with the
Measuring Receiver,

REQUIREMENTS

The output signal leakage must induce less than | ¢V into a l-inch diameter two-turn
loop, ! inch away from any surface of the generator as measured into a 50-ohm receiver,

TEST EQUIPMENT

Measuring Reaceiver

Two-Turn Loop

Type-N Termination

A screen room may be required depending on the RF environment.

REMARKS

This test is an alternative to the Output Leakage test.

Failing this test indicates a problem feed-through filter or improper mechanical
assembly, i.e., loose screws, and/or damaged or misplaced gaskets.

The Measuring Receiver is used to measure the UUT leakage relative to a 1 uV reference
established at each frequency.

PROCEDURE

a. Connect the UUT 10 MHz OUT to the 10-MHz timebase input of the
Measuring Receiver,

Set the UUT REF INT/EXT switch to INT.
Program the UUT to the Instrument Preset State, [RCL] [98].
Program the UUT 10 -107 dBm.

Connect the Measuring Receiver sensor to the UUT RF OUTPUT.
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Set the Measuring Receiver to make relative level measurements to the -107
dBm signal applied.

Disconnect the sensor from the UUT, and terminate the UUT RF OQUTPUT
with the Type-N Termination,

Connect the two-turn loop to the Measuring Receiver sensor,
Program the UUT to +13 dBm,

Verify the instrument leakage is léss than -107 dBm (1 V) as indicated by the
Measuring Receiver by moving the Two-Turn Loop over the UUT surface at a
distance of one inch from the UUT.

k., Repeat steps d through j at 550 MHz, 850 MHz, and 1050 MHz.

4A-11. HARMONIC AND SPURIOUS TEST
Using a spectrum Analyzer, the level of the harmonic and spurious signals are compared
to the desired signal at various programmed frequencies.

REQUIREMENTS

RF harmonics <-30 dBc; spurious (non-harmonic) <-60 dBc for offsets 10 kHz,
frequency > 0.1MHz.

TEST EQUIPMENT

RF Spectrum Analyzer

PROCEDURE
a. Connect the UUT RF OUTPUT to the Spectrum Analyzer input,

b. Program the UUT to [RCL][9](8). Then program the Generator to +13 dBm.
c. Program the UUT to 0.4 MHz,
Set the Spectrum Analyzer controls to display the UUT output signal and its
harmonics (at least three harmonics wherever possible). Be careful not to
overload the Analyzer input, Overloading the Analyzer causes it to generate
harmonics, thus invalidating the test,
Verify that all the harmonics are more than 30 dB below the fundamental signal.

Repeat steps ¢ through e for UUT frequencies of 50 MHz, 240 MHz, 300 MHz,
500 MHz, and 750 MHz.

Program the UUT to 185 MHz.
Verify the spur at 245 MHz is <{ -60 dBe.
Program the UUT to 244 MHz.
Verify the spur at 312 MHz is < -60 dBec.
Program the UUT to 244.99 MHz, 0 dBm.
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Set the Spectrum Analyzer controls for the appropriate reference level, center
frequency, span, and resolution to display the UUT signals and spurs
frequencies with appropriate noise floor and signal resolution for the following
steps.

1. Verify the spurs at the offscts of 20 kHz, 30 kHz, 35 kHz, and 40 kHz are <¢
-60 dBc.

Verify the spurs at the offsets of 1 MHz and 10 MHz are < -60 dBc.

Program the UUT levelto 1 dBm with the EXT AM on at 30% modulation
{no external modulation input is applied).

Verify the spurs at 10 MHz, 20 MHz, and 30 MHz are << -60 dBc.
Verify the spurs at 800 MHz, and 1044.99 MHz are << -60 dBc.
6. Program the UUT to 600 MHz, 0 dBm, EXT AM modulation off.
7. Verify the spur at 300 MHz is <7 -60 dBc.

4A-12. MODULATION TESTS

These tests use the Modulation Analyzer to verify modulation accuracy and residual and
incidental modulation of the UUT. The modulation distortion is verified by measuring
the demodulated output of the Modulation Analyzer with a Distortion Analyzer. The
internal modulation oscillator frequency is measured using the Frequency Counter on the
demodulated output of the Modulation Analyzer, Table 4A-2 lists the requirements for
the modulation tests.

REMARKS

Failing this performance test indicates the need for repair and/or recalibration of the
associated circuitry.

Where residual noise affects the Modulation Analyzer measurements accuracy, apply
correction methods provided by the Modulation Analyzer manufacturer.

Table 4A-2. Modulation Tests Requirements

REQUIREMENTS
PARAMETER SPECIFICATICN

MODb FREG 33X at 0.4 or 1 kHz for 20 to 30595; add
$0.1%75%C outside this range.

AM ACCURACY <#(H + 4% of setting) for internal rates and depths of
99% or Less, and peak amplitudes of +13 diim or Less.

AM DISTORTION <1.5% THP up to 30X AM, <32 to 7O, <5% to 0%, at internal

rated. <3X to 70X AM, <3X to F0X AM frequency > 950 MHz,
leval * +8 dbm,

RESIDUAL AM <0.1% ros (=50 dBe) o & 0.05-kHz to 15-kHz banduidth,
INCIPENTAL FM | <0.3 fm for internal rates and <308 AN,
FM ACOIRACY €47% for rates of 0.3 kHr ta 20 kHz. ond >100 Hz deviation.
FM DISTORTION | <1Z THO for rates of 0.3 kHz to 20 kH:z. and 100 Hz deviation.
RESIDUAL FM rms in @ 0.3~kHz to 3-kHz band:

<10 Hz for 245 MHz to 512 MHz and <20 Hz ¢lsewhere.
rm$ in & 0.05=kHz to 15-kHz band:

<22 Hz for 245 MHz to 512 MHy and <40 Hz elsewhere.

INCIDENTAL AM | €17 AM at 1-%kHz ratc and for deviation <50 kHz.
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The UUT settings in this procedure are chosen to provide a strong confidence of the
modulation performance of the UUT throughout its range. However, performance also
may be checked at other instrument settings if desired,
The FM deviation accuracy depends upon software correction data stored in the VCO
Calibration EFROM that is derived from the measured data of the particular VCO
assembly installed in the Generator.
TEST EQUIPMENT
Modulation Analyzer
Distortion Analyzer
Frequency Counter
Low-Frequency Synthesized Signal Generator (LFS5G)
DVM
PROCEDURE

I. Internal Modulation Oscillator Frequency Test

a. Connect the UUT RF QUTPUT to the Modulation Analyzer input,

b. Connect the Modulation Analyzer modulation output to the Frequency
Counter input,

Program the Modulation Analyzer to measure AM depth ina 0.05-kHz to
15-kHz bandwidth.

Program the UUT to [RCL][9][8]. Program the UUT for 909 INT AM ata
1-kHz rate and a level of +1 dBm,

Verify that the Counter reads between 970 and 1030 kHz.
f. Program that the UUT to a modulation frequency of 400 Hz.
g. Verify the Counter reads between 388 Hz and 412 Hz,
Internal AM Accuracy Test

a. Measure the mean AM depth, (+PEAK plus -PEAK)/2, with the
Modulation Analyzer.

Verify that the mean AM depth is between 84.4% and 95.6%.
Program the UUT to a modulation frequency of 1 kHz.
Verify that the mean AM depth is between 84.4% and 95.6%.

AM Accuracy and Distortien Test

a. Connect the output of the LFSSG to the UUT MOD INPUT and the DVM
(use a BNC T connector),

Program the UUT for a frequency 0f 0.4 MHz, 1 dBm level, and EXT AM at
30% AM depth.




MAINTENANCE
PERFORMANCE TESTS

Program the LFSSG for | kHz at 0.7071V rms as measured by the DVM,

Connect the modulation output of the Modulation Analyzer to the input of
the Distortion Analyzer.

Set the Distortion Analyzer to measure the THD of the 1-kHz modulation
signal,

Verify that the mean AM depth (++PEAK plus -PEAK)/2, is between 26.8%
and 33.29%.

Verify that the THD is less than 1.5%.
Program the remaining combinations of RF frequency,’level, and AM
depth listed in Table 4A-3. For each combination, verify that the mean AM
depth is between the allowed limits and that the THD is less than the allowed
limit, which depends on programmed depth, as shown in Table 4A-4:

i, Disconnect the LFS5G from the UUT.

4. Incidental FM Test
a. Program the UUT for 309 INT AM at | kHz, at 1050 MHz, and 10 dBm.

b. Program the Modulation Analyzer to measure peak FM deviation in a 0.3-
to 3-kHz bandwidth.

Verify the incidental FM is less than 300 Hz.

NOTE

It may be necessary to compensate for residual noise effects using the
procedure presented in the Modulation Analyzer manual.

5. Residual AM Test
a. Program the UUT to 100 MHz, +7 dBm, and no modulation.

b. Program the Modulation Analyzer to measure rms (or average) AM in a
0.05-kHz to 15-kHz bandwidth.

c. Verify the residual AM is less than 0.19% rms (or 0.09% average).
FM Accuracy and Distortion Test

a. Connect the output of the LFSSG to the UUT MOD INPUT connector and
the DVM (use a BNC T connector).

Program the Modulation Analyzer to measure peak FM in a 0.05-kHz to
20-kHz bandwidth,

Program the UUT frequency 1o 245 MHz, 7 dBm, 99.9 kHz (9.99 kHz if the
Generator has Option -651) deviation, and EXT FM.

Set the LFSSG to 10 kHz and adjust its level so the DVM reads 707.1 mV
rms.
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FREQUENCY LEVEL,
(MHz) (dBm2

0.4 1

Table 4A-4. AM Depth Range

PROGRAMME D MEAN AM DEPTH(X) MAXIMUM
DEPTH (X) MIN. MAX. THD (X}

30 26.8 33.2 1.5
70 465.2 74.8 3
5

50 B4 .4 95.6

Set the Distortion Analyzer to measure distortion at 10 kHz.

Verify that the Modulation Analyzer reading is between 93 kHz to 107 kHz,
(9.99 kHz if the Generator has Option -651 installed) and the THD is less
than 1% as the UUT frequency is stepped up to 1045 MHz in 50-M Hz steps.
(Tip: use the instrument FREQ STEP feature.)

Set the LFS5G to 0.4 kHz and adjust its level so the DVM reads 707.1 mV
ms.

Program the Modulation Analyzer to measure FM in a 0.05-kHz to 3-kHz
bandwidth.

Set the Distortion Analyzer to measure distortion at 0.4 kHz.

Verify that the Modulation Analyzer reading is between 93 kHz to 107 kHz
(9.99 kHz if the Generator has Option 651 installed), and the THD is less
than 19 as the UUT frequency is stepped down to 245 MHz in 50-MHz
steps.
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Program the UUT to 9.99 kHz deviation. (Skip to step m if the UUT has
Option 651 installed.)

Verify that the Modulation Analyzer reading is between 9.3 kHz and 10.7
kHz.

. Program the UUT to 0.999 kHz deviation,

Verify that the Modulation Analyzer reading is between 0.93 kHz and 1.07
kHz.

NOTE

It may be necessary to compensate for residual noise effects using the
procedure presented in the Modulation Analyzer manual.

Q.

Disconnect the LEFSSG from the UUT.

7. Incidental AM Test

a.

C.

Program the UUT for 50-kHz deviation, INT FM only, at | kHz, alevelof 7
dBm and a frequency of 1} MHz.

Program the Modulation Analyzer to measure peak AM in 2 0.3-kHz to 3-
kHz bandwidth.

Verify that the incidental AM is less than 1%.

R. Residual FM Test

a.,

b.

Program the UUT for a frequency of 4 MHz and no modulation.

Program the Modulation Analyzer to measure rms (or average) FM in 0.3-
kHz to 3-kHz bandwidth.

Verify that the Modulation Analyzer reading is less than 20-Hz rms (or
18-Hz average) at the following UUT frequencies:

10, 50, 100, 200, and 244 MHz

Verify that the Modulation Analyzer reading is less than 10-Hz rms (or
9-Hz average) at the following UUT frequencies:

250, 385, 450, and 510 MHz

Verify that the Modulation Analyzer reading is less than 20-Hz rms (or
18-Hz average) at the following UUT frequencies:

512.03999, 750.03999, 850.03999, 900.03999, 950.03999, 1000.03999,
1025.03999, and 1049.03999 MHz

Change the Modulation Analyzer bandwidth from 0.05 kHz to 15 kHz.
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Verify that the Modulation Analyzer reading is less than 44-Hz rms (or
40-Hz average) at the UUT frequencies listed in step e.

. Verify that the Modulation Analyzer reading is less than 22-Hz rms (or
20-Hz average) at the UUT frequencies listed in step d,

Verify that the Modulation Analyzer reading is less than 44-Hz rms (or
40-Hz average) at the UUT frequencies listed in step c.

4A-13. SWR TESTS
These tests use a VSWR bridge and a Spectrum Analyzer to verify SWR of the UUT.

REQUIREMENTS
The output VSWR is less than 1.5:1 for output levels < +1dBm; < 2.0 elsewhere.
TEST EQUIPMENT REQUIRED

SWR bridge (Wiltron 62N50 or equivalent) High-Frequency Spectrum Analyzer
HFS5G (Fluke 6060B or equivalent)

REMARKS

The UUT settings in this procedure are chosen to provide confidence in the SWR
performance of the UUT throughout its range, However, performance also may be
checked at other levels <C-10 dBm.

PROCEDURE
a&. Connect the HFS5G to the VEWR Bridge RF IN.

b. Connect the Spectrum Analyzer to the VEWR Bridge RF OUT.
Connect the UUT to the VEWR Device Under Test.
Program UUT to 1 MHz, +1dBm.

Program the HFS5G to 10 MHz, 13 dBm.

Set the Spectrum Analyzer controls to display approximately 10 to 520 MHz.
Set Reference Level to +10 dBm.

Step HFSSG from 10 MHz to 1050 MHz in 5 MHz-steps and note frequency
and level where the level is a maximum,

Program HFSSG to the frequency found in step 2.
Disconnect UUT from VSWR bridge.
Note Spectrum Analyzer level,
. The difference between the levels in steps i and g should be greater than 18 dB,
Repeat step e through k with UUT get to IMHz, +13dBm.

. The difference between levels in step i and g should be greater than 9.5dB.
4A-17/4A-18




Section 4B
Access Procedures

4B-1. INTRODUCTION
The information in this section describes the general access procedures for the following
major module assemblies. -

Front Section Assembly, Al

Rear Section Assembly, A3
Synthesizer Board, A2Al

Qutput Board, A2ZA4

Attenuator/ RPP Assembly, A2A5
VCO Board, A2A2

Access to other assemblies is straightforward; and therefore, other assemblies are not
detailed in this manual.

4B-2. LOCATION OF MAJOR ASSEMBLIES
The location of the major assemblies of the Signal Generator is illustrated in Section 8.

Information on exchanging modules is presented in Section 4D.

4B-3. ACCESS INSTRUCTIONS

Access instructions for each module of the Signal Generator are provided in the following
paragraphs, Before performing any disassembly of the Signal Generator, remove the
power cord from the rear panel power receptacle and remove the exterior top and bottom
instrument COVErs.

To install the assemblies, reverse the disassembly steps. Be certain the pin connectors and
filter sockets are straight when replacing the boards. :

4B-4. Removing the Front Section Assembly, At

1. Disconnect the MOD INPUT wire W1 at the module connector located at the
front of the Attenuator module.
Disconnect the front panel display ribbon cable at the controller.
Remave the decals from both front panel handles. Removing the decals ruins
them; new decals should be installed to maintain a proper instrument
appearance.
The part number for the decal is listed in Section 5.

Remove the five flathead screws from each front panel handle.
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4B-5. Removing the Rear Section Assembly, A3

. Disconnect the Synthesizer, Controller, and Attenuator power cable at the
power supply.

If the High-Stability Reference option is installed, disconnect the oscillator
power cable from the Auxiliary power supply

Remove the IEEE488 Interface assembly (if present) from the back of the
instrument rear panel.

Remove the inside part of the 10 MHz OUT and the REF IN BNC connectors.

Remove the decals for both rear panel handles. Removing the decals ruins them;
replace with new decals to maintain a proper instrument appearance, The part
number for the decal is listed in Section 5.

Remove the five flathead screws from each handle and swing the rear panel
asscmbly out from the Signal Generator.

If you need to completely detach the rear panel assembly from the Generator,
unfasten the front panel power switch.

4B-6. Removing the Synthesizer Board, A2A1

. Remove the number 6 screws holding the top module (A2} cover, (The number
10 screws are adjustment access serews and need not be removed.) Remove the
module cover.

Remove the number 6 screws holding the board, and then carefully remove the
board.

4B-7. Removing the Output Board, A2A4

1. Remove the number 6 screws holding the bottom module (Al) cover. (The
number 10 screws are adjustment-access serews and need not be removed. )
Remove the module cover.

Remove the plug-in coupling capacitor between the Output and the VCO
boards,

Remove the number 6 serews holding the board, and then carefully remove the
board.

4B-8. Removing the Attenuator/RPP A2A5 Assembly

l. Disconnect the SMA conncctor at the Attenuator that leads to the RF output,
2. Disconnect the control harness from the Relay Driver PCA,

4B-9. Removing the VCO Board, A2A1

1. Remove the number 6 screws holding the bottom module (A) cover, (The
number 10 screws are adjustment-access screws and need not be removed.)
Remove the cover.
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2. Remove the plug-in capacitor that couples the Output board to the VCO,

3. Remove the number 6 screws holding the assembly, and remove the board.

4B-3/4B-4




Section 4C
Calibration Adjustments

4C-1. INTRODUCTION
The adjustment procedures for the Generator are described in the following paragraphs.
The recommended test equipment for calibration is denoted by an A in Table 4A-1.

Adjustment procedures for the Power Supply, Display, Output, Synthesizer, and
Attenuator/ RPP assemblies are covered in this section. Adjustment procedures for the
High-Stability Reference, Medium-Stability Reference, and Low-Rate FM options are
given in Section 6.

4C-2. SAFETY

This is a Safety Class I instrument, It is provided with a protective earth terminal.
Warnings and cautions are for your protection and to avoid damage to the equipment.
Please take them seriously.

WARNING

BECAUSE SOME SERVICE PROCEDURES DESCRIBED HERE ARE DONE
WITH POWER APPLIED TO THE SIGNAL GENERATOR AND WITH
PROTECTIVE COVERS REMOVED, SERVICE SHOULD BE DONE ONLY BY
TRAINED SERVICE PERSONNEL WHO UNDERSTAND THE HAZARDS
INVOLVED. WHERE SERVICE CAN BE PERFORMED WITHOUT POWER
APPLIED, THE SIGNAL GENERATOR SHOULD BE UNPLUGGED FROM
THE LINE POWER.

DO NOT INTERRUPT THE PROTECTIVE GROUNDING CONNECTION. TO
PO S0 WOULD CREATE A POTENTIAL SHOCK HAZARD THAT COULD
RESULT IN PERSONAL INJURY, SECURE THE INSTRUMENT AGAINST
UNINTENDED OPERATION IF IT IS LIKELY THAT THIS PROTECTION HAS
BEEN IMPAIRED. USE ONLY 250V FUSES OF THE PROPER CURRENT
RATING.

CAUTION

To avold damage to the Gienerator, unplug the Instrument before removing any
Printed Circuit Assembly.

4C-3. POWER SUPPLY, A3A1, ADJUSTMENT
This procedure covers the +37V adjustment, R3, on the Power Supply assembly, A3AlL
This is the only adjustment on the Power Supply PCB.
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TEST EQUIPMENT

DMM

REMARKS

This adjustment is accessible through a hole in the bottom lip of the rear panel.
Sec Figure 4C-1 for the location of the power supply test points.
PROCEDURE

R3 is adjusted for +37V as measured at TPS5.

1. Removethe UUT top and bottom instrument covers. Connect the DMM to TPS
with the ground lead (black wire) connected to the power distribution
connection point on the module plate.

Program the UUT to [RCL] [9][8].
Adjust R3 for a DMM reading of +37.00 £ 0.05V.
Verify the other supply voltages at the test points listed in the following:
TP Voltage Limits
1 14.5 to 15.7
145 to 15.7
-14.5 10 -15.7
4.85 to 5.20
17.4 to 22.6
NOTE

The voltage at TP1 depends on the line voltage. The limits shown are for a line

voltage exactly equal to the line voltage selector setting, i.e., 100, 120, 220, or

240V ac.

5. Remove the test leads, and reinstall the top and bottom instrument covers.

4C-4. DISPLAY ASSEMBLY, A1A1, ADJUSTMENT PROCEDURE

This procedure covers the adjustment of R16, the external modulation level indicator
adjustment.

TEST EQUIFPMENT

DVM

REMARKS

This adjustment is independent of other adjustments and assumes proper circuit
operation,

Adjustment R16 is located below TP on the rear of the Display PCA, just above the
POWER switch.
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Flgure 4C-1. Powar Supply Test Points
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PROCEDURE
Adjust R16 for 0.98V at TPL

1. Gain access to the rear of the Display PCA by removing the top instrument
Cover.

2. Connect the DVM to measure the dc voltage at TP relative to the chassis.
3. Adjust R16 for +0.9800 = 0005V dc.

4C-5. QUTPUT ASSEMBLY, A2A4, ADJUSTMENT
This procedure covers all of the adjustments on the A2A4 Qutput PCA, as follows:

R309, LEVEL DAL offset

R419, modulation oscillator level
R 144, linearizer detector offset
R421, AM depth

R311, RF level

R227, Het level

These adjustments, as well as TP7, are accessible by removing the seven number 10 access
screws in the module cover. Refer to Figure 4C-2 to identify the access screw
corresponding to a particular adjustment.

Any adjustment can be made independently unless it is noted that it interacts with
another adjustment. Interdependent adjustments must be done in the sequence

presented. 1f more than one adjustment is necessary, do them in the sequence presented.

1. Level DAC Offset Adjustment
TEST EQUIPMENT

DVM

REMARKS

This adjustment is normally required only when U302 or any associated components are
replaced or when the adjustment has been changed or has shifted.

CAUTION

This adjustment direclly affects the oulput level and should not be adjusted
indiseriminately.

PROCEDURE

The LEVEL DAC Offset, R309, is adjusted for0 £ 0.5 mV at TP7 with the RFOUTPUT
turned OFF.

a. (ain access by removing the bottom instrament cover and removing the
access screws for TP7 and R309,

Program the UUT to [RCL][9][8], and program the RFOUTPUT to OFF.

Connect the DVM to measure the voltage between TP7 and the power
distribution ¢onnection point on the module plate.
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d. Adjust R309 for an indication of +0 mV £ 0.5 mV.
¢. Program the UUT RF QUTPUT to ON.
f. Replace the access screws.
2. Modulation Oscillator Level Adjustment
This adjustment sets the modulation oscillator level.
TEST EQUIPMENT
Modulation Analyzer
DVM
Low Frequency Synthesized Signal Generator (LFSS(G)
REMARKS
The modulation oscillator adjustment is normally required only when components in the
modulation oscillator or modulation switching circuits have been replaced or the
adjustment has been changed or has shifted.

PROCEDURE

The AM depth, with internal modulation, is adjusted via R419 to equal the AM depth
with a l-volt peak external modulation signal as measured with the Modulation
Analyzer.

a. Gain access to the access screws for R419 by removing the bottom
instrument cover and the access screws for R419,

Connect the output of the LFS35G to the UUT MOD IN connector and the
DVM using a BNC tee.

Program the UUT to RCL 98, then program the UUT 10 350 MHz, 7 dBm,
and EXT AM at 90% AM depth.

Program the LFSS5G for | kHz and a voltage of 0.7071V rms, as measured
by the DVM.

Connect the UUT RF OQOUTPUT connector to the Modulation Analyzer RF
input.

Program the Modulation Analyzer to measure + Peak AM ina 0.3-kHz to
15-kHz bandwidth.

Note the measured AM depth reading with the Modulation Analyzer.
Turn off the UUT EXT AM control and turn on the INT AM control.
Program the UUT for 1000-Hz modulation frequency.

Adjust R419 for an AM depth equal to that noted in step g.

Turn off the UUT INT AM control,
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1. Replace the access screw.
3. Detector Offset Adjustment
This adjustment sets the detector offset voltage.
TEST EQUIPMENT
Power Meter and Sensor
REMARKS

The UUT must be operated at room temperature for at least one hour with the module
plate cover in place before continuing with this adjustment procedure.

This adjustment is normally required only when components in the detector or detector
linearizer circuits have been replaced or when the adjustment has been changed or has
shifted. If the Detector Offset is adjusted, perform the AM Depth adjustment,

CAUTION
This adjustment directly affects the output level and should not be adjusted
indiscriminately.
PROCEDURE
The Detector Offset adjustment, R 144, is adjusted to provide a 20-dB change in output
power for a 20-dB change in the LEVEL DAC with level correction disabled, and while
operating in fixed range.

a. Gain access for this adjustment by removing the instrument bottom cover.

b. Program the UUT to [RCL]{9])[&], then program the UUT to 350 MHz and
12 dBm.

Program the UUT to [SPCL] [8)1] and [SPCL] [9][1]. These special
functions disable all level correction and enable amplitude fixed-range.

Remove the Detector Offset adjustment access screw from the bottom
module plate cover.

Zero the Power Meter.

Connect the Power Sensor to the UUT RF OUTPUT connector.
Program the UUT to +12 dBm.

Note the Power Meter reading.

Program the UUT for -8 dBm, using the EDIT keys.

Adjust the Detector Offset adjustment, R144, for a Power Meter reading 20
dB +0.1 dB below the reading obtained in step h,
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k. Repeat the previous four steps until the difference between the power
measurements is 20 £ 0.1 dBm. This adjustment should require three or
fewer iterations.

Program the UUT to +12 dBm, using the EDIT keys. Note the Power Meter
rcading.

Program the UUT for +2 dBm using the EDIT keys. Verify that the Power
Meter reading is 10 dB £.2 dB below the previous reading.

. Program the UUT for [SPCL] [0][0]. This enables amplitude level
correction and disables amplitude fixed range.

Disconnect the Power Sensor from the UUT, and replace the Detector
Offset adjustment access screw.

4. AM Depth Adjustment
TEST EQUIPMENT

DVM

Modulation Analyzer LESSG
REMARKS

The UUT must be operated at room temperature for at least one hour with the module
plate covers in place before continuing with this adjustment procedure.

CAUTION

This adjustment directly affects the output level and should not be adjusted
indiscriminately.

This adjustment is normally required only when components in the AM signal processing
circuits have been replaced, or the adjustment has been changed or shifted. If this
adjusiment is made, it is necessary to perform the RF level adjustment after the AM depth
adjustment has been made.

PROCEDURE

Adjust the AM depth potentiometer R421 for 909 AM depth as measured with the
Modulation Analyzer when the UUT is programmed to 90% AM.

a. Remove the AM depth adjustment access screw from the bottom module
plate ¢over.

Connect the output of the LFSSG to the UUT MOD IN connector and to
the DVM using a BNC Tee.

Program the UUT to [RCL][9](&], then program the UUT for 350 MHz, +1
dBm, and EXT AM at 90% AM depth.

Program the LFSSG for 1 kHz and a voltage of 0.7071 rms, as measured by
the DVM.
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Connect the UUT RF QUTPUT connector to the Modulation Analyzer
input.

Program the Modulation Analyzer to measure AM + Peak, ina 0.05-kHz to
15-kHz bandwidth.

Alternately measure + PEAK and - PEAK and adjust the AM Depth
Adjustment, R421, until the readings are symmetrical, about 90%.

h, Replace the AM Depth adjustment access screw.
5. RF Level Adjustment
TEST EQUIPMENT
Power Meter and Sensor
REMARKS

The UUT must be operated at room temperature for at least one hour with the module
plate covers in place before continting with this adjustment procedure.

This adjustment is required if any of the following events occur:

The Output Assembly, A2A4, or the Attenuator, A2AS5 has been replaced.

The AM Depth adjustment is made,
The LEVEL DAC or any associated compoﬁents are replaced.

The RF level adjustment has been inadvertently changed or shifted.

CAUTION

This adjustment directly affects the output level and should not be adjusted
indiscriminately. .

PROCEDURE

With the UUT programmed to +9 dBm, adjust the RF Level Adjustment, R311, for +9-
dBm ocutput as measured with the Power Meter.

a. Program the UUT to [RCL][9][8], then program the UUT to 350 MHz, +9
dBm, and turn all modulation QFF,

Zero the Power Meter.

Remove the RF Level Adjustment access screw from the bottom module
plate cover.

Connect the Power Sensor to the UUT RF connector.

Adjust RF Level Adjustment, R31], for a reading of exactly +9 dBm on the
Power Meter,
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f. Replace the RF Level Adjustment access screw.
6. HET Level Adjustment
TEST EQUIPMENT
Power Meter and Sensor
REMARKS

The UUT must be operated at room temperature for at least one hour with the module
plate covers in place before continuing with this adjustment procedure.

This adjustment is normally required only when components in the het band circuits have
been replaced or when the adjustment has been changed or has shifted.

CAUTION

This adjustment directly affects the output level and should not be adjusted
Indiscriminately.

PROCEDURE

With the UUT programmed to +9 dBm, adjust the Het Level Adjustment, R227, for
equal output power at 100 MHz and 350 MHz.

a. Program the UUT to [RCL][9][8], then program the UUT to 350 MHz and
+9 dBm.

Zero the Power Meter,

Remove the het level adjustment access screw from the bottom module plate
COVer.

Connect the Power Sensor to the UUT RF OUTPUT connector. Note the
Power Meter reading.

Program the UUT to 100 MHz.

Adjust Het Level Adjustment, R227, for a reading equal to that previously
noted.

g. Replace the HET level adjustment access screw.

4C-6. SYNTHESIZER ASSEMBLY, A2A1 ADJUSTMENT
The following are the routine adjustments for the Synthesizer assembly, A2A1.

1. R230 10-MHz Adjustment

2. RB82 FM Cal Adjustment
R90 Low-Rate Deviation Adjustment
R87 FM Flatness Adjustment

g

==A

ik
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The following only need adjustment if the associated circuits are repaired.

3. L49 20-kHz Notch Filter Adjustment
L50 40-kHz Notch Filter Adjustment

4. R104 VCO Upper Clamp Adjustment

5. C206 800-MHz Oscillator Adjustment
6. €240 10-MHz Lock-Range Centering adjustment

Each of the following adjustment procedures is independent; that is, they can be done
individually or in any sequence. Figure 4C-3 shows the top view of the module plate.

1. Reference Frequency Adjustment, R230
TEST EQUIPMENT

Frequency Standard
Oscilloscope

REMARKS
The accuracy of this adjustment depends on that of the frequency standard.

The Signal Generator may be equipped with either Option -130 High-Stability
Reference, or Option -132 Medium-Stability Reference. The frequency reference
operation and adjustment procedure depend on this configuration. That is, the
instrument reference may be the 10-MHz crystal oscillator, the High-Stability Ref-
erence, the Medium-Stability Reference or an external signal.

Skip this procedure if the UUT is equipped with the High-Stability Reference, or
Medium-Stability Reference and use the adjustment procedures in Section 6 of this
manual. Also perform the Sub-Harmonic Reference Adjustment described on page
4C-15 of this manual.

PROCEDURE

The UUT reference waveform is viewed on the Oscilloscope while triggering on the
Frequency Standard. The 10-MHz adjustment, R230, is adjusted for a stationary
display.

Remove the instrument top cover and the 10-MHz adjustment R230 access
screw from the module plate cover,

Connect the UUT rear panel 10 MHz OUT to the Oscilloscope vertical
input,

Connect the Frequency Standard output to the Oscilloscope externaltrigger
input.

. Set the UUT rear panel REF INT/EXT switch to INT, and set the vertical
controls of the Oscilloscope to display the UUT 10-MHz signal.

Set the Oscilloscope for external triggering, and adjust the timebase for 0.1
us/div.

f.  Adjust R230 for a drift of less than one cycle per second.
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2. FM Adjustments, R82, R80, AND R&7

TEST EQUIPMENT

Modulation Analyzer

LFS5G

DVM

REMARKS

The FM Cal adjustment, R82, sets the overall deviation accuracy, whereas the Low-Rate
Deviation Adjustment, R90, equalizes the low and high rate deviation. The FM Flatness
Adjustment, R87, equalizes the deviation across the band from 0.4 to 10 kHz.

PROCEDURE

The FM deviation of the UUT, as measured with the Modulation Analyzer, is adjusted to

agree with the programmed deviation at 10-kHz and 0.4-kHz rates by adjusting R82,
R90, and R87, respectively.

4. Remove the instrument cover and the FM CAL, FM flatness, and Low-
Rate Deviation adjustment access screws from the cover of the module
plate,

Conneet the output of the LFSSG to the UUT MOD IN connector and to
the DVM using a BNC tee.

Connect the UUT RF OUTPUT to the Modulation Analyzer input.

. Program the Modulation Analyzer to measure FM + peak ina0.05-kHzto
> 200-kHz bandwidth,

Program the UUT to the [RCL] [9][8]. Then program the UUT to 385.5-
MHz, 7 dBm, EXT FM, 99.9-kHz deviation.

Program the LFSSG to 10 kHz and 0.7071V rms as measured by the DVM.
Adjust R82 for 100.0 kHz, as measured by the Modulation Analyzer.

Program the LFSSG to 0.4 kHz and 0,7071V rms, as measured by the
DVM.

Adjust R90, the low-rate deviation for 100.0 kHz, as measured on the
Modulation Analyzer.

Program the LFSS8G to | kHz, and adjust R87 for 100.0 kHz as measured on
the Modulation Analyzer.

Repeat steps { through j until the deviation flatness is 100.0 kHz £ 0.3 kHz.

Turn the UUT EXT FM off, and note the Modulation Analyzer peak
deviation (noise) reading.

. Turn the UUT EXT FM on.
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n. Program the LFSSG to 10 kHz and 0.7071V rms as measured by the DVM.

0. With the Modulation Analyzer, alternately measure +peak and -peak FM,
and adjust R82 so the readings are symmetrical, about 99.9 kHz plus the
noise noted in step L

3. 149 20-kHz and L50 40-kHz Notch Filter Adjustments

TEST EQUIPMENT

RF Spectrum Analyzer
LFS5G

REMARKS

These adjustments are normaily not required unless 149, L50, C123, €99, Cl124,Cl260r
C125 arc replaced, or unless the Generator has been subjected to severe usage,

PROCEDURE

The 20-kHz and 40-kHz notch adjustments, L49 and L50, are adjusted for sideband level
nulls using the RF Spectrum Analyzer.

a. Remove the instrument and the module plate top covers.
b. Connect the LFSSG to TP56 (high) and TP36 (low) using clip leads.
c. Program LFSSG to 20 kHz and 0.2V rms, terminated.
Connect the UUT RF OUTPUT to the RF Spectrum Analyzer input.
Program the UUT to 300 MHz and +13 dBm.

Adjust the RF Spectrum Analyzer to display the signal centered on the
display.

Set the span to 10 kHz/division and 1-kHz bandwidth. The 20-kHz
sidebands should be visible.

Adjust L49 to minimize the 20-kHz sidebands.
i. Program the LFSSG to 40 kHz.
J- Adjust L50 to minimize the 40-kHz sidebands.
4. VCO Upper Clamp Adjustment, R104
TEST EQUIPMENT

Frequency Counter

REMARKS

This adjustment is normally required when the VCO is replaced or when the Generator
has been subjected to severe usage.
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PROCEDURE

The UUT PLL loop is disabled to cause the VCO frequency to be at the upper limit of its
range, then R104 is adjusted for 530 MHz.

a. Remove the instrument and module plate top covers.
b. Connect UUT RF QUTPUT to the Frequency Counter input.

Program the UUT to [RCL] [9][8]: then, program the UUT for 500 MHz
and +13 dBm.

Using a clip lead, short TP14 to ground to cause the VCO to go to the upper
frequency limit.

e. Adjust R104 for 530 MHz % 1 MHz.
5. R800-MHz Oscillator Adjustment, C206
TEST EQUIPMENT

Frequency Counter
DMM

REMARKS

This adjustment is normally not required unless components in the 800-MHz oscillator
are replaced or the Generator has been subjected to severe usage.

PROCEDURE

The PLL control voltage operating point is adjusted to 16V while the loop is phase-
locked.

a. Remove the instrument and the module plate top covers.
b. Program the UUT to [RCL] [9][8]; then, program 200 MHz.
¢. Connect the DMM to measure voltage between TP53 and the chassis.

d. Adjust C206 for 16.0V + 0.5V.
6. 10 MHz Lock-Range Centering Adjustment
TEST EQUIPMENT
Frequency Standard
Low Frequency Synthesized Signal Generator (LFS5G)
Oscilloscope
BNC Tee

REMARKS

The UUT reference output and the LFSSG signal are viewed simultaneously on the
oscilloscope for frequencies near the limit of the lock-in range. The 10-MHz crystal
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oscillator is adjusted for a stable display on the oscilloscope at both upper and lower
limits. The external reference input level to the Generator is reduced to determine
sensitivity,

PROCEDURE

Remove the top Generator cover and the 10-MHz adjustment access screw
from the the module plate. (See Figure 4C-3 C240 for 10-MHz adjustment
location.)

Connect the frequency standard to the reference input of the LFSSG.

Connect the LFSSG output to the oscilloscope vertical input channel 1 using a
BNC tee, and then connect the cable to the UUT 10 MHz IN using a cable less
than three feet in length.

Connect the UUT rear panel 10 MHz OUT to oscilloscope vertical input
channel 2,

Program the LFSSG to 10 MHz and 0 dBm.
Set the UUT rear panel REF INT/EXT switch to EXT.

Set the vertical controls of the oscilioscope to display both the LFSSG output
and the UUT 10-MHz signal. Set the triggering to channel 1, and adjust the
timebase for 0.1us/div.

Edit the LFSSG to 200 Hz above 10 MHz (10.0002 MH?z).

If the signals are unlocked, adjust C240 for a locked condition. Verify the
UNCAL indicator is not lit.

Adjust €240 clockwise until the two waveforms are not synchronized (break
lock). Verify the UNCAL indicator is flashing. Turn C240 counterclockwise to
the first stable, locked point.

Edit the LFSSG to 100 Hz below 10 MHz (9.9999 MHz).

Verify Locked Condition: Two wave forms synchronized and UNCAL
indicator is not lit.

. Program the LFSS$G to 10 MHz.

Reduce the level of LFSSG until the signals displayed on the oscilloscope
indicate an unlock condition.

Increase the LFSSG level until the oscilloscope display first indicates the
locked-point. Verify that this level is less than 300 mV peak-to-peak as
measured with the oscilloscope.

Perform Reference Frequency Adjustment procedure on page 4C-11 of this
manual.
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Section 4D
Troubleshooting and Repair

4D-1. INTRODUCTION

Usually, the Generator is most easily repaired by identifying the defective module and
replacing it through the Module Exchange Program. Alternately, you may wish to
troubleshoot down to the component level and replace the defective part. This section of
the manual provides the necessary information for both repair methods.

After any module repair or replacement, the Performance Tests should be done to verify
the performance of the Generator. Signal Generator problems are generally caused by
operator error, out-of-spec performance, or by catastrophic failure. The correction
strategy is different in each case. ”

Although most operator errors are detected and indicated, some are not, and therefore,
may be mistaken for an out-of-spec condition. Those operator errors that are detected are
indicated with either a steady or flashing ‘UNCAL’ indicator. Consult the Generator
Specifications in Table 1-1 and Section 2 in this manual for more information on
Generator operation, '

Qut-of-spec performance is usually corrected by performing the appropriate adjustment
procedure(s). Use the Performance Tests to determine which parameters need
adjustment. Refer to adjustment paragraphs in this section for more information.

If the problem is not an operator error and is not corrected by adjustment, the Generator
has a catastrophic failure. Then the task is to isolate the fault and make appropriate
repairs. The UNCAL and self-test failure codes usually provide a good indication of the
cause of the problem, Using the Performance Tests in this situation may help to
determine which parameters are not affected.

4D-2. MODULE REPLACEMENT

This repair method invelves identifying and replacing the problem module. The
replacement module may be obtained using the Module Exchange Program or from your
spare module stock, which may then be restored using the Module Exchange Program.

Use the information in the Troubleshooting section to diagnose the problem. To help you
identify the problem module, you may call your local Fluke Technical Center for
troubleshooting assistance. Once the Fluke service technician believes the problem
module is identified, a replacement module can be shipped prepaid by an overnight air
CAaITIer.

After the operator verifies that the replacement module corrects the problem, return the
defective module using the shipping container and including the prepaid return shipping
papers and label.
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NOTE

The Attenuator, Output, and VCO assemblies are individually calibrated, and
the correction data are stored in the associated calibration EPROMS.

CAUTION

It any of these assemblies needs calibration or if any non-field replaceable part
needs repair, order a replacement using the Module Exchange Program.

To order a replacement module, use the part number for the assembly shown in the List of
Parts and specify 2 Module Exchange part. Table 4D-1 shows a list of replaceable
assemblies. To order any new assembly, refer to Section 5 for the part number, (New
assemblies are ordered by referring 1o the same part number). Note that two versions of
the Synthesizer assembly are available, one with the Low-Rate FM option and one
without the option. The following paragraphs describe the available exchange modules,
how to install them, and how to adjust the Generator, if necessary, after installation.

Table 4D-1. Module Exchange Assemblies

ATAT Display PCA

A2AT Synthesizer PCA

AZA2 VCO PCA

AZAL Qutput PCA

AZAS Attenuator Assembly
AZAS A4 Attenuator PLA

A2ASAS Relay Driver PCA

AZAT Conmtrotler PCA

AZAB Non-Volatile Memory PCA
AZA1 Power Supply PCA

4D-3. Power Supply PCA, A3A1
The Power Supply PCA comes complete with the 5V regulator, A1U3, its socket, and a
set of insulated washers for all of the chassis-mounted regulators.

No adjustment is required after installation of the new PCA, but the power supply
voltages should be verified, using the last step of the Power Supply Adjustment procedure
in this section,

4D-5. Synthesizer PCA, A2A1

Under the Module Exchange Program there are two versions of the A2A1 Synthesizer
assembly available. One has the Low-Rate FM option installed on the Synthesizer PCA
and the other does not. Therefore, when ordering a replacement Synthesizer module be
sure to specify whether or not the Generator being repaired has the Low-Rate FM option.

Also, before replacing the Synthesizer PCA it isimportant to note what other options are
in the Generator and carry out the following instructions pertaining to the option
complement of the Generator. If the Low-Rate FM option is present, verify that S1 on the
PCB option is set for Low-Rate operation. (See Section 6.)

After the new Synthesizer PCA has been installed, perform the FM CAL, VCO CLAMP,
and 10-MHZ adjustments as described in the Synthesizer Adjustment Procedure in
Section 4C of this manual, Perform any other adjustments related to the options.
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4D-6. VCO PCA, A2A2

The VCO assembly comes with its associated VCO Calibration EPROM. This EPROM
replaces the old one installed on the Controller PCB, A2A7. After installing the new VCO
assembly, the FM CAL and VCO CLAMP adjustments should be done. These
adjustments are presented under the Synthesizer Adjustment Procedure.

A plug-in coupling capacitor is used to interconnect the VCO and Output PCBs, thus
eliminating the need for a soldering iron when replacing this assembly.

4D-7. Qutput PCA, A2A4 : ‘

The Output assembly comes with its associated Output Calibration EPROM. This
EPROM replaces the old one installed on the Controller PCB. After installing the new
Output assembly, perform the level DAC offset, the RF Level, the HET level, and the FM
CAL adjustment procedures given in the Calibration Adjustment Section of this manual.

A plug-in coupling capacitor is used to interconnect the VCO and Output PCBs,
eliminating the need for a soldering iron when replacing this assembly.

If the Generator is equipped with the Low-Rate FM option, then it is necessary to add a
jumper around C401 and C402 on the new Qutput assembly before installing it.

4D-8. Controller PCA, A2A7

The Controller assembly comes without the three calibration EPROMEs. Therefore, it is
necessary to move these EPROMSs from the old to the new Controller. Remember to set
the option status switch. No adjustments are required.

4D-9. Display PCA, A1A1
After installing a new Display PCA, the Modulation Indicator adjustment should be
done. The procedure is presented under the Display Adjustment Procedure.

4D-10. Atftenuator/RPP PCA, A2AS5

The Attenuator/ RPP PCA comes complete with the housing, Relay Driver PCA and
matching Attenuator Calibration EPROM, and comes ready to install. The matching
EPROM replaces the Attenuator calibration EPROM onthe Controller PCA. After the
new Attenuator assembly is installed, perform the RF Level Adjustment procedure on
the A2A4 Output PCA in the Calibration Adjustments section of this manual.

4D-11. 1EEE-488 PCA, A3A3
The IEEE-488 assembly comes complete with panel, frame, and connector and is ready to
plug in. No adjustments are required after installation.

4D-12. Non-Volatile Memory PCA, A2A8
The Non-Volatile Memory assembly comes ready to plug in, and requires no adjustment
after installation.

4D-13. PARTS REPLACEMENT

An experienced technician should be able to isolate the defective component and replace
it after reading the information presented in Section 3, the Theory of Operation and the
troubleshooting information contained in this section. The Schematics are presented in
Section 8 (Section 6 for the options) of this manual.

Most parts are replaced using ordinary methods. The parts requiring special attention are
the chip components Jocated on the A2A2 YCO PCA. The chip components should be
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replaced using a 600°F soldering iron, such as an Ungar 50T7 with a number 76 heater
and a number 8§ tip, and 2% silver solder paste, such as Electro Science Fabrication SP -
37D1 or similar wire solder,

4D-14. TROUBLESHOOTING

To isolate a fault, it is important to note the conditions under which the symptoms are
observed and if the symptoms change with different states of the instrument, such as
different RF bands or levels, only when FM is on, only under remote control, etc.

If the symptom 15 a blank front panel or no response to keystrokes, the fault is most likely
a digital problem or a power supply problem. If the power supply and cables are good, go
to the digital troubleshooting paragraphs in this section.

If the front panel appears to function properly, but the RF output is abnormal or there is
a flashing "UNCAL’ indication, the cause is likely an analog circuit problem (although it
could be a control problem).

A properly operating front panel indicates that the majority of the Controller circuitry is
functional. It is possible, however, that a digital control problem could exist and cause the
RF output to be incorrect. If a digital problem is suspected, go to the Digital and Control
troubleshooting paragraphs after checking the power supply.

4D-15. Service Special Functions

® Special Function 03, Display check
All display segments are lit until a key is pressed.
Special Function 04, Key check

For each key pressed, the code 1s displayed in the FREQUENCY display field.
Pressing [CLR|LCL] key exits this check. The test also times out after
approximately 8 seconds if no Keys are pressed.

Special Function 15, Latch Test

special function 15 invokes a built-in lateh control test that is useful in verifying that
the Controller is sending valid data to the latches of the Output and Synthesizer
assemblies. This special function sends an alternating bit pattern (10101010 binary)
to cach 8-bit latch, and displays “Latch AA™. Pressingthe EDIT [ + ]keychanges
the bit pattern to (01010101 binary), and “Latch 557 is displayed. Pressing the
EDIT { + ] key changes the pattern back to 10101010. Pressing any other key
causes the instrument to exit the test,

CAUTION

This special function is intended as a troubleshooting tooi to check the
operation of the digital circuitry and the laiches on the analog assembilies.
Since the Generator is programmed 1o an abnormal state, its output is turned
off by programming full attenuation.

Special Functions 83 Through 86 Alternate Attenuators

Special functions 83 through 86 program alternate 24-dB Attenuators. The
alternate 24-dB attenuators are normally used only when low levels are
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programmed too low to be verified with a power meter during service. These special
functions allow the alternate attenuators, A2421 through A245L, to be
programmed one at a time, thus keeping the level high. The first 24-dB attenvator,
denoted A241L, is automatically programmed for levels between -17.0 dBm and
~11.1 dBm with AM off. These special functions allow the other attenuators, A242L
through A245L, to be programmed in the same range.

These special functions also turn off relative amplitude, amplitude fixed range, and
all modulation; and turn RF and level correction on. If the level is not in the
specified range, -12 dBm will be programmed. Any new entry that normally
programs the attenuators causes the default (normal) attenuators to be
programmed.

4D-16. UNCAL Conditions

There are two hardware fault detectors, the unlock detector on the Synthesizer PCA, and
the unleveled detector on the Qutput PCA. These two fault detectors are constantly
monitored by the Controller, and if asserted, cause a flashing UNCAL indication. The
detectors are also used during the self test to check the general operation of the Generator.

It is very important to interrogate and note the UNCAL code if there is an UNCAL
indication.

If the unit has a UNCAL condition, interrogate the UNCAL code by pressing the
[STATUS] key and interpret the code (see Table 2-5 in this manual), Take note if the code
indicates that either UNLOK or UNLVL conditions have been asserted. Other codes
denote overrange or underrange conditions (operator errors) that should be cleared but
are not pertinent to troubleshooting.

Usually the unleveled UNCAL code indicates a problem on the Qutput PCA, whereas a
uniocked UNCAL code indicates a problem on the Synthesizer PCA, Be aware that it is
possible to have an Unleveled UNCAL condition due to a problem with the Synthesizer
PCA that is not detected by the UNLOK detector.

It is a good idea to check for a different UNCAL code when other RF bands, levels or
functions (FM or AM) are selected for a more complete analysis of the symptoms. For

example, if the code indicates that UNLOK is asserted only with FM on, and not with FM

off, it may be indicating an overmodulation condition. See Table 1-1. Signal Generator
Specifications, for the FM limitations,

4D-17. Self Test Description

The self test is started whenever the Generator is turned on. It may also be started by
[SPCL] [0][2]. If the Generator fails any of the self tests, the self-test failure report is
displayed until any key is pressed. The self-test report can also be displayed by [SPCL]
[1][1]. The report is presented In four ficlds as shown in Table 4D-2.

A minus sign in the Frequency Display indicates that the self test was aborted by a front
panel entry.

Table 4D-2. Self Test Display Fleld

MODULATION FRERUENCY AMPLITUDE

Al ALA B c b
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The four groups (denoted by the A’s, B's, (s and I's) in the self-test report correspond to
different test categories. These tests are described below, including a tabulation of the
Generator instrument state and the test codes that result if any test fails to achieve the
expected result. Understanding how these tests are done can provide more meaning to the
results and can assist in understanding how they relate to other symptoms. A successiul
sclf test 16 reported with all zeros.

During the self test, the step attenuator 1s programmed to maximum attenvation and the
internal frequency reference is seiected. The analog circuit tests make use of the unleveled
(UNLVL) and unlocked (UNLOK) status detectors, whereas the digital circuit tests make
use of write/ read technigues.

4D-18. AAA FIELD

AAA 15 the result of the AM and FM tests, During these tests, level correction is applied.
During the four AM tests, a normal AM depth, which should produce a leveled
condition, and an abnormally high AM depth, which should provide an unleveled
condition, is set for each modulation frequency. During the two FM tests, a normal FM
deviation is set, which should produce a locked condition, and then an abnormally high
deviation is set, which should produce an unlocked condition. The two FM tests are not
performed if the Option -651 Low-Rate FM isinstalled. Table 4D-3 shows the AAA Field
AM and FM tests.

4D-19. BBB FIiELD

BBB is the result of the synthesizer tests. In the first three test steps, the Synthesizer
assembly’s main PLL operation is verified by programming a large change in frequency.
This should cause a momentary unlocked condition that should clear as the frequency
settles to the new frequency.

Table 4D-3. AAA Field AM and FM Tests

LEVEL AM MOD FRER L4 FM EXPECTED
(paM) (%) (HZ) DAC DAC RESULT

10.7 30 400 nla n/a Leveled
127 400 n/a n/a Unleveled
30 1000 n/a n/a Leveled
127 1000 n/a n/a Unleveled
n/a 400 Normal | 1023 Lagked
n/a 400 1023 1023 uniocked

In the next three steps, the synthesizer is checked by programming 225 MHz, which is
outside the normal operating frequency range, and should result in an unlocked
condition. Then 385 MHz is programmed, which should result in a locked condition,
Next 550 MHz is programmed, which is again outside the normal range, and should
result in unlocked condition.

Finally, all frequency reference circuitry is turned off, which should produce an unlocked
condition, and then turned on, which should produce a locked condition. Table 4D-4
shows the BBB Field test results.

4D-20. CCC FIELD

CCC is the result of the digital tests. The IEEE-488 option (if installed) is verified by
writing data to the IEEE-488 chip, A3A3Ul1, then by reading it back and checking for the
expected response. Each memory location of the Non-Volatile RAM is checked with a
checksum,
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Table 4D-4. BBB Fleld Test Results

MAX.
BEB SYNTH. FREQ. WAIT EXPECTED
(CODE) (MHZ) (M3) RESULT

Locked
Unlacked
Locked
Unlocked
Locked
Unlocked
Unlocked
Locked

oo 245 120
002 525 5

004 525 95

01 225 120
020 385 120
040 550 120
100 385 120
200 385 200

Q=000 00 0

The Generator RAM is verified by writing data to each memory location and ¢hecking
that the same data can be read back. Both the off-chip RAM (U25) and the on-chip RAM
(U1) are tested in this manner. The RAM test is only done during the power-on self test.
The data in each of the three calibration EPROMs; VCO {U23), Output (U24), and
Attenuator (U26), are summed and compared with a checksum.

The data in each word of the two program EPROMs (U21, 22) are successively summed
and rotated by two. The result of this procedure is compared with a checksum for each
EPROM. Table 4D-5 shows the CCC field results.

4D-21. DDD FIELD
DDD is the result of the Qutput filter tests. During these tests, the levelis programmed to
+13.0 dBm with level correction applied. The low-pass filters on the A2A4 Qutput

assembly are tested by setting the frequency near the high end of each of the four half-
octave non-het bands and checking for a leveled condition. Then, the frequency is set
above the cutoff frequencies of two of the filters, and the output is checked for an
unleveled condition. Table 4D-6 shows the DDD field Results.

Table 4D-5. CCC Field Test Rasults

DIGITAL TEST

IEEE-4B8 option test

Non-volatile memory test

RAM test

Attenuator calibration EPROM checksum
Output calibration EPROM checkaum
Synthesizer calibration EPROM checksum
Lower program EPROM checksum

Upper program EPROM checksum

Table 4D-6. DDD Field Tast Results

FREQ EXPECTED
DL
(MHZ) n HAOCTH RESULT

349.99999 Lleveled
511.99999 leveled
T29.99999 leveled
1050.00000 leveled
490 .00000 unleveled
1024.00000 unieveled
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Table 4D-7. Band, Filter, and Frequency Programming Data

QUTPUT FREQUENCY (Fo) mMIpL HAOCTH HETL SHETH SYNTH. FREQ (FS)

0.01 = 244.99999 MHz (800 + F )y 2
349.99999 MHz F e
511.99999 MHz F
729.99999 MHz F
1050.00000 MHz F

TTL High
TTL Low

4D-22. Check Qutput Signal

At this point, check the Generator output signal with a Spectrum Analyzer or a Counter
at various frequencies on each of the three RF bands and at the state where an UNCAL
condition exists. If the frequency is incorrect or erratic, check the power supply first. Go
to the Synthesizer troubleshooting paragraphs if the power supply functions properly.
Table 4D-7 shows the band, filter, and frequency programming data for the output
frequency (at the source).

4D-23. Auxiliary Power Supply PCA, A3A2

The Auxiliary Power Supply consists of the A3A2A1 PCB and the AJA2T] transformer
mounted together with a bracket. The power supply is electrically preadjusted and needs
no adjustment after installation.

The Spectrum Analyzer can also be used to check to see if the modulation functions are
generally working. If a modulation problem exists, go to the appropriate AM or FM
troubleshooting paragraphs after checking the power supply.

If the frequency is stable and correct, but the output level is abnormal, the problem is
most likely in the Cutput PCB. Check the power supply; then go to the Level
Troubleshooting paragraphs in this section of the manual.

Armed with a clear knowledge of the symptoms and the conditions under which the UUT
fails, the next task is to isolate the problem. Remove the top and bottom instrument
covers and visually inspect the interior for loose cables, connectors, etc. Also be alert for
the characteristic odor of burned resistors, etc.

WARNING

DO NOT INTERRUPT THE PROTECTIVE GROUNDING CONNECTION. TO
DO SO WOULD CREATE A POTENTIAL SHOCK HAZARD THAT COULD
RESULT IN PERSONAL INJURY. SECURE THE INSTRUMENT AGAINST
UNINTENDED OPERATION IF IT IS LIKELY THAT THIS PROTECTION HAS
BEEN IMPAIRED. USE ONLY 250V FUSES OF THE PROPER CURRENT
RATING.

WARNING

BECAUSE THE PROCEDURES DESCRIBED HERE ARE DONE WITH
POWER APPLIED TO THE SIGNAL GENERATOR AND WITH PROTECTIVE
COVERS REMOVED, TESTING SHOULD BE DONE ONLY BY TRAINED
SERVICE PERSONNEL WHO UNDERSTAND THE HAZARDS INVOLVED.
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CAUTION

To prevent damage to the Generator, turn off the Instrument before removing
any PCAs.

4D-24. Check Power Supply Voltages
CAUTION

Teo prevent damage to the Generator, turn otf the Instrument before
disconnecting any power distribution cables.

Check all power supply voltages. Table 4D-8 gives the expected dc and ripple voltages at
key test points. If one supply voltage is unusually low, this could indicate an abnormal
load on that supply due to a fault, To isolate the fault, check the abnormal voltage before
and after disconnecting (one at a time) the power cable to the Controller, Synthesizer,
Attenuator, and the cable from the Controller to the front panel,

Table 4D-8 lists the typically dc and ripple voltages (relative to ground connection on the
module plate) at the key test points of the Power Supply, A3Al, PCB. These
characteristics apply for [RCL] [9][8].

The unregulated de and ripple voltages are those expected with a line voltage of 120V ac
at 60 Hz. The dc voltages are expected values as measured with a digital voltmeter with
respect to the power supply ground connection on the module plate.

The ripple voltages are expected values as measured with an oscilloscope with respect to
the power supply ground connection on the module plate, and are the peak-to-peak
values of the 120-Hz waveform, ‘

The characteristics of the unregulated +18V relay supply depend directly on the line
voltage and the load (the state of the instrument). For example; at 120V ac:

® At50 MHzand 13 dBm, Vdcis typically 19.0V with .25V (peak-to-peak) ripple.

® At 50 MHz and RF off, Vdec is typically 20.0V with OV ripple.

Table 4D-8. Power Supply Characteristics

LUNREGULATED VOLTAGES REGULATED VOLTAGES

SUPPLY

aTP Vo de Ripple(Vpp) Vde  RipplelmVpp)

+37 9 47 0.5 36.9 to 37.1 2

+15 Syn 14.5 to 13.7 0.5
0.5
+15 Qut " " M

15 0.2 145 to -15.7 "

+5 1 4.75 to 5.25 1

None
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4D-25. DIGITAL AND CONTROL TROUBLESHOOTING

If the symptoms indicate a digital or control problem, the following suggestions may help
you isolate the fault to a particular functional circuit. In this manual, refer to the
schematic diagrams in Section 8, and refer to Section 3 for the Theory of Operation,

First, verify that all assemblies arc receiving the correct voltages from the power supply.

The most obvious symptom of failure in the Controller assembly is a blank front panel. A
properly operating front panel indicates that most of the Controller circuitry is
functional. If the front panel is totally blank or unresponsive to any keystrokes, the
microprocessor kernel should be checked first. See the paragraphs entitled
Mieroprocessor Kernel in this section,

If the front panel is operating correctly but the RF output 1§ incorrect, determine if the
fault is on the Controller side of connector P101. The control to most of the audic and RE
analog circuitry passes through PI01 via buffers U15 and U16 on the Controlier PCB,
A2AT7.

4D-26. Control Activity

This can be checked by verifying data activity on the data and address lines of P101.
Program the bright digit for 100-Hz resolution in the FREQUENCY display. While
pressing the EDIT [+] key, observe with an oscilloscope the activity on P101. Pressing
one of the EDIT keys sends bursts of frequency and level control data through the
buffers.

Although it is difficult to determine if the data, (BD0-7) and address (BABO-2)signals on
P101 are valid at any given time, the most common failures seen at this point are totally
inactive signals. Between bursts, the data and address signals are in the high impedance
state (tri-stated). Be carcful not to confuse this high impedance state with total inactivity.
Obscrving these signals on a known good unit may be helpful,

If signals are found to be totally inactive, inspect the buffer control signalson U15(pin 1),
and U16 (pins 1 and 19) of the Controller, A2A7. If the buffer control signals are active,
check the buffer inputs that correspond to the inactive outputs. If the inputs show
activity, replace the buffer and again check the signals. If, however, the inputs to the
buffers are also inactive, trace the signals back and determine the fault location.

If all data and address signals show activity and their timing roughly corresponds to the
select signals BSELOL and BSEL]L, assume for now that the Controller is sending the
correct data and continue on.

4D-27. Latch Control

Use the [SPCL][1][5] keys to check each available latch on the RF cireuit boards to verify
that the correct data is reaching them, Passing this test is a good indication that the fault is
not in the Controller,

If the IEEE-488 option is present, and an IEEE-488 Bus Controller is available,
additional bit-level control of the hardware is available by using the monitor commands
(see Section 2). These commands allow you to directly program the DACs, or read and
write data to any desired location.

4D-28. Microprocessor Kernel
Connect an oscilloscope probe to the external clock input of A2A7 Ul pin 2. There
should be a symmetrical 10-MHz square wave with an adequate TTI. logic level. If the
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signal deviates from this description, refer to Section 3, Theory of Operation, in this
manual to assist you in troubleshooting the clock oscillator circuit.

4D-29. Power Reset

Connect an oscilloscope probe to the RESET input (pin 22) of Ul. The signal should
generate a low to high transition on power-up and remain high during normal operation.
Turning the power on and off generates active low reset pulses to Ul. If a problem with
the reset circuit is suspected, refer to Section 3, Theory of Operation, and troubleshoot
the reset circuitry.

4D-30. Microprocessor Inputs

Input pins to U1, CRUIN (pin 13}, INTI (pin 15), HOLD (pin 18), NMI (pin 21), and
READY (pin 23), should all be high. If any of these signals are not high, correct the fault
before continuing on.

4D-31. |EEE-488 Interrupt

Verify that the IEEE-488 Interface interrupt signal, IEINTL, is in the inactive (high)
state, If IEINTL is active, either troubleshoot the interface to the IEEE-488 Interface
option, or temporarily bend out pin 14 of Ul and tie it to +5V.

After completing the above steps, there should be activity on the address, data, and
control lines as the microprocessor executes instructions.

4D-32. Microprocessor Bus

The dynamic nature of microprocessor bus circuitry makes it very difficult to verify the
data transmitted at any given time. However, most common bus faults show recognizable
symptoms. Look at each of the data (D0 to D7), address (A0 to Al5), and bus control

(CLKOUT, DBINL, WEL, MEML) signals with an oscilloscope.

Suspect inactive signals or signals that enter invalid logic states. Also compare the driver
inputs and outputs of buffered signals. A combination of observation and experience is
helpful here. An ohmmeter or a pulse generator may be useful in further investigating
suspected signals.

4D-33. Address Decoder

Several levels of address decoding are used to select all the memory and I/O devices. The
inputs to the address decoders come from the buses and present challenges similar to
troubleshooting the buses. A suggested approach is to first choose a decoding pathto a
particular device or group of devices, Start at the highest level of decoding, and one ata
time verify that each part in the path is good.

4D-34, Display and Controls

If the display shows signs of activity, but has missing or bright digits or segments, the
problem is most likely in UI8 on the A2A7 Controller or on one of the data latches or
drivers on the AlAI Display PCB. If the display is blank and the Controller is
operational, check the various power supplies and the display blanking circuitry on the
Display PCB.

Two special function-service tests are available to test the front panel indicators and keys.
[SPCL] [0][3] keys check the front panel displays by lighting all segments. This test is
aborted by pressing any key on the Generator.

The [SPCL] [0]{4] keys allow all normally open keys to be checked. As each key is
pressed, its row and column address is displayed in the center of the FREQUENCY
display field. See Table 4D-9 for the address codes for each key. This test is exited by a
clear entry.
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Table 4D-9. Address Codes for the Front Panel Keys

KEY COpE

EEXTAM]
CEXTFM]
CINTAMI
CINTFM]
{400/100017
CFREQ]
CAMPL]
CAM]
[FM]
CsPCL]
[STEP]
L7l

L4

{11

(1]
C5T0]
3]

C53

[23

C.]
CREL.D
[e3

L6l

£31

-1
{5EQ]
CMHz V]
LkHz (V]
CHz Juv]
STEPLV]
CaBm)]
Cx]
fCLRJLCL]
STEPL+]
EDITL*]
EDITC+]
EDITIw]
EDITLH]
[STATUS]
RFCON/OFF]
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4D-35. SYNTHESIZER TROUBLESHOOTING

NOTE

All frequencies mentioned are synthesized; hence they are exact (coherent with
the 10-MHz reference), unless noted as approximate.

If the Generator has the Low-Rate FM (Option -651), set A2A951 for normal operation
(See Table 651-1) while troubleshooting. If the Generator level is inaccurate or an
unleveled condition exists, then the A2A4 Output assembly is probably at fault. If an
unlock condition exists, the problem is in the synthesizer. If the output frequency is in
error or erratic, there is likely a problem with the Synthesizer assembly. However, if the

. unlocked condition only occurs when using an external reference, the problem is
probably in the Sub-Harmonic Reference circuitry.

If the unlocked condition exists with REF INT/EXT set to INT, be sure no signal is
‘applied to the REF IN connector. An external signal applied (while operating on internal
reference) can cause the main loop to unlock.

Next, check to see if the Generator frequency is stuck high or low. A good way todo thisis
to check the de voltage at TP44, If it is around 2V, go to the Reference Circuitry Check in
the following paragraphs.

If the voltage is around 25V, the problem is associated with the main PLL, i.e., VCO,
UHF binary divider, buffer amplifier, SSB mixer, triple-modulus prescaler, or N-
Divider.

Table 4D-10 shows the characteristics of the signals at the various test points on the
Synthesizer PCA. The range of the signal and the expected value for a typical instrument
state are given. The values in the TYPICAL column are for the UUT programmed to
160.11999 MHz, INT FM on at 1 kHz, and 99.9 kHz deviation.

4D-36. Reference Circuitry Check

There should be a 10-MHz square wave at US55 pin 12. If there is no signal at this point,
the problem is in the internal 10-MHz crystal oscillator. The frequency should change as
R230 is adjusted. The DC voltage at TP 57 should vary from 4 to 6 volts as R230 is
adjusted. If there is an external signal connected, with the switch set to EXT, there should
be a TTL signal at U67 pin 11. The same signal should appear at U638 pin 3. If either of the
enhanced stability options is present, with the switch set to INT, there should alsobeal0
MHz TTL signal at U68 pin 3, If the loop is locked, there should be a stable DC voltage at
the output of the loop amp, U69 pin 6.

Table 4D-11 shows the relationship between various reference frequency configurations
and the control of the reference circuitry.

4D-37. Main Phase Lock Loop

If the voltage at TP44 is around 25V, connect a variable power supply to TP41, This
allows the frequency of the VCO to be controlled directly. Use a Spectrum Analyzer or
Counter to monitor the Generator output.

Program the UUT to 640 MHz. If the power supply can be adjusted to obtain an output
frequency of about 640 MHz, the VCO is probably OK; proceed to the next paragraph. If
the power supply cannot be adjusted to obtain about 640 MHz output frequency,
troubleshoot the VCO or the circuitry between TP41 and TP44.
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Table 4D-10. Synthesizer PCA Test Points

SIGNAL
TYPE

RANGE

TYPICAL

FUNCT ION

RF

GROUND
RF

GROUND
TTL

TTL

GROUND
TTL
TTL
TTL

RF
AUDIO
GRCUND
TTL

TTL

GROUND
TTL

GROUND
AUDIO

AUPIO
bt

TTh
GROUND

TTL

245 to 525 MHz
245 to 525 MH:

20 to 39.995 kHz

1T to 7.99975 MHz

1 MHz (ALY
0.02 to 1 MHz
12 to 26 MHz
245 to 525 MH=z
0 to 0.7V rms

20 MHz, 12.5 ns
CAH)
20 MHz, 12.5 ns
(AH)

10 te 19.9975 MH:

0 to 0.8V rms
0 to 0.8V rms

30 $0.5V
T MHz

-1 to =4v
1 MHz 200 ns (AH)
1 MHz 10 ns (AL)
2 to 22V
2 to 22V

2 to 22V
2 to 22V

low = unlocked
high = locked

10 MHz 20 ns (AL}
10 MHz

10 MHz 10 ns (AL)
7.5 41V

16 1+2v

10 Muz

800 MH:

480.059995 MHz;
=7 dBm

480.05999% MHz;
+4 dBm

39.99% kHz
1.99975 MHz
1 MHz
20 kH=
24 Mz

483.02 MHz;
0.68V rms

20 MHz

20 MHz

19.9975 MHz

0.18V rms
0.18V rms

30V dc
1 MH:z

2.7V dc
1 MHz 200 ns
1 MHz 10 ns
17.7V dc
17.5V de

17.3V dc
16.2V de

TTL high

10 MHz, 20 n§
10 MHz

10 MHz, 10 nS
16V dc

10 MHz
800 MHz; -10 dBm

ALL frequency digits

ALL frequency digits

10-K, 1=K, 100-.
and 10-Hz Digits
10-K, 1-K,. 100-.
and 10-Hz Digits

1-MHz and Lower digits

ALL freguency digits
ALL freguency digits
FM Deviation

10-K. 1-K, 100-
and 10=-Hz Digits

FM Deviation,
and Freguency
FM Reviation.
and Fregquency

1=MHz Reference
frequency
Frequency
Frequency

Frequercy
Fregquency

Above 245 MHz
Below 245 MHz

Below 245 MHz
To test Low—
pass filters

ctive high
ctive Low
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Table 40-11. Frequency Reference Control

OPTION INSTALLED BIT

HIGH- OR MELIUM-STABILITY INT/EXT RMUXOH

NO INT
EXT
INT
EXT

TTL High
TTL Low

Program the UUT to 320 MHz. If you can adjust the power supply to obtain about 320
MHz output from the VCO, the VCO and binary divider are probably OK; proceed to
paragraph 4D-41, If you cannot change the frequency, the problem is either the VCO, or
the UHF binary divider, Ul.

Check the signal at TP1. 1t should be the same as the output frequency. The level after the
buffer amplifier, Q3, Q4, at TP3 (use RF test cable) should be approximately +3 dBm.
The signal at TP17 should be a signal sideband signal with the lower sideband component
(the desired signal) at about -20 dBm. If the only signal is the carrier frequency (same
frequency as TP3), check the quadrature generator, and the sub-synthesizer circuitry.
The signal out of the triple-modulus pre scalar should be approximately 16 MHz (with
the output frequency set to approximately 320 MHz). The output of the N-Divider,
TP14, should be approximately 1 MHz.

As the UUT frequency is programmed, the frequency at TP14 should change, since the
divide ratio is being changed. If the frequency is not | MHz and/or it doesn’t change, the
problem is probably with the N-Divider gate array, Ul7, or the interface to the
MiCroprocessor.

If both the reference (at TP35) and the N-Divider signals at the phase detector are | MHz,
the loop should lock when the operator removes the variable power supply. If the loop
does not lock, check the KNV voltage at TP37. With the Signal Generator programmed
to 320 MHz, TP37 should be approximately 1.0 to 2.0V. If this voltage is not correct,
check the DAC U27, latches U26 and U30, and op-amp U28. This voltage should also
change as the operator changes the Generator frequency.

If the KN DAC appears to function, the problem is with the phase detector. Reconnect
the variable power supply as before, and adjust the voltage for a approximately 1-MHz
signal at U44 pin 3. With this frequency slightly above | MHz, TP38 should be high and
TP39 should be low.

With this frequency slightly below 1 MHz, TP38 should be low and TP39 should be high.
The only remaining circuitry is the loop amp U48 and the current source, U46, Q18, and

QIs.

If the loop is Jocked, but the 1-MHz, 10-MHz, or 100-MHz digits cannot be programmed,
the problem is either the N-divider or the interface to the microprocessor. If the 100-kHz




MAINTENANCE

TROUBLESHOOTING AND REPAIR

or 10-kHz digit is inoperative or the frequency jumps as the I-MHz digit is programmed,
the problem is likely the triple-modulus presealar. If the lower order (1-kHz, 100-Hz, 10-
Hz) digits cannot be programmed, the problem is the sub-synthesizer or single sideband
MIXEr.

4D-38. Sub-Synthesizer and HET (800 MHz), 40-MHz Loop

The frequency at TP24 and TP25 should be 20 MHz, The frequency at U64 pins 14 and 15
should be 40 MHz. If the 40-MHz signal is present, but not the 20 MHz, the problem is
most likely with Q4, Q5, U35, or U34, If the 40-M Hz signal is in error, the problem is in
the 40-MHz loop.

Check the frequency at the 40-MHz VCO, U64 pin 3. Tt should be 40 MHz. if itis not, lift
the op-amp ¢nd of R169, and connect it to a variable power supply set to approximately
6V. The signal at U64 pin 3 should be approximately a 40-MHz ECL level
(approximately 3.2V to 4.2V} signal. By varying the supply voltage, the frequency should
change. A similar signal should be present at U64 pin 2, Check toseeif U6d pin 111s ECL
low (approximately 3.2V).

The output of TTL buffer U65 pin 8 should be approximately 40 MHz. The output of the
divide-by-4, U66, should be approximately 10 MHz, Once again, if the frequency is
greater than 10 MHz, pulses should exist at TP52 and the output of op-amp U60 pin 6
should be low. If the frequency is below 10 MHz, pulses should exist at TP49, and the op-
amp should be high (approximately 24V). The loop should lock when the operator
reconnects R169.

If the TP checks are all right and the 800-MHz oscillator is not locked when in the HET
band, the problem is either with the 800-MHz VCO, the divide-by-4 (U61), the divide-by-
5 (U62, U63), or the logic that controls the switched +5V.

Program the UUT to 320 MHz. The frequency at TP27 (the output of the sub-synthesizer
gate array U33) should be 10 MHz if the input signals are correct, The frequency at TP12
should be 1 MHz, and TP11 should be 20 kHz. There should be a 20-kHz sine wave at the
hot end of R33. The signals at the output of the active quadrature generator, U10 pin 8
and U10 pin 14 should be approximately 300 mv p-p sine waves that are 90° apart in
phase. Use a dual-trace Oscilloscope for verification.

The frequency at TP27 should change 500 kHz for a |-kHz change in the programmed
frequency, and 50 kHz for a 100-Hz change, etc.

4D-39. FM Circuitry

Program the UUT to 300 MHz, INT FM, 99.9-kHz deviation, and 1-kHz modulation
frequency. There should be a 2V p-p 1-kHz sine wave at TP22. Program 50-kHz
deviation, and the level should drop to 1V p-p. Reprogram the deviation to0 99.9-kHz. The
level of the output of the KV DAC, U28 pin 7 will be approximately 1.5V p-p depending
on the FM correction value (KV) in the EPROM,

The signals at TP32 and TP33 should be approximately the same, depending on how R§7
is set. The output of the audio integrator should be about 1V p-p. To check the FM range,
program the UUT t0 9.99-kHz deviation. The ac voltage at TP32 should drop to 109 of
the 99.9-kHz value. Program 999-Hz, and the voltage should drop to 19 of the 99.9-kHz
value.

The INT/EXT FM selection 1s done on the A2A4 Qutput PCA. The controls are listed in
Table 4D-17.

Tables 41-12 and 41>-13 provide FM range and FM DAC (10 bits) control information.
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Table 4D-12. FM Ranges

FM DEVIATION FM DEVIATION WITH
(Hz? LOW-RATE FM QPTION

(Hz}

0 - 999
1000 - 9990
10000 - 99900

0-99.9
100 - 999
1000 - 9,990

Table 4D-13. FM DAC Control

FM DEVIATION
(Hz)

FM DEVIATION WITH
L.OW RATE FM QPTION
{Hz)

Mo-9
(Bits)

0 - 999
1000 - 9990

0= 99.9
100 - 999
1000 - 9.990

FM Deviation /.1l
FM Deviation
FM Deviation /10

10000 ~ 99900 FM peviation /100

4D-40. LEVEL TROUBLESHOOTING

If the Generator level s inaccurate or an unleveled condition exists, the A2AS Output
assembly or the A2A6 Attenuator assembly is probably at fault. If an unleveled
condition exists, the problem is in the circuitry ahead of the detector. Go to the
paragraph in this section entitled Unleveled Condition.

If there is no unleveled condition, the problem is likely in the circuitry following the ALC
Loop, which includes the Attenuator/RPP, the heterodyne circuit, and the output
amplifier, Q215. If the level problem only exists below 245 MHz, then troubleshoot the
heterodyne circuitry. If the problem is not frequency dependent and if the level is
accurate above+7 dBm but inaccurate below +7 dBm, then the A2A5 Attenuator/ RPPis
at fault.

4D-41. Output Assembly Test Point Signal Information

Table 4D-14 presents the nominal characteristics of the signals at the various test points
on the Output PCA, Not only the range of the signal, but also the expected value for the
Instrument Preset State [RCL] [9][8], are given,

4D-42. ATTENUATOR LEVEL CONTROL

Table 4D-14 lists the Attenuator assembly (A2A5) sections that are inserted in the RF
output path for the various level ranges of the generator. This information is useful in
isolating a faulty section. The sections are labeled by the control line mnemonics at latch
U27 on the Controller PCB. Note that the section is inserted in the RF output path when
there is no power applied to the relay.

If the Level problem exists above +7 dBm, the through path (0 dB attenuation) of the
Attenuator may be faulty.

4D-43. Aftenuator Check
Attenuator problems are most likely to be relay contact problems.

To isolate the faulty attenuator section, connect a powet meter to the RF OUTPUT
connector, and check the nominal levels per Table 4D-16 at both 0.2-M Hz and 1050~
MHz frequency.
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Table 4D-14. Qutput PCA Test Points

SIGNAL TYPICAL SIGNAL
TYPE RANGE RCL 98 DESCRIPTION

RF 245 to 300 MHz Qutput of mid/high
-18 to -27 dBm bandswitch.

245 to 300 MHz Output of buffer
=10 to =20 dBm amplifier.

245 to 200 MHz Qutput of sWwitched
=13 to =22 dBm Low-pass filters,

245 to 300 MHz Power-sptitter
=13 to ~2Z dBm output.

800 MHz No signal Het mixer LO
-8 dBm signal

det+audio -7 to 14V de nominal 3.1V dc Modulator control,
voltage.

detaudio 0.04 to 3.0V dc nominal | 1.2V dc Leveling loop
control voltage.

de+audio 0 to 2V de¢ nominal 0.63V de Detector dicde
voltage.

detaudio 400 or 1000 Hz, 400 Hz Modulation Osc-—
G.71V rms 0.71V rms  illator output.

Ground
de+audio 0 to 0.70V rms FM modubation

sighal to Synth-
esizer.

The through-path operation of the Attenuator/RPP can be roughly checked by
removing the instrument and module bottom covers. Program the frequency to 1 MHz
and the level to +13 dBm. Measure (with a high-impedance probe and an RF voltmeter or
an oscilloscope) the level at P102 of the A2A4 Output assembly with a POWEr meter
connected to the RF QUTPUT connector. If the voltmeter measures a nominal 1V rms,
but the power meter does not read +13 dBm, then the signal is not getting through the
Attenuator module, and the Attenuator/ RPP is at fault,

If the level problem is subtle rather than catastrophic, a more accurate check is requircd
to determine if the fault is the Attenuator or the Output assembly. Such a check is made
by removing the Attenuator assembly, attaching an adapter (6060A-4234: P/N 744177)
to the interconnect point, and making power meter measurements of the A2A4 Cutput
assembly output. Use [SPCL] [8][2] to disable the Attenuator correction factors. The
level at this point should be flat over 0.4 to 1050 MHz within typically 0.2 dB and should
agree with the programmed level within 2 dB.

If the problem has been isolated to the Output assembly and there are no self-test errors or
flashing UNCAL condition, the problem is probably in the circuits following the ALC
loop. If the problem is only in the Het band (frequency << 245 MHz), check the Het band
switch and controls, the Het band circuits (mixer, filter, and amplifier), and the local
oscillator signal (800 MHz, nominal -10 dBm at TPS). If the problem is at all frequencies,
check the output amp, Q215, and the Het/function switch and controls.
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Table 4D-15. Attenuator Level Controt

AMPLITUDE RANGE IN DEBM ATTENUATOR SECTIONS INSERTED INDICATED EY X

AM Off AM On AGDEL |A12DBL [AZ41L|AZ42L{ AZ43 L |A244L | A245L

7.0 1.0
1.0 - =5.0
=5.0 -11.0
-11.0 =17.0
«17.0 . =23 .1
-23.1 . ~29.1
=-29.1 - =35.1
=35.1 =-29.2 =41.1
=41.1 =35.2 =47.1
=47.1 -41.2 =53.2
~53.2 -47.2 -59.2
-59.2 =53.3 =65.2
=65.2 =593 =71.2
=71.2 -653.3 -77.2
=77.2 -71.3 -83.3
-83.3 =773
~89.3 -83.4
=95.3 -89.4
=101.3 ~95.4 =101.4
=107 .4 =101 .4 =107.5
=113.4 =107.5 -113.5
=119.4 =113.5 -119.5
-125.4 =119.5 -125.5
=147.0 ~125.5 -131.5

po A A L S A S s
I G MG D DR G B0 BB G M

b i

Table 4D-16. Attenuvator Lavels

ATTENUATOR  PROG LEVEL SPECIAL FUNCTION OBSERVED LEVEL
(NOMINAL)

+6dBm

0dBm
-12dBm
=1 2dBm
=1 2dBm
—72dEm
=] 2dBm

4D-44. Unleveled Condition ]

If there are self-test failures and/or unleveled indications, the problem is probably in, or
prior to, the ALC loop. If the problem is isolated to a specific frequency band (or bands)
and other bands work properly, check signal inputs and controls to the various filters that
precede the modulator, See Table 4D-7 Band, Filter, and Frequency Data for band
definition. If all frequency bands are affected, the leveling ALC loop or associated
controls and inputs are probably at fault,

TP6 (modulator control voltage) is a good place to monitor. With the instrument
programmed to 13 dBm, the voltage on TP6 should be between +2V and +8V de(+4V
to +5V dc typical). Another place to monitor is TP7 (ALC control voitage). With the
instrument programmed to +13 dBm, and the level correction disabled [SPCL][8]{1], the
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voltage here should be approximately 1.6V dc. With the RF off, the voltage at TP7 should
he OV de.

When the problem is isolated 10 a specific area, use the schematic, Theory of Operation,
Test Point Chart, and normal troubleshooting techniques to isolate the fault.

4D-45. AM TROUBLESHOOTING
The following paragraphs provide information that help the operator to trace an AM
problem to a specific ¢ircuit on the Qutput assembly.

4D-46. Intemal/External AM
If an AM problem exists, determine if the problem occurs with internal AM, external AM

or both. This check is done by connecting a |V peak (2V p-p), 1-kHz signal source to the
external MOD INPUT of the UUT and measuring AM depth. Use a-Modulation
Analyzer. Program the UUT to external AM and then to internal AM at -k Hz internal
modulation ratc. The measured AM should agree with the programmed depth within a
few percent.

Tables 4D-17 and 41)-18 provide control information for modulation and modulation
frequency selection,

If the internal AM does not agree, but external AM is Ok, the Modulation Oscillator is
likely at fault. If external AM is bad, but internal AM is Ok, then the problem is
somewhere between the external MOD INPUT and the AM DAC.

If both the external and internal AM fail, the problem is likely being caused by eitherthe
medulation signal-processing circuit or the leveling loop. To determine which circuit is
faulty, perform the following test,

Table 4D-17. Modulation ON/OFF Control

EXT AM INTAML EXTAML

off
On
OFff
on

EXT FM INTFML EXTFML FMENH

off 0
on 1
Off 1
on 1

TTL High
TTL Low

Table 4D-18. Modulation Frequency Control

FRERUENCY ME400L

400 Hz 0
T kHz 1

High
Low
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4D-47. ALC Loop Control Vollage
PROCEDURE

1. Connecta IV peak (2V p-p), I-kHz signal source to the external MOD INPUT.
2. Program the UUT for 350 MHz, 7 dBm, 71% AM depth, and EXT AM ON.

3. Measure the ac and the dc voltage at TP7. The rms voltage should be nominally
509% of the d¢ voltage.

Program the UUT for 35% AM depth. The rms voltage should be nominally
254, of the dc voltage. :

If the UUT fails this test, the problem lies somewhere between the EXT MOD input and
TP7 (ALC loop-control voltage). To further localize the problem, the same test can be
done by measuring the ac voitage at U302 pin 8 (input to level DAC). If the measured ac
voltage does not change as programmed AM depth is changed, either the AMDACoorits
control is at fault, The AM DAC (A2A4U301) is an 8-bit DAC and is set to twice the
programmed AM depth, e.g., 180 for 90% AM.

If the UUT passes this test, then the ALC loop control voltageis correct, and the problem
is in the ALC loop. A likely cause of excessive AM depth error and harmonic distortion is
detector.non-linearity. The following test checks detector linearity.

4D-48. Detector Linearity
PROCEDURE

[. Install the plate covers and let the UUT warm up at room temperature for one
hour.

Program the UUT for 350 MHz, 12 dBm, modulation OFF.

Program [SPCL][8]{1] and [SPCL] {9){1]to disable level correctioﬁ and enable
amplitude fixed range.

Measure power with a power meter at the UUT RFQUTPUT. Note the reading.

Program the UUT for 2 dBm using the EDIT keys. The measured powershould
be 10 dB £ 0.2 dB below the reading noted in step 4.

Program the UUT for -8 dBm using the EDIT keys. The measured power
should be 20 dB *+ 0.4 dB below the noted reading.

7. Program the UUT for [SPCL] [0][0].

If the UUT fails this test, the problem is likely to be in the detector or detector-linearizer
circuit, If the UUT passes the test, the problem is constrained to the other ALC loop
elements, and is likely to be a bandwidth problem associated with the loop amplificr or
the modulator or modulator-linearizer circuit.

4D-49. RPP Control

When servicing the A2A5A2 Attenuator/ RPP Control PCB, use the three dual-pin test
points to aid in the troubleshooting of the assembly. The RPP can be tripped (to the
protect position) by momentarily shorting the two points of TP1. It can be reset by
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momentarily shorting TP2, Shorting TP3 reduces the level required to trip the
Attenuator/ RPP, so it trips on the Generator’s own output. This provides a convenient
way to verify the operation of the entire trip circuitry, although at a reduced trip level.

To check the trip function with TP3 shorted, it is best to program the Generator to an
output level of +10 dBm; then, program it for fixed amplitude range ([SPCLI9][1]). This
allows the level to be varied from a low value up to the maximum value without any
transients that might outherwise trip the RPP. ‘Then, starting at a low level, such as -10
dBM (with the RPP reset), increage (EDIT) the UUT level in 1 dB steps until the RPP
trips. RPP trip normally occurs between +10 and +15 dPm.
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5-1. INTRODUCTION

This section contains an illustrated parts breakdown of the instrument, A similar parts
list is included in the Options Section for each of the options. Components are
listed alphanumerically by assembly. Both clectrical and mechanical compoenents are
listed by reference designation. Each listed part is shown in as accompanying
iflustration,

5-2. Paris List Information
Parts lists include the following information;

. Reference Designation
2. Description of Each Part
FLUKE Stock Number
Federal Supply Code for Manufacturers
Manufacturers Part Number
Total Quantity of Components Per Assembly

Recommended quantity: This entry indicates the recommended number of
Spare parts necessary to support one to five instruments for a period of 2 years.
This list presumes an availability of common electronic parts at the maintenance
site. For maintenance for | year or more at an isolated site, it 1s recommended
that at least one of each assembly in the instrument be stocked. In the case of
optional subassemblies, plug-ins, etc., that are not always part of the instrument
or are deviations from the basic instrument model, the REC QTY column lists
the recommended spares quantity for the items in that particular assembly.

5-3. HOW TO OBTAIN PARTS

Components may be ordered directly from the manufacturer’s part number, or from the
John Fluke Mfg. Co., inc. or an authorized representative byusingthe FLUKE STOCK
NUMBER. In the event the part ordered has becn replaced by a new or improved part,
the replancement will be accompanied by an explanatory note and installation
instructions if neccssary.

To ensure prompt and efficient handling of your order, include the following
information:;

I, Quantity

2. FLUKE Stock Number

Deescription

Reference Designation
Printed Circuit Board Part Number and Revision Letter

Instrument Model and Serial number
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5-4. Recommended Spare Parts Kit

A Recommended Spare Parts Kit for your basic instrument is available from the factory.
This kit contains those items listed in the REC QTY column for the parts lists in the
quantities recommended.

Parts price information is available from the John Fluke Mfg. Co., Inc., or its
representative. Prices are also available in a Fluke Replacement Parts Catalog, which is
available upon request,

CAUTION
*

Indicated devices are subject to damage by static
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TABLE 1. 4040B FINAL ASTEHELY
{SEE FIGURE 3=1.}

REFERENCE HFRE HANUFACTURERS
DESTGHATOR JFLY PART MUHBER
A-3HUMERICL-———3 EORE— —-0OR GEMERIC YYPE--—

FRONT SECTION
HODULE JECTION
REAR SECTION

SCREMW, MACH, FHUP , 5. STL, 5-F2d1 /A 326093 320073
SCREMW, MACH, FHP SEMS, STL, 4-32X%{ /2 177630 177630
SCREW, HALH, PHIP L 3TL, 18-3301 74 aagal Aiagal
SCREW, RALH, PHF, ¥, XTL, 4-32X3s8 3xda3a 1X4458
SEREW, HAGH, PHIF, 5T, 4-32X1 /4 pHdyad {52140
WASHER.FLAT, & STEEL,#4,9,.014 THK 240471 SHEe-2I-14
SCKEW, MACH, FHP MAL S-STL, &-32X¥/43 PIANIE T72234
WASHER ,FLAT, XTEEL ,44,8.031 THK 110270 10270
SCREW, HACH, FHP SENS, STL, 8=32X3/8 434030 436030
ICREW, HACH, FHP SENS, STL, 4=32X1/4 78533 17R333
ECREM, HACH, PHP SEHE, FTL, 4-48X1/4 197718 AL:ETAR!]
SCREW, MACH, FHF, XT1, , 8-32X3s8 1Hai{4 [RLIRN
Tur COVER Te4BL4 7040464
EOTTOM COVER 764874 704674
FOAQT, SIWGLE BAIL TYFE (DARK UKEBER) 433923 453713
WAHEFLATE, SERIAL ~REAR FANEL= APL2TYS 4TZTT3
BECAL, FRONT CORNER 459227 43F2IT
IIDE TRIW 18" 525998 325%78
DECAL, REAR CORNER 48521 4 485214
COVER PLATE Bl.ANK, IEEE TE245 TI1243
COVER, OUTFUT. PLATED 731430 731430
COVER, SYNTHESIZER, FLATED TRRATA P24
COVER, CAL-FROM Tragve 174376
FAfkEt, SHEEL DYRE, MONEL MESH 416320 520328
DELAL, OFERATION Fras2e 1744628
SHIFFING BOX 7%2734 T32758
SHTFPTING END CarFd ThaTEE T52744
EONH ACC, COAY, BND  CAF CBULT CAR) aYaraz Areea2
CHASSES S1DPE 457427 &37627
GABLE TIE, AMGHOR , ADHSY. @ B2 TIE 407708 407708
CnblLE CLARF 103794 3/ 63NA
CABLE TIE. 4°L.& . 106'0, 0,75 BIH 172086 17208¢
BRACKET, FOWER SWITCH 74407 T74487
FUSHEUTTAON, LG RECT. GREEN CL REFL 420893 420873
FLUG Y JACK 10i774 161774
40408 [NSTRUCTION RANUAL TFZEPT TRaa9Y
40400 GETTING STARCT MANUAL 174834 F9a834
1c, 2k x 8 EFROH AT446T Thiasi4JL
CARLE ASSEMBLY, EFHI-RIGID M 9 734304 731389
CORD,LINE,3=15/1IEC, 31 BANG, VYT 204174 #84i74
CAFLE ASSEMBLY, CONTRULLER-FOWER vigdia 738534

UNPROGRAHMED PART

blr 2k o g O W D6 R B == g S O R et b —
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6060B-T&B

Al
(REAR SECTION)

{MQEULE SECTION) 6060B-5003

Figure 5-1. 6060B Final Asgembly
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REFEREMCE
HESLLHATOR
A= INUHERICS ===}

THELE 3-2. Al FROHT XECYiON
{SEE FIGURE 5=-2.}

L N T T3 1o o1 S E—
DISPLAY PCA

SHITCH FHE

LAk, CER, 370PF, +—5, 1 08V, £OC
TERH,RING,3/8 & T7/44,50LDR
LfCREW,CAF, SCKT,STL,B-32X3/8

SCREM, HACH, PHP SEHS, STL, 4-40%1 /2
ICREW, HACH, PHP FEMS, STL, 4-40X3/14
ADAFTOR, COAX, EHACH) , HiEH}

FHIELD, DISPLAY

SHIELD, SUITEH RF

CORNER BRACKEY

FRONT PAMEL SH

DECAL, FRONT FANEL

PECAL, LEHS, 18KHZ

LEHS BISFLAY

CORMER MANDLE, FRONT 5.27 INCH
BRACKET, RF OUTPUT, PLATED

BUSHING INSULATION R.F.OUTRUT

SLEEY, FOLYOL , SHRINK, . 073~ , 044 1D, BLACK
IWITCH, LEFT CONDUDTIVE ELASTOMERIC
IWITEH,CENTER CONDUCTIVE ELASTOMERIC
SUTTCH, RIGHT COMDUCTIVE ELASTOMERIC
CABLE ASLY MOD TNPUT FRONT

SOCKET, 1 ROW,PWD,0.100CTR,7 POS

FLUKE

Frock

o o
Tigd0Y
TIBYR
S14384
A44972
IP5ies
353040
TIRT0
S1a2ad
T3 25%7
TI4832
&5 T
457591
T74042
T71404
&5T7E
A%541 73
Traaty
337063
f47443
ARATRY
T3134%
T304
TaEADe
320049

HFRE
IFLY
RODE-
87334
B¥534
ABY53I4
799463
HFSI4
B34
0?7534
BY334
873346
#9534
BYS53a
80534
8¥336
A?3714
8¥334
89534
B¥314
09334
0¥336
gy3la
89534
LA =L
a¥s3s
30035

HANUFACTURERS

PART HUMBER ToT
~-0OR GENERIC TYPE== Qry
730607
738571
a14584
741
23103
353040
TIXTI0
14043
731257
Ti4832
£57401
457593
TT4042
Fyaaéa
4378
HD6173
TTAATE
537803
147443
AFESHY
73t347
I ATE
138360
FE=-10F=1 07

2D -

B ) T PO e

[ X

6060B-5003

Figure 5-2. A1 Front Section
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TABLE %-4. A3 REAR IECTION
tFEE FIGURE 5-4.)

REFERENCE FLUKE  MFRE HANUFAGTURERS
DETIGHATUR ITOCK IPLY FART HUMBER 107
A~ NUMERICE ===} ==fQ~= CODE= ==0R LENERIC TYPE=-=- ary
FOMER IUFFLY PCA T44872  BY3XE  TAAb32

FAN, 4 2VBE, XaLFH, 2. 15759 To4598 BPIZE  TDASRR
TERH,RIMG #4,3/32 = 2 PLaCES, POLDR {32177 THIGF I2i04-0A=-DO
FUSE. 174 X 1-174,FAST, 1.54, 2508V 1693386 T1406 AGCI-1/2
HUT, ELAST.STOF , MEX, STL,B-32 Joslol  BYINE Jdoalen
ECREM, CAP, SCK T, 571 B-32X3s0 99105 B¥336 293163
WASTHER , SHLDR, HYLON, 43 AT BYId4  AGSM Y

HUT, LOCK , . 5TL, A= 40 35BAAs 89334 378844
ICREW, HACH, PHF SERS, STL, 6-32X5/D 272391 B¥334 2725
ICREW, HACH, £TL , PHF, B-32%0-1/2 TIZITH  BINIH I72IV6
WASHER, FLAT, S STEEL,$8,6.632 THK 1TAT43 BeP28 DT 1O-341-32
WafMER, FLAT FLBER, 00, 0843 TiK 110733 73734 1472

ICREW, MACH, FHUP, §.3TL, 6-32X1 /4 20073 B33 0073
SCREW, HACH, FHP SEHE, STL, A-30X1 /4 t7E33d  eYIIs 17833
"WAYHER, SPRING, STL, 0.130%0. 281 X0, 020 FHIAB 89334 IF{PaA
WASHER, SHLOR, FIBER, 84 f10387 BAP2E 35H04-A7
MUT,ELAST,LTOP,HEX, £TI., 6-32 116841 B?538 110041
WAEHER, LOCK, THTRML, STEEL. 0. 247 ID {10857 BYS36 116817
MASHER, FLAT ,ALUH, &, 123 ID, 0,042 THK 1 TAY  DFFIA  JOLTAP
PANEL, REAR TTALTA  Q9I34  Y¥abde
CORNER HRACKET ATTA01  B9ITE L3TAM
CORMER HANDLE, FROMT 5.25 INCH &34173 AP5%4 A543
LHOCK MOUNT, PS5, 7154 732941 RP334 732944
PLUG, BUTYON T4023{ 89534 TE&02TH
BUSHINE COVER RF OQUTPUT J3BD2T4  BP534  3IABDIE
IHZUL FART, TRANS, RTLICONE, POMER 534453 087534 F3I4453
IMSUL PART, TRAMD, TTL ICONE, TO-2 473145 352685 T7403-08-FR-03
SLEEV, FOLYOL, SHWINK.-QQTH.Oﬂaln BLACK {13052 evs3s 113032
7Rﬂ”$FORHER COVER, FAINTED 31387 09334 7347
CAWLE TIE,4°L,0.108°W,8,7% DA 172600 B?536 (TI0RD
CabLE, ETHYL CELLUL.OSE, TTFPE t/2=-d4R 100PT4A  BY3I3IA 100774
CABLE TIE, ANCHOR, ADMSV, 8. {22*TIE 487908 BINAL 467908

FAM SKIRT TRITI4  BFIIE TR
RETAIMER, ALY FUR SUPFLY CONM TAgbHdb  H933A  FARLAD

HEAT DIS, TRAMSILTOR, TMCL TO3J,ALLMH TAOTIA EB93316 TA07I8
TRANSFORHER, POWER TITEIE %334 M 7R3V
IC. ¥ T REG,FEXED, 15 VOLTE, 1.5 AMPT 443187 0ATIZ HCTBISCT
iC,¥OLT REG,FIKED,+3 VOLTE, S AHF,TO=3 453944 12040 L M223K
IC,VOLT REG,FIXED,-13 VQLTE, 1.5 AMPY  A1317% 04713 HCTRIDCE
IC.vOLY REG.ADJ, 1.2 TO 37 ¥, 1.3 AHFE AGDATO 12040 LHZITT
IC,VOLT REG,FINED 135VOLTY, 1.50 FIZ830  O¥E34  7TL636
CABLE ASIY,RF, REF IN/OUT 740481 AP334  TAR4BRY
CABLE, LIHE FIL V74388 89334 774388
CABLE AZIY aux IRﬂHSFﬂRHﬁN TABT7SR OYI34A  7ARTVE

1 REFERRED TO THROUGHOUT HawUal AS ALY
®  PART OF Aalai

T
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TAELE 3-3. AZ HOPULE SECTINN
{FEE FICURE 7-3.}

REFERENCE FLUKE  HFRY HANUFALTURERS
DESLGHATOR FTOCK  SPLY FART NUMBER TOT
A-PHURERTES———) § ———-=————DBESCRIPTION-——ws—ssssssvmmn  wulfle= CODE= ==OR GENERIC TYPE--  @T¥
¥ SYNTHESIZER PCA 792812 BY336 TPEND

HAIN VCD PCA 74B7BO B9THA  T48700
» DYTFUT FCA TT4ITN B9S24 TTAT2H
a ATTENUATOR/RPF ASEEHBLY 752447 B9536  7I266T
w CONTROLLEK FCA FU340%  4YYH4  TRDASS
w NUN-VOLATILE (STORE/RECALL JHEHORY FCA 744094 89336 7AA0DV4

KATTCRY, LITHIUK, 3.7V, B, B3AN ARRATAE  BYSIA  ANOATA

CAF, CER, 1980FF , +-8%, 38V, LUL 520537 St404 RFE1V3

SEREW, HACK, PHPO, 5. STL, 4=32X9/32 544132 @Y334 DAMIDD

SCREG, HACH, FHP SEMS, STL, 6-3R%1/4 178533 9534 178533

WASHER , FLAT, STEEL, 84, 0. 634 TH 110270 89534 110270

LEREW, HACH, FHP  HAL S-STL , 4=33%X9/32 72236 BP336 TR

SCREW, HACH , PHP , STL , 18-32X1/4 pinvdl  #y336 210941

MUT, CAF, EXT,LDCK, STL., 10-33 559237 BYS34  STPR3T

SGREM, HACH, PRI SEHS, STL, A=32X5/14 236067 B¥336 D30RE7

AIDE, PCD PULL SALTID  GPI3A 441736

AITE,FCE PULL Sat7E0 80534 T41730

COMPONENT HULDER 420645 PA1SY  20PP-75-2

GAYKET, SHIELDING, HOMEL MESH,EIRCULAR 720444 69536 720464

CAPLE TIE,ANCHOR,ADHSV,0.122°TIE 407708 BYSI6  AQTHOR

CATM.E TIE,A"L,0.100"W, 6,75 DA 172080 @953 172080

CABLE ASLY,MOD INPUT,HGDULE 73542 07334 TINEAR

CAVLE ASSEHELY, SYNTHESIZER-POUER FyBE2L  @FTI4  PRESIL

ASSEMBLY INCLUDES ASSOCIATED CALIBRATED EFRON
HP7
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Figure 5-3. A2 Module Sectlon
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LIST OF REPLACEABLE PARTS

REFERENCE
DESIGNATOR
A~ YHUKERICS-——}

TTTEEEESg

TABLE 3-3. Aiad1 DLIPLAY PCA
(FEE FILURE 5-5.)

LaF, TA, 4.7UF , +-20X, 30V
CAF, TA VOLF , +-20%, 18V

CAF,FOLYES, @, 10UF, +—1 0, 58V

CAF, Th, VOUF , +-201, By

CAF, Th, 3PUF, +—20% , &V
CAP.CER. 0, 0810UF +-26%, 108V, X7R
BISFLAT VACLUM FLUGRESCENT FREQUENCY
DiSPiay VaCULM FLUDRESCENT AMFLITUDE
CONM, FOST ,PUD, . 0255Q, NON=INSUL , FELECT
CONM, FWD, PIN,CRIMP, 8,058 DIA

RES, CF, 100K, +5% , 0. 254
RES,CF, 420, +~3%,0. 25K

RES,HF .9, 09K, +—12,8. 1254, | 00FFH

REE, HE, 316K, +—§X, 0.129%, 100FFM
RES,HF,B_04K,+-1X,0.125W, {BOPFH
RES,MF, 2K, +1X,0.125W, 1 6OFPH

RES,HF, 487K, +=1%, 0, 1 234, | BOFFH
RES,CF, 30K, +-5%, 0. 250
RES,CC, 18K, +-10%, 6, (25W
RES,LE, 840, +-40%, 0. t 25U

RES, VAR, CERM, 5K, +—10%, 0. 54

CONN, TAB, FASTOM, PRESS=IM,0.110 WIDE
1C,LSTTL,OCTAL D F/F,+EDG TRG,W/CLEAR
1C,BIPLR, BCHHL FLOLURESEHT DISFLY DRVR
IC,LSTTL,RETRC MONOSTAR MULTIVE W/CLR
IC,LSTTL,DUAL 4 IMPUT AMD GATE

IC, TTL,HEX INVERTER W/OFEM COLLECTOR
IC,LSTTL, HEX BUFFER W/NOR EMABLE

1C, COMPARATOR, DUAL , LO~FWR, 8 FIN DIF
IC, 1.22V,25 PPN T.C.,DANDGAF REF
CABLE AIFEMBLY, CONTROLLER=DISFLAY
SOCKET.DLF, 9,106 CTR, 20 FIN
TOCKEY . pIF, 8. 104 CTR, 18 PIN
$OEKET, BIP. O 108 CTR, 16 FIN
SOCKET,DIF,0.100 CTR, 14 FIN

SOCKET, DIF,0.§08 CYR,8 PIN

RES,NET, SIF,10 FIN,® RES,{60K,+-2%
RES.NET.SIF,10 FIN,9 RES,10K,+~21

FLUKE

IT0LK

——MO--
363721
17424 4
174214
&£R4484
330442
163915
402966
4784936
6704464
267500
FEELRR
3a8700
442319
2 443
2614610
274742
235024
2473085
348753
44773
F13303
28287
s1288%
454892
SA%T0R
484184
408708
208405
483800
478334
£34134
730474
4544214
418238
176537
2yaneT
a7gei s
441038
A14003

MFRS
SPLY
CODE=
54289
34289

895334
34287
54287
72782
69336
BP3I4
BOTY?
BO7re
BOGXY

BOS3t

PL143T7
7637
F143T
#1637
a®534
06031

1121

25334
73375
G648
01295
54289
01295
01293
0t295
01295
12040
32293
69534
e9P22
PS04
1506
evPIz
#1508
Boax{

00341

HANUFACTURERE
FART WUMDER
=«0R GEWERIC TYPE--

iFGDATIRTO SHA
FFED1 DEXO01 OKAY

67464084

124601 @6XEE20KA1
1 FSDIF4X Q20K AL
B121-A109-W3R-103H
G846

ayBads

8ro22-1

G099 -3
CR251-4-5F{QOK
CR25§ m4nSPEI0E
CHF 337071 F

CHF 533142F
CHFAZAAS1F
CHFSS2G05F
247305

CR251 -4-5F 36K
RE§Q3H

11532063
A40TH5242
42395
INTALEQTIN
LthH&1 § 04
INTALE1 23N
IH74LE21H
INTA1 &N
INTALEIETN
LHI?IN
ITS4935-2
138474
DILB2GF-1608
318-ALZPD

31 4-AC3TD
DILB8F=108
308-AG3TD
FEO100LICL
FICEB0ICL

TOT
ary

1
I}

e D LA e i BT B LR L ok e e BR s m kot B R b ek = 3] R 6

R
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Flgure 5-5. A1A1 Display PCA




LIST OF REPLACEABLE PARTS

TABLE 3-&, A241 SYNTHESIZER FCA
{SEE FIGURE 5-4.)

REFERENCE FLUKE MFRE HANUFACTURERS
DESIGNATOR STOCK SPLY PART NUMBER Tor
A= YNUMERICS~—-) --NO-- CODE- -~OR GENERIC TYPE-- GTY

1, 2 CAP,CER,2.7PF , +-0.25FF, {00V, CO0J 363765 BY536 363765 2
3, 4, 62, CAP,CER, 0.001UF , +-20%, 100V, X7 402964 72982 8121-A100-WSR-102H 16
98,100,181, 402946
182, 185,184, 402984
189,490,193, 402986
195,198,199, 402966
2t5 ) 402966
S, 7, 16~  CAP,CER,470PF,+-20%, 100V, X7R 258275 8141-A100-WSK-4T1H
t3, 20, 39, 158273
45, 43, 52, 358275
53,245,231~ 358275
234 158275
e CAP,CER, &, 8PF , +~0 . 25FF , 100V, COH 542327 512327
9, 15, 8, CAP,CER, 10GPF, +~2%, 100V, COG 5(2048 REET 21
25, 28, &4, 512848
ay,137,139, 512848
146,152 512848
14, 27, 36, CAF,POLYES, 6. \UF, +-20%, 50V 732883 732883
31, 36, 37, 732883
4%, 53, 59- 732883
at, &3, 65, 732883
49, 79, 72- 732883
74, 76~ 81, 732883
83, g4, 87, 732883
B8, 161-104, 732883
108,110,142, 732883
120,122,132, 732883
133,135,438, 732883
t40=145,151, 732883
152,157,158, 732883
164,165,168, 732883
169,174,175, 732883
180,184,188, 732883
194,192,194, 732683
195,200, 244~ 732883
246,256,251, 732883
732883
17,247 CAP,CER, { 2PF, +-2%, 100V, COC 376B7Y 376871
CAP,CER, 4. 7BF ,+—0.25PF , {00V, COM 342772 342772
CAF,POLYST,330PF, +=1%, 43V 528364 B31063/330/1 /63
CAP,CER, 1 OFF , +~5%, 50V, COG 494781 49478+
CAP,CER, A7FF , +~2%, 180V, COG 512348 542368
CAP,POLYST, 470PF, #=1%, 63V 528356 B31063/470/1/63
CAF,POLYST, {DOPF, #-1%, 63V 528372 B31663/100/1/63
CAP,POLYST, 1000PF, +=1%, 43V 528360 B39063/1000/1/63
CAP,POLYES, 8.047UF, +-10%,50V 714709 714769
CAP,POLYES, 9.015UF, +={0X, 50V 714691 Ti4474
CAF,FOLYES, 8. 082UF, +-10X, 50V 714747 714717
CAP,POLYES,©.1UF, +-18X, 56V 694484 496484
CAP,TA, 10UF, +~20%, 16V 176214 £96D105X001 OKAL
1746214
58, 82,167, CAP,TA, 3PUF, +~20X%, &V 163945 196D374X0D020KA1
150 163915
75, 85, 84, CAP,CER, 22PF, #~2%, 166V, COG 542874 =§2871
95,242,243 512871
92- 94,128 CAP,Th, 16UF , +-20% , 35V 417483 19601 06XPOTSKAT
99 CAP,POLYST,€.00750UF , 2%, 166V 484124 484121
169,111 CAP,TA, 15UF, +-20%, 20V 519686 195D156X0020KES
113,164 CAP,POLYES, 0. 22UF , +—18%, 50V 496492 696492
15 CAF,POLYPR, 0. B7B6UF, +-1X, 50V 422998 422998
18,117 CAP,TA,3.3UF, +-20%,20V 434071 $96D335X0020KA1
118,183, 187 CAP,POLYES, 8. 47UF, +-10%, 56V 714725 714725
119,124 CAF,CER, 1 6OOPF , +-5X,56V,COC 528539 RPET13
+23 CAF,POLYST, 0.022UF , +~5%, 160V 484147 484147
124 CAP,POLYST, 0. 058UF , +-5X, 100V 284877 284877
125 CAP,POLYST, 0.027UF, +~5%, 106V AB4t54 484154
126 CAP,POLYST, 0.0015UF , +~2%, 100V 484113 484153
129,130 CAP,TA, B2UF , +~20%, 20V 357392 DB2GSZD26H
131 CAP,POLYCA, SUF , +—10X, 56V 313254 X443UNS . BUF -§ 6P -50
133 CAF,TA, 15UF, +-20%, 6Y 161935 194DE56X0004-KAT
136 CAP, TR, 2.2UF, +~10X, 15V 364216 562 194D225X001 SHA1
153,154, 140, CAP,CER, 4700PF , +-20%, 100V, X7R 342874 8121-A106-WIR-4T2H
254 342871
155,136, 159, CAP, TA, 1 QUF, +~20%, 20V 330462 19601 BEXDOZOKAL
161,162,167, 230442
248 330642
163 CAP,POLYES,8.023UF , +-10%, 50V 715248 715248
170 CaP,CER, 27PF, +-2%, 160V, COC 342749 RPE121
174 CAF,CER, §B00PF , +-52,50Y, COC 528547 528547
V72,710,210, CAF,CER, $BOFF, +-32, 100V, COG £03504 £6235B1E1BIN
214,214,218, 602506
224,725,228, 403504
228,230 403504
173,208, 209 CAF, AL, 220UF , +56-20%, 1 &V 435999 SH/VE
176 CAF,FOLYES, 0.27UF, +~10%, 58V 733574 733576
177 CAP,POLYES, 0. {5UF , #~10X, 50V 482955 682955
178 CAP,TA,&.80F, +~20X, 35¥ 363713 196D685X0035K At
179 CAF,CER, 2200PF , +-20%, 100V, XTR 58294 358291
197,219,227 CAP, CER, 10PF , +-2%, 100V, COG 512343 512343
204 CAF,CEK, 6BFF, +~2%, 106V, £O0G 362754 352756
204 CAP, CER, 330PF , +-5X, 100V, COC 528420 RPE1 24
266 CAF, VAR, @.B-10FF, 250V, ALK 229930 5264
212,222 CAP,CER, t©DOPF , +=-{0X, 58V, X7R 484378 484378
213,223 CAP,CER, 4. BFF, +~0.5PF, 56, COC 479196 479196

C
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LIST OF REPLACEABLE PARTS

TABLE %-&. A2A1 SYNTHESIZER FCA (CONT.}
{LEE FIGURE B3-&.)

REFERENCE FLUKE  HFRY HANUFACTURERS
DESIGNATOR 5T0CK  SPLY FART MUHBER Ta7
A-YNUMERIC S ==} { -—0R CENERIC TYPE-«  OTY
CHF ,CEK, 4 . 3PF , +-@.5FF , 50V, COG 544214 S44s 4
CaF,CER, 3. 9PF, +—@, 25FF, 100V, C0J 12747 Stan4?
CAP, AL, ATOUF ,+~20X, 1 &Y 772855 Tresss
CAF, VAR, 1 TO %OFF,250V,AlR 73322 kErrak
CAP,CER, 1 .BFF , +~.2%FF, 100Y,COK 52677 512897
CAF, AL, A7UF , #=26%, 4 &V 643304 4693304
DIODE,SI,BV= ¥5.9V,I0=150MA,S00 HW 2@:35; 1N4a48
20332
DI10DE, ST, SCHOTTKY BARRIER, SHALL SIGNL g:;g:; HPBORA~42E4
)
DIORE, ST, VARACTOR, FiV= IOV WYPER ABRY 722149 T221 40
TERM.FASTON, TAR, SQLDR, 6118 WIDE s12gae L2395
J12089
siapae
1Ly
s42007
PIM,SINGLE,PWE,0.025 5@ 247508 a7p22-4
267500
CONN, COAX, SHRUH) PR DR FANEL 542005 702033
BGCEET,1 ROMW,PWE,0.1060TR,? PAS A3ETTA 33=187=1=0%
AZETTA
104,167,108, SUCKET, FINCLE PUE FOR O.6Z4-0.6T7 PIN 732828 TAZRI4
1, 18, 21, CHOKE, ATURN 220941 320944
23, Iv- 3, B20944
&% 220711
3, ™, INDUCTOR, 8.10 UH,+/=§0%, A0BHHZ, SHLDED 523124 HROR1O
237154
19, 28, IMDUCTOR, @.488 UH,+/=40%,221AHZ, SHLDED 336937 HRE. 68
42, &4, 320937
58 130937
10, &%, CORE, TOROID, FERRITE, . @4TX. 1 38X. 118 ;g::gg 21102
2 .
INDUCTOR, 150 UH,+/~5X,9©.5 HHZ, SHLDED 174743 HEE150
INDUCTOR. 226 UH,+/~SX.%.4 HMZI,SHLDED  +47833 WUELD229
INDUCTOR, 19 UH,+/~18%,535 MMI, HLDED 249078 hRi0
INDUCTOR, & TURN 755314 TETEA
INDUCTOR AD. B.4HH 704779 TOATHY
IHNDUCTOR ADJ 11.9HH 705084 TEI004
INDUCTOR, 278 UM,+/~5%,8 HHI,SHLDED 184279 WEE2?D
INDUCTOR, 1 25tH 738484 736404
INDUCTOR, 478 UH,+/=5SX,6.% HHI,SHLDED 147827 WEE4T8
IMDUCTOR, &, B3H, +/=1 B2, 200MHZ , SHLDED 320745 320945
CORE, TOROID, FERRITE, .OTFX, (85X, 2% 219535 B&Z1 1 OATOIOROZSC
THDUCTOR, &, GA4UH, +/~{ 32, JCOMHT, THLEED 249146 WEEERGA4
THRUCTOR, 22 UH,+/-10X, 38 MHT, SHLDER 147047 WEEZ2Z
COKPONENT HOLDER 422845 P e BT
SOCKET,SICNLE, PFUE FOR ,O42-,04% PIN 544054 S4R0%54
TRAMEISTOR, Lo HEN HI=FREQ, SHALL SIGML  3I501X BFE?L
TRANSISTOR, X1, NPN, HI=FREG, SMAlLL STCNL 723379 72337%
TRANEIETOR, 51, PNP, HI=SFEED SWITEH T4PEDT SAITVH
TRAMSLSTOR, 1, N=JFET, TD=92 HD4ATH S2ALA
TRAMIISTOR, 51, H=DHDS FET,TO=72 Lraryid DR SEE
TRAMSISTOR, £1,NPN, THALL STCGNAL 24830 INZT0A
TRAMSLISTOR, FI,NFN, SMALL SYCMAL 248354 HPIF1B
TRANSISTOR. 5L, FNF, SHaLL SIGHAL 205599 2 24250
TRANSISTOR, 51, NEM, BARLINGTON 31798 HEEA~13
TRANSLSTOR, X1, FNF, SHALL SIGNAL 19T INIPHE
THANSISTOR, 81, MFH, SHALL SIGNAL 218081 HPS &R0
TRANS1STOR, £1', FHF, SHALL SIGNAL A1B707 RF3AE542
TRANSISTOR,S1,HPN, SHALL SIGNAL G4ER54 283154
TRANSISTOR, L, N=JFET ,UHF/YHF LUISE AGB4T4 319
KREE,CC,120,+=10%, 0.5 10BATE EBY A
RES,CF, 0.5, #=5%, 0,250 381954 CRY%4 =4=5FORSE
381754
RES,CC, 54, +~5%,0. {25 264262 BES405
RES.CF, 430, #=5¥, 0. 25K 441568 CRI54~4=5F4F0E
RES, CC.24,+~3F%,0.125W £B1932 81932
4, S4- 38, RES.CC, 106, +-3Y,6. 1250 F14449 14469
&= A%,124, [aLLT
127,133-137%, 74469
244,212,215, T1 4447
244 TidAas
T, 44, ¥4, RES,CF 4K, +=5%, 0. 25M 343426 CRIS1=4=5F1K
134,569,170 343426
B.132 RES,CF, 470, +~5%,0.254 343434 CR2S1 =4-SF4TRE
%, 19 RES,CF, 200, +-3%,6.2%5d 441434 CROS{—9-BPJGHE
18 RES,CC, 33, +-51,0.1254W 720920 720720
i, 4,100 RES,CF,1.5K,+-3%, .25 343418 CR2S1 ~4~SP1KS
12, 45,169, REF CC 516 +-3¢ 6,125 7133183 TIS383
167,171,472, 7123283
177,219 5383
a REES,LC, 150, #=52,0.5% 106056 104854
15,178, RES.GC, B0, +=5%,0.125W 542723 PR3OOS
5§2723
RES,CC, 47, +=5%, 0. 1250 512064 BR4TO
- RES,CC,15,*=10%,€.1254W 241800 4180
FIA L] REE,CF 54, +=5%, 8,254 342618 GRS =4=SPTOE
. I, %, REE,HF, 100, +~1%,0. 1254, 1 0OFFH :gg::g CHF551 0e0F
RES, HF, 182K, +—4%. 0. 1250, 100FFH 234810 CHFSS
RET.MF, 10. 7K, +~11, 0, 125U, 1 00FFA 293513 CHF 5%
RES.MF, 41,38, +=4X, 0. 125, { 0OFFH 293439 CHISS1§32
KES, MF, 28, 7K, +=4%, 0. 125W, § 0OPFH 235 T4 CHFS3I2872F
RES,CF, 51, +=5%, 8,254 414548 ER251=a=5F5{E
RES.CF, 270, »=52,0.25W Z4B789 CR2%§-4-5P270E
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LIST OF REPLACEABLE PARTS

TABLE S-A. A2A1 SYNTHESIZER PCa (CONT.)
{EEE FIGURE 5-4.)

REFERENCE FLUKE MFRX HANUF ACTURERY R
BEXICNATOR STOCK SPLY FART MWUMBER 707 L
A= SHUMERICE-—~3  § mow - e NO-— ~w0R GEMERIC TYPE-- wrr -0

A1 428 CR2S1-4-3P 1 gag
RES,CF, 7!, #5%,0.254 441483 CRIS 1 -a-%P9E
RES,CF,2.7%, #n5%, 0,254 524490 g CR251-4-3F2K7
RES,CF, 51K, +=5%,0.254 3ThH4%a [R5 —a—3PSIK
RES.CF,3.3K,+~5%, 0,250 346012 CRAS —a-2P3K3
RES,MF, 0K, +—1%,0.1258, 100FFH 148240 CHESS | 092F
REZ,HF, 90K, +—8.1%, 0, 25, 3OFFH 225743 725743
RES.MF, 7K, +—0.1%,0. 250, SOFFH 2346695 224295
RES MF, $K, +-0.1%, 0,250, FOFFH 225813 Fr R
RES,HF, 4. 99K, +—1%, 0. 1254, 1 00PFH (48252 WFF1—Bafey
81,482,149 RES,HF, K, +=§¥%,0.125W, { GOFFH 14B229 LRESS G0 F
a2 RES, VAR, CERM, 5K, +=10%,®.5W 280282 AA0TAIRAR
RES,CF , 75K, #=5%, 0. 254 294130 ket -4-5P 75K
RES,HF , 3.04K,+—1%, 0. 1254, {00PFPR 3 2eas CHFS53011F
RES,CF, 200K, +-5%, 8. 254 441483 CRZ31 ~4-SF200K
RES, VAR, CERM, 2K, +—18T,0. 50 30Fh44 I0PL4E
REX.HMF. 2,02, +—1%,0.1250, 100FFN 235325 CHFSS4024F
RES, VAR, CERM, 1K, +—18%,0.5U 273750 Z4OT=1024
RES,HF, 9%, 4+-1%, . 0.125W, | 0OFH 168284 CHFS54990F
14821
RES,CF,9.1K, #=5%, 0. 25k 2414654 CR2ZTI-4-TFFK 1
RES,CF, 820, +=5%, 0, 254 442307 CR7St-4-FFB28E
RES,CF,6.BK, #+~5%, 0. 250 3468741 RIS -A-5P4KE
REY,CF, 180 ,+-5%,0, 254 34871 CR251-4-5Ft OOE
REX,MF, 1, %K, +=1%,0,.1254, 100FFH 313078 CHFSSi504F
ta2,119,129 REL,EF  {6%.+-3%,9,25W 248837 CRIS{ = A=5FY &K
193 RES,CF,4._7e, +-8%,8, 154 3agazt CHA725
104 REZ, VAR, CERM, 16K, +—10Z, 8,54 209674 J40THOIA
107 REE,CF, 18K, +=5%, 8 _2%d 348862 CRIS{ =4~571 0K
186 RES,CF, 2K, +~S%, 8, 2% 435449 CRIS 4w SP2K
107 RES, HE , 3. ABK, +—1%, 0, {25H, 1 60PEH 260687 CHFSS3481F
108,116 RES , MF, 4, 27K, +—1¥, & 123U, 190PFH 247349 CHFSS1271F
109,111 RES,EC, 518, +-5%, 8.5 108751 @1f2{ RLCOZOGFSiJS
118,443 RES,CF, X4, +-5%,0. 254 442034  BOOZN  CRI5{=4~SP34E
117,118 RES,CF 228, +-5%,8_254 342624 BOO3t CR25{=4~SF220E
130,183 RES,CF, 4. 7K, +—S¥, 6. 25U 248024 012§ CHATES
122 RES,CF,B.3K,+-5%, 8. 2%W 444475 BO031  CRDS{-4-SFAKD
123 RES,CF, 33K, +-32,8, 254 348888 80031 CR25{-4-5F33K
143 RES,CC, 308, +-5%, 09,1250 542772 841M  BE3OAS
144 RES, L. 98, +—5%,0.1250 SO0XPY B1131  kE18OS
147,188,248, REZ,CL,47,+-5%, 8,925 4172641 ©1%731  pHEATEN
249 512041
148,133,142, RES,EC, 10K, +-3%, 08,1254 443948 At1M FEi04%
22%, 224 L4540
14%,317, 248 RES,CC, 330, +-3%,9, 1250 543945 04121  EBIZsS
158 RES,CC,1_2K,+—18T,6, 1030 §15329 89534 14i532%
151,222 RES,CC, 1K, +-%%, 9. 1280 £4Z932 01421 BE1OIS
168 RES,CF, 58, +-%¢, 8. 25w A4YASR  BEOZ1  ERDS)-a-5Pthef
184 RES,CF, 300, +~5X,8._23u 441549  BO0T1T  CRISH-4-5P500€
178,179 RES . CF.S.4,+a%%, 0 254 444410 0OO31 CRIS{-a-5P5Ré
180,192 RES,MWF, 478, +=1%, 6§25k 130PPH 440994 BYSEA 440994
161,193 KES,HF 4. @5K,v—1%,0.425W, | OOFEH 293530 F1437 CHFS51E54F
183,194 RES, MF, 3, 28K, +—4%,9.12%W,100PFH Da%%TE P1E3T  CHFISIZAIF
184,193,127, RES, L, 186, +-3%,0.125k S1{a%5e @113 BE1815
208 E1%4-L T
185,157 RES,MF,24% +-1%,0.1250, 100FFH 148204 FI437 CHFSSZAFF
187,189 RES.LC. 120, +-5%,6, 1250 513978 04124  BEL2S
188,76 REX.LE.12,+-5%,0.425W 714431 §F536 714454
198 REL,CF, 5.4, +-5%,0.254 2417287 BOE3Y CRIT4~4-5F5RY
243,214 RES CL, 200, +-5%,0.1250 TIZYT BFE36  TIIFET
226 RES,EC,278,+-5%,0.4250 512764 91121 BE2TIS
22t RES,CF, 10K, +-5%,6.054 S7I5P4 BRO3Y  CR25%-4-5F16K
293 RES MF, &, 049K ,+—1%, &, 1254, | OFPH 285189 PI43T  CHFSS4O44F
] REE, MF 45K, +—§%, €, 625, | 9BFFH 2B9084  P1437  CHFSSISOZF
237 RES ,MF, 180K, +—1%, 0,125, { 0OFPY DQBBAT  FHL37 CAFSEI003F
wag RLE,CF, 56, +-%%, 0,230 611048 AYSEE  &4104F
229 RES,WE, #. 09K, +—4Z,0.,125W, 100FFH 2244642 91437 EHFISFORIF
138 KES, VAR, CERM, 2K, +-20¥, 30 224076 80294 III¢H{Rol
232 RES,LF 4 .3K,+-5X & 254 441394 BOOI4 CRIS1-4-SP1K%
233 RES.CC, 686, ¥~52,0.125W S12796 €112y BELBAS
34 REF.CC, 15K, +-5%,0.254 148t14 ©§§2{ CHi53S
235 REX . EF, 1H, +-3%,0,25u 34BFBY BO83! [RIF1-4-5F(H
] REL,CC, 548, +-52,0, 1250 I8¢ BYSEa  TRIGIP
237, 243 RES,CC, {00, +-10Z,0 1250 269824 01121 BE1O11
238,059 RES,CC, 390, +-5%,0.12%u 762021  B9S34  7EIAR
® IC,VOLT REL,FIXED,+5 VOLTE, 6.1 AHPS 429910 07243 uATBLOSAMC
* IC,ECL, 4.3 GMZ DIVIDE Wy 2 TO7VAT  BYS34  70794%
3D COUFLER 7049465 BYSIe  Voawas
& IC,3TYL, 340 CELL GATE ARRAY T2XT06  BYIZE  TRITOE
MIXER,DOUSLE BALANCER,1 = 5668 HHZ 7IFE5 B34 733165
IC.BPLR  HOMOLOTHIC VHF«UMF AMPLIFIER 422357 89534 423387
IL.GF AKF,QUAD, JFET INPUT,TO-5 CasE 493438 B9534 403438
IC, TTL,10OMMZ DIV BY 2 BIv BY 5 CNTR  473B3% O1295 SW74819&W
IC,LFTTL, DUAL DIV BY 2,DIV BY 3 ENTR 403774 ©12F5 SN74LSI90N
IC.5TTL, 346 CELL GATE ARRAY 723748 87536 TIIE
LC,ECL,DUAL D W/S F/F,W/SETGRESET 434937 04713 MCIO(3tF
iC,ECL. QUAD 2 INPUT NOR GATE igeoBEA1  QaTi3  HMCiQi02F
IC,ECL,Biv BY 1€,DIV BY if COUNTER 254700 BYII6 454708
EC.LITIL, OCTAL D F/F,+EDLC TRL, W/CLEAR 434892 01295 SNTALS2TIN
IC.CHGT.V@BLT DAC,10RIT ALCUR,EUR QUT DO7566 24355 AD7SIILN
[C.0F AMP,DUAL, JFET INPUT,& FIN DIF 495492 {2040 LFISIEN
IC.FTTL.QUAD 2 INPUT MAMD CATE 654640 OT7T4F  TAFOORC
IC.FTTL.DUAL D F/F,*EDG TRC, MACLASET  &SP50B OTRE3  7AFTAPC
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REFERENCE
DESLGNATOR
A- YNUHERICS~==)

ERTARET AEIRE EFZRAERERE R Nk K X

TaBLE 5-&. AZAt SYNTHESIZER FCA
(SEE FIGURE 5~4&.)

1C,LSTTL,3~8 LINE DCDK W/ENABLE
IC,LSTTL,OCTL LINE DRVR W/3-STATE OUT
IC,0F AMF,QUAD JFET IMNPUT.14 PIN DIP
IC,COMPARATOR,QUAD, 14 PIN DIP
I1C,STTL,DUAL D F/F,+EDG TRG,M/SETACLR
IC,STTL,QUAD 2 INPUT NAND GATE
IC,ARRAY,S TRANS,S IS0: 2-PNP,3-NPN
IC,LSTTL . RETRG MONOSTAB MULTIVE W/CLR
1C,DP AMP,JFET INPUT,8 PIN DIF

IC,0PF AWP,SELECTED GRW &00KHZ
ISOLATOR.OPTO,LED TG TRANSISTOR,DUAL
IC,STTL,RUAD 2 INPUT NAND GATE

IC, STTL,HEX INVERTER

IC,ECL,DIVIDE BY 4 PRESCALER

IC,ECL,DUAL D H/S F/F,+EDG TRG
1C,ECL, TRIPLE 2/3 INFUT OR/NOR CATE
10, COMPARATOR, H1-SPEED, 14 PIN DIF
1C,STTL,DUAL D F/F,+EDG TRG,W/SETACLR
1C,0F AMP, JFET INPUT.8 FIH DIF
1C,CHOS, SPDT ANALOQG SWITCH
IC,LSTTL,RETRG MWONDSTAE MULTIVE W/CLR
ZENER,COMP, 6.4¥, 3X, 1 PPM TC, 2,0HA
ZEHER,UNCOHF, 16,0V, 10%, 12.5HA, .44
IENER,UNGCOMF, B.2v, 5%, 20.0MA, ©.4W
CABLE ASSY, RF JUMPEKR

SUCKEY,IC,14 FIN

SOCKET,IC,146 PIN

SOCKET,TC,28 PIN
SOCKET,IC,20 PIN

SOCKET, IG.8 FIN

SOCKET, IC,24 PIN

CRYSTAL , VBHHZ, +-0. 081X, HC~35/U
RES,NET, CERH, CUSTOM
RES,NET,51IP,10 PIM,? RES,510,+-2%
RES,NET,YEP, 46 PIN,S RES,100K,+-2X
KES,NET,DIP,t4 PIN,8 RES, 1K, +-5%
RES,NET,SIF,4 PIN,5 RES,510,+-2X

FLUKE
STOCK

407585
429035
659748
IBT2XX
418249
3463580
4i8954
412734
AT2TTY
418546
454330
3463580
4168084
722157

525345
723437
3BL92O
418269
4727¥9
123742
A12734
337848
113324
386771
THAPRY
276327
276527
276327
278527
276535
274535
274335
448217
454424
454421
47016
ATB01 4
ATE2B4
FA&HED
seia4
478800
A AT24
338449
459974

MFRY
SPLY

LIST OF REPLACEABLE PARTS

HANUFACTURERS
FART NUHBER
--0k GEMERIC TYPE--—

SN74L51 38BN
SN7ALS244N
459748
LMIIPN
SN7AS74M
SNTABOSH
CA30946E
SN7TALS122R
LF 304N
LM358N
HET=6
SHT400SN
SN745D4AN
22157
HC1O231L
T23437
NEF294A

. SN74S74N

LF 306N
723742
INTALS1 22N
fiGzo118
1R2461A
1NTS6A
714985
DILBAF-408

316-AGI?D

INB-AGIYD
briBlop-ie8

308-AGI9D

324~AG3PD
FBi340
So1044
470000
412724
314
459774

-
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Figure 5-6. A2A1 Synthesizer PCA
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REFERENCE
DESIGNATOR

A= YNUMERICE v n )
b, A, &,
i0, 13, 14,
2b, 20, 3z,
33, 348

2

=

Lo
L LE
* x

C
C
4
C
[
c
c
c
C
[
c
C
C
C
C
M
=
=
i
i
P
B
3
a
Q
R
R
R
R
R
R
[
R
R
R
R
k
R
R
R
R
R
R
R
R
W

TABLE 5-7. A42A2 YCO FCa
{SEE FIGURE 3-7.)

CaF,CER, 330FF , ¥-20%, 50V, XTR

CAF,CER, YBOOFF , +=35%, 50V, COG
CAF,CER,1.5FF, »=0.5FF , 50V, COG
CAF,CER, 4.3FF, +~0.5FF , 50V, COG
CAP,CER, 1BOFF, +—5%, 100V, COG

CAF,CER, 10FF , +=3X, 50V, COG

CAP, AL, 220UF , #50=20%, 1 4V

CAFP, CER, 3.3FF, =0 .5FF , 50V, COG
CAP,CER, | 0OFF , +~3X, 50V, COG

CaP, CER, 2.7PF, +-0. 3PF, SOV, COC
CaP, CER, 2RFF, +-02 160y, COG
LIODE,SI,VARACTOR,F1V= 28V
LLIODE, L, VARALTUR, H1¥e 36V, HYFER ABRLU
CHDKE, 4TURM

JPACER, RND, SOLUBLE

CONM, SOCKET, PWE, 0. 047 DIAMETER
CONM, SOCKET, FWE, 0.022 DIAMETER
FIN TEET BASE
TRAMSISTOR, 5T, HFN, SHALL SIG, MICROWAVE
YRANSIETOR, IT, HPN,HI=-FREQ, THALL IIGHL
RES CHIF CERMET 180 +=5X &.12%W
REX,CC, 340, +=5%,0.1254

REZ,CC, 480,+=5¥,8.1254W
RET,CC,1.4H, +=3X,0.1234
RES,CF,5.6,+=3X,0.23W
RES,CF,1.5H,+~5%, 0. 250

RES,HF, 3. 24K, +=4%, 8, 123W, 1 06FFH
RES,HMF, 1. 85K, +—4%, 6, 1203W, 100PPH
RES , HF , 247, +=1X,0.125W, 166PPH
REX CHIF CERHET 12 +=3X &.1234
RES,CHIF,CERM, 4B, +=3X, 8. 1234
REY,CHIP,CERH, 120, +=3X, 0. 1250
RES.OC. 100, +-3%, 0. 1250
RES,CF, 10K, +-3%, 6, 23w

RES, MF, 449, 44X, 0, 9230. 1 00FPH
RES CHIP CERMET 130 +-3X &.125W
REL CHIP CERMET 47 +-3% &,123W
RES,CLAZ, +-0K, &, 250
RES,CC, 206, ++3X,8.1254
RESL,CC,390,+=5Z,8.354

UT=85 MIMIATUR,TOTAL SHIELDRED

THE FOLLOWING COMPONENTS ARE NON FIELD REPLACEABLE:
Ci,3,4,5,48,10,1¢, 18, 45,48, 419,21, 24,27.29, 31,32, 34,37

CRY,2,5, 4
Q4,2,3,4

R1,2,3,4,16,17,18,19,25, 36

FLUKE

ETOCK

=
430073
450093
450093
L£30093
528547
341 d4b
4216
403305
463304
ADEREL
494701
433996
514200
514133
177793
|- kg
Ta1504
Taa 40
Jaeril
334797
J44034
3746418
498472
AD3 4d
A3%0{%
720449
T T4
J127%8
T4031 4
441418
TATO0Y
22370
27IFI0
148363
715192
TATETS
TA7SB3
714947
348835
307933
TaA40Y
0631
S1ams
TIRMT
169083
ALTRLY

M¥RE
LY

LIST OF REPLACEABLE PARTS

BAHUFACTURERE
FaRY NUHBER
--{R GENERIC TYFEw

630093

28547
ESLALT:]
514214
CO2INFHEIEIH

424701
SH/YR
514208
514133
519773
sizaTi
TA1304

T2 A8
zevd
TO«35=15-E
FAAOFL
75040-205
470472

AR 44
BFR™M
T20449
T2744
BESBYT
40314
CR251 -4-3P5RE
CR25{ =A=5F1M3
CHFSSIZ4F
CHFSSIOT4F
CHFRI249F
Tisie2
TATETT
TATLBER
HEEL
CRI3 —4-3F10K
CHEA34470F
Ta0423
Ta0ed
BE1SOS
THIMT
{eraag
2ETRET

10T
aTy

1
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LIST OF REPLACEABLE PARTS
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Flgure 5-7. A2A2 VCO PCA




LIST OF REPLACEABLE PARTS

TABLE 3-8, AZp4 OUTFIT FLA
{IEE FILURE 5«8.)

REFERENCE FLUKE  HFES HANUFACTURERS
DEFIGNATODR ITOCK IFLY PART HNUHEER
Ar rHUHERICE =~} CODE- ~~OR GEMERIC TYFE--

101,404,104, CAP,CER, VBOPF , +-2X, 100V, COG Ti84R %5404 RKRFEIZH
145-117,137, 512448

430,144,157, 592848

(%2, 154434, 542848

A34,230-240, 510648

243,245, 247, 512048

286,233, 301, 512048

303,305, 307- 512048

A, 11722, 512848

a4 52848

103,145,148, CAP,POLYEY, 8. 1UF, +=20Z, 30V Y3803 7326883
201,307, 218, Tiraay

23,294,235, 732883

245,249,349, 732882

245,246,272- 732883

274,302, 304, Tiken3

305,403, 404, 732883

404,412,421, 732803

AZR 732083

167,124,147, CAP,CER, 0.001UF ,+=20Z, 100V, X7R 402944 8121 =A1 BO=UIR=1 02K
i57,242, 294~ 407944

254,259, 249, AD2P4A

278 40244

108, 119,12¢= CAP,CER, 3. 4PF, +-§,23PF, 108Y,COH 12954 112994

123 5412954

107,418,118 CAP,CER, 3. 9PF, 40, 25PF, 100V, 004 512947 512947
141,234,237 CAP, CER, 3. 3FF, +=0.25FF, 100V, £0J 3 p330 57330
12,113 CAP,CER, 2. 2FF, +=0.23PF, 100V, COG 3427 162751

t44, 244,248, CaP,CER, 1.8PF, +~0.25FF, 100V, COK 512897 312897

243 512897

120,224,273 CaP,CER, 2. 7PF, +~0.25FF, 100V, C0J 143709 343705
125,137,439, CaP,CER, 0. 01UF, +~20X, 50V, Z5U A4214 421 -HT0— 434 -1 ONFH
134,133,135, A14244 .

149 S14214

125 EAP, AL, 23UF, v—20%, 1 4V &TATSE 414758
130,134 CAP, AL, 19UF , +=20%, 35V &1 4024 414024

139 CAP,CER, V2DEPF , +=20%, 1 G0V, X7R 358243 9121 -AY DO-WIR-122H
t40 CaP, CER, VAQOPF , +-3T, 30V, COG 206547 20547 ‘
142 CAP,CER, ATOOPF, +=261, {00V, XTR aeauty 8421 =A{BO=UIR=4AT2M
44 CAP,CER, 220PF, +=22, 100V, C0C EEIL RPE{21

202 204,204, CAP, AL, 2, 2UF , +~26X 30V &1 4BTS &144735
408,211, 248 414875

244,274, 274 414875

o3 CAP,CER, 39PF, +~2%, 1 00V, COG 5129432 5y2942
209,212,030 Cpp, CER, 2VPF . +-2%, 199V, COG FAZTAY RPE1TZY
216,244,220, CAP,CER, B.2FF , +=0,33PF 100V, COH 7i3339 T1539%

221 Tsade

M7 Cap,CER. 1BPF, +-2X, 160V, COG 5{213% ROBT0~1 00V
249, 2246-229, Cap,CER. 4. TPF, +-0., 23PF, 100V, COM 342772 42772

2717 350772

M GAP,CER, 10PF ,+—2X, 166Y, COC 512343 2343

223 CAP.CER, 12PF ,+-2X 106V, COG A74871 768N
223,232 CAP,CER, &, BPF ,+-0 . 23PF, 100V, COH 512327 33y
251,403 CAF,CER, ATPF, +-2%, 400V, COC 5423458 512348

262 AP 3.3 772840 7728448
247,411 CAP, TA, 2. 2UF ,+=20T, 33Y 485185 1R6225X0035KA1
280 CAF,CER, | .5FF ,+=8. 25FF, 100V, COK Aup ooy A3000%

322, 409 CAP, TA, 0. 47UF, +-20%, 33 161349 iPADATAXEDIASHAL
4g, 402 CAP, Ak, A7UF , +30-20%, 1 4V AZL604 SHIYE

467, 400 CAP, FOLYFR, 0 . OTBAUF , #=1X, 50V 422998 AT2IPR

4o CAF, TA. 4. 7UF , +-20%, 25V 141943 1 SADATSXOBISRAL
420 CAP 1.0PF S12143 312145
101,105,111~ DIODE, 5I1,FIN,LO-FREQ, BVaibd, 6¥ 402774 WP337%
116,148,120 402774

203,218 02774

102-104, 185~ PLODE, FI,PIN, RF ATTENUATING 508077 58377
110,129, 204— 560077

oy 560077
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1749 DLODE, ST, FIN, RF CUR COMT RESIST DIODE 742294 TAZLE
B, 3010 IEMER, UNCOWP, 5.1V, SX, 20.0dAh, O.40 159778 1N7S1A

25 ZENER, UNCONP, 4.3V, 33, 20.00A, ©.4W 100433 INTA%A
124,202 DIDDE, ST, SCHOTYKY.HATCHED SET OF 2 TRIATE 722470
123,124 pIODE, ST, BY= 56,0V, JO=130HA, SELCTD VF 234448 Thoo39
127,128 DIODE, SXI,SCHOTYKY BARRIER, PHALL TIGML DSXFIRS - 50822880
30,204 DIODE, F1,0¥= 75.0V, [0=150M4, 500 HW 203323 iN444B
62 ZEMER,UNCOHP, $3.0V, SL, 8.JHA, 0.4M Jad4l THPASR
401, 402 DIODE, ST, SCHOTTKY BARRIER,SHALL SICNL 313247 HPSO82=4244
403 IENER,COHP, &.3%, ZX,50 PPH TC, Y.3nA 172148 172148
164 GONHECTOR. 4 FIN A1 T8I0 A VIR
102,164,108, CHOKE, 4TURN 320914 Jze¥i1
116,143,230 320944

193=105,20% INBUCYOR, ©.48 UH, +/=10X, 224HHZ, SHLDED 32OP3T HRE, 48
113,414,209, INGUETOR, 16 TURNY AGT448 443440
214,21 4=-218, 443448

220,204,227 463448

2o 205,228, INDUCTOR, 000 UH,+/~10X, 1 .30HZ , JHLDED 343184 HR=£4880
224 INBULTDR, 1508 U, «/-10%, 2,800, SHLDEDR 343043 AR-1300

1 HET SHIELD T241 90 74176
49 CUNPOMENY HOLDER AT gee-¥a--y
101,143 COMM, SDCKET , PHB, 0. 04% DIAHETER FA4034 44036
162,107,100 PIN TEST BASE 598472 A704T2
164 HEADER, | ROM.0.108CTR, 10 FIN 4784643 ATBATD
104 SOCKET, YIHCLE, PuR, FOR &.012-6.022 PIN 374418 TI040-005
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LIST OF REPLACEABLE PARTS

TABLE 3-8, AzZAd4 OUTPUT PCA (LONT.)
[SEL FIGURE 3-8,)

REFERENGCE FLUKE HFRS HANUFACTURERS
DESIGHATDNH STOECK SPLY FaRT NUMBER THT
A YNUMERICT---} ~—NO-- CODE- ~-0R LEMERIC TYFE--
B 04,102,282 TIRANSISTOR S1 HFN HL-FR X . 5A5¢03 Q4TI
163,362,304, TRANSISYOR, ST, NFH, SHALL SICHAL 130003 BITHT HPSLh A0
36 ERLI
44,200,203, IKARZ1SIOR , X1, PHF, SHALL SIGNAL 175774 64743 PHBYDE
0%, 200,219, I7PEF74
ML 1Hay Ve
104, 104 IRANS1STOR, ST, NFH, SHALL FIGHAL CUHERA  0AMD DHAYOM
204,004, 20¥, TRANSISIOK ST, HFH, HI-1 KEG, SHALL SILML.  7IA8Y9  DF5346 7200379
L T2ArXTP
207 THAHSTSTDR, ST, HPH, SHALL S1G, HICROVAVE ARAITZ BPH3& 403172
IS IRANSISTOR, ST, HFH HI-FREGy SHALL XEIGHL f220%4  BYS34 TEII%4
301,363,303, THAHSESTOR ST, FHE Sanl.L TIOGNAL 410707 BA7IT  HPITLASAD
307 AtHfOT
401, 403 THARS TR TOR, S, H-aF LY, TO- 92, SWITCH TeEHTR  1hede LMALE]
402 TRAHMFTITOR, F1 . HN-HEY , TD-¥3 ATHATE 15 bbby
101,182,104, KES.CF, 1%, +-31, 0.0 3nddl2s  BOO3L  CHIDI-4-5FLK
Pl4-t20, 1584, 343424
E56, 269171, Arknds
Xi4-318,3120 RERE I
P03, 42,122 KLY, CC, 3%, +-3X. 0. 1254 TIIYDY  BYDAL  T1HYOY
184 FLE,CF,A7D,+~3% 0,23 343434 B0031  ERDSr-4-3FATHE
o KEX,CF, 008, 4-%L,8_23W Antdsy G063 ORIV -4 3F200E
108, 124,423 KLE AP, 2 1%k, ¢-4X, 01250, 100FFH 293U PHAIP CHAPSSSIF
oy KEZ CC 510 +-5k G.125H TASIENI  B¥IIS 713303
110 KES.CGC,270,+-5%, 0.5 137416 BL1Z1 RRHATI3
141,492,157, RET.CC,31,+-3%,0.123% TEAFED  HY1X) BEDIES
243-243 TahTeT
3 RES,CE 18, +-3X &6.1256 300377 €11 DDIDES
123,238 KL, HF, 2. 467%, +—vE,0.105d, 1DOFFH 209507 91437 CHFGTRATIF
124 RES, HE | A5K = 1X, 01250, 1 00FFH I¥3LLE RIALIT CHFSSLEIN
137 RLS HF 64T, +- 1%, 0.V 250, 1 0OFFH AR003B  YI1437  CHRSBA&50F
128,127 KEY . WF 124K, #- V2,0 1350, 100FFH 260407 ¥1637  CHESS1243F
130 KES WE L. SaK, 44X, 0125, 1 BOITH 209044 91637 CHFSHILAIF
121 KES K, 3. 40K, +=1%, 0. 1250, QOFFH DeQLUHT  FILIY CRESDIAAGF
[ ER KES HE D435, +-1 %, D 02T, 1 GOFIH TALTAT  VIADT CHI WD
133 REY, MF &, 04AK 4 -V1,0 12730, 1 00FFA MLiH? Y1637 CHYS54041F
134 ROSAF 2836, 404 %, 0. L25W, VOOFFH PLOEVD BYEAL L aHL7D
137,304,443, RET, HF AQOK, v—1X, 0. 1230, § QOFFH VADIMAD YI53T  LHF331002F
a4 1Lh2a0
134,244 REX AF, 2.35K,4+-1%,0. 1234, 1 00FFH ALH4WH  RIL37  CHFARTISIF
37 KLE I, 4%%,vm 4R, , G A 250, IGOFH JLR21Y FLL3T  C[HFDZASPOF
[J{:] KES . HF, 446, 9PK,+-12,8,17%U, 100FFH JaTVRA Y1437 CHFSS{e%IF
13% KES . AF 34,88, 41X, 0,125, t0OFPH 2H14UT B¥RIE 241467
140, dab, 1 4% RES HF (4K +=1%, 0, 1T5U.100FFR 146309 F143T CAF33100F
i4y KLS.HF , 37 _AK , +-{X_8_133M, § DUIFFH FMLUAL R a4T LHd ANIYALP
Vaz RES HF  AQ0K +=1X, 0,0 2350, {QOMFH 74007 ¥1E27  CHFSZ1003F
TAX, 1 AT RLE.HF 20K, +-4%, 0,1 250, 10OFFH TRIETE 91437 CHPSS2062F
144 KES, YAK,CERR, X, +-10Z,0. 5 Jovhis BYS3L J0vabd
AT RLE 1F bd 5K, 4=1X, 0.1 254, 1 OOFIH INFONT F1LIT CHEGEATZF
(X W i KEX MF 4%, 9K, b-yX, 01250, 100FFH 246021 16T CHFSSA9R0F
150,233,242 RCE,CC, 400, v=5%, 0,120 S137%46 M1 EMIBYS
[ =] RES,CF 270, +-3X, 0,204 34070%  BOO3Y LRI - A~3FITOE
153,156,314, RES,CF , 4.7K ,*=5%,0.254 Japgy 01121 CpA7Id
ae ZAEHT
154 KLE G, 22, 9=31,0.125W AMiad 21 R =D2E05
(3] RES,CF, ¥, +-53X,6.25H IFT6ET BOOIL CRIDI-A-3FEE
137,372 RLE.CC 1K, +~5%, 0, 1220 HA41¥3T B Bh1033
o901 ,207., 3, HES,CF , 2K, +=3X, 0. 25 441447 HOOM CRIZI=4-3F2K
T3I,240,248, 441447
24T 44T ALY
FLE KES.CFH. 00, #-3%, 0,000 AirNL ALOI CHELA-4-BFIs00
203,209,114 RES. MF, 8T, +- 12,0, 1230, 1OOFFH 443002 #9334 43007
204, 263 KES . CF 13, #-3%,8,.120W TA002T  Ov53E  TA002T
206,202, 2147 RLS CF 41,9 5%, 0105 TAGONF  HPIIA TAODNY
00, 228,234, KL, CC,t50,+=3%,0,0M 1R602L  BYL3E  THaOha
241 114054
26,001,215, KCF.CF. 8, +-3%, 8. 125U TaundY  BYREA  Taboad
Ha 740033
2B, 29 KLX.HF, &, 0% #-1X 0 1236, 100M'H 2vavaft L3 CHrSYH1272F
My KES, HF,H, 43K, 4-4X, 0,130 {00FFH 24T bES3e AT
am REZ, WF 4 21K, =12, 0,1 250,160FI'H 2oviad PAA3T CHEBDIRVIF
o KES.HF , 5. 34K, +—1Z.0, 1254, V0OFFH aroymd  6v43a  Yrevdd
P ) Ri S, CC, 300, 4-32, 0.4 10an2Y 01121 L3643
234,262 RES,CF, 160, 4-3X. 0. 1230 TAGOYS  @BYSIL TABOVD
225, 309 RLT,CF, 73, 4-33, 0.0 Tatoaft B¥LAa  THOOAR
226 RES , LF, 54 ,4=57,0.1250 740030 O¥BA&  FACHDO
KLE, VAK.CERN, 160, +-10X.0.5W 2IITIT AR JLAT-1D00A
KES, OF 148, +-55,0.4230 Ta00Ts  HPIIL 140076
R{LS_CC, 100, +=5X,0.125W FLAAGT  B7YIL TLAAAY
RES,CC, A7, +-3%,0,173W 13041 @11 Bhates
KLE,CC,10,+-37,0.125% S22 0412V BR3ONE
FEX PF 9. T4K, 4<%, 01250, 100PFH TLORAT ¥ LIT  LHF3353764F
REX . HF . 63,4, ¢-1%,0,5W, 100FFH PR510Y BYhaa 13510
REX, CC, 140, +=9X,0.125W TMOIT A¥LAL TMOTT
RKLE,CC.24,+~%%, 0,135 AH1PAT HYSIL ARG HID
KES,CC 140, 4-31,.8,1230 Se0¥RY 0111 BOUIA3
FES,CC, 220+ =452, 0. 1 25H T2 BPEAL F2NIGYP
KES,CC, 308, +=3X, 0. 1 TGW BYATYE 041 EbAerd
Rl . CF,120,+~5% 0. 12KN TADDEA  BHYS3A  TAUDOHA
RET, CC,4T7.+-181,8,12308 Tetio0  BYSXs 24000
KLS,CF 1 2K, +-3K,0_24 441370 BOD3L  CROSI-A-3FIKE
RES,LC, 390, +=5X,0.50 FO¥0B2 HYYIA 10T0HT
& RCFTETOR,CC.I30,+-31.0, 054 1089346 B¥H3e  100%34
43, Ta4 RES,CF , 24, +=3X,0.123¥ TAQCAS  HY31A  TAOO4D
4T RLE,HF . ATS. +—4%. 0. 4230, 10BPFH A20010  PLEA7  CHFHLATHOF
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LIST OF REPLACEABLE PARTS

TABLE 5-8. A2A4 OUTPUT PCA (CONT.)
(SEE FIGURE 5-8.)

REFERENCE FLUKE  MFRS MANUFACTURERS
DESIGNATOR STOCK SPLY PART NUMEER
A-INUMERICS—-~) § =~==-—-----DESCRIPTION ==0R GENERIC TYPE~-

RES HF . 22.1,4-1%,0.5W, VOOFFH 1591472
RES, HF , 3. 4K, +-1X,6.12%W, 1 QOPFH 266223 {.HFR53401F
REX,MF,745,4-1%,06. 425, 100FFH 313080 CHFS37130F
RES, HF, 392, ¢-4%, 0. 1250, {0FFH 260299 CHF 553920F
RES HF ,39.2K,+~1X, 0, 1234, {0OPFH 2346414 GHF 353922F
RES,CF,47,+-5%,0.25u A41592 CR251-4-5FP47E
KES.CF,56X,4-53X,0,25 441425 CRIS1-4-5P36K
RES, VAR ,CERH, 10K, +-10%,0.50 Jeyéra 1 36671034
RES,HF . 523, +-1X, 0,125, 1 00PFR %4835 EMF 3552300
RES, VAR, CERH, 200, +~{ 0%, 0,50 275743 275743
RES, MF, 294, +-1%,0.125W, tOOFFH 286472 CHF53254F
KES,CF , 33K, +-5X, 0.25W 4pae8 b CR2S 1t ~4~5F33K
RES,CF.4620,4-5X,0.254 442319 CR251-4~-SPA2OE
RES,CF, 42K, +~0X,0.350 348904 CR254-4-3F 42K
RES,HF 481 ,+-1%,0.123, 100PFH 343765 CHF356810F
RES,CF, 1M, +-52,0.20W 148987 Ch254~4=-5F1H
KES, MF,3.32K,+~1%, 0,125, 100FPFH 12452 CHF55AILLF
RES.HF,34.8, ++1¥%, 0. 4125, 166FFR 343897 342897
RES HF , 4.99K ,+-1%, 0,125, 100PFH 148252 KFF1-847%1
RLS, HF , 71.5,¢~1%, 0. 1250, $00PFH avls03 CHF 5B T1RSF
RES. HMF, 402K, +-1X,0.125W, 100FFH 2435325 CHFS5SA024F
KN, HE 1 089K, v 1%, 0.1 25M, 180FFH JaiMaA CHF S5 1491F
RES,MF, 6. 34K, +~4%, 0. 1256, 1 OOFFH 267344 EMFS346344F
RES.HF , VAT7K, +-1X,0.125H, tOOFFN 291344 CHFYS51473F
RES,HF ,23,2K,+-1X,0. 105U, {OOFPH 2¢1354 CHFSS2322F
RES, 0T, 361K, +~12,0. 1254, {00FFH 2BY488 CHFS5530102F
RES, VAR, CERM, 100K , 1~ 10X, 0,54 349520 3L0T7-104A
KES,CF,4.3K, +-5X,0.,254 441576 CR259-4-5F4K3
RES, VAR ,CERN, 20K, +-10X,0.5W 335760 3401-2034
THERMISTOR,DISC,NEG. , 10K, +~10%,250 104594 Jadids
FIN,SINGLE ,PUE,0.025 SQ 2467500 ’ Bro22~1
&= 11 TEST POINT 512088% 42395
101,402 IC,0F AHP,DUAL, JFET INPUT.8 FIN DIF 495192 LF353BN
] MIXEK,DDUBLE BALANCED,1 - 1600 HHI 525493 525493
IC,CHOS, PUAL 8 RIT DAC,CURKRENT OUTPUT 722272 722272
LC,0F AMF,QUAD JFLY INHFUT,14 FPIN DIP 459748 859748
IC,ChUS,12 BIT HMULTIPLYING DAC T22204 22264
IC,LSTTL,OCTAL D F/F.+EDG TRL,W/CLEAK 45089% SH7ALI273R
434892
16,L8TTL,QUAD 2 INFUT HAND GATE 393033 SN7ALSOON
IC,LSTTL, 3-8 LINE PCPE W/EMABLE 40738% SNTALS13BN
I1C,COMPARATOR, RUAD, 14 P1HR DIF an72a3 LH3G¥N
401 IC,CHOS, QUAD BILATERAL SWITCH 4080462 4080562
463 IL,CH08, 1eB1T DAC,10B17 ACCUR,CUR DUT 3507564 AD?SIALN
] CAEBLE ASSY, RF JURPER TI6793 T16993
101,402 SOCKEV, 10,8 PIN 470814 300-AGIFD
301,304,305, SOCKET, IC, 20 FIN 4544244 DILB2OF-108
308, 404 4549424
302,304,369, SOUCKET, IC, 44 FIN 274527 P DILBBF-100
310,311,401, 276527
40% 274527
EDE SUCKET,IC,18 PIN 410228 % A1 8-ALIYH
307,403 SOCKET, IC, 14 FIN 224535 3 4-AGIYD
301 RES,NEY,S1F, 8 PIN,7? KES,10K,+-2% 410924 5081 002CL
491 RES,NET, CERM, CUSTOH 501841 501644

-

01
302,311,463
283

O P R X Y N R i R PR P

304,305,308,
404

J0d
307
309,350

IE N EREENEE N

Y P R

1
1
i
1
1
1
1
1
1
1

NOTE {» ALSO INCLUDES XZ401
NOTE 2= ALSD INCLUDES XRi44

THE FOLLOWING COMPONENTS ARE NON-FIELD REPLACEABLE:

C202-204,200,209,211,212, 216-222,224, 225, 252, 234, 263, 264,271,277
CR124,202-210

L7220

0202,204,2046.213
RRO3~206,209-212,204=217,224-228, 253254, 262264

Uzet




LIST OF REPLACEABLE PARTS
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Figure 5-8. A2A4 Ouiput PCA




LIST OF REPLACEABLE PARTS

TABLE 3-9. A2A5 ATTENUATOR/RPP ASSEMBLY

REFERENCE FLUKE HFRE MANUFACTURERS
BESIGNATOR sTacK SPLY PART NUMBER
CODE~ -+~OR GENERIC TYPE--
et o e e am e o e e e b e ke LAk A as At mm mmmmem e et aee A ——— -
ATTENUATOR/RPP PCA TR2647 7524657
RELAY DRIVER/RPF PCA 752014 £9534 752814
FILTER,RF,EYELET STYLE,2000PF ,BL SI7493  8Y33&  F2949F
SCREW, MACH,PHP , STL , 6-32X1/4 152140 89534 151140
SCREM, HACH,PHP, STL, 6-32X1§/2 152173 89536 152173
SCREMW, HACH,PHP, STL, 6-32X7/8 1148468 BY538 114848
JCREMW, MACH, PHP, STL, 6-32X1/2 152173 89338 152173
HOUSING, PLATED, ATTENUATOR , RELAYVERSH 717047 69534 TiTON7
#» IC, X X 8 EFROM 4544603 01295 THS23146JL
CABLE ASSEMBLY, ATTENUATOR 752725 @9534& 732723

—-
Q
-

~

- b)) e o = s e

h
PN RO R AR E

ECIXITIZTND>D

K

FOR MODULE EXCHANGE, ORDER F/N 750414 (INCLUDES CALIRRATED EPROM)




LIST OF REPLACEABLE PARTS

TABLE 5-16. A2AS5A4 ATTENUATOR/RPF PCA
{SEE FIGURE 5-9.)

REFERENCE MFRS MANUFAETURERS
DESILNATOR SELY PART NUMBER
A~ YNUHERICS -~ CODE~ ~-DR GENERIC TYFE--

CAF,CER, 1 00OFF , +-28%, 50V, X7R
CAP, AL, 4.TUF ,+-10X, 15V 1923D475X9013C2
CAP,POLYES, 6. 1UF, +-20X, 50V 732883
* DIODE,ST,SCHOTTKY BARRIER,SMALL SIGNL 30B2-2000
% DIODE,S1,BV= 70.0V,3500 MW 1N4&0S
WASHER , SFRNG, COFPER, ©.314 ID 544239
CONN, CDAX, SHA,REC, PWD OR BLKHD 705447-00¢%
CONN, SOCKET, SPRING TYPE, .0496D, .143L 7328246
3] RELAY, ARMATURE.2 FORM C,26.5VDC T12-26
a CONN, YOCKEY,PWER, 0.049 DIAMETER 344056
1 CONN, SOCKET,FWR, 0,038 DIAMETER b 384144
7, 18, RES, MF, 402, +-6.5%,0.125%, 50PFH 461532
iy
3,

1

1

@ WO~ DW=k k)

a, RES MF,56.9,+-0.5X,0.125%, 30PPN 451590
19, 12,
18, zo,

ry =

RES , HF ,74.2,++-0.5%,0.125W, SOPPH 4614616
RES,MF,B3,5,+-0,5%,8.125W, 50PPH 44654608
RES,MF,37.4,+-0.5X,9.125U, 50PPM 441079
RES,HF,156,+-0.5%, 0.125W,50PFPN 4461624
RES,CC,10K,+-5X, 6,125 BB1635

DIMOVADIDX[DDVOXLLIMOOOE
PJ&ML&&-‘Q‘OPJO\‘O—THM-"M-CFH-‘

By - -

ALL COMPONENTS NOM FIELD REFLACEABLE
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1]
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Al COMPORMERNTS SHOWK
K DASHED LitaES ARE
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J
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Figure 5-9. A2A5A4 Attenuator/RPP PCA




REFERENCE
DESIGNATOR

::mxmxzzmxmrzwmxmmmxnxzxnxmnn‘vrrrt_nnnnnnn

o e
DD

-

TABLE 5-11.
(SEE FIGURE 5-10.)

7. 14
?, 12,

16
15

»
"
*
L]

CAP,POLYES, 0. UF, +-20X, 30V
CAP,CER,9.01UF, +-20X, 100V, X7R

CAF,CER, ©.22UF , +-206X, 506V, 75U
ELECTRD, MIN,LO LEAK, 4.7MF, 35
DIODE, $1,bV= 73,0V, ID=150MA, 500 MW

SOCKET,DIP,0.108 CTR,24 PIN
CHOKE , 6TURN

INDUCTOR, 479 UM, +/-5X, 6.5 WHZI,SHLDED
INDUCTOR, 47 UH,+/-5%,26.5 MHI,SHLDED
COMM, SOCKET, PUb, ©.0649 DIAMETER
TRANSISTOR, ST,PNP, SHALL SIGNAL
TRANSISTOR, S1,NFPN, SHALL SIGNAL
RES.CF.%19,+-5%,0.254

RES,CF,4.7K,+-5X,0.254

RES,CF,100,+-5%,0.25W

RES, CF 1%, +-5%,0.25u

RES,CF, 30K, +~5X,0.250
RES,.CF, 16K, +=3X,0.250

RES,WF,1.07K,+=1%,0.125W, 166PPH

RES . MF,422,+-1%.0, 125U, 1 06FPH

RES MF, 1.3K, +~1X,0.125W, 10OFPH
RES,CF,5&,+-5%,0.25W
RES,CF, 100K, +-3X,0.250
RES,CF, 43K, +-53X,0,250
RES,CF, 2K, +-5%,6.254
RES,CF,470,+-5%,0.25¥
RES,CF, 42K, +-5X,0.250
RES,CF,4.3K,+-5%,0.254

CONN, POST, PHE, . 02550, NON-INSUL, SELECT
IC, 0P AMP,QUAD,JFET INPUT,TO-5 CASE
ZEMER,UNCOMP, 3.6V, 10X, 4.2MaA, 0.44
IEMER,UNCOMP, 4.7V, 3%, 20.0MA, 6.44
ZEMER,COMP, 6.4V, 35X, 1 PPM TC, 2.0MA

ALIO INCLUDES Ji.

A2ASAS RELAY DRIVER/RPP PCA

FLUKE
3TOCK
——NO-~-

HFRS
IPLY
CODE-

LIST OF REPLACEABLE PARTS

MANUFACTURERS
PART NUMBER
~«0R GENERIC TYPE--

132883
407364
497361
519157
403993
203323
203323
376236
326711
141827
147850
544034

89336
T2982

514046
87534
0771e

?1504
B7536
72259
72259
89516
04713
07263
BOO3

1621

80034

8oe3y

80034
8203

T32083

8124-A100-U3IR-103H
RPE111Z3U224M50Y

403993
1N4448

324-AC37D
20911

WEEA470

WEEA47?

344056
HPS5&3462
HP5&T60
CR251-4-3P510E

CB4725

CRA5{ ~4~-5P{00E

CR231-4-3P1X

CR254 ~4-3P36K
CR251-4-3P1EK

344325
CMFS34220F
CHF3315041F
CRD51-4-5P54E
CR251-4-5P 1 8OK
CR231-4~5P{ 3K
CR251-4-3P2X
CR251-4-3P470E
CR251=4-3P12K
CR251 ~4~5PaK3
87022-1

483438

{NP72A

{NT51

391988

- =D=M == MK D

)
Py R R NP

6060A-1645

Figure 5-10. A2A5A5 Relay Driver/RPP PCA




LIST OF REPLACEABLE PARTS

TABLE 5-12. A2ZA7 CONTROLLER FCA
{SEE FIGURE 3-11.)

REFERENCE FLUKE HFRS MANUFACTURERS
DESIGMNATOR STOCK SPLY PART NUMBER
A-INUMERICS-~-> --0R GENERIC TYPE--

CAP, AL, 47UF ,+30-20X, {6V 4346006
CAP,POLYES,0.22UF, +-10X, 50V 496492
4£746452
476472
6956492
&£R46492
47464792
6946492
CAP,TA, 5. 47UF, +-20%, 33V 161349 196DAT4XDOISHAS
CAP, TA, f OUF , +-20%, 20V 230442 §96D104X0020KAT
CAP,CER, 220PF, +-10%, 1080V, Z5F 368403 348605
3468405
CAP,CER, 2000PF, +160-8X, 10006V, Z5U 103549 DAY 40-137C8
105559
CAP,CER, 1 0OPF, +-10X, 1000V, 53N 165593 DD-101
CAP,CER, 22PF , +-2X, 100V, LOG 31287 22074
1 DICGDE, SI,BV= 75.0V,10=1356MA, 500 HW 203323 144448
101,19%,107 CONN, POST, PWB, ,0255@, NON~INSUL, SELECT 247500 87022-1
ioz2 SOCKET,SIP,0.10€ CTR,16 PIN 485037 $5-169-1-16C
§06 CONN, PUB,HEADER,DIF,79,0.100,26 PIN 512599 512590
i, 2 CHOKE , 6TURN 320941 320914
tof CONM, SOCKET ,PWB, 0.049 DIAMETER 5440346 544034
1, RES,CF,18€,+-5X,0.254 4414346 CR251-4-5P1BRE
2, RES,CF,4.7K,+-5%,0.,25W 348821 cha?25
RES,CF, 20K, +~5%,0.250 441477 CR251-4-5P20K
RES,CF, 390K, +-3X, 0,254 442475 CR25{~4-5P3P0K
RES,CF, 100K, +-5%,0.25U 348926 CR251«4-5F{ 60K
RES,CF,100,+-3X,0.254 348771 CR25{1-4~5F1 00E
RES,CF,1.3K,+-5%,0.254 445394 CR251-4-5P1K3
SWITCH, DIL, &-POS, SPST, ASSY 4%4124 435144-4
IL,NMOS, 16 BIT MICROCOMPUTER 540417 THS9795N
IC,LSTTL,HEX BUFFER W/NOR ENABLE 483800 SNTALS34TN
IC,LSTYL,0CTL BUS TRNSCVR W/3-5T OUT 477406 SN74L.5245N
IC,LSTTL ,HEX INVERTER 393058 SN74LSG4N
IC, COMPARATOR, DUAL, LD~-PWR, & PIN DIP 4783354 LM393N
IC,LSTTL,TRIPLE 3 INPUT NAND GATE 393074 SNTALLION
IC,LS8TTL,HEX D F/F,+EDG TRG,W/CLEAR api2e? SN74LS1 74N
IC, STTL,QUAD 2 INPUT OR GATE 404529 SNTASIZN
IC,LSTTL,OCTAL D TRANSPARENT LATCHES 304514 SN7ALSI73N
IC,L8TTL,2~-4 LINE DEMUX IP31 63 INTALI1 3PN
IC,LSTYL,OCTL LINE DRVR W/3-STATE OUT 429035 SNTALS244H
429033
1C,LE8TTL,0CTAL D F/F,+EDL TRG,W/CLEAR 454892 SNT4ALS2T3N
IC,LETTL,3~-8 LINE DCDR W/ENABLE 407585 INTALS138N
407585
EPROM, PROGCRAMMED 2754 (FOR 100KHZ) TR2747 192747
EPROM, PROGRAMMED 27254 (FOR {00KHZ) TH2754 TP2754
IC, 2K X 8 STAT RAM 384144 uPDAO1 4C-2
IC,ARRAY,7 TRANS,NPN,DARLINGTON PAIRS 454144 ULN2ee2
IC,LETTL,QUAD 2 INPUT OR GATE 393ie8 SNTALSIZN
IC,LSTTL,DUAL JK F/F,-EDG TRIG 414029 SN7ALSS12N
SOCKET,DIP,6.100 CTR, 49 PIN 429262 DILBAOP-108
SOCKET,DIP,0.100 CTR, 14 PIN 274535 3§ é6-AGATD
274533
276535
276533
SOCKET,BIP,©.160 CTR,20 PIN 454424 DILB206P-168
45442
454421
SOCKET,DIF,0.108 CTR,14 PIN 274527 DILBRBP-108
2763527
SOCKET, DIP,0.160 CTR.8 PIN A7BO1 & 308-AC39D
SOCKET,DIP,6.160 CTR,28 PIN 448217 128-AGI7D
SOCKET,.DIP, 9,108 CTR,24 PIN 375234 3124-AC39D
CRYSTAL, 16HH2, +-0. 01X ,HC-1B/U 520239 320239
RES,NET,SIP. 18 PIN,9 RES,A.7K,+-2% 484063 95081 002CL
RES,NET,.FIP, 16 PIN.% RES, 10K, +-2% 414003 95681002CL
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LIST OF REPLACEABLE PARTS

TABLE 5-13. A2AS NON-VOLATILE (STORE/RECALL) MEMORY FCaA
(SEE FIGURE %=12,)

REFERENCE FLUKE HFRS HANUFACTURERS
DESIGNATOR STOCK SPLY PART NUMBER Tar
A-INUMERICS-—3 § -~0R GENERIC YYPE-~ Q7Y

CAP,TA, 1BUF ,+-26%, 20V 330642 2 196D1 06X0020KAT

L] CAF,POLYES, 0.22UF, +-1 90X, 50V &£96492 695492

2 DIDDE,SI,BY= 73.0V,10=150MA,580 HW 203323 iM4448
ZENER,UNCOMP, 3.3V, 10X, 20.0MA, 0.4W 309799 1HT44
CONN, POST,PWE, . 02550, NON-INSUL , SELECT 267300 B7022-1
TRANSISTOR, SI,PNP, SHALL SIG,SELECTED 380354 380394
TRANSISTOR, S1,NPN,SHALL SIGNAL 218394 2NITe4
TRANSISTOR, §T,N-DHMOS FET,TO-72 477729 SD213EE
RES , MF, 432, 4+-1%,0.125u, { @OFFM 326397 CHF554326F
RES, HF, 33,2, +-1%,0.12%, 100PPH 2964814 CMFS553320F
RES, HF,306,+-§%,0,125W, { 00FPH 168495 CMYy5595000F
RES,MF,542,+-1X,0.125W, 1 00PPH 330828 CHF3334620F
KES,CF, 100K, +-5%, 0.25% 348920 ER254-4-5P1 00K
RES, CF, 10K, +-5%,0.25U 348039 CR25{-4-5F{ 0K
CONN, TAB,FASTON,PRESS-IN,©.110 WIDE 512889 62393
IC, 2K X B STAT RAM 647222 HH&116F- 3
IC,LSTTL,OCTL BUS TRMSCVR W/3-5T DUT 477406 2 SNTALS245M
TC,LITTL,OCTL LINC DRVR W/3-STATE OUY 429635 INTALS244N
IC,L8TTL,QUAD BUS EFR W/3-STATE OUT 472744 SN74L38125N
1C, TTL,TRIPLE 3 INPUT NAND GATE 34634465 SN74§2N
IC,LSTTL,HEX INVERTER 293058 SNT7ALS04N
SOCKET,DIP,6.190 CTR,24 PIN 376236 324-AGIPD
SOCXET.DIF,6.160 CTR,20 PIN 4544219 2 PILB20OF-108
JOCKET,DIF,0.§¢06 CTR,14 FIN 276527 DILB8BF-108
RES,MET,SIF,é PIN,3 RES, 19K, +-2X 500874 25081 002CL
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Figure 5-12. A2A8 Non-Volatile (Store/Recall) Memory PCA




LIST OF REPLACEABLE PARTS
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TABLE %-14. A3A1 POWER SUPPLY PCA
(SEE FIGURE 3-%3.)

REFERENCE FLUKE HFRS MANUFACTURERS
DESIGNATOR STOCK SPLY PART NUMBER TOT
A=INUMERICS~-~) --NG-- CODE- =~OR GENERIC TYPE-- ary

CAFP, AL, 2200UF , +30-10%, 35V 715334 B9¥336 TI5334
CAP. AL. 19000UF , +36-20X, 35Y 4§4990 89534 414990
iz CAP,CER,9.1UF, +-20%, 56V ,X7R 573808 72092 B131-050-WSRTOONFH
15, CAP,TA, 6. 8UF , +-20% , 35V 343TIY 346289 (95D4BINOOIZKAI
353713
CAF, AL, 1 3000UF , +30-10X, 25V 732958 89536 732958
22 CAP, TA, 2.2UF , +-20X, 20V 1461927 54209 196D225X6020HAt
CAP, TA, 22UF , +-26X, {5V 423012 56289 194D224X0013KA4
CAF, AL, 470UF , +30-20%, BOV 5741460 42643 NM
CAP,TA, 4, TUF , +~20X, 50V 35372( 54289  194D4TIXP015HAY
CAF,POLYES, ©.22UF ,+-10%, 100V 4356113 73445 C2BOMAH1AZ20K
DIODE, §1,RECT,BRIDGE, BV=200V, I0=1.0A 294509 09423 FR200
DIDDE,SI, 686 PIV, 1.0 AHP J434%1 01295 1N4ge2
DIODE, ST, 45P1V,7.54,DUAL. SCHOTTKY 741322 89336 741322
THYRISTOR,S1, TRIAC, VBO=200V,B. 04 413013 02735 729008
ZENER,UNCOMP, &2.0V, 5X, J0MA, 5.84 559547 69536 3539567
SCREW, MACH,PHP SEHWS,STL, 4-46X1/4 185918 B9336 185718
NUT , MACH, HEX, STL, 4-4© 110635 89536 110435
CONN, PUB, HEADER, SIP,0.156,12 PIN 512440 27264 ©09-80-1123
CONN, FPWB, HEADER, STP,90.1546,53 PIN S{2{846 272464 ©9-80-10853
CONN,POST, PWB, . 02550, NON-INSUL , SELECT 247500 60779 87022-1
HEATSINK, TO-220 524934 {13163 6025B-TT
RES ,MF,249,+~1%,0.125¥, 1 00PPH 148203 91637 CHF53249F
RES,MF, 5. 45K, +—1%,0.125, 100PPH 294918 §1637 CHMF351272F
RES, VAR, CERM, 1K, +-10%,0.3UW 285655 71456 34051024
RES,CF . 10K, +~3%,0.25W 348839 80031 CR251-4-3P10K
RES,CF,5.%,+~5X,0.25U 441287 80031 C[R251-4-3P5KR4
RES,CF,220,+~5X,0.25W 342624 89031 CR251{-4-3P220E
RES,CF,{,+=5%,8.25y 357665 89631 CR251-4-5PYE
RES,CF,0.51, +~5%,0.254 381954 80031 CR251-4-5FORSE
SLIDE SWITCH,DPDT SWIDGET JR. 430862 B95F6 452882
CONN, TAR, FASTON,PRESS~IN,©. 110 MIDE 5§2889 02460 42395
# ZENER,UNCOMP, 6.2V, 5%, 20.0MA. 0.4W 325811 O7910 1N753A
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Section 6
Options

OPTION
NO. TITLE
-130 High-Stability Reference
-132 Medium-Stability Reference
488 IEEE-488 Interface

651 Low-Rate Fm
830 Rear Panel RF Output and Mod Input




OPTIONS

6-1. INTRODUCTION

This section includes the theory of operation, a circuit description, and maintenance
instructions for each option. The IEEE-488 Interface option Theory of operation is
covered in Section 2,




Option -130
High-Stability Reference

130-1. INTRODUCTION

Option -130 the High-Stability Reference, with the rear panel REF INT/EXT switch set
to INT, configures the Generator’s reference to be supplied by the High-Stability
Reference,

130-2. OPERATION

The High-Stability Reference consists of the Auxiliary Power Supply (A3A2), and an
Ovened Oscillator (Y1), The Auxiliary Power Supply is mounted inside the Generator on
the rear panel, and the Ovened Oscillator is mounted inside the instrument on the side
rail. Only the Auxiliary Power Supply is field repairable, and it is described here. The
Auxiliary Power Supply is also available under the Module Exchange program.

130-3. CIRCUIT DESCRIPTION

The Auxiliary Power Supply is connected directly to the line power on the
fuse/filter/line-voltage selector assembly to supply power to the Ovened Qscillator even
when the Generator POWER switch is off. The Auxiliary Power Supply PCB (A3A2A1)
includes a linear-regulated supply and an automatic line-voltage selector circuit.

The lincar-regulated supply consists of a diode rectifier bridge CR 1, filter capacitor Cl,
voltage regulator U], and associated resistors R2, R3, and R4. The circuit associated with
CR3, QI and U2, provides automatic line voltage selection between two line-voltage
ranges. This is implemented by configuring the rectifier circuit as a bridge rectifier for the
lower line voltages or as a center-tapped, full-wave rectifier for the higher line voltages.

Atlow line voltages (less than approximately 150V ac), transistor Q1 is conducting, thus
grounding the minus terminal of rectifier CR1 and causing diode CR3 to be reverse
biased. This causes the full secondary voltage of T1 to be rectified by the bridge rectifier,
CRI1.

When the line voltage is greater than 180V ac, (there is approximately 30V hysteresis), the
comparator U2 turns off transistor Q1. Diode CR3 becomes forward biased, and the
transformer center tap is effectively grounded. The voltage applied to the rectifier CR 1 is
then half the secondary voltage.

The comparator U2 input voltages are set by resistors R1, R6, R9, and zener diode CR4.
U2 controls the base of transistor Q1. The comparator switching point is set between the
low and high line voltages, with sufficient hysteresis to accommodate variations in input
loading. At very low line voltages, the resistor diode combination R10 and CRS, from the
37V output of the main power supply, augment the Auxiliary Power Supply.




OPTION -130
HIGH STABILITY REFERENCE

The Ovened Oscillator output is disabled when the control line EXREFL 15 set low, Le.,
when the REF INT/EXT switch is set to EXT during external reference operation, The
status line HSOPTL, normally at +5V, is pulled to ground when the High-Stability
Reference option is installed.

130-4,

ADJUSTMENTS

TEST EQUIPMENT

Frequency Standard
Oscilloscope
Two 3-ft. 50-Ohm coaxial cables, Y9111

REMARKS

The voltage adjustment (A3A2A1-R4) should be made after the first half hour of the
three-hour Generator warmup period has begun. For the best results in the frequency
accuracy adjustment, the Generator should be operated at room temperature for at least
three hours before continuing with the adjustment procedures.

PROCEDURE

The High-Stability Reference Power supply voltage is first adjusted. Then the UUT
reference and the Frequency Standard waveforms are viewed on the oscilloscope while
triggering on the Frequency Standard. The ovened oscillator FREQ ADJ, COARSE,
and then FINE are adjusted for a stationary display.

Voltage Adjustment

I8

2

Remove the Generator top cover.

Connect the DMM to the UUT. Connect the positive lead to TP1 and the
negative lead to TP3.

Adjust R4 for 23.4 + 0.1V,
Remove the DMM connections from the UUT and replace the top cover

(temporarily). Wait the remaining Generator warmup time, and perform the
frequency accuracy adjustment.

Frequency Adjustment

1.

Remove the top Generator cover and the two FREQ ADJ access screws from
the top of the ovened oscillator.

Connect the Frequency Standard signal to the oscilloscope vertical input
channel 1, 50 Ohms termination. Connect the UUT rear panel 10 MHz QUT to
the oscilloscope vertical input channel 2, 50 Ohms termination.

Set the UUT rear panel UUT REF INT/EXT switch to INT,

Set the vertical controls of the oscilloscope to display the UUT 10-MHz signal
and the Frequency Standard 10-MHz signal. Set for internal triggering on
channel 1, and adjust timebase for (.1 usec/div.

ﬁ




OPTION -130
HiGGH STABILITY REFERENCE

5. Adjust the oscilloscope COARSE, and then adjust the FINE controlsfora drift
of less than one cycle in 10 seconds (for 0.01 ppm or better if desired.

130-5. LIST OF REPLACEABLE PARTS
Table 130-1 lists replaceable parts for the 6060A-130. Figure 130-1 is the component
location diagrams for the 6060~130.




QPTION -130
HIGH STABILITY REFERENCE

ThBLE {30-v. A3A2AY HICH-SYABILITY (OYEMED) REFEREMCE
{SEE FIGURE 130-1.}

REFERENLCE FLUKE HMFRS HANUFACTURERS
bESIENATOR FT0CK IFLY FART NUHBER TaT
A FRUHERTCS-—- - - 3 i --ND-- CODE- --OR GEMERIC TYPE-- Q7Y
CAF, AL, 4TOUF  +50-20%, 58V ATB7P2  B9534 479792
4 CAF, TA, 4.7UF , +=20%, 50V J6FT24 56209 1P4D4TIRFO1SHAL
4 CAP, Ta, {OUF, +-30%, 35V 417483 JE2AF 1 P4D10&XEDISKAY
LaF,aL, 1 00UF  +50-2ax, 36V 449731 BPSEA AARTI
CAF FOLYLS, 0.1UF, + -1 0%, 50V 476484 BPS3L HR4404
CAF, FOLTES . Q. 1UF, +-10X.100Y 373437 B0 TiAl
s DIOBE,SI,RECT,BRIDGE, BY=300Y, [0=1 .04 294309 BF423 FHIGSS
# LIobeE, £I, 100 PIV, 1.0 ANF Z434%1 1293 {HAQOD
# DIODE.FI.BY= 7%5.0¥, 1013084, 308 HW 20IIIT G710 INasaAR
COMM,FOST ,PWE, ,A2550Q, NON-IMSUL, SELECT 247300 £07TTY  BTO22-1
TRANSISTOR, SI, BV=40V, 450, TO=22¢ 38428 BF534 384128
RES MF , 49.9K +-1X, 0. 1250, 1 0OFPH 2689  ?1637 CMISS4992F
RES MF, 24%,+ =17, 0,125, 10OFFH 166203 F1437 CHFIS249F
REX,MF, 4 _63JK,+-1X,0.135W, 100FFH 233333 P1437 CHFISASZIF
RES, VAR, CERM, 380, +-10%, 0,50 3234613 895346 JIELS
RES,CC, 2.7, +-5%,0.5u 218743 B?33& 23218741
RES,HMF ,&.34K,+-1X,0.1254, 109FFH 257504 91437 CHFSSA3I4F
RLS,CF,4.7%,+-5%,0.29W 340029 94131 CB4715
RES,CF, 10K, »+=5X,0.25W JARBIT  BOO3Y  CR231-4-3PiK
REF.CC,100,+-70%, QW 169934 01121 HE{G4
TRAMEFORMER  AUXILIART 734281 BF536 TII64
COMNM, TAR, FASTON, FRESS-TN, & 1t0 WIDE S128BY B2&40 L2595
fC.wiT REG.ADJ, .2 TO 37V, 1.3 AHFS ALBAtD  BFS34  ALG410
s IC, CORPARAYOR, DUAL ,LO-PWR,8 FIN DIF 478254 12040 LHIPIN
¥ ZEMER,UWCOHP, &.2, 2%, 20.0HA, O0.4W 3250063 67334 3253003
OSCILLATOR, 1@ HMZ SE2eT? 89434 313079
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Figure 130-1. AJA2A1 High Stability (Ovened) Reference PCA
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Option 132
Medium-Stability Reference

132-1. INTRODUCTION
The Medium-Stability Reference, Option -132, provides the Generator with a medium-
stability frequency reference.

132-2. OPERATION
The Medium-Stability Reference is selected as as the Generator’s reference when the
Generator’s rear panel REF INT/EXT switch is set to INT.

NOTE

The Medium-Stability Reference does not have standby power nor is its oven
kept warm during external reference operation. Therefore, each time the
Medium-Stability Reference is selected, a warm-up time is required 1o meet
specifications. The warm-up time is typically 5 ro 10 minutes. (See the
specifications for derails. )

132.3. CIRCUIT DESCRIPTION

The Medium-Stability Reference printed circuit assembly (PCA A5Al) consists of an
ovened oscillator (Y1) and an ac-to-TTL converter. The PCA is field repairable and is
also available under the Module Exchange Program. The ovened oscillator (Y1) is not
field repairable and is not described here.

The PCA is mounted on the left side rail. The PCA is connected to the +5V power supply
and to control signals via cable W25, The output is connected to the Synthesizer PCA
{A2Al) through cable W24,

Two NAND gates of U1 are used to convert the oscillator’s ac-coupled output to a TTL
signal. Another NAND gate of Ul and transistor Q1 control the power for the oven and
oscillator circuit of Y1.

When the REF INT/EXT switch 1s set to EXT for external reference operation, the
control line EXREFL is set low. This disables the oven and oscillator circuit of Y1 and
also disables the ac-to-TTL converter to prevent it from oscillating spuriously.

132-4, ADJUSTMENT

This procedure is used to adjust the frequency of the Medium-Stability Reference. For
the best results, the Generator should be warmed up at room temperature before
proceeding with the adjustment procedure (see step 1, below).




OPTION -132
MEDIUM STABILITY REFERENCE

The following test equipment is required:

Frequency Standard
Oscilloscope
Two 3-ft, 50-ohm coaxial cables (Fluke Accessory Y9111)

In this procedure, the waveforms of the Unit Under Test (UUT) and the Frequency
Standard are viewed on the oscilloscope while triggering on the Frequency Standard.
The ovened oscillator’s FREQ ADJ control is then adjusted for a stationary display.

NOTE

An alternate method of adjustment is to count the 10- M Hz reference signal at
the 10 MHz QUT connector with a counter that has a suitably stable and
accurate reference.

To perform the procedure, proceed as follows:

1. Turnthe Generator on, set the REF INT/EXT switch to INT, and then wait 1
hour. (If the Generator has already warmed up for at least 40 minutes, it is
sufficient to wait an additional 20 minutes after the the REF INT/ EXT switch is
set to INT.)

Remove the top Generator cover. The frequency adjustment control is accessed

through the upper rear left side.

Connect the Frequency Standard’s output signal to the oscilloscope’s vertical
input channel I, with 50 ohms termination. Connect the UUT’s rear panel
10-MHz OUT to the oscilloscope’s vertical input channel 2, with 50 ohms
termination.

Set the vertical controls of the oscilloscope to display the UUT’s 10-M Hz signal
and the Frequency Standard’s 10-MHz signal. Sct the oscilloscope for internal
triggering on channel 1 and adjust the timebase for 0.1 usec/division.

Adjust the oscillator FREQ for a drift of less than one cycle in 10 seconds (ora
counter frequency within 0.1 Hz of 10 MHz) for 0.01 ppm or better if desired.

132-5. LIST OF REPLACEABLE PARTS
A list of replaceable parts for Option-132 is shown in Table 132-1. A component location
diagram for Option -132 is shown in Figure 132-1.




q { ] ATTENURTOR

B¥— o ———an

1984

MFG CO INC




Option -488
|IEEE-488 Interface

488-1. INTRODUCTION

The IEEE-488 Interface (Option -488), consists of the IEEE-488 printed circuit assembly
(A3A3Al) mounted in 2 metal frame on the Generator rear panel. It is interfaced directly
with the Controller assembly A2A7.

488-2. OPERATION
The operation of this option is covered in Section 2 of this manual.

488-3. CIRCUIT DESCRIPTION
The IEEE-488 Interface uses an NEC uPD7210 Talker/ Listener IC (U1) to handle all
IEEE-488 standard communications protocol. All data, address, and control lines to the
7210 are buffered on the Controller. Two MC3447 bus drivers (U3 and U4) interface the
7210 directly to the IEEE-488 bus.

The presence of the optional IEEE-488 Interface is detected by the microprocessor when
the option is plugged into the Controller board. The signal IEINL, normally at +5V, is
pulled to circuit ground when the option is installed.

488-4. Address Switches

Tri-state buffer U6 provides the status of the IEEE-488 rear panel address switches when
the Generator is interrogated, These switches determine the IEEE-488 bus address and
talk-only (to) or listen-only (lo) modes. When opened, the switch just to the left of the
IEEE-488 bus connector disconnects the bus shield ground from the system ground.

488-5. MAINTENANCE

This option does not change the performance test or calibration adjustments of the
Generator. Troubleshooting information for this option is in Section 4D under Digital
and Control troubleshooting,

488-6. LIST OF REPLACEABLE PARTS
Table 488-1 lists replaceable parts for the 6060A-488. Figure 488-1 is the component
location diagrams for the 6060A-488.




OPTION -488
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TABLE 488-f. AZAJA{ [EEE-488 INTERFACE PCA
(SEE FIGURE 486-1.})

REFERENCE FLUKE MANUFACTURERS
PESIGNATOR £70CK FART NLUMBER
A= rNUNER LS~~~ e e = DRSO L LUN = v it e o st e o - - ~=0K GENEKLIC TYPE--
c 1- 4, &, &964%2 496492
7, 9 1t 694492
CONN, PWR,RIRBON, 90,24 POS,STD ORIENT 4£5863% 458639
i- 3 CHOKE , 4TURN 3209141 30914
CONN, PWEB, SCKT,HOUSING, DIF, 26 543512 860639
RES,CF,1K,+-5%,0.254 343424 CR2Zi-4~BPiK
FIAND MULTI-POLE, ST, SIDE ACTUATED 658547 458547
IC,NHUS ,GPIB TALKER/LISTEMER T73143 FE2P1A
IC,LSTTL,OCTL IEEE~488 BUS TRANSLVR 524835 MC3447F
IC,LSTTL,OCTAL D TRANSPARENT LATCHES 504514 SN74LSIT3N
IC,LSTTL,OCTL BUS YRMSCVR W/3-ST OUT 477404 SH741.52450
IC,TTL.QUAD 2 INFUT AND GATE 3930864 SHT4LS0BN
SOCKET,DIP,0.108 CTR,40 PIM 429282 DILBAGP-198
SQCKEY,DIP,6.100 CTR, 16 PIN 276333 3$8-AGIFD
FOCKEY, DIP,0.196 CTR,B PIN 478014 368-AC37D
LOCKEY,DIP,8.t00 CTR,26 PIN 454424 DILB2OP-{08
SOCKET,BIF,8.100 CTR,14 PIN 276527 DILBAP-108
RES ,MET,8IP,10 FIN,9 RES, 10K, +-2X 414003 F50681002CL

CCoECHmBorLt

B = FIRIT = B kg

B060A-1633

Figure 488-1. A3A3A1 IEEE-488 Interface PCA




Option -651
Low-Rate Fm

651-1. INTRODUCTION

The Low-Rate FM (Option -651), extends the FM 3-dB bandwidth to a lower frequency
(approximately 0.5 Hz instead of 20 Hz). This option makes the Generator useful for
testing FM radios that use sub-audio tones or low-rate digital techniques.

The option consists of a small printed circuit assembly A2A9 mounted atop the
Synthesizer PCB. When installed, certain components are removed from the Synthesizer
PCB, the option switch is set on the Controller, and a coupling capacitor is shorted on the
Output PCB, A DIP switch on the Low-Rate FM PCB allows the Generator to be
configured for Low-Rate FM or standard (normal) operation (except that the coupling
capacitor on the Qutput PCB is shorted in both states), The DIP switch settings are listed
in Table 651-1.

651-2. OPERATION
Operation of the Generator with the Low-Rate FM option is the same as operation of a
standard instrument except that the maximum FM deviation is limited to 9.99 kHz.

651-3. CIRCUIT DESCRIPTION

The Low-Rate FM option allows frequency modulation at very low rates for use in digital
modulation testing. In the low-rate mode, ac coupling capacitor A2A1 Cl6 is shorted to
prevent any dc current from entering the loop amplifier (A2A1 U27) and changing the
phase-detector operating point. The voltage at the output of the audio integrator (A2Al
Ud1-1) is kept at zero volts.

Keeping the voltage at the output of A2Al U4! at zero volts is accomplished with a
voltage-zeroing loop consisting of A2A9 Ul. The positive terminal of this op-amp
monitors the output voltage of the audio integrator through A2A9 R8. The negative
terminal is connected to ground at A2A9 R9. By feeding current through A2A9 R7 back
to the negative input of the audio integrator (A2A1 U41), its output voltage is kept at 0V,
This is a lead-lag circuit with a low frequency break of approximately 0.3 Hz.

Potentiometer A2A9 R4 adjusts the compliance of the voltage-zeroing loop. Part of the
active high-pass filter (A2A9 U41) is disabled by connecting the previous stage directly to
A2AL Cl114, Since the maximum deviation is limited to 9.99 kHz, the gain of the audio
integrator and the VCO summing network (AZA] R88, C117, C146) is decreased by a
factor of ten. The Generator can be reconfigured back to the normal mode by
programming the DIP switches on the option board (See Table 651-1).

651-4. PERFORMANCE TEST

The Generator is externally frequency modulated with a low-frequency square wave
signal. The droop of the demodulated signal is measured using a spectrum analyzer as an
FM demodulator (slope detection is used).




OPTION -651
LOW-RATE Fm

REQUIREMENT

FM Droop is less than 159 with 10 Hz external square wave modulation.

REMARKS

When using the RF Spectrum Analyzeras an FM demodulator using slope detection, itis
important to operate the RF Spectrum Analyzer detector in a linear range. This can be
checked by stepping the UUT frequency up 5 kHz and then down 5 kHz from the
operating point and noting that the display moves equal amounts. If 1t doesn’t, tune the
RF Spectrum Analyzer slightly and check for linearity again.

TEST EQUIPMENT

Low-Frequency Synthesized Signal Generator (LFS5G)
RF Spectrum Analyzer

PROCEDURE

2.

651-5.

Remove the Generator top and the Synthesizer module plate covers.

Connect the LFSSG TTL output through a 6(04-ohm resistor and a 320 uF, 6V
capacitor to the UUT MOD INPUT. This provides a square wave
approximately 2V p-p at the Gencrator's MOD input.

Program the LF35G to 10 Hz and any level around 1V.

Program the UUT to the[RCL][9][8] and 3-kHz deviation. This provides a 3(0(-
MHz signal at 10 dBm.

Connect the input of the RF Spectrum Analyzer to the UUT RFOUTPUT, Set
the RF Spectrum Analyzer so that the signal response is at the top of the display
using lingar detection.

Program UUT for EXT FM.

Using a 10-kHz Resolution Bandwidth and zero Span/Div, adjust either the
(enerator frequency or the RF Spectrum Analyzer tuning for slope detection to
obtain a square-wave display. Adjust Time/Div and Trigger as necessary to
obtain a stable square-wave display.

Verify that the droop of the demodulated FM is less than 15%. For example, if
the displayed square-wave amplitude (vertical edge) is 3.4 divisions, then the
droep should be less than 0.5] divisions (0.15 x 3.4).

ADJUSTMENT

TEST EQUIPMENT

DMM

PROCEDURE

The Offset adjustment (A2A9 R4) 15 set to OV,

1.

Program UUT to [RCL][9][8] and 9.99 kHz deviation, and set the rear panel
EXT/INT FM switch to EXT, with no external modulation signal applied.




OPTION -651
LOW-RATE Fm

2. With the DMM, measure the dc voltage at A2A9 Ul-6. Adjust R4 for 0V £
0.1V.

651-6. LIST OF REPLACEABLE PARTS

Table 651-2 lists replaceable parts for the 6060A-651. Figure 651-1 is the component
location diagrams for the 6060A-651.

Table 651-1. Low-Rate FM DIP Switch

NORMAL LOW-RATE FM

Closed Open
Open Closed
Closed Open
. Closed Open
Not Applicable Not Applicable
Open Closed




OPTION -651
LOW-RATE Fm

TABLE &31-1, AZAT LOW-RATE FM PCA
(FEE FILURE &31-1.1

REFERENWLE FLUKE HFKE HANUFACTURERS
BESICHATOR FTOCK SPLY FART MUMBER
A-INUAERICE--=? -LESCRIFTION --NQp-- COBE- --DR GCEWERIC TYFE--

2 CAF.POLYES.®, fUF, +-2B%, 50V 732883 89334 733883
CAP,FOLYES, 0. 4TUF, +—10%, 50V TLATTE  A93348 V14724
CaF,Th,3.3UF, » 20X, 20V 434071 G184 1 FADIITNCOTOKAY
CAF,CER,{DOPF, +-2%,1 00V, COL 512048 51404 RPEY
CAF,TER, 18FF, +-2%, 186V, C00 TI2343 @9u3L 312343
RES,MF, 38 1K ,+-1%,0.125W, 1 0OFPFH 1&4BIBE 91837 MFFY-82012F
RES,MF.24,3,+-1%,0.125U, 100PPH 01044 P94637 CHFSII4ARIF
RES,HF, 3. 32K, +-1%, 8,125, { 0OFPH I42432 91437 LMFISIINF
RES, VAR . CCRH. 100K, +—-10%, 6.3 BLP520 14234 JL0T-104A
RES,CC,&.BH,+-53%,0. 2% IFages 11 LB
RES, ¥, 280K, 454, 0,254 441485 86034 CRIS1-4-SF200K
RES,CF.1.2H,+-3X, 0,250 346995 B8003¢ CRRIT1-4-3P1M2
RES,HF , 4. 97K, +-1%,8.125u, 1 0OFFH {&AR5E2 1437 BFFY-847%
REL,HF, 49, 7K, +=1X,0, | 234, | 00FPH 24880 P14637  CHFS34993F
SUITCH, DIL, &-FOX, SPEY, ASSY 4T44 74 AQTIP A35144-4

& IC,DF aMf,JFET INPUT,& PIN DIF 472779 11040 LFJIB4M
SOCKET, DIF,0.100 CTR.8 PIN 47986414 1506 IPR-AGISD

-
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Figure 651-1. A2ZA9 Low-Rate FM PCA




Option -830
Rear Panel RF Output and Mod input

830-1. INTRODUCTION

The Rear Panel RF Output and MOD Input (Option -830), moves the RF OUTPUT and
MOD INPUT connectors from the front panel to the rear panel of the Generator. An
insulating spacer is used when the RF QUTPUT connector is mounted on the rear panel
to reduce ground loops. A longer semi-rigid coaxial SMA cable assembly (W17) replaces
the standard cable (W1), The option switch on the Controller is set to indicate that the
option is installed.

830-2. OPERATION

The additional signal loss of this longer cable is compensated using instrument-
independent correction data stored in the Output Calibration EPROM. The Controller
applies this correction data only when the rear panel RF Output and MOD Input option
jumper is installed on the Controller PCB.

830-3. CIRCUIT DESCRIPTION .
This option does not change the operation or specifications of the Generator.

830-4. MAINTENANCE :
This option does not change the performance tests, calibration, adjustment, or service of
the Generator,

830-1/830-2
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Section 7
General Information

7-1. This seetion of the manual contains generalized
user information as well as supplemental information to
the List of Replaceable Parts contained in Section 5.




List of Abbreviations and Symbols

A or amp
ac

at

a/d
assy
AWG
B

bed

C

cap
cow
[=:14
cormet
cki

om

ampere
alternating current

audio frequency

analog-to-digital

assembly

american wire gauge

bel

binary coded dacimal

Calsius

capacitor

counterclockwisg

GETAmic

ceramic Lo metailsaeat)

wirguit

centimeter

commaon moda rejection ratic
campasiticen

continug

cathode-ray tube

clockwise

digital-tg-analog

digital-to-analog converter

dacibel

direst current

digital multimeter

digital voltmater

electrolytic

external

farad

Fahrenheit

Figld-etfect transistor

flip-flop

frequancy

tederal stock numbar

gram (-) or neg
giga (10%) NO
quard ns
germanium opnl ampl
gigahartz P
guarantead minimum valug para
ground peb
henry pF
haavy duty pn

high frequency
hertz

integrated circLit
intermediate frequenty
inehies)

internal

input/output

kito (10%)

kilohertz

kilohm(s)

kilovaltis)

low frequency
light-emitting diode
least significant bit
least significant digit
mega (10%)

milli (10-9)
milligmpere(s)
mAKIMUM

metal film
megahert:

minimum

millimeter
millisecand

rmast significant bit
maost signilicant digit
mean time between failures
mean tima 1o repair
millivelt(s)
rultivibrator
megohm(s)

nang (10-9)

not applicable
narmally closed
negative

normally opan
nanosesond
aperational amplifier
RICO (1077%)
paragraph

printed circuit board
picofarad

part number

(+) or pos  positive

pat potentiometer

pep peak-to-peak

PPm parts per million

PROM programmablle read-anly
memory

poi peund-force per square inch

RAM randem-aceaess memary

] radio frequency

ms root mean square

ADM read-cnly memory

5 O 3e¢ saccnd (time)

sCOpe escilloscopa

5H shigld

5i sillgon
Serial number
shift register
tantatum
terminal board
temperature coefficient or
temperature compensating
temperature compensated
crystal oecillator

1p test point

u oK u micro (10-%)

whi ultra high frequency

us oF ug

U unit under test

v volt

v voltage

var variable
voltage controlled oacillator
vary high frequency

microgecoend(z) (10-%)

vary low frequency
watt(s}

wire wound
trangtormer
trangistar

crystal

crystal osciliator
ahm(s)

micro (10-%)




D9gl6
Westermann Wilhelm Augnata-Anlage
Maanheim-Nackaran Germany

00159
Mareon Electronics Corp

Keamny, New Jersey

00213
Nytroniez Comp. Groap Inc.
Dardingen, South Cagolina

00327
Welwyn Intemational Ine.
Waestlake, Chin

Q0656
Acrovox Corp,
MNew Bedford, Massachusetts

00636
Film Copacitors Ine,
Pagzaie, Now Jertey

00719
AMP, Ine.
Haprisburg, Pepnrylvania

0121
Allen Bradley Co.
Milwaukes, Wiscomzin

{1281
TRW Electronics & Defenge Sector
Lawndale, Califortia

01208

Texas Instraments Inc,
Semiconductar Group
Dellas,Texas

01537

Motorols Communications &
Electronics Inc.

Franklin Patk, Nlinalz

D14686

RCIL, Bleewronics/Shalleross Inc,
Elrars Camponents Div.
Manchestex, New Hampshire

01884
Spmpgue Electric Co.
(ow 56289)

01961

Varian Associatez Ine.
Pulse Englncering Div.
Convoy, Connecticut

02111
Spacrrel Blactronics Comp,
City of Indusiry, Califomic

214

Amperex Blectronic Corp.
Ferrox Cube Div,
Seugerties, New Yok

LK)

Goneral Tnstment Corp.Governmant

Systems Div,
Westwood, Massachusetts

02308
Semar Radio Corp,
Hellywood, Florida

Federal Supply Codes for Manufacturers

02533

Leigh Instruments Lid,
Frequency Contrel Div.
Don Mills, Ontario, Canada

02606

Fenwal Eabz

Division of Trevenal Labs
Mettem Growve, Ilineie

0266

Bunker Bama-Fitra Corp.
Amphenat NA Thv.
Broadview, Dinois

02735
RCA-Solid State Div.
Somerville, New Jemey

0zZres
Arco Electronics Inc.
Chatsworth, Califormia

03508

General Elaetrie Ca.
Semiconductor Productsf: Batteries
Aubum, New York

03797

Grenizco Technology Corp,
Elwonics Div,

03877

Gilbert Engineering Co.Inc
Incon Sub of Trunsitron
Electronic Corp.

Glendale, Arizona

03888

KD Electrenier Inc.
Pyrafilm Div.
‘Whippany, New Jemmey

3911

03950
Muirhead Inc.
Mountainside, New Jerscy

04008

Cooper Industrics, Inc.
Arrow Hart Div.
Hartfard, Connecticut

04217

Egptex Interpational Ine.
Wire & Cahle Div.
Anaheirn, California

L]

Midland-Ross Corp.
Midtex Div.

N. Manksto, Minnesote

04222

AVX Corp.

AYX Coramics Div,
Myrtle Beach, 8. Caroling
04423

Telonic Berkley Inc.
Laguna Besch, Califomia

04713
Muoeela Ine,

Jonathan Mfg. Co.
Fullerion, California

05245
Comeorn Ine,
Libertyville, Minoiz

05Xle

ITT Pomona
Electronics Div.
Pomona, Californin

05271

‘Westinghouss Elec. Corp.
Semiconductor Div,
Youngwood, Penntylvania

05307

Unigm Carhida Cemwp.
Mategialy Systems Div,
Cleveland. Ohio

05571
Spragne Electric Co,
(Now J6289)

05574

Viking Connectom Inc
Sub of Criton Corp.
Chatsworth, Calif,

05820
EG & G Wakeficld Engincering
Wakeficld, Massachusetis

05972
Loctitz Corp.
Newington, Connesticut

05001

Gegtegal Blectsis Co,

Elecesie Capacitor Produes Ssetion
Colunbds, S, Cagplina

06141

Fairchild Weston Systéma Inc,
Data Systems Div.

Snmacta, Flozida

06192
LaDean Mig. Co.
Glendale, Crlifornin

06229
Electrovert Inc.
Elmsford, New York

06383

Papduit Corp.
Tintay Pask, Mineds

06473

Bunker Ramo Corp.
Amphenol NA Div,
SAMS Operation
Chatawarth, Califoris

06555
Beade Elacrrica) Intontnant
Peqircook, New Hampehire

(6665

Precigion Manolithics
Subof Bourne Ine.
Santa Clara, California

(L2123
General Devicez Co, Ine,
Indianapolis, Indiana

06739
Elettzon Conp.
Littleton, Colorado

06743

Gonld Inc.
Foil Div,
Eastlake, Chio

06751
Components Ine.
Semcor Div,
Phoenix, Adzona

06776
Eabingen NMugent Inc.
New Albuny, Indiana

06315
Richen Plastic Co.
Chicage, Nlinoiz

06961

Vernitron Corp.
Piezo Electric Div,
Bedford, Ohis

06930

Varian Asgociates Inc,
Eimac Div.

San Carlos, Colifomis

07047
Ross Milton Co., The
Bouthampton, Penna.

07138

Wesrtinghouse Electric Corp,
Indosiriat & Government
Tuba Div.

Horschends, New York

07233
Benchimazk Tachnalogy Inc.
City of Indugtry, Calif.

0723
Biddle Instpumezie
Bluc Bell, Perma.

07256

Silicon Transistor Corp.
Sub of BEF Inc.
Chelmaford, Massaghusere

07261
Avnet Corp.
Culver City, Celifomia

07263

Faixehild Carmera & Instrument
Semiconducter Div, :
Mountain View, California

07344
Bircher Co. Inc,, The
Rochegter, New Yark




Federal Supply Codes for Manufacturers (cont)

07557
Catnpion Co, Ine,
Philadelphia, Penna,

07597

Bumdy Corp.
Tapef/Cuble Dav.
Rochodier, New Yerk

07716

TRW Ine, (Can vse 11502)
IRC Fixed Resiguors/
Burlington

Burington, lowa

07792

Lema Engineering Corp.
Northamnpton, Massochusetts

073140
Bock Corp.
Mudison, Wisconsin

07933

Raytheon Co,
Surniconductor Div,
Mountain View, Calif.

03235
Industro Transistor Corp.
Long Island City, New Yook

08261

Speetra-Sirp
AnGltra Co,

Gerden Grove, Calif,

08530
Reliance Mica Corp.
Brooklyn, New York

08718

ITY Carmon Electric
Phoenix Div.
Phoenix, Atizena

08806

Ganeral Blectrie Co,
Mirature Lamp Products
Cleveland, Ohio

(8RG3
Nylomatic
Fallsingron, Penna.

08938
Skottic Flostremics Inc.
Archbald, Paningylvania

09021

Airco Ine.

Airco Electronias
Bradford, Penno.

09023
Cornell-Dublier Electronics
Fuoquay-Varina, M. Caroling

09214

Guneral Electnic Ca,
Semiconductor Products Dept.
Avbum, New York

09353
C and K Components Ine.
Mewton, Massachugetts

9423
Seientific Components Inc,
Santa Barbara, Califorris

08579
CTS of Canada, Lrd
Streetnvilla, Ontaria

05922
Burndy Corp.
Norwalk, Connecticut

%060
Dale Elecironics Inc,
Yonkton, South Dakota

(B7s

Burroughs Corp.
Electrenies Cormponcins
Dexrodr, Michigan

10059

Barker Engineering Corp.
Kenilworth, New Jetsey

10389

Illincis Tool Works Inc.
Licon Div,

Chicago, Tllinois

10582
CT5 of Asheville
Skyland, N, Caxolina

11236

CT'8 Corp.
Beme Div,
Reme, Indiana

11237

CT5 Corp of California
Para Rablen Div.

Pano Robles, California

11295
ECM Motar Co.
Schavmburg, Ilinois

11358

Colurmbia Broadeasting Systen
CBS Flectronic Div,
Newburypert, Massachusetis

11403

Vagumn Can Co.Best Coffes Maker Div.

Chicego, Olinois

11502

TRW Inc.

TRW Resistive Products Div,
Baone, Nerth Caroling

11503
Keystone Columbia Inc.
Frecmant, Indiana

11532

Telsdyne Relays Teladyne
Industries Ine,
Hawtherne, Califarnia

11711

Geneml] Instrvment Carp.
Reetifier Div,

Hicksville, New Yok

11726

Qualidyne Corp.
Santa Clars, Califomia

12014
Chicago Rivet & Machine Co,
Maperville, lincis

12040
National Semiconductor Corp,
Danbury, Confrecticut

12060
Diodes Inc,
Narthridge, Califomia

12136
PRC Indoarrice Ine.

Fomnerly Philadel phia Handle Co.

Carndezt, New Jetey

12300

AMF Canada Ltd,
Potter-Brimfield
Guelph, Ontario, Canada

1230
Practical Automnation Inc.
Shelton, Connecticut

12327
Frecaway Conp.
Cleveland, Ohio

12443

Budd Co. The

Flastice Products Dhv.
Phosnizville, Pennsylvania

12581

Hitachi Metals Incrnational Ltd,
Hitachi Magna-Lock Div.

Big Rapidz, Misgouri

12615
US Terminals Inc.
Cincinnet, Ohic

12617
Hamlin Inc.
Lake Mills, Wiscongin

12657
Clasosuat Mfg. Co. Inc.
Daver, New Humpahire

12748
James Electronic Inc,
Chicga, [lincis

12856

MicroMetals Inc.
Anaheim, Califomia
12881

Metax 3
Edison, New Jersey

1280%
Cleveland Electric Motor Co,
Clevaland, Ohio

12954

Microsezni Corp.
Camponents Groop
Scotsdale, Arizona

12968
Unitrode Corp.
Lexington, Massachusetts

13050
Potrer Ca.
Wessan, Missisrippi

1305
Themualloy Ce., Inc,
Dipllas, Texas

13327
Solitron Dievices Inc.
Tappan, New York

1351t

Bunker-Ramo Corp.
Amphetiol Cadre Div.
Loz Gawee, Califormaa

13606
Sprague Electric Co,
{Use 56289)

134589
SPS Technologies Ine.
Huifield, Pennsylvania

13919
Burr-Brown Regcarch Corp.
Tuczon, Anzond

14009
Semtech Corp.
Newbury Pack, Califormia

14140

MeGray-Edisem Ca,
Commercial Development Div.
Manchester, New Hampshire

14193
Cal-R-Ine.
Santa Moniea, California

14298

Amexican Components Inc,
an Insilee Co, RPC Dy,
Conshohocken, Pennsylvania

14208

ACIC Ine.

Sub of Ingilee Corp.
Rescarch Triangle Park, NC

14320
Walls Flectronics Ino,
South Bend, Indiana

14482
‘Wtkins-Johnson Co,
Pzlo Alto, California

14552
Microsemi Corp.
Banta Ana, Califernia

14655

Comell-Tublier Electronics
iv. of Federal Padfic
Bleenie Co. Govt Cont Diepr
Mowark, Mew Jetcy




Federal Supply Cedes for Manufacturers (cont)

14704

Crydom Controls
(Divigion of Int Recifier)
El Sagunds, Califomia

14752
Eleetra Cube Ine.
San Gabriel, Califomia

14936

Gemyeera] Ingounmnemt Cemp.
Diserete Semi Conductor Div.
Hicksville, New York

14940
Trompeter Flectronics
Chatsworth, Califemia

15412
Amtron
Midlothian, Hinois

15542

Seientific Components Corp,
Mini-Cirevits Laboratory Div,
Bmooklyn, New York

15636
Elzz-Trol Ine.
Saupus, Califomia

15782

Baugch & Lomlb Ine.
Graphics & Contwl Div,
Austin, Texaz

15801

Fenwal Eletronics Inc

Div. of Kidde Inc.
Framingham, Maszachuactiz

15818

Teledyne Ine Co,

Teledyne Semiomdugion Div,
Mountain View, Califomia

15840
Useso Ine,
{MNow B8245)

15898

International Business
Machines Corp.

Eagex Tunction, Verment

16245

Conap Inc,
Olean, Mew York

16258
Space-Lok Inc,
Burbank, California

16352
Codi Cosp.
Linden, New Jezsey

16460
MCL In¢.
LaGronge, Hlineis

16473

Cambrdge Scientific Industries
Dhiv, of Chamed Corp.
Cambridgs, Maryland

16733
Cablewave Systems Inc,
Neeth Haven, Connacrieut

16742

Papnmoumt Plastic
Fabricators Ine.
Downey, Califomia

156758

General Motes Corp.
Deleo Electranics Div,
Kokomo, Indiana

17065
Circuit Structurez Lab
Burbank, Califomia

17117
Electronic Molding Corp.
Woonsocket, RhodeTsiand

17338
High Prezsure Eng, Co. Inc,
Cklahoma City, Oklahoma

17545
Atlantic Semiconductors Inc,
Ashry Pagk, New Jepaey

17745
Hagerstown, Maryland

17856
Santa Clarz, California

18178
B Q& Gvacase Inc.
5t Lovis, Mizsouzi

128324

Signeticz Corp.
Sacyarmanita, California
18520

Shuep Electronics Conp.
Fatawna, New Jersey

18542

Wibash Ine.

Wabesh Reley & Electronics Div.
Whabash, Indisna

18565
Chemnnries Ine.
Wolnan, Mageachuzetiz

18612

Vizhay Intestechnology Inc.
Vishay Registor Products Group
Malvem, Pemagylvania

18632
Norton-Chemplast
Santa Monica, Califaraia

18677

Scanbe Mfg, Co.
Div. of Zere Corp.
El Mmta, Califomia

18736
Voltronica Coxp.
East Hapover, New Jemey

18927

GTE Products Corp.
Bugincar Parts Div.
Tituaville, Penneylvania

10315

Bendix Corp., The
Navigation & Control Grovp
Terboro, New Jersey

10451
Porine Machinery & Supply Co..
Ko, Washington

19613

Minnesots Mining & Mfg. Ca.
Textool Products Dept.
Electronic Product Div,
Irving, Texas

19647
Caddock Flectronics Inc.
Rivergide, Calfernia

19701

Mepeo/Centralab Ine.

A N. Amesican Philipe Co.
Mincral Wells, Texas

20584
PEaoche Mg, Inc.
Indisnapelix, Indiana

2085

Cozar Corp.
Dallas, Texag

21317
Flectronics Applications Co.
E Mente, California

21604

Buckeye Stamping Co,
Columbusz, Ohio

21845

Solitron Devices Inc,
Semiconductor Group
Rivers Boach, Florida

2526

DuPont, EI DeMemowrs & Co, Ine,
DuPent Connector Systemns
Advanesd Products Div,

New Cumberland, Fennsylvania

267
ITT Semiconductors
Pala Alt, California

184
Palmer Inc.
Cleveland, Obio

23050
Product Camp, Corp.
Mount Veznon, Mew Yook

23732
Tracor Applied Scienees Inc.,
Rockville, Maryland

FIRE0
Stnford Applied Engineering
Santa Clarn, Califernia

23936

Williain J. Pardy Co.
Pamoter Div,
Bulingame, Califarnia

347

Penn Engincering Co.
3. El Monte, Califomia

24355
Analag Deviees Inc,
MNorwood, Marsachueetrs

24444 :
Genenl Szmicondns
Industries, Ino.
Tempe, Atizons

24655
Geaead Ine,
Conoord, Megsachugetts

24759 enex-Fugle Elestronics Inc.
South Flaingield, New Jezsey

24796

AMF Inc.

Pottey & Brurnfield Div,
San Toan Capistrano, Calif,

24031
Specialty Connector Co.
Greenwoed, Indiana

25088
Siernan Corp.
Isilen, Naw Jexscy

25099
Cancade Gasket
Kmt, Waghington

25403

Amperex Electronio Corp,
Samiconductor & Micro-Cixoudt Div.
Slatergville, Rhode Ixland

25706
Daburn Electronic & Cable Corp.
Norwood, New Jersey

26529

FPrequency Sources Ine.
Soupeea Div.

Chelongford, Magsachusetis

26306
American Zettler Ino,
Trvine, California

27014
Mational Semiconducror Corp.
Santa Clara, Califomia

27167
Corning Glays Werks Corming
Eleckonics

Wilmington, North Caxolina

21264
Molex, Inc.
Lisle, Dlinaiz

21440
Industrini Screw Proaducts
Los Angeles, Califarnia




Federal Supply Codes for Manufacturers {cont)

277485
Aasorinted Spring Bames Group Ine,
Syracnse, New York

256
Releom (Now 14432)

28194
Positronic Induewries
Springficld, Misaoui

28213

Minnesots Mining & Mfg. Co.
Consumer Praducts Dy,

3M Center

Suint Paul, Mionesots

28425
Sery-0-Link
Enless, Texas

28478

Deluol Comporation
Deitrol Controls Dhv.
Milwaukees, Wisconsin

28450

Wewl=tt Packard Co,
Corporae HQ

Iale Alto, Califormia

23484

Ememon Blectdc Cn,
Guoarmaster Div.
McHenzy, Hinois

28520
Heyco Molded Products
Kenilworth, New Jersey

20083
Monsanta Co.
Santa Clare, California

20604
Stackpole Compontnts Co.
Raleigh, Nerth Caroling

29907
Omega Engineering Inc.
Stamford, Connnectiest

30035
Jolo Industries Ine,
CGarden Grove, Califomia

30146
Symbex Corp.
Paineaville, Ohio

30148
AB Erterprite Inc.
Ahoskie, North Carolina

a1
Anvid Fngineering Inc.
Laconia, New Hampshire

30315
Iirem Corp,
San Diego, Califomis

30323
llinois Tool Works Inc.
Chicago, Hinois

30800

General Insrument Corp,
Capacivr Div.
Hickeville, Mew Yok

31019
Solid State Scientific Inc.
Willow Grove, Penmeylvania

31091

Alpha Industties Ine.
Mivcroclectronics Div.
Huatfield, Pennsylvania

31323
Metro Supply Company
Sacramento, Califomia

31448
Army Safeguard Logistics Commund
Huntxville, Alabmma

3746
Cannon Electyic
Woadbury, Tennexses

31827
Budwig
Ramona, Califormia

31918
ITT-5chadow
Eden Prairie, Minneaota

32293
Intersil
Cuperting, Califoria

52539
Mura Corp.
Wesbury, Long Inland, N.Y.

32559
Bivar
Ganta Ana, California

52167
Griffich Plastics Corp,
Burlingsme, Califomia

32879
Advanerd Mechenical Components
Menthridge, California

117

Murata Erie North America Ine.,
Carisle Operations

Cydisle, Penneylvania

32997

Boarnz Ine.

Trimpot Div.
Rivemide, Califortria

330845
Calerads Crvstal Cotp,
Loveland, C:"omdo

33173
Geners] Electic Co,
Cwensboro, Kentucky

33246
Bpoxy Tectmelogy Ine.
Billerica, Massachusetis

a3zm

NEC Electrotics USA Inc,

Electronic Arrays Inc. Div.
Mourtain View, California

33919
Nortek Ine.
Crangton, Rhode Isiand

34333
Silicon General Inc,
Garden Grove, Califomia

34225
Advinced Micro Devices
Sannyvale, California

4359

Minnespta Mining & Mfg. Ca.
Commervial Office Supply Div,
Saint Paul, Minnesota

34371

Harris Corp.

Hargis Semiconguior
Froducty Growp
Meibaumne, Florida

4649
Intel Corp.
Santa Clara, Califomia

34802
Bleetremetive Inc.
Kenilworth, New Yersey

34848
Hartwell Specisl Products
Placentia, California

35009
Renfrew Electric Co, Ltd,
IRC Dhiv.

Tormnin, Ontaro, Cansda

36655
Mitzl Corp.
Kanats, Ontario, Canada

57942

Mallery Cupecitor Corp.
Sub of Brphart Industzies
Indianapolis, Indiana

35003
Maxirn Industries
Middlebens, Mangnchusetty

404002
Redemisin Blectrmnics Ine,
Statenville, North Caroline

42408
National Radic
Melrose, Mazsachusetts

43543
Nytrenue Ine. (Now 53342

44655
Chrite Mg, Co.
Skokie, Tineis

49671

RCA Corp.
New Yok, New Yok

49456

Raytheon Company
Execemive Cffices
Lexingtor, Massachuastts

50088
Thomson Components-Mostek Corp.
Carrollton, Texas

50120

Esgle-Picher Industries Inc.
Elzetronics Div.

Colomdo Springs, Colommdo

50157
Midwest Components Inc,
Mugkegon, Missiseippi

50541
Hypernronics Corp.
Hudson, Massachusetts

50579
Litrenix Ing.
Cuperting, Celifornia

51167
Ares Eledironics Inc.
Frenchtown, New Jersey

51372
Verbatim Cenp.
Sunnyvale, Califomia

51406

Mumtz Erie, No, America Ing,
(Al Bee T2952)

Marietta, Georpis

514599
Amtron Corp.
Boston, Massachusetts

51605
COPY Semiconductor Inc.
Kenilwarth, Mew Jemey

51642
Centre Engineering Inc.
State College, Pennsylvania

5179
Stk Corp.
Orange, California

51954
NEC Amesica Inc.
Falla Chmrck, Virginia

52063
Eanr Integrated §ysteins
Sunnyvale, California

5212
Cirenit Asgenbly Carp.
Irvine, Califomia

52152
Muinnerota Mining & Mfy,
Saint Paul, Minnesota

52333
API Electronics
Haugpuage Long Island New York




Federal Supply Codes for Manufacturers (cont)

51361
Communication Sygterms
Pizcataway, New Jersey

52525

Spaee-Lok Ine,
Lerco Div,
Bugbank, Celifornia

52531
Hitachi Magnetics
Edmeye, Missouri

52745
Tirnce
Loz Angeles, California
52763

Stettner-Flectronics Inc,
Chattancogs, Tenncssee

52169

Spragne-Coodmen Electronics Inc.

Gaxdent City Park, New York

5¥m

Moniterm Corp,
Arnatrorm Div,

Santa Claea, Califewnia

52840
Wesiemn Digital Conp.
Conta Mera, California

53021
Sungame Weston Inc.
(See 06141)

537
Tachnical Wire Predusts Tnq,
Santa Barhars, Califosnia

53342
Opi Industdes Ine
Phillipeburg, New Jextey

530444
leye-Lita
Pauls Valley, Oklahorma

54294
Shallcross Inc.
Smithfield, North Carolina

54453
Sulline Electeezyic Corp,
San Marcos, California

54473

Mutrushita Fleetria Corp,
(Panazonic)

Secaucur, New Jersey

54583
TDK
Garden City, New Yok

54869

Pihex [niznational Corp.
Adington Heights, Ilincis
54037

DeYoung Mig.
Bellevoe, Washington

4550

RCA Corp.

Electronic Cotnpenente Div.
Cherry Hill, New Jertey

55026

Amesicsn Cage & Mackine Co.
Sitmpean Bectrio Co, Div,
Elgin, Illinciz

55112
Flersey Capacitems Ine,
(Now 80935)

55261

151 Compater Systenas Ine,
Melville, New Yook

55285

Bexcquist Co.
Mimneapolis, Minnesota
55576

Synertek
Santa Clars, California

55680
Schaumburg, Mlinois

56282
Utek Systems Inc,
Olathe, Kanzas

56259
Spragne Electric Co,
Netth Adarit, Maeachuseits

56365

Square D Co.
Corporate Officez
Palatine, Minois

56375

DAL Industrics Inc.
Wescorp Div.

Mountain View, Califomia

56421

Shugarr Aspcciates
Sub of Xexox Cerp.
Sunnyvale, Califomiia

56708
Zilog Inc.
Camphell, Califormia

56856
Vamirior Cotp, of Tennessss
Savisrville, T mppes

56880
Magnztics Inc.
Baltimore, Mrryland

57026
Endicott Catl Co. Inc.
Binghamton, New York

57053
Gates Energy Produets
Dunver, Ohia

Se04
Hitachi M,
(Mow 12521)

53104
Sirnexy
Atlanta, Georgin

Se474
Superior Electdic Co.
Bristol, Connecticut

59124
KOA-Speer Blectronics Inc,
Bndford, Pennsylvania

a0

Supentes Ine.
Swmyvale, California

50660
Tusendx Ine,
Tucson, Arizons

59730
Thenrae and Beng Corp,
Iowa City, Towa

59831
Semtranics Corp.
Watching, Naw Tantey

60395
Xicir Ine,

60399

Torin Enginecied Blowers
Div. of Clevepak Carp.
‘Formington, Connecticut

60705

Cera-Mite Corp.
(farmedy Sprugne)
Grafton, Wizconain

60035

Weatlake Capaciter Int,
Tantaluw Div.
Greencastle, Indiana

61804
M/A Com Inc.
Burington, Massachuscits

61857
SAN-O Industriat Corp.
Bohemia, Long Island, NY

61935
Schurtar Ine,
Petahuma, Califomia

62351
Apple Rubber
Lancaster, New York

627193

Lesr Siegles Ine.
Energy Products Div.
Santa Ana, Califaria

63743
Ward Leanard Elactric Colne,
Mount Vexnon, New York

44154
Lamb Indusides
Pogtland, Oregem

64155
Linear Technology
Milpitas, Califernia

64834
Wen M G Co,
San Prapeisce, Calif,

65092

Sangame Weston Inc.
Weston Instimments Div,
MNawark, New Jextey

65940
Relen Corp & Whamey
Irvine, California

65964
Evox Inc.
Bannockburm, Nlinois

66150

Entron Inc.

Winslaw Teltronies Div.
Glanrdale, New Yook

66608
Berng Industrics
Fremont, Califomis

70290
Almeta] Universal Joint Co,
Cleveland, Ohio

0485

Atantic India Rubber Works Ine.

Chicage, Mineis

70563
Amperite Company
Uniem City, New Jagey

0503
Belden Corp.
Genevs, Iinois

1002
Bimbach Co. Ine.
Farmingdale, New Yok

71034
Bliley Flecttie Co.
Brie, Penntylvania

183

Westinghouse Blectric Corp,
Bryant Div.

Bridgepont, Connecticut

71400

Bugsman Mannfactoring
Div. MeGraw-Edigem Co.
5t Loujs, Miszotrd

71450
CTS Corp.
Elkhart, Indiana

71468
ITT Cannen Div, of ITT
Foumwin Vallsy, Califormia

482

Guaneral Inxtrument Corp.
Clars Div,

Chicage, Dinea




Federal Supply Codes for Manufacturers (cont)

71590

Mepoo/Centrulab

A North American Philips (o
Fort Dadge, lowa

707
Cato Corp,
Providence, Rhode Island

71744

General Instmimnent Cozp,
Lamp Div/Worldwide
Chicago, Dlineis

71785

TRW Luc.

Cinch Connector Drv.

Elk Cirove Village, Itlinais

71984
Dow Coming Corp,
Midland, Michigan

7005

AMAX Specialty Metals Corp,

Newnrk, New Jersey

72136
Electro Motive Mig, Corp.
Floremes, South Caroling

T8

AMCA Intemational Corp,
Continental Serew Div,

New Bedford, Massachusetis

72259
Nytromics Inc.
New York, New Yook

72519

Ampezex Elecuronic Corp.
Dialight Dhay.

Brooklyn, Now Yok

12653

G C Klectromics Co,

[¥iv, of Hydrometals Ine.,
Rackford, Minois

TAIN
Dy Fastner Co, Inc.
West Islip, New York

T8

Gultor Indugtries Inc.
Guodeman Div.
Chicage, Ilineis

72982
Murnin Erie N, Americs Inc,
Etie, Penngylvams

73138

Beckman Industrial corp.
Helipor Div.

Fullertom, California

73168
Fenwal Ine.
Ashland, Massachusetis

73293

Hughes Aircraft Co.
Electvon Dynarnucs Dhv.
Torrance, California

3445
Amperex, Electronic Corp,
Hiclkaville, New York

73559
Carhagewitch Ine.
Hanford, Connecnicnt

TI586
Cirele F Industries
Treniton, Now Jemey

737
Pederdl Screw Products Ine.
Chigaygas, Nlineix

FEYLX]
Fischer Special Mfg, Co.
Cold Spring, Kentucky

73893
Microdot
Mt Clemens, Mississippi

T899

JFD Electronic Components
Div. of Murata Erie
Oceangide, New Yerk

73905
FL Indugizies Ine.
San Jose, Califomis

73849
Guardian Electric Mfg, Co.
Chicage, linois

499
Quam Nichols Co.
Chicago, Nlinoiz

1217
Radio $witch Co.
Marlboro, Mew Jersey

14306

Piczo Cryzizl Co.

Div. of FPA Industries Inc.
Cadisle, Pennsylvania

74542

Howt Elecr Instr. Wenks Ine.

Penacook, New Hampehire

T4840
Hlingix Capacitar Inc,
Lincolnweod, Ilinois

T4970
Johnseea EF Co.
‘Waneca, Minnesota

73042

TRW Ine.

TRC Fixed Rewistors
Philadelphia, Permxylvania

52

Litton Sysiems
Kester Solder Div.
Chicago, Tinod

75376
Kucr-Kasch Inc.
Dayum, Chia

75378
TS5 Knights Inc.
Sandwich, Illinoiz

75382

Eulka Blectrie Carp.
(Mow 83330)

Mourt Vernen, New Yerk

75915
Tracor Littlefuse
Dt Plvines, Ilinesis

Fa854
Oak Svitch Syntems Inc,
Crystal Lake, Hlinois

T

TRW Assemblies & Fasieners Group

Fastener Div,
Mouvtaingide, New Jersey

T34

AMF Inc.

Fotter & Brumficld Div.
Princeton, Indisna

17542
Ray-0-Vac Corp
Madizon, Wiseonsin

77638

General Ingtritrment Cenp.
Resrifier Div.

Brogklyn, New York

77900
Shakeproof Lock Warher Co,
Now TR120)

7965
Rubbereraft Corp. of CA Lid.
Tosranee, California

78189
Miinois Teol Warks Inc,
Shakeproof Div.

78271
Sigrna Inmrurneans Ine.
South Braintres, Mass,

TR260
Struthers Dunn Ine.
Pitman, New Jersey

78553

Eaten Corp.

Engineered Fastener Div,
Cleveland, Qhio

TR542
Stoeger Industries
South Hackensack, New Yersey

79136
Waldes Kohinoor Inc.
Leng Ieland Gy, New Yok

79407
Watan Rubber Co.
Gothen, Indiana

79727
- W Industries
Southampton, Pentsylvania

79963
Zierick Mfg. Corp.
Moum Kisco, New Yok

80009
Tektronix
Beaverton, Oregon

80031
Mepco/Electma Inc,
Marristown, New Jersey

0032

Ford Aerogpace & Cotmunications Corp.
‘Westem Development

Lebormtories Div.

Palo Alto, California

80145

LFE Conp.

Process Control Div.
Clintor:, Ohio

BOLE3
Spraguc Products
(Mow 56289)

BO20d
Boums Instruments Inc,
Riverside, California

$05%3
Hammertund Mfg. Co. Inc.
Paramus, NMew Jersey

80640

Compater Products Ine,
Stevens-Amold Div.
South Bogton, Mass.

81073
Gmyhill Inc.
La Grange, Tllinais

81312

Litton Synterps Inc,
Winchester Electronics Div.,
Watertown, Connectiout

31439
Therm-0-Disc Inc.
Mansfield, Ohio

81483
Internations] Recificer Corp.
Ltm Angeles, Califomin

1590
Korry Electronics Inc.
Seattle, Washington

§1741
Chicage Lock Co,
Chicago, Dlincis

g2227

Airpax Corp,
Chezghire DHv.
Cheghive, Connestict
X0

Sonmens Fastne Cenp.
Albany, New Yok




Federal Supply Codes for Manufacturers {cont)

82305
Palmer Electronics Corp.
South Gare, Califtrnia

§2389

Swircheaft Inc.
Sub of Reytheon Co.
Chicage, llinois

$2415

Airpax Corp
Frederick Div.
Frederick, Maryland

32872
Roanwell Corp.
New York, New York

L2877

Rowon Ins.

Cuosrenns Dhiv,
Woodstack, Maw Yo

82879

ITT

Raoyal Electric Div.
Pawtucket, Rhode Islend

83003
Varo Inc.
Garland, Texaz

§3014
Hartwell Corp.
Placentia, Califomin

£305%
Signalits Fuge Co.
(Mow 71744y

83058

TRW Azzernblios & Fastanert Group
Fasteners Div.

Cambridge, Massachusets

3259

Parker-Hannifin Cotp.
O-Saal Div.

Culvay City, Californin

B398

Bendix Corp.

Electric & Fluid Power Div.
Esionville, New Jertsy

83315
Hubbell Corp.
Mundelein, linois

§3330

Kulks Smith Ine.

A North American Philips Co.
Maznagguan, New Taray

FM78
Rubbercrafi Corp. of Ameica
‘Weat Haven, Connectient

23553
Asgacinied Spring Bawes Group
Gardena, Califernia

83740

Union Carbide Corp.
Battery Products Div,
Danbury, Cannectiao

24171
Azt Electmomicy
Commack, New York

34411

American Shizaki
TRW Capacitors Div.
Ogallala, Nebragka

845613
FIC Conp.
Rekville, Mazyland

84682
Eatex Chrexip o,
Prabady, Masdsachinetts

£5367
Bearing Distributing Co.
San Fronwisco, Californis

85372
Bearing Sales Co,
Lo Angelex, Californin

85450

W. H. Brady Co.
Industrial Praduct
Milwaukes, Wizemgin

855932
Electo Film Ine,
Valencia, Califomia

86577
Precirion Metal Products Co,
Peabody, Massachusstts

86684
Badie Corp, of Amexica
(Naw 54500)

86528
Seastrom Mfg. Co. Inc.
Glendale, Califoria

21034
Hivminnted Products Inc,
(Now 76854)

28219

GNE Jne.

Indusrrial Bamegy Div.
Langhome, Pennsylvanis

88245

Winchester Elecironics
Litton Systems-Uzeco Div.
Van Muyz, Califernia

82426
Triangle PWC Inc,
Jewit City, Connecticut |

82600

Estex Group Ine.
Wine Atternibly Div,
Dearhern, Michigan

80020
Amerace Corp,

Buchanan Crimptoo! Products Div.

Union, New Jersey

89265
Potver-Brumfield
(B 77M42)

§9536
John Fluke Mfp, Co., Inc.
Everctt, Washington

89597
Fredericks Co.
Huntingden Valley, Peana.

89709

Bunker Ramo-Eltrs Corp,
Amphemol Div,
Browdview, Illinois

3730

Genernd Electric
Div.

Newark, New Jerzey

20201

Mallery Capacitor Co,

Sub of Emhart Industies Ine.
Indianapolis, Indiana

AZ1s
Best Stamp & Mig, Co.
Kansas City, Misgotr]

20303

Dumucell Inc.

Technical Sales & Marketing
Bethel, Connecticut

pali

Egsex Group Inc.
Suflex/TWP Div.
Newmarket, New Hampehire

91247
Ilinois Transformer Co.
Chicago, Winois

91293
Johangon Mig, Co.
Boonton, New Jeraey

91462
Alpha Industries Ine.

Loganzport, Indiana

91502
Amsociated Machine
Sonta Clara, Califomia

91506
Auga Inc,
Atlabarg, Mageachnaas

91507
Froeliger Machine Tool Ca,
Steckion, Californin

91637
Dale Electronics Ine.
Columbux, Nelbraske

91662

Elea Comp.

A Gulf Wegtoon M, Co.
Connector Div.
Huntngdon, Penneylvani

#1737

T
(Now 08718)

91802
Industrial Devices Inc,
Edgewater, New Jersey

91833
Keyatone Electremics Corp.
MNew Yok, New Yerk

91836
King's Electronics Co. Inc.
Tuckahos, Now York

992

Hemeywell Ing,
Micro Switch Div,
Freepont, Hlingis

01934
Miller Electric Co.
Woonsocket, Rhode Island

91984
Maids Development Co.

Hampton, Virginia

81985
Norwalk Valve Co.
3. Narwalk, Connectient

4514
Alphs Wire Corp.
Elizabeth, New Jemey

93332

Sylvania Electric Products
Semiconductor Produets Div,
Wobum, Massachusetts

24144

Raytheon Co.

Microwave & Pawer Tubae Dhiv.
Quincy, Massachusetts

w722
Sourheo Tne,
Concondvills, Penngylvania

958

Wagner Flestric Corp.
Sub of Mcgraw-Edizon Co.
Whippany, New Juxgey

95146

Alco Electronic Products Inc.
Switch Diiv.

North Andover, Maesachuzetis

05263
Lescraft Mfg Co.
Long Keland City, New Yok

05275
Vitmmeon Ine.
Bridgepors:, Connesticit

05303

RCA Corp,
Receiving Tube Div,
Cincinnati, Ohio

05348
Gorde's Corp.
Bloomficld, New Jemey

95354
Metbede Mfg, Cotp.
Rolling Maadows, Dlinaia




Federal Supply Codes for Manufacturers {(cont)

45573
Campion Laboratories Ine.
Dtroit, Michigan

95712

Bendix Corp.
Eleetrical Comp. THv.
Franklin, Indiana

45987
Weckesser Co, Inc.
(Mow 85480}

26733
STI'E Technologies
San Femanda, Catifornia

Q6853
Gulion Industries Ine.

Meagurement & Contrals Dhv.

Manchester, New Hampshim

96881
‘Themson Industries Inc,
Port Washington, New York

97525
EECO Ine.
Sants Ana, Califomnia

97540

‘Whitehall Electronics Corp.
Masrer Mobile Moot Div.
Fort Meyers, Flarida

97913

Indugirial Electrenic
Hardware Corp.

New York, New York

97045

Pemnwalt Corp,

5% White Induntrial Products
Pitcataway, Mew Jesey

97964

A%

Flectronic Div.
Duanverg, Magzachoses

95004
Machlett Lebomtories Inc.
Santz Barbam. Californis

98159
Rubber-Teck Inc.
Gardena, Califomsia

9E27E
Maleo A Microdot Co.
South Pasedena, California

98291

Senalectro Corp.

BICC Electronics
Trumbill, Connecticut

08372
Royal Industriex Ino {Mow 62793)

98388

Lear Siegler Inc,
Accurata Products Div.
San Deiga, Califomnia

59120
Plastic Capacitors Inc.
Chicaga, Iinois

99217

Ball Indusiries Ine.
Elect. Distributor Div.
Sunnyvale, Califorrnia

06378
ATLEE of Dalaware Inc,
N. Andover, Massachusetts

99392

Mepeo/Electra Inc.
Roabom Dhv.

Roxboro, Nerth Carolina

99515

Electron Products Inc.

Div. of American Capscitors
Dwuarte, California

TR

Bunker Ramo- Eltra Comp,
Barries Diiv.

Lansdown, Painsybvaria

99800

American Precixion Industries
Delevan Div,

East Aurors, New Yok

o4

Mepeo/Cetmlab

A North American Philips Co.
Milwaukes, Wisconsin




Appendix 7A
Manual Change Information

- 7A-1. INTRODUCTION

This appendix contains information necessary to backdate the manual to conform with
the earlier PCB configurations. To identify the configuration of the PFCBs used in your
instrument, refer to the revision letter (marked in ink) on the component side of each PCB
assembly. Table 7A-1 defines the assembly revision levels documented in this manual.

As changes and improvements are made to the instrument, they are identified by
incrementing the revision letter marked on the affected PCA. These changes are
documented on a supplemental change/errata sheet which, when applicable, is inserted at
the front of the manual, To identify the configuration the PCAs used in your Generator,
refer to the revision letter on the component side of each PCA.

7A-2. BACKDATING INSTRUCTIONS

To backdate this manual to conform with an earlier assembly revision level, perform the
changes indicated in Table 7A-1. If this manual documents all PCAs at their original
level, no changes are necessary, and no changes will be indicated in Table 7A-1.




MANUAL CHANGE INFORMATION

Table 7A-1. Manual Status and Backdaiing Iniormation

ELUKE "To adapt manual 1o earlier rev condigurations perform changes
PART LN decending order (by no.). ending with change under desired rev letter

NO. —lalBlc|D|lEfF|a|HlJ|RIL|MIN|P

ASSEMBLY
NAME

Display PCA 738609 | X

Synthesizer PCA 792812

VCO PCA 748780

Quiput FCA 774521

Attenuator/
RPP PCA 752667

Ralay Driver/
RPP Controt PCA

702816

Controllar PCA 788082

Nen-Volatile
744004
Memory PCA

Power Supply PCA 744052

High Stahility
Refarence PCA
Meadium Stability

Reference PCA 792788

744102

IEEE-488 PCA 7386817

Low-Rate FM PCA 716869

e d

The PCH revition levels documentad in this manual,
‘Theae ravision letters were never used in the instrument,
No rovision lotter on the PCB.

Change did nol atlect manual.




Section 8
Schematic Diagrams

FIGURE

8-1. Mnemonics

8-2. Schematic Symbols

g3 Synthesizer Block Diagram

8-4. Output Bloek Diagram

8-5. . AlAl Display PCA

8-6. A2Al Synthesizer PCA

8-7. A2A2 VCO PCA

8-8. A2A4 Output PCA

89, A2A5A4 Attenuator/ RPP PCA

8-10. A2ASAS Relay Driver/ RPP PCA

B-11, A2A7 Controller PCA

8-12. AZAB Non-Volatile (Store/ Recall) Memory PCA

8-13. A3A1 Power Supply PCA

8-14, A3A2A ] High-Stability (Ovened) Refarence PCA (Option -130)
8-15. A5A]1 Medium-Stability Reference PCA (Option -132)
B-16. A3A3Al IEEE-488 Interface PCA (Option -488)

8-17. A2A9 Low-Rate FM PCA (Option -651)




SCHEMATIC DIAGRAMS

MNEMONLC DESCRIPTION SIGNAL TYPE «

A D15 Address

Al2DB Attenuator 12-dB Section CLontrotl
AZA(T1-5) Attenuator 24-d8 Scction fontrols
AbbR Attenuator &-dB Seetjon Control
BAB (=3 Module Section Address

By 0-7 Module Section Pata

BSEL 0.1 Module Section Select

CEN N-Divider Clock

CLR bisplay Ctear

b -7 Data

DBIN Read Epable

pp O~7 Pisptay Data

bLG pisplay digit Select

EXREF External Reference Controt

EXTAM External AM {ontrol

EXTFM External FM Lontrol

FIL 1.2 Display Filament Supply

FM 0=92 FM Peviation DAC Control

FMEN FM Enable

FMRNG {=2 FM Range Control

FMY FM Augio

HAQCT Hal f-0Gctave GComtrol

HET Het (Low} Band tontrol

HSOFT High-5tability Option Inctalled
IEA 13=-15 IEEE Address Bus

JEARR IEEE Address Latg¢h Enable

1ECS IEEE Chip Enable

1ED (-7 IEEE bata 8us

IELE IEEE Read Egable

TEIN IEEE Option Installed

IEINT IEEE Interrupt

Iew IEEE Write Enable

INTAM Intérnal AM Control

INTFM Internal FM Control

KBIN Keyboard Input Setect

KN 0-7 PLL Gajn Compensation DAC

KNV Main PLE Gain Compenszation Vol tage
KV 0-9 Veo Compensation DAL Control

LEV 0~11 RF Level DAL Cantrol

LRFM Low-Rate FM Optjon Installied
MF400 Modulation Frequeney Captrol

MID Mid Band Control

MLEVHI External Modubation High~Level Status
HLEVLOQ External Medulation Low-Llevel Status
MODE Triple~Modulus Presealer

NV CS NVM RAM Chip Select

NVEN NVH Enable

NV IN NVM Installed

RIN 10=MH: Dutput Buffer Enable
AMUXD. Reference Multiplexer Select

ROPT Rear Qutput Gption Instal led

RFP RFP Option Instal led

RPRST RFP Reset Control

RPTRF RPP Tripped Status

5E6 1-3,9 Bigplay Segment Select

SHEN Sub-Harmenic Reference Control
SHET Synthesizer Heterodyne fontrol
SHREF Sub=Harmenic Ref Option Installed
SHTUNE Sub=Harmonic Ref Tuning Voltage
TROUT Output Test Bit

TBEYN Synthesizer Tast Bit

TRMOD Triple—Modulus Prescalar Select
TRSEQ Remote Sequence Trigger

TUNE Maip PLL Tuning Yeltage

UNLOK, FLL Untoeked or Overmodulated Status
UNLVL ALC Loop Unleveled Status

WE Write Enable

XOEN 10=MHz Crystal Oscillator Conmtrol

rrrm

PXIXX>rrrrfODrroOrrerCmx

Ll

SfreCExx>ocrrroE@ZeTTXCCrCrEFCOCrOCFECFEOICET
<«

[

I_I_l_l_gl_l_zx'ﬂ'l-r"l-r-r":rl"l_:l:zl_

* 8ix SIGNAL types are Listed in the following:

pe Control

Line Frequency

Audin (modulation) Sighal

Lagic (kbinary} signal. active Lew at the source
Logie (binapy) signal. active high at the source
Dbynamic bus

Figure 8-1. Mnemonics




SCHEMATIC DIAGRAMS

Mulitpath Interconnection

s, 34 4

bual=-Pin Connector Service Aide

¢

bual-Pin Connecteor Test Point

?
e

Test Point &

b

Test Point 5, no post

%

Microstrip Transmission Ling

—.—

Stripline Transmission Line

S—

———

Printed Inductor

Frinted Capacitor

——

Feed=-Through Capacitor

e

————

i

bDicde, General

—p—

biode, Varactor

— e

Piode, Pin

——

Schotthy

__{HL“.

Factor Selected Value

*

- Figure B-2, Schematic Symbols (cont)




SCHEMATIC DIAGRAMS

Value Has Changed Plug—Iin Connecticn,
Male and Female

—_

+

Screw Driver Adjustment

@ Plug-In Connection,
Transmissicn Line

Front Pamel Designation —O—)  o—
RF OUTPUT

Soldered~In Jumper

Rear Panmel Desdigpation -

-
2 )

Interconmection Informaticon

—

Rear Panel Screw Driver Adjustment

[ BAL Coax Connector, Female
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Figure 8-13. A3A1 Power Supply PCA
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FLUKE 6060B OPERATOR INFORMATION CA

REJECTED ENTRY CODES {Press the [STATUS] key to display codes)

000 000 000 indicates no rejected entries.

001 000 000 = FM Deviation not hetwean 0 and $9.9 kHz

{9.99 kHz with option-651)

002 000 000 = FM Deviation Step not between § and 99.9 kHz

Q04 000 000
010 000 000
020 000 000
040 000 000
100 00C 000
200 000 000
000 0071 QOO0
000 004 000
000 040 000
000 100 000
000 200 Q00
000 000 001
000 000 002
000 000 004
Q00 Q00 010
000 000 020
000 000 040
000 000 100

(11T O T 1O (T

(9.99 kHz with option-651)

AM Depth not between 0 and 59%

AM Depth Step not between 0 and 99%

IEEE-488 command syntax error

IEEE-488 input value out of range

Special function requires IEEE option

IEEE edit or step beyond allowed range

Frequency hot betwaeen 10 kHz and 1050 MHz

Freguency Step not between 0 and 1050 MHz

invalig¢ memory location

Invalid data in memory

Special function not allowed

Output amplitude not between 10 nV and 2V

Insufficient resolution far units ¢conversion

Units conversion to volts not atlowed with reference in volts
Units conversion to dB not allowed with reference in voits
Amplitude Step nat between 0 and 166 dB or 0 and 1999V
Unite conversion of Ampiitude Step not allowed

Ampiitude step and current amplitude display not in same units

UNCAL CODES {Press the [STATUS) key to display codes)

Flashing codes {denoted by *) indicate abnormal operation or aberrated output.
Non-flashing codes indicate aperation outside specified range.

000 oo 000

001 000 000
002 000 000
* 004 000 000
020 000 000
* 000 010 000
000 Q00 001
0ao 000 002
000 000 004
000 000 010
000 000 020
000 000 040
00 000 100
000 000 200
* 000 000 400

indicates no UNCAL conditions.

Baa 0 Eandennnn

FM Dev < 100 Hz { < 10 Hz with option -851)
Excess FM Deviation for output freq < .4 MHz
Excess FM Deviation, main or reference PLL unlocked
AM depth > 90%

Main or reference PLL uniocked

Level vernier below calibrated range

Peak (AM) amplitude > 1+13 dBm

Amplitude unlgveied

Fixed-range level vernier at 0

Fixed-range lavel vernier at full scale

RPP tripped

Level < ~127 dBm

Level corrgction disabled

RF off

SPECIAL FUNCTION OPERA

The two-digit code cong
activated modes of clas
fisld whiie the [SPCL] }
01000201 indicates that
fixad-range are selected

Code

00
02
03
04
07/08
09
10
11
12/13
14
15

Function

Ctears all speci
Initiates saif te
Digplay check
Key check
Set/reset 3RQ
Display S/W rg
Display |IEEE-4
Display self te
Turn an/off Dig
Initiatize Memd
Latech test

16 Display Option Loadi

SELF TEST RESULTS

The self test res

aaa

AM/FM Tests

000 000 000 000

MEMORY

instrurment setting
from Non-Voiatile




Trforrmotian Carch
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TOR INFORMATION CARD

SPECIAL FUNCTION OPERATION  (Press the [SPCL] key, then press the
2- digit code)

The two-digit code consists of a class numeric followed by a mode numeric. The
activated modes of classes 2 through 9 are shown in the FREQUENCY display
field while the [SPCL] key is pressed. For example, reading from left to right,
01000201 indicates that relative amplitude, slow key-repeat-rate, and amplitude
fixad-range are selected.

Code Fungtion Code Function

00 Clears all special functions 20/21 Disable/enable relative freq.
Q2 Initiates self test 30/31 Disable/enable relative ampl
03 Display check 40 Mot used

04 Key check 50 Mot used

07/08 Set/reset SRQ &0 Not uged

08 Display S/W rev & instr 1D 70/71/72  Medium/fast/siow key-rep-rate
10 Display |IEEE-488 address 80 Enable amplitude correction
11 Display self test resuits 81 Disabie all level correction
12/13  Turn on/off Display B2 Disable attenuator correction
14 Initialize Memory B3-86 Frogram alternate 24 dB atten
15 Latch test 20/91 Disable/enable ampl fixed-rng
16 Display Option Loading

SELF TEST RESULTS (Press the [SPCL] [1] {1)] keys to display the results)

The self test results are reparted in the four display fields as follows:

aaa -bbb coo ddd

AM/FM Tests Freq Tests Digital Testis Ampt Tests
Selt Test incomplete
000 000 000 Q00 indicates all tests passed.

MEMORY

instrument settings may be stored in locations 01 through 50 and |ater recalled
from Non-Volatile Memary. Location 98 contains the Instrument Preset State.
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