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NOTE 

This manual documents the Modei6060B and Its assemblies at the revision levels identified In Section 7 A. 
If your instrument contains assemblies with different revision letters, It will be necessary for you to either 
update or backdate this manual. Refer to the supplemental change/ errata sheet for newer assemblies, or 
to the backdating Information In Section 7 A for older assemblies. 

60608 
SYNTHESIZED RF SIGNAL GENERATOR 

PIN 792697 
February 1966 

01988, JOhn Fluke Mfg. Co., Inc:. All Rights Reserved. Utho In U.SA. 
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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 

TO AVOID ELECTRIC SHOCK, USE A POWER CORD THAT HAS A THREE
PRONG PLUG. IF YOU DO NOT USE A PROPER POWER CORD, THE 60608 
CASE CAN DEVELOP AN ELECTRICAL POTENTIAL ABOVE EARTH GROUND. 

CAUTION 

To avoid damage to the 60608, check that the rear panel line voltage selection 
card and fuse are correct for the line voltage in your area. The correct line voltage 
and fuse combinations are: 

LINE VOLTAGE 

100/120V ac, ±10%, 47 Hz to 63Hz 
220/240V ac, ±10%, 47Hz to 63Hz 

FUSE 

1.5 AMP 
.75 AMP 

1-1 
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1-2 

1-4. OPERATOR INFORMATION CARD 
The Operator Information Card has an adhesive hacking so it may be affixed to the top of 
the Generator in bench applications or to the operator console in remote applications. A 
copy of the card is located at the end of Section 8 of this manual as a convenient reference 
or for duplication. 

1-5. GENERATOR DESCRIPTION 
Fundamental features of the Generator are as follows: 

0.0 1-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 

I nternal 400-Hz and 1000-Hz modulation oscillator 

Relative frequency and amplitude 

Volts/ dBm conversion 

Store/ recall memory 

Masterjslave for frequency, amplitude, and modulation step (IEEE-488 Interface 
controlled.) 

Fluorescent display 

5 I I 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 
d isplays. 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.e., amplitude, frequency, or 
modulation can be controlled in three 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/OFF, RF OUTPUT ON/OFF, 
MODULATION ONjOFF, internal/external frequency reference, and STATUS. 

1-8. DISPLAY FIELD 

The programmed values of modulation, frequency, and amplitude are displayed in the 
three display fields. 
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INTRODUCTION AND SPECIFICATIONS 

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 j OFF and the 
rear panel REF INTI 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 1 / 0  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 fortests involving mixers, and amplitude tracking is useful for two
tone intermodulation testing. 

1-10. Frequency 
The specified frequency range is O.oi 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 a 10-MHz ambient crystal oscillator. If Option -130 
High Stability Reference or the option -I 32 Medium Stability Reference is installed, that 
oscillator is locked to the internal crystal oscillator. With the rear panel REF !NT j EXT 
switch set to !NT, 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 OUT connector. 

The Generator can be operated from an external 10-MHz timebase by setting the rear 
panel REF !NT I EXT switch to EXT and applying a time base signal to the REF IN 
connector. 

With the REF INTJEXT 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 !NT j EXT switch, 
the selected reference is available as a 10-MHz signal at the rear pane110 MHz OUT 
connector. 

1-12. Amplitude 
The Generator has a specified signal level range from +  13 to -127 dBm with programming 
limits of+ 19 and -14 7.4 dBm. This corresponds to specified terminated voltages of 1 V to 
0.1 p.V and limits of 2V to 0.01 p.V, 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 p. V or 1 m V. 

1-13. Modulation 
Both internal and external amplitude modulation and frequency modulation capability is 
available. The internal modulation oscillator is selectable between 400 Hz and 1000 Hz. 

1-3 
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AM depths of0%to 99% are available in I %  steps. FM deviation ranges of I kHz, 1 0 kHz, 
and 100 kHz are available in steps of I Hz, 10 Hz, and 100 Hz, respectively. 

1-14. OPTIONS AND ACCESSORIES 
The following options are available for the Generator: 

Option - 130 High-Stability (Ovened) Reference 
Option -132 Medium-Stability Reference 
Option -488 IEEE Interface 
Option -65 1 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 included 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 Ears) and M00-280-6 10 (24-inch Rack Slides) 
IEEE-488 Shielded Cable, I 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 Y9 1 1 1  
Coaxial Cable, 50 ohms , 6 feet, BNC (m) both ends Y9 112 

1·15. RECOMMENDED TEST EQUIPMENT 
The test equipment recommended for the performance tests, calibration adjustments, 

and troubleshooting are listed in Table 4A-l . 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 - l .  

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 - l lists the 
Generator specifications. 
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INTRODUCTION AND SPECIFICATIONS 

Table 1·1. Signal Generator Speclfleatlon• 

Warranted performa·nce,. 20 m i nu t es after turn-on w i t h i n  operating temperature 
range. 

FREQUENCY (8 1 /2�D i g i t  Di splay) 

RANGE · · · ·lo· · · · · ·· · · · - - - - -- - -· - - �  0.01 MHZ to 1050.0 MHZ i n  3 bands: 
0.01 MHz to 244.99999 MHz, 
245 MHz to 511.99999 MHz, 
512 MHz to 1050 MHz. 

RESOLUTION ••••••••• .• . . .•••••••• 1 0 Hz. 

A C CURACY • • • • • • • • • • •• • • • • • • • • • • • •  Same as reference (See RE FERENCE ) .  

REFERENCE (Interna l )  ••.•••.•••.• The unit operates on an i nternal 
free-a i r  10-MHz crystal oscillator. 
aging <±0.5 ppm/month and <i5 ppm for 
25°C, ±25°c .  Internal reference 
signal (10 MHzl avai l able at rear 
connector, level >0 dBm� termina ted 
in 50 ohms. 

REFERENCE (External) •• • • • •• • • • • •  Accepts 1. 2, 2.5. 5, or 10-MHz signa l .  

AMPLITUDE (3 1/2-D i g i t  Di splay) 

Leve l of 0.3V to 4 .0V p-p i nto 50 ohm 
termination. 

RANGE <Indica ted) • • • •• • • •• • • • • • •  +13 (+13 peak o n  AM) t o  -127 dBm; 
<Autoranging 6-dB step a ttenuator). 

RESOLUTION • • • •• • • · ···· · • • • ······ 0 .1 dB (<1% or 1 nV in vol ts) . 

ACCURACY • • • • • •• • • • • · · · · ········ • ±1 .0 dB (20°C ±5°C )  at and above 
0 . 4  MHz; b e low 0 . 4  MHz ±2 dB at or 
above -100 dBm and ±3 dB be l ow -100 
dBm. 

SOURCE SWR w .. .. . .. . . . .. .. . .. . .. .. .. . .  .. 

SPECTRAL PURITY ( CW ONL Yl 

<1 .5 be l ow 1 dBm and a t  or above 0.4 
MHz; <2 .0 e l sewhere. 

SPURIOUS • • • • • •• • • • • • • • • • • • • • . • . .  <-60 dBc for offsets greater than 10 
kHz . Fixed frequency spurs are <�60 
dBc or <-140 dBm whi chever i s  larger. 
<-55 dBc for frequencies <100 kHz. 

NOTE 

"dBc11 refers t o  deci bels relati v e  t o  
the carrier frequency, or i n  thi s 
case, re lative to the signal leve l .  

HARMON I CS • • •• • • • • •• • • • •• • • • • • • • •  <-30 dBc from 0 .1 MH• to 1050 MHz. 
<-26 dBc from 0 . 01 MHz to 0.1 MHz. 

1·5 
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Table 1·1. Signal Generator Specifications (coni) 

RES IDUAl FM (rms i n  
0.3-kH> to 3-kH> Band) •••••• . . . .  < 1 0  H> for 245 MHz t o  5 1 2  MHz; <20Hz 

else�here <Z0°c i5°C>. 

R ES IDUAL FM (rms i n  
0.05- kHz t o  1 5-kHz Band) 

RESIDUAl AM (in 

<22 Hz for 245 MHz to 5 1 2  MHz; <44 Hz 
elsewhere <20°C ±5° Cl . 

0 .05-kHz to 1 5- kHz Band) • . • • • • • •  <-60 dBc. 

AM PLITUDE MODULATION (2-Dig i t  Display) 

DEPTH RANGE • • • • • • • • • • • • • • • • • • • • ·  0% to 99% . 

RESOLUTION • • • • • • • •• •• • • . . • . . . . . .  1%. 

ACCURACY • • • . • . . . . . . . .. . • •• • • • • • •  ±<2% + 4% of setting) for i n ternal 
rates, for dept hs 90% or less and pe a k  
amplitude of + 1 3  dBm o r  less.  

DISTORTION . . . . . . . • • • • • • • • • • • • • • •  < 1 .5% total harm onic distortion <THO) 
to 30% AM , <3% to 70% AM. <5% t o  90% 
AM a t  inte rna l r a te s� except for 
f requency >950 MHz and carrier power 
>+8 dBm� where specified pe�tormance i s  
<3% TH D t o  70% AM , <5% T H D  t o  90% AM . 

BANDWI DTH (3 dB) ••••••. . . . . . . . .. 20 Hz to 30 kHz. 

INCI DENTAL FM • • • • • • • . . . . . . . . . . . .  <0.3fm for i n ternal rates and 30% AM. 

FREQUE N C Y  MODU LATION <3-Digit Di splay) 

DEVIATION RANGES " " " " • • •  .. ,. w w • • • • •  

MAX IMUM DEVIATION • • • • • • • · · · · · · · ·  

1 00 Hz t o  999 Hz, 1 kHz to 9.99 kHz, 
and 10 kH: to 99.9 kHz . 

Lesser of 99 .9 kHz and 2f f above 
245 MHz. or 2f < f0

+800) �eeow 245 
MH•. where f0 �s in MHz; (f0 -100)/3 
kHz. below 0 . 4  MHz (f0 i n  k Hz). 

RESOlUTION • • • · · · · · · · · · · · • • • • • • • ·  3 d i g i t s. 

AC CURACY · · · • • • • • • • • • • • • • • •• · · · · ·  �7% for rates of 0 . 3  
( 0 . 3  t o  1 kHz for f 
>100-Hz deviati on .  0 

kHz to 20 kHz 
<0.4 MH:) and 

DIS TORTION • • • • • • • • · · · · · · • • • • • • • •  <1% TH D for rates of 0.3 kHz to 20 kHz 
(0.3 to 1 kHz for f <0.4 MHz) and 
>1 00-H: deviation. 0 

BANDWIDTH (3dB) · · · · · · · • •• • • • • • • •  0 . 0 2  kHz t o  1 00 k H z ;  unspeci fied for 
f

0 <0.4 MHz. 

INCI DENTAL AM · · · · · • • • •• • • • • • • ••• < 1 %  AM a t  1 - kHz rate, for the maximum 
deviat i on or 50 kHz, w h i chever i s  
l e s s .  
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INTRODUCTION AND SPECIFICATIONS 

Table 1-1. Signal Generator Specifications (coni) 

MODUlATION SOURCE 

INTERNAL • ••• • • • •••• • • • • • • • •• • •• •  0.4 kHz or 1 kHz, ±3% for 20° C to 
30° C; add �0.1%/° C out side thi s  
range. 

EXTERNAl • • • • • • • • • . •• • • • • • • • • • • • •  ±5V max.; 1 V  peak provides i ndi cated 
modulati on i ndex. Nom inal input 
impedance i s  600 ohms. 

MODES • • • • • • • • ••• • • • • •• • • • • • • •• • •  Any combi nati on of internal AM. 
internal FM, externa l AM. and external 
FM. Modulation may a l so be disabled. 
The nominal input impedance with both 
externa l AM and external FM enab led i s  
560 ohms. 

GENERAL 

T EMPE RATURE 
Ope rating • • •· ·• • • • • • • • • · • •• 0° C to 50° C (32° F to 122°F). 
Non-Operati ng . . . . . . . . ...... -40°c to 75° C (-40°F to 167°F) . 

HUMIDITY RANGE 
Ope rating 

ALTITUDE 
Ope rating 

VIBRATlON 

.. . .. .. .. . . . . . .. - .. � . . .  

. . . .. . . .. . . . . . . .. . � . .  Up t o  1 0.000 ft • 

Non-Operati ng • • •• • • • •••••• • 5 Hz to 1 5  Hz at 0 .06 inch, 1 5  Hz to 
25 Hz at 0.04 inch, and 25 Hz to 55 Hz 
at 0.02 i nch. double ampli tude (DA). 

SHOCK 
Non-Ope rati ng . . . .. . . . .... .. .. Bench hand l i ng per MIL T 28800C Class 

5. Style E.  

ELECTROMAG NETIC 
COMPATIBiliTY • • •• • • • • • • • • • • •• • • .  The radiated emissions i nduce <3 uV 

(<1 uV of the Generator's output 
s i gna l )  into a 1-inch diameter, 2-turn 
loop, 1 - i nch f rom any surface a s  
meas ured i n t o  a 50-ohm recei ver. 

Also complies w i th the follow i ng standards: 

SIZE 

CE03 of MIL-ST D-461 B  <Power and i nterconnect i ng Leads ) ,  0.01 5  MHz to 
50 MHz. 

RE02 of MIL-STD-4618 (14 kHz to 10 GHz). 

FCC Part 15 (jl, c l a s s  A. 

CISP R 1 1 .  

· · · · ······ · · · ··· · · �·· · · · · · · ·  Width 
43 em 
17 i n  

Height 
13.3 em 
5.25 i n  

Depth 
50.8 em 
20 i n  

1-7 
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Table 1-1. Signal Generator Specifications (coni) 

POW�R • • . . . . . . . . . . . . . . . . . • • • • • • • •  100. 120. 220, 240V ac tHlX. 47 t o  
63 Hz, < 1 80 VA (<15 VA. wi t h  Option 
�130 i nstal led, and the Generator 
turnod off (standby) .  

WEIGHT • • • • • . . • . . . . . . . . . . . • • • • • • •  <15-7 kg (35 lbsl. 

NON- VOLATILE MEMORY 

50 instrument states are re tai ne d  for 2 years (typ i c a l ly), even w i t hout 
ac line power applied. 

R�VE RSE POWE R PROTECTION 

PROTE CTION LEVEL • • • • . . • . . . . . . . . .  Up to 50 watts from a SO-ohm source. 
0 .01 MHz to 1 050 MHz. W ithstands Up to 
SOV de� Protecti on is not provided 
when the Generator is off� 

60608 OPTI O N  - 1 3 0  HIGH S TAailiTY REFERENCE 

AGI NG RATE • • • • • • • • • • • • · · · · · · · · · ·  <!5 x 1 o-10tday, after 21 days 
continuous operati on. 

TE MPERATURE STABiliTY <±2 x 1 o-1 0J° C (oven remains powered 
in standby) . 

60608 OPTION - 1 3 2  MEDIUM S TABILITY RE FE RENCE 

AGING RATE • • • • • • • • • • • • • · · · · · · • • •  <±1 x 1 0-7/month after 5 days 
continuou s opera tion. 

TE MPERATURE ST ASIUTY . . . . . . . . . . .  <t1 x 1 0-7/°C (Q to S0° Cl 
lno powered standby). 

60608 OPTION -488 IE EE-488 I NTERFACE llEEE Std 488-1978) 
I NTER FA CE FUNCTIONS . . . . . . . • . . . • .  S H 1 ,  AH1. TS. TEO, l3, LEO. S R1 .  RL1. 

PPO. D C1. DT1, CO, and E 1 . 

60608 O PTIO N -651 l OW RATE EX TER NAl F M  

MAX I MUM DEVIATION 9.99 kHz. 

DROOP . . • • • • . • • • • • • • • • • • • • • • • • • . .  < 1 5% on a 1 0-Hz square wave. 

BAN DWI DTH (3dBl · • • • • • • • • • • • • • • • •  0.5 Hz to 1 00 kHz ( typica l). 

MAX D C  INPU T  · · · · · • • · •• • • • • • • • • • •  ±1 0 mV. 

INCIDE NTAl AM • . . . . . . . . . . . . . . . . . •  <1% A M  at 1 -k H: rate and de v i ati on < 1 0  
k H z .  

SUPPLEM� NTAL CHAR A CTERIST I CS 

The f o l lowing c h a racteristics are prov i ded to assist in th e application 
of the Ge ne rator and to describe the typical performance th at can be 
expe c t e d. 

FREQU EN CY SW ITCHING S PEED • • • . . . .  <100 m s  to be withi n  100Hz. 
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INTRODUCTION AND SPECIFICATIONS 

Table 1-1. Signal Generator Specifications (coni) 

AMPLITUDE SWITCHING SPEED • • • • • • •  <100 ms to be w i t h i n  0 . 1  dB. 

AMPLITUDE RANGE • • • • • • • . . . • . . • . • .  Programmable t o  +1 9 dBm and -147.4 
dBm, usable to +1 5 dBm. Fi xed-range, 
selected by s pe c i a l  functi on, a l lows 
for more than 1 2  dB of vern i e r  w i thout 
sw i t c h i ng the attenuator. 

NOISE (at 20-kHz offset) • • • • • • • •  <-1 1 3  dBc/Hz (except <-107 dBc/Hz 
below 245 MHz and above 5 1 2  MHzl . 

RESIDUAL FM (rms i n  0.3 to 3 kHzl Approximately a l i near function of 
output f requency between the fol lowing 
typi cal band-edge values: 

15 Hz at 0 . 1  MHz to 1 7  Hz at 244. 99999 
MHz. 

6 Hz at 245 MHz to 8 Hz at 5 1 1 .99999 
MHz. 

1 2 Hz at 5 1 2  MHz to 1 7 Hz at 1 050 MHz . 

EXTERNAL MODULATION • • • • • • • . • . . • •  Annunci ators i ndi cate when a 1 V  peak 
s i gnal i s  applied, ±2%, over a 0 .02-
kHz to 1 00-kHz band. 

IEEE · · · • • • • • • • • • • • • • • • • • • • • • • • •• A l l  cont ro l s  except the powe r  swi t ch 
and the i nterna l/external reference 
swi t ch are remotely programmable v i a  
IEE<:-488 Interface ( Std 488-1978) . 
AL L status i n c l udi ng the opt i on 
complement are ava i lable remote ly. The 
Store/Reca l l  memory data may be 
transfer red v i a  an external control ler. 
In t a l k-only. the appropri ate commands 
a re generated when the f ront panel 
step-up and step-down entries are made 
to control another 60608, a 6060A. a 
6070A. or a 607 1 A. <The 6070A and 
6071 A only have FREQUENCY STEP . J  

FREQUENCY DRIFT • • • • • • • • • •• • •• • • •  < 1  ppm/ h r  after 1 - hour warmup a t  
constant ambient temperature u s i ng 
i nternal free-ai r cryst a l .  

1-9/1-10 
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A Message .From 

John Fluke Mfg. Co., 

Some semiconductors and custom IC's can be 
damaged by elect�ostatic discharge d u ring 
handling. Thi.s notice explains .h.ow you c11n 
minimize the .chances of destroying such devices 
by: 
1 .  Knowing that there is a problem. 
2, Learn ing the guidelines for handling them. 
3. U�ing . the proCedures, and P\ICkaging and 

bench techniques that are recommended. 

The Static Sensitive (S.S.) devices are identified in the Fluk.e technical manual parts list with the symbol 
II ($) II 

The following practices should be followed to minimize damage to S.S, devices. 

1 .  MINIMIZE HANDLING 

2. KEEP PARTS IN ORIGINAL CONTAINERS 

UNTIL READY FOR USE. 

3. DISCHARGE PERSONAL STATIC BEFORE 
HANDLING DEVICES. USE A HIGH RESIS
TANCE GROUNDING WRIST STf{AP. 

4. HANDLE S.S. DEVICES BY THE BODY 

Page 1 of 2 



5. USE STATIC SHIELDING CONTAINERS FOR 
HANDLING AND TRANSPORT 

6. DO NOT SLIDE S.S. DEVICES OVER 

ANY SURFACE 

7. AVO I D  PLASTIC,  VI NYL AND STYROFOAM ® 

I N  WORK AREA 

PORTIONS REPRINTED 
WITH PERMISSION FROM TEKTRONIX, INC. 
AND GENERAl DYNAMICS, POMONA DIV. 

"' oow Chemical 

Page 2 of 2 

8. WHEN REMOVING PLUG-IN ASSEMBLIES, 
HANDLE ONLY BY NON-CONDUCTIVE 
EDGES AND NEVER TOUCH OPEN EDGE 
CONNECTOR EXCEPT AT STATIC-FREE 
WORK STATION. PLACING SHORTING 

· STRIPS ON EDGE CONNECTOR HELPS TO 
PROTECT INSTALLED SS DEVICES. 

9. HANDLE S.S. DEVICES ONLY AT A 

STATIC-FREE WORK STATION 

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

1 1 .  ONLY GROUN DED 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: 

JOHN FLUKE MFG. CO., INC. 
PARTS DEPT. M/S 86 
9028 EVERGREEN WAY 
EVERETT, WA 98204 

J0089D-07U8604/SE EN Litho in U.S.A 
Rev. 1 MAR 86 
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2-1. INTRODUCTION 

Section 2 

I nstallation and Operation 

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. 

If 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 
inches 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, line voltage selection procedures, fuse 
replacement procedures, and rack mounting instructions. 

2-4. Line Power Requirements 
The Generator uses a line voltage of 100 or 120V acrms(± 10%) with a I. SA fuse; or 220V 
or 240V ac (± 10%) with a 0.75A fuse. The line frequency must be between 48 to 63 Hz. 
The power consumption of the instrument is <180 VA with a full option complement. 

2·5. Line Voltage and Fuse Selection 

CAUTION 

Verify that the Intended line power source matches the line voltage setting of 
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. 

2-1 
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INSTALLATION AND OPERATION 

Figure 2-1. Fuse/Filter/Line Voltage Selection Assembly 

2-6. IEEE-488 Address 
If the IEEE488 Interface option is installed, the IEEE488 address can be selected using 
the switches located next to the IEEE488 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 proper 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 1 EXT switch to EXT and connecting the external reference to the REF IN 
connector. 

CAUTION 

When operating on the internal reference, a 1O-M Hz signal is present at the 10 
MHz OUT connector on the rear panel. To meetthe specified radiated emissions, 
this connector must be terminated with a BNC 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 son load. 

CAUTION 

Output 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 Y600 I Rack Mount Kit for mounting the 
Generator on an equipment rack. Instructions for installing the Generator with the Rack 
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INSTALLATION AND OPERATION 

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 MOS-205-600 
24-inch Rack Slides, PI N M()()..280-61 0 

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 lEEE-488 Interface are described in the Remote Operation paragraphs in 
this section. 

2-12. Changing Output Parameters 
The four parameters ofthe Generator (i.e., 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 test is 
partly under remote control and only some of the parameters require changes. 

2-3 
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INSTALLATION AND OPERATION 

Figure 2-3. front Panel Controls, Indicators, and Connectors 

Table 2-1. Front Panel Control•, Indicators, and Connectors 
� MODULATION A three- d i g i t  d i splay, w i t h  assoc i a ted i nd i cators used t o  
� DISPLAY di splay the AM depth. FM deviation. source of modul a t i on 

FlEL.D s i gna l ,.  and modulation frequency. 

INT AM 

EXT AM 

HIT FM 

EXT FM 

STEP 

kHz 
DEV 

400 Hz 

1 000 Hz 

EXT H I  

EXT LO 

Indicates that the i nternal modulation osc i L Lator signal 
is ampl i tude modulati ng the Generator. 

Ind i cates that the Generator i s  amp l i tude modulated by the 
signa l �onne�ted t o  th� MOD INPUT connector. 

Indie;a t!:.os that the i nternal modulation osci l lator signal 
is f requency modulating the Generator� 

Indicates that the Generator is f requency modulated by the 
s i gnal connected to the MOD INPUT connector. 

Indicates that the Step C ..,.. J or [ • J keys (Step Entry) 
affe�t the cur rent Modul a t i on di splay value. 

Indicates that the v a l ue di splayed i s  the AM Depth i n  
pe rcent .  

Ind i cates that the v a l ue di splayed i s  t h e  FM Deviation 
i n  kHz . 

Indicates that the i nternal modulati ng f requency i s  400 Hz. 

Indicates that the i nternal modulating f requency is 1000 Hz . 

Indi cates that the external modul ati on signal i s  more than 
2% above the nominal 1V peak requi rement for ca l i brated 
operation. 

Ind i cates that the external modulation si gna l is more than 
2% belo1.1 the nominal 1 V  peak i nput requi rement. 
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Table 2-1. Front Panel Controls, lndlcatore, and Connectore (coni) 

2-6 

® 

@ 

FREQUENCY 
DISPLAY 
FIELD 

STEP 

REL 

AMPLITUDE 
DISPLAY 
fiELD 

STEP 

REL 

dBm 

v 
uV 

mV 

STATUS 
DISPLAY 
FIELD 

EXT REf 

REJ ENTRY 

UNCAL 

R F  O F F  

REMOTE 

ADDR 

SRQ 

r.;, MODULATION 

\V ON/O F F  

lNT AM 

An 8 1 / 2-di g i t  display ,  with two indi cators used t o  
di splay t h e  output f requency of t h e  Generator. Also used 
to di splay the special  functi o n  code, status e r ror codes, 
or the memory location bei ng stored or recal led� as wel l 
as relative and actual frequency. when 1 REL• i s  l i t  ... and 
step frequency . 

Indi cates that the Step C .. J or [ + J  keys (Step Entry) 
affect the ou�put f requency. 

Indi cates that the di splayed f requency i s  relative to a 
reference f requency. 

A 3 1 / 2-di g i t  <and s i gn )  di splay. with si x i ndi cators, 
used to di splay the output ampli tude of the Generator 
into a 50-ohm load. 

Ind; cates that the Step ( .. J or C .. J keys <Step Entry) 
affect the output amplitude. 

Indicates that the displayed ampli tude is relative t o  a 
reference amp l i t ude. 

Indi cates that the output ampl i t ude i s  i n  decibels 
relative to one m i l liwatt. 

Ind i cates that the output ampl i t ude i s  i n  volts. 

Indi cates that the output ampl i t ude is in microvolts. 

lndi c:ates that the output ampl itude i s  in m i l livolts. 

( Shown unli t . )  The status di splay field is composed of 11 
indi cators used to denote the current status of the 
Generator or instrument entry. 

lndicates that the rear panel REF switch is in the EXT 
(externa l )  posi t i on. 

Light s when an i nval i d  entry is made. 

Lights when a parameter entry is outside i t s  s pe c i f ied 
range� Thi s  indicator f lashes when any of the internal 
PACs have over- or under-flowed or when any abnorma l  
operation i s  detected. 

Lights when the RF OUTPUT i s  disabled. 

Lights when the Generator is in the remote <IEEE-488 
Interface) mode of operaticnM 

Lights when the Generator i s  addressed to l i sten or t a l k .  

Lights when t h e  Generator has asserted t h e  IEEE-488 
SRQ s i gnaL 

Used to select type� source; and f requency of modulation. 
With the exception of the [400/1 000J key, these keys 
operate as i ndependent push-on/push-of1 switches for 
the g i ven 1unction� Any combination i s  a l lowed. 

Enables internal ampli tude modul a t i on at the frequency 
annunci ated by the 1400/1 0001 Hz indi cator. 
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Table 2-1. Front Panel Controls, Indicators, and Connectors (coni) 

INT FM 

EXT AM 

EXT FM 

400/ 1 000 

® FUNCTION 

FREQ 

AMPL 

FM 

SPCL 

STEP 

0 DATA 

@ Msmory 

STO 

RCL 

Enables internal frequency modulation a t  the f requ�ncy 
annunci ated by the 1400/1 000' Hz indicatorM 

Enables external amp l i tude modulation using the signal 
applied to the MO D  INPUT connector. 

Enables external frequency modulation using the signal 

applied t o  the MO D  INPUT connector. 

Alternately sets the i nterna l modulation osc i l lator ' s  
f requency to 400 or 1 000 Hz. The selected f requency i s  
displayed only when !NT AM or INT FM i s  enabled. 

With the exception of the CSTEPJ and CSPCLJ keys. these 
keys operate as interloc ked sw i t c hes that select the 
parameter to be entered or edited. For the (FREQJ , 
(AMPLJ , (AMJ, and (FMJ FUNCTION keys, the bright digit 
appears i n  the correspond i ng di splay of the se lected 
functi on. 

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

Selects the ampl i t ude parameter of the Generator to be 
programmed by using the DATA. EDIT. or STEP entry keys. 

Selects the ampli tude modulati on (AMl parameter of the 
Generator to be programmed by using the DATA, E.DIT, or 
STEP entry keys. 

Selects the frequency modulation CFM> parameter of the 
Generator to be programmed by usi ng the DATA. EDIT, or 
STEP entry keys. 

Enables the special functi on mode� Spec i a l  functi ons are 
cal led up by a two-di g i t  code, that is entered by using 
the DATA keys. Refer to the paragraphs on Spe c i a l  
Function i n t h i s  sect ion.  for a detailed description and a 
l i st of the special functions. 

After one of the four parameter functions has been 
selected for programming, pressing t h i s  key al lows you to 
program a step-wi se change t o that pa rameter. The step 
increase or decrease i s  then perfor�ed every time the 
STEP c + J or C .. J keys a re pressed. 

A ten-d i g i t  Cplus sign and decimal keyl keypad used for 
entering a parameter ' s  va l ue �  the spe ci a l function code, 
or a memory recall/store location. 

Used w i t h  the DATA keys to store the current i nst rument 
st ate in a memory location. Memory Locations 01 through 
50 are avai lable. 

Used w i t h  the DATA keys t o  reca l l  an instrument state 
f rom a memory Location. Msmory locati ons 01 th roUgh 50 
are available for ope rator-stored states; memory Location 
9 8  contains the Instrument Preset State Csee Table 2-3 . )  
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Table 2-1. Front Panel Controls. Indicators, and Connectors (coni) 

SEQ 

® uNITS 

dB(m) 

kHz/mV 

Hz/ uV 

ClR/ lCl 

@ STEP 

[ .. ] 

@ EDIT 

c � ]  

s��uenti a l ly reca l ls, i n  i ncreasing l o c a t i on order, the 
i nstrument states stored i n  memory. Whi l e  the LSEQJ key 
i s  pressed, successive memory Locations a r e  d i s p l ayed. 
When the key i s  r e l eased, the location last d i splayed i s  
reca l Led. 

These keys, w i th th @ exception of rcLR/LCLJ, serve a s  the 
terminati ng keystroke of a f unct i on entry, thereby causing 
t h e  Generator t o  be programmed. The amp l i t ude uni t s  keys 
are a l so used d u r i ng Ampl i t ude Uni t s  Conversion entries.  

Used w i th the C F R EQ ] .  CfM), and CAMPLl function keys to 
program the nume r i ca l  DATA entries i n  terms of megahertz 
( frequency or f requency mod u l a t i on) or vol t s  (ampl i t ude) . 

Used w i th the [AMPLJ func t i on key to program the nume r i c a l  
DATA entries i n  terms o f  dec i b@ L s  pe r  m i l l i w a t t .  

Used " i th t h e  CFREQJ, C F M l ,  and [AMPLJ function keys t o  
program t h e  nume r i ca l  DATA i n  terms of k i l ohertz 
( frequency or frequency modulati on) or m i l l i v o l t s  
(arnpl i t ude) . 

Us�d w i th the �AMJ function key to program the nume r i ca l  
DATA entries i n  terms o f  pe r centage AM depth. 

Used w i th the CFREQJ . CFMJ, and [AMPLl function keys t o  
p�ogram the nume r i ca l  DATA i n  terms o f  hertz ( f requency 
or f requency modulati on) or m i crovolts (am p l i t ude) . 

When the Generator i s  i n  lo�a l operati on, t h i s  key i s  
used t o  c l ea r  the current entry and returns the Generator 
to the previous state. When the i nstrument i s  i n  remote 
ope ration� thi s key i s  used t o  return loca l cont ro l .  

These two keys work i n  conj unc t i on w i t h  the STEP Funct i on 
key. These keys repeat whi l e  they rem a i n  pressed. 

After a parameter is set to the step function mode, and 
the • sTEP• indi cator appears in t h e  d i spLay f i e ld, t h i s  
key inc rements the parameter by the step v a l ue prev iously 
progr ammed. 

After a parameter is set to the step f un c t i on mode, and 
the ' STEP• indi cator appears in t h e  di splay f i e l d .  th i s  
key decrements the parameter by the step v a l ue prev iously 
programmed� 

Thes� keys a r e  used to pos i t i on the bright d i g i t  w i t h i n  a 
di splay f i e l d  and to i ncrease or decrease the bright 
d i g i t  v a l ue. Al l four keys repeat whi l e  they rem a i n  
pressed. The function keys a re used t o  move the bright 
digit t o  the desi red d i splay f ie l d .  

Increases t h e  bright-d i g i t  value. 

C + J Moves the bright digi t one d i g i t  to t h e  l ef t .  

De�reases the b r i ght-d i g i t  va l ue .  

l _. J Moves the bright d i g i t  one d i g i t  to the r i ght� 
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Table 2-1. Front Panel Controls, Indicators, and Connectors (coni) 

STATUS 

ON/OFF 

Connector 

Connector 

POWER 

A push�and-ho l d  key that display s  the Uncal and Reject 
Entry status codes in the MODULATION. FREQUENCY. and 
AMPLITUDE display fields. 

A push-on/push-off key (with a corresponding ' R F  OFF' 
indi cator in th• STATUS display f i led) that enables 
or disables the output of the Gen@rator. 

A BNC connector for i nput of a 1V peak .. external 
modulation signal. 

A standard RF connector at the output of the Generator. 

A push-on/push-off detent switch that applies L i ne power 
to the Generator. 

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 digit in the 
display field indicates that the value of the selected parameter is ready to be 
programmed or changed. 

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

3. 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 terminated at any time by the [CLRI LCL] key or by selecting 
another function. , 
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Figure 2"4. Rear Panel Controls, Connectors, and Switches 

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

0 AC I N PUT 

0 REF INT /EXT 

® 1 0  MHZ OUT 

0 R E F  IN 

® MOD INPUT 

® R F  OUTPUT 

0 IE l:e 
CONNECTOR 

® IEEE ADDRESS 
SWITCH 

Pe rmits ope rati on from 1 00 .  1 20 .  220.  or 240V a c .  The 
number v i s i b l e  t h rough the wi ndow on th e se l e ctor card 
i ndi cates the nom i na l  L i ne v o l t age to w h i ch t h e  Gene r �tor 
must be connected. The L i ne v o l tage i s  se l ected by 
ori enti ng the se l e c t or card appropr i a t e l y .  A 1 1 / 2-�mpe re 
f use i s  requi red for 1 00/ 1 20V ope rati on; a 3/ 4-ampe re 
f use i s  requi red for 220/ 2 4DV ope rati on .. 

Pe r m i t s  se l e ct i on of t h e  Generator f requency ref erence. 
When set t o  INT, t h e  Generator ope rates o n  t h e  i ntern� L 
refer�nce� wh i ch i s  e i t h e r  th e standard o s c i llator or the 
h i gh-stabi l i ty osc i l l a tor i f  e i t h e r  ot t h e H i gh-Stabi l i ty 
Refe rences i s  i nsta l l ed . In ei th e r  case, t h e  i nterna l 
1 0�MHz reference si gna l i s  avai l a b l e a t  the 1 0  MHZ OUT 
connector. When set to EXT, the Generator reference i s  a 
1 .  2 .  2 . 5  . .5. or 1 0-MHz s i gn a l  appl i ed t o  t h e  exte rna l 
R E F  IN conne ctor .. 

1 0-MHz s i ne wove. >0 d8m l eve l when t e r m i na ted i n  50 ohms. 

Ac cept s a 1 .  2. 2 . 5 .  5 .  or 1 0-MHz. 0 .3 V  to 4V p-p s i ne 
wave or square wave s i gna l i n t o  nom i na l ly 50 ohmsM 

Conne ctor <SNCJ i s  present o n l y  with the REAR RF OUT and 
MOD IN opt i on to a c cept a 1 V  peak e x terna l mod u l a t i on 
signa l .  

Conne ctor ( type N )  i s present only w i t h  t h e  REAR R F  OUT 
and MOD IN opt i Otl to prov i de t h e  G ene r ator output s i gna L 

Present only w i th the IEEE-488 Interf a ce opt i on t o  a l low 
remote ope rati on of the Generator v i �  t h e  IEEE-488 bus. 

Present only w i t h  t h e  IEEE�488 Interf a c e  opt i on and 
a l lows t h o  se l e ct i on of the Generator bus address. 
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FUNCTION 

Frequency 
Frequency Step 
Ampl i t ude 
Amp l i t ude Step 
Modulation Rate 
AM Depth • • • • 

Table 2·3. Instrument Preset State 

AM Depth Step • · •  

FM Deviation w i thout/with Opt i on -651 
FM Dev i a t i on Step w i thout / w i th Option �651 
Modulation o; splay . . . . . • .  

Bright�o i g i t  Location • • • • •  

Fr@QU�ncy B r i ght-D i g i t  Posi t i on • � • •  � 

Ampl i t ude 8 r i gh t:.D i g i t  Posi t i on • • • . •  

AM B r i ght-D i gi t Positi on • • • • • • • • •  

FM B r i ght- D i g i t  Pos i t i on w i thout/with Option -651 

Spe c i a l  Functi ons 
INT AM 
EXT AM 
INT FM 
EXT FM 
Step Function 

2-14. Bright-Digit Edit Operation 

SETTING 

• 300.00000 MHz 

1 .00000 MHz 
� 1 0 . 0  dBm 

• 1 dB 
• •  1 000 Hz 
• • • • 30% 
• • • • 1 % 
5 .Of .5 kHz 

• 1 001 1 0  Hz 
• AM Depth 

Frequency Bright Digit 
1 MHz 

• • • • 1 dBm 
. . . • 1 % 
• • • •  1 01 1  H• 

20,30.70.80 .90 
• Off 

• • • • • • Off 
• • • • • • Off 
• • • • • • Of f 

• Frequency Step 

Changing an instrument parameter by the edit entry method is the fastest way to make 
vernier (incremental) changes to one of the four parameters. The ED IT 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 keys to position the bright digit in the 
appropriate display field. 

2. Use the [ • ] or [ • ] ED IT keys to position the bright digit to the desired 
resolution, and use the [ .. ] or [ .. ] ED IT keys to increase or decrease the value 
of the bright digit. 

The position of the bright digit within a display field is maintained wh�n the bright,pigit is 
moved from one display field to another. 

The repeat rate of the [ • ] or [ .. ] ED IT 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: 

2-1, 
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Select Step Function -- Enter Data -- Select Units -- Change Parameter 

I .  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 [ • ] or [ + ] STEP keys. 

While the [STEP] key is pressed, the display field of the selected parameter shows the step 
amount. The 'STEP' indicator is 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 [CLRILCL] key may be used to clear a partial DATA entry or clear 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 
11oor 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 OUTPUT [ON J 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 J OFF was off at power-on, pressing the [ON J OFF] key will enable 
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 j 1000] key toggles the internal modulation oscillator between 400 and 1000 Hz. 
The '400 H7.' and ' 1 000 Hz' indicators are lit only when JNT 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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INSTALLATION AND OPERATION 

The command syntax for memory operations follows. 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 [STO] 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 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 
�� . 

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 example, 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 IEEE488 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 Special 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 OUTPUT [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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SPECIAL FUNCTION 

00 
02 
03 
04 
07 
0 8  

09 

1 0  

1 1  

1 2  
1 3  

1 4  

1 5  
1 6  

20 

21 

30 

3 1  

70 
71 
72 
80 
81 

82 

83 
84 
85 
86 

90 

91 

Table 2-4 Special Functions 
OPERATION 

Cledrs a l l  current ly set s pe c i 9 l  fun c t � ons. 
l n i t i ates self tes t s .  
D � splay test . Th i s  t e s t  i s  de tai led � n  Sect i on 3 .  
Key tes t .  Thi s  t e s t  i s  deta i led i n  Sect� on 3 � 
Set SRQ i f  I�E�-488 Interface option i s  i nsta l l ed. 
Reset SRQ if IEEE-488 lnterface opt i on i s  � nsta l l ed. 
Di splay i ns t r ument software rev i si on L e v e l .  
Informat i on appears i n  t h e  MODULATION and F�EQUENCY 
di spLay f i e lds for appro x i mately 3 seconds or unti l 
another key i s  pressed. 
D i splay lEEE-488 mode and address i n  de c i m a l  form i f  
the IEEE-488 Interface option i s  i nstal led. 
D l splay self-test r e s u l t s .  zeros in the di splay 
f i e l d s  i ndi �ate that the se l f  tests have pass�d. See 
Sect � on 4 for deta� l s  of the se l f-test di splay . 
Turn on d i s plays. 
Turn off a l l  di spl�y s .  A l l other f un�ti ons sti l l  
ope rate. 
Ini t i a l i z e  m�mory locati ons t o  Instrument Pr�set 
State. ' Sto'  appears in t h e  FR E::QUENCY d i s p l ay f ie l d  
for 3 seconds. If d u r i n g  t h i s  t i me .  the [STO] k e y  i s  
pressed, a l l  memory locations a r@ � ni t i a l i zed. 
Latch test . Th i s  test i s  detai l ed in Sect i on 4 .  
D i splay opt i on loading. See ''Interrogate Commands11  
in Sect i on 2 for detai l s .  
D � sable R e l a t i ve Frequency. See reference page on 
ReLati ve Function� 
Enable Relati ve Frequency. See reference page on 
R e l a t i ve Funct i on. 
D i sa b l e  � e l a t i ve Amp l i t ud�. See reference page on 
Relativ� Func t � on. 
Ena b l �  R e l a t i v e  Ampl i t ude. Se� reference page on 
R e l a t i ve Fun�tion. 
Set repeat rate for ED!T and STEP keys to medium. 
Set repeat rate for �DlT and STEP keys to f a s t .  
S e t  repeat r a t e  for EDIT and STEP keys to s l ow .  
Ena b l e  Ampl i t ude correct i on. Normal ope rati on. 
D i sa b l e  Amplit ude cor recti on. If level a c curacy 
is not c r i t i c a l .  level cor r ecti on c i r c ui t ry can be 
di sabled for i mproved programming s pe e d .  Leve l  
ac�uracy may be up t o  7 d6 Low. 
D i sa b l e  a t t enuator correction. Useful as a 
troubleshooting t oo l .  RF i n put t o  attenuator i s  
f la t .  
Program a l t e rnate 24 dB attenuati on. See Sect i on 4 .  
Program a l ternate 2 4 dB att@nuati on� See Section 4 .  
Program a l ternate 2 4  dS attenua t i on. See secti on 4 .  
Program a l ternate 2 4  dB �ttenua t i on. See Se�ti on 4 .  

D i sa b l e  Ampl i tude f� xed Range. See reference 
mate ri a l on Ampl i t ude Fi xed Range. 
Enable Amp l i t ude Fi xed Range. See reference 
mate r i a l  on Ampl i t ude Fi xed Range" 

11 • 

I I ' 

I I I 
li,' IJ 

I! • 
l"i • 

I' 
' ' 



• 
I 

8 

I 

I 

I 

I 

I 
I 

I 

8 

• 
• 
• 
I 

• 
I 

I 
!I II 

INSTALLATION AND OPERATION 

Command Syntax 

Select Function - Enter Data - Select Unit 

Summary 

COMMAND RANGE RESOLUTION NOTES 

Set Frequency 

Loc a l :  C FREQJ -- DATA -- [MHz jVJ 
CkHz fmVJ 
CHz ( uVJ 

Remote: "FRu float -- "GZ" 
"MZ" 
"KZ11 
''HZ11 

Set Ampl i t ude 

Example 

Loca l :  CAMPLJ -- DATA -- CdB (m)J 
CMHz iVJ 
CkHz l mVJ 
[Hz I uVJ 

Remote: "AP11 -- float -- ''DB" 
"Vn 
i•Mvu 
uuvn 
"NV11 

0.01 to 1 050 MHz 1 0  Hz 

0.01 to 1 050 MHz 1 0  Hz 

1 ,2 

1 ,3 

-1 27 to + 1 3  dBm 0 . 1  dBm 2,4,5 
0.1 uV to 1 V 3 digits 

-1 27 to + 1 3  dBm 0 .1 dBm 3 ,4 , 5  

0 . 1  uV to 1 V 3 d i g i t s  

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

Notes 

Loc a l :  CFREQJ C1J COJ C . J  C7J CMHz jVJ 
CAMPLJ C-J C7J C.J CSJ CdB<m>J 

Remote: " F R 1 0 .7MZ,AP-7 .SOB" 

l .  Frequency ranging occurs at 245 and 5 1 2  MHz. 

2. FUNCTION ([FREQ] or[AMPL]) remains selected until another FUNCTION 
or [STEP], [STO], [RCL], or [SPCL] is pressed . 

3. float equals floating-point number. 

4. Amplitude uncalibrated range from -147.4 to -127. 1 dBm and from + 13 . 1  to 
+19 dBm. 

5. Amplitude ranging occurs at I /2V, I /4V, 1 /SV, .. . l f 22l y with AM off and 
1 /4V, 1 /SV, 1 / 1 6V, . . .  1 / 224 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 non transient level control over a 
limited range around those levels where the Step Attenuator normally auto ranges. This 
level control may be accomplished with the Bright-Digit Edit Entry only. 

The level vernier in fixed range has at least 1 2  dB of range. 

Command Syntax 

Select Fixed Range -- Enable or Disable 

Summary 

COMMAND 

Ena b l e  F i xed Range 

Loc a l ;  CSPCLJ C9J C 1 J  

Remote ;  "SP" "9" " 1 "  

D i sa b l e  F i xed Range 

Example 

Loc a l :  [SPCU [9] [Q] 

Remote: "SP" "9'' ''0'' 

NOTES 

2 

Set the Generator for monotonic and non transient amplitude control (Bright-Digit Edit 
only) over the range of the vernier level control below 0.25V. 

Notes 

Loc a l :  [AMPLJ [ . ]  [2] [5] [MHz j VJ [SPCLJ [9] [ 1 J  

Remot e :  ' 'AP.25V;SP91 " 

1 .  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. 

2. With amplitude fixed range d isabled, amplitude ranging occurs at 1 I 2V, 1 I 4 V, 
1 18V, . . . l 12" V with AM off and l 14V, 1 1 8V, I / 1 6V, .. . l 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 dam to volts 

Loc a l :  (AMPL] - - CMHz i VJ 
CkHz l mVJ 
CHz l uVJ 

Remote :  "APu - "V" 

"MV" 
"UV" 
''NV1' 

Convert volts to dBm 

Loc a L :  CAMPLJ CdB(m)J 

Example 

NOTE 

1 

1 

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

Note 

Loc a l :  CAMPLJ CMHz i VJ 

Remote: "APV11 

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

Command Syntax 

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

E d i t  FreQuency 

Loc a l :  C F REQJ 

Remote :  "FS'' 

E d i t  Amp l i t ude 

Loc a l  : CAMPLJ 

E d i t  FM Devi a t i on 

Loca l :  [ FMJ 

Edit AM Depth 

Loc a l :  [AM] 

Remote :  "PB" 

Example I 

COMMAND 

EDIT C • J t C • J  -- EDIT [ + ] / [ + ]  

f l oat ' 'G2:" 
"MZ" 
"KZ" 
"HZ" 

-- "Kf11 f l oat 

EDIT C • J I C • J  -- EDIT [ + ] / [ + ]  

f l oat 1108" 
"V" 
"MV'' 
"UV" 
"NV" 

- �  ''KA" f l oat 

EDIT C • J I C • J  -- EDIT [ + ] / [ + ]  

f l oa t  "GZ" 
"MZ'' 
"KZ" 
"HZ" 

-- ''KD'' f L oat 

EDIT C • J t C • J - EDIT C + J/ C + J  

f loat "PC" -- 11KP11 f loat 

Edit the displayed amplitude of 9.7 dBm to 10.0 dBm. 

Loc a L :  Put the b r i ght digit i n  the amp li tude di spLay by 
pressing CAMPLJ . Se Lect the Least s i gni f i cant d i g i t  
i n  that di spLay by pressing EDIT C • J unt i l  the 
bright digit i s  on that d i g i t .  Increase th@ valu@ of 
that digi t l>y pres s i ng EDIT [ + J th ree times. 

Remote : "AB . 1 DB,.KA3'' 

Example 2 

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

NOTES 

1 ,2 

3 ,4,5 

1 ,2 

3 ,4 ,5 

1 ,2 

3 ,4 ,...5 

1 ,2 

Loc a L :  Put the bri ght d i g i t  i n  the FM d i splay by pres s i ng 
[FM] . SeLect the 1 -kH% d i g i t  by pres sing the EDIT [ • J 
or EDIT [ • J unt i l  the bdght d i g i t  i s  on that di g i t .  
Decrease the value of that d i g i t  by pres s i ng EDIT [ • J 
t w i c e .  

Remote: 11DB1KZ,KD-2u 
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Notes 

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

2. 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 . 

3. float equals floating-point number. 

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

5.  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 NOTES 

Store 

Loca l :  CST OJ CnJ [nJ 1 ,2 ,3 
R..,ote: "ST" int 1 ,4 

Reca l l  

loc a l :  CRtlJ Cnl Cnl 1 ,2,3 

Remote: 11RC'' int 1 ,4 

sequence 

Loca l :  [SEQ) 5,6 

Remote: "SQn 5 
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Example 

Recall the I nstrument 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. 

Notes 

Loc a l :  (RCLJ (9J (8J EDIT [ + J [ + J  [STOJ [QJ[6J 

Remote: "RC98,KF2,.ST611 

I .  The memory locations available for operator use are 0 1  through 50. 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. 

2. 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. 

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

4. int equals unsigned integer. 

5. 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 0 1 .  

6. While [SEQ] is pressed, the next memory location number is d isplayed 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 1 000 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 

Set AM Depth 

Loca l :  CAMJ DATA 

Remote: "AM" - f loat 

Set FM Dev i a t i on 

Loc a l :  C FI'IJ -- DATA -

Remote: 11FM" - f l oa t  -

Summary 

COMMAND 

Select Modulation Rate 

Loc a l :  C400/1 000J 

Remote: 11MR'' ••o•• or "1" 

Summary 

COMMAND 

Enable or Disable Modulation 

Example 

Loc a l :  CINT AMJ 
[INT fMJ 
(EXT AMJ 
CEXT FMJ 

Remote: ''AI" 110" or ''1'1 
"FI" "0" or " 1 "  
11AE'' ''0" or "1 11 
"FE" "0" or 11111 

RANGE RESOLUTION NOTES 

C%J 0 to 99% 1% 1 ,2 

upc" 0 to 99% 1% 1 ,3 

CMHz (VJ 0 . 1  to 99.9 kHz 3 d i g i t s  1 ,4 
CkHz ( mVJ 
CHz ( uVJ 

UGZ'' 0 . 1  to 99.9 kHz 3 d i g i t s  1 ,3,4 
"MZ'' 
"K2" 
"HZ" 

NOTES 

5 

6 

NOTES 

7,8 

9 

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

Loca l :  CFMJ CSJ CkHzJ [INT FMJ C400/1 00DJ 

Remote: "FM5KZ,MRO ,FI1 " 
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Notes 

1 .  This operation does not change the Generator output unless the corresponding 
modulation is enabled. 

2. Uncalibrated if peak amplitude exceeds + 1 3  dBm or if AM depth exceeds 90% 
and AM is enabled. 

3. float equals floating-point number. 

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

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

6. "0" selects a modulation rate of 400 Hz; "1" selects 1000 Hz. 

7. These are ONj OFF operations; any combination is allowed. 

8. Two indicators 'EXT HI' and 'EXT LO' are lit when external modulation is on 
to indicate that the external modulation signal is 2% above or 2% below the 
nominal I V  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
Digit Edit Entry. 

In the relative frequency mode, the actual 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 
displayed 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 NOTE 

frequency 

�oc a l :  [SPCL] [2] [QJ or [1] 1 

Remote: "SP" "2" uo•· or "1 ,. 1 

Amp li tude 

Loca l :  CSPCLJ [3] [QJ or C 1 J  1 

Remote: "SP11 "3'' 1 

Example 

Set the amplitude to - 1 5  dB1N; i.e., 15 dB below 1 microvolt. 

Loc a l :  CAMPLJ C1J CHz ( uVJ CSPCLJ C3J C1J CAMPLJ C-J C1J C5J CdB Cm)J 

Remote: "AP1UV,SP31 ,AP-1 506" 

Note 

1 .  I enables the relative function; 0 disables the relative function. 

Related Operations 

Amplitude and Frequency Entry 
Bright-Digit Edit Entry 
Step Entry 

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

Command Syntax 

RF Output On/Off 

Summary 
COMMAND 

RF Output On 

Loc a l £  Rf OUTPUT CON/Off] when ' Rf OFF' is on 

Remote:: ''R01 u 

RF Output Off 

Loc a l :  R F  OUTPUT [ON/OFFJ when ' Rf OFF'  i s  off 

Remote: "ROO" 

NOTE 

1 

1 
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Notes 

I .  Turning the RF Output on resets the RPP circuitry if it has tripped_ 

2-30. Special Function Entry 
The following information describes how to usc the Special Function Entry to use the 
special operating functions of the Signal Generator. Table 2-4 lists the special functions 
available. 

The special function code is a two-digit number. The first digit indicates the classification 
of the special function, and the second digit specifies the particular special function. 

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 l (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) through 9(n) appears (left to right) in the frequency 
display field when the [SPCL] key is pressed. 

Command Syntax 

Select Special Function - Enter Special Function Code 

Example 

COMMAND 

Loc a l :  [SPCLJ [nJ [nJ 

Remote :  ''SP'' i nt 

NOTE 

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

Note 

Loc a l :  [SPCLJ [7] [2J 

Remote: ''SP72" 

1 _ int equals unsigned integer_ 

Related Operations 

Fixed Range 
Relative Function 

2-31. Status and Clear Entry 
'fhe Status entry allows you to interrogate the Generator for an explanation of either 
uncalibrated operation ('UNCAL' indicator is lit) or rejected entry operation (the 'REJ 
ENTRY' indicator in lit)_ 

When either the 'UNCAL' or 'REJ ENTRY' indicator is lit, press and hold the[STA TUS] 
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 

000 000 000 � Indicates no UNCAL cond i t i ons 

001 000 000 � FM dev i ati on < 1 00 H% ( < 1 0  Hz w i th Opt i on -65 1 ) 
002 000 ODO � FM dev i ati on > ( freq -100 kHz)/3 

*004 000 000 � Excess FM dev i ati on. mai n  or reference PLL unlocked 
020 000 OOD � AM depth > 90% 

*ODD D1 0 000 � Mai n  or reference PLL unlocked 

000 000 001 � Level vernier below ca l i b rated range or level < -1 27 dam 
000 000 002 � Peak (AM) ampli tude > +1 3 dSm 

*000 000 004 � Ampl i tude unleveled 
*000 000 0 1 0  = Fi xed-range level verni e r  at 0 
*DOD 000 020 = Fi xed-range level vernier at f ul l  scale 
*DDO 000 040 � RPP t r i pped 

ODO 000 1 00 � Level below -1 27 dBm 
000 000 200 � Level correct i on di sabled 

*000 000 400 � Rf output off 

CODE 

001 000 000 � 

002 000 000 = 

004 000 000 � 

01 0 000 000 = 

02D DOD 000 � 

040 ODD ODD � 

1 00 000 ODD � 

200 000 000 � 

DDO OD1 DOO � 

OOD OD4 DOO � 

000 040 000 = 
000 1 00 000 = 
000 200 000 = 

000 OOD OD1 � 

000 000 002 = 
000 000 004 = 
000 000 01 0 = 
000 000 020 = 

ODO 000 04D -
000 000 1 00 -

Table 2·6. REJect ENTRY Codes 
DESCRIPT ION 

FM dev i ation not between 0 and 99 .9 kHz 
( 9 .99 kHz w i th Option -65 1 )  
FM dev i ation Step not between 0 and 99.9 kHz 
( 9 .99 kHz w i th Opt i on -651 ) 
AM depth not between D and 99% 
AM depth step not between 0 and 99% 
IEEE-488 command syntax error 
IEEE-488 input vali.J@ out of range 
Spe c i a l  function requi res IEEE opt i on 
IEEE edi t  or step operation beyond a l lowed range 

Frequency not between 0.01 and 1 D50 MHz 
Frequency step not between 0 and 1050 MHz 
Inva l i d  memory location 
Inva l i d  data in memory 
Spe c i a l  f uncti on not a l lowed 

Output amp l i t ude not between 1 0  nV and 2V 
Insuf f i cient resolut i on for uni t s  convers i on 
Uni t s  conversion to volts not a l lowed w i th reference i n  volts 
Units conversion t o  dB not a l lowed w i th reference i n  volts 
Amp l i tude step not between 0 and 166 dB or 0 and 1999V 
Uni t s  conversion on ampli tude step not a l lowed 
Ampl i tude step and cur rent ampli tude di splay not i n same units 
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The [CLR LCL) key may be used to clear a partial DATA entry or clear 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 Parameter 

Summary 

COMMAND RANGE RESOLUTION 

Frequency 

Loea L :  [FREQJ CSTEPJ--DATA --[MHz 1 VJ --STEP [ + J /  C + J 

Remote: 11FS'' 

Amp l i tude 

CkHz l mVJ 
CH• I uVJ 

0 to 1 050 MHz 1 0  Hz 

--float--11GZ" --"FU11/ " F D "  
IIMZII 
1'KZ11 

"HZ '' 
0 to 1 050 MHz 1 0  Hz 

Loc a l :  [AMPLJ [STEP]--DATA --CdB ( m ) J  -- STEP [ + ] / [ + )  
CMHz i VJ 

FM dev i a t i on 

CkHz I mVJ 
CHz I uvJ 

0 to 166 dB 0 . 1  dB 
0 nV to 1 999 V 3 d i g i t s  

--f l oat--11DB11 
"Vu 

11MV" 
"UV" 
"NV" 

��"LU"/"LD" 

0 to 1 66 dB 0 . 1  dB 
0 nV to 1 999V 3 d i g i t s  

Loca l :  CFMJCSTEPJ -DATA -CMHz i VJ - STEP [ + J / [ + J  
[kHz lmVJ 

CHz l uVJ 

NOTES 

1 ,2 

1 ,2 

1 , 2  

0 t o  99.9kHz 3 d i g i t s  3 

f: I 
11 lli 
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Remote; "DS" -float�-"G211 

"MZ" 
"KZ11 
"HZ" 

-"DU11/"DD11 

0 to 99.9kH• 3 d i g i t s  1 ,2,3 

Example 

AM depth 

Loca l :  CAI'IJCSTEPJ -DATA -CXJ - STEP C • J / C  + J 

Remote: '1PS" 

0 to 99X 1X 

-float-11PCu 
0 to 99X 

_upuu/uPD'• 

1X 1 ,2 

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

Loca l :  CFREQJ CSTEPJ C1J WJ CMH> IVJ [ + J  C + J  C .. JSTEP 

Rem.ote: "FS1 OMZ, FD, FD, FD" 

Notes 

I .  float equals floating-point number. 

2. Entering the step size from IEEE-488 does not select the step function. For 
example, "FSIOMZ" does not select the step function; "FD" or "FU" must be 
used to select the frequency step function. The generic step up I down commands 
"SU" and "SD" may be used to step the current step function. 

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

Related · Operations 

Relative Function 

2-33. REMOTE 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 !NT 1 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 Generator 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 

ln 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 60608 Generator (or a 607xA with some restrictions). 

2-34. Setting Up the IEEE-488 Interface 
Figure 2-S shows a 6060B Signal Generator connected to a 1 722A via the IEEE-488 bus. 

CONTROLLER 60608 

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

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

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

NOTE 
The IEEE-488 Interface signal SHIELD (pin 12) can be disconnected (when 
using an IEEE-488 cable with a 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. For control of the Generator with a controller, set both the LISTEN ONLY 
and TALK ONLY switches to 0 (down). Set switches al through aS to the 
desired address O through 30. For example, for an address of I, set switches 
a2, a3 a4, and aS to 0 (down), and set switch at to I (up). 

b. for talk-only operation, set the TALK ONLY switch to I (up). 

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

3. Verify the address and mode: 

I 
I 
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I 

I 
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a. Press the [SPCL] and the [ 1 ][0] keys. Verify that the selected address 
appears in decimal in the Frequency display field. 

b. 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 ONL Y and LISTEN 0 N L Y switches are only read when the Generator 
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 forthe IEEE-488 Commands used in Table 2-8. This index is a 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 I 722A is used to program the 
Generator with the frequency step up controlled by the trigger command. 

Table 2-7. Index of IEEE·48B Commands 

FUNCTION COMr'!ANP HEAPE�S 

Amp l i t ude Entry AP. SP3x.., RA,. SP8x,. SP9x 
B i na ry Learn Commands LI, LM 
Clear Commands CB, CE, CL 
Edit Entry PB, DB, FB, PB, KB, KA, KD, KF, KP 
Frequency Entry FR, SP2x, RF 
Interface Mode Commands EM, RM. TM. VM, UM, � 
Inte rrogate Commands ID, IE. II, IO, IR. IT. IU. IV 
Memory Entry RC, ST. SQ 
Modulati on Entry AM. AE, AI, FM, FE. Fl. MR. MF 
Monitor Commands IB, 08, OD, RB, RW, ow. WB, ww, XA. XB, XD, XR 
R F  ON/ O F F  Entry RO 
Spe c i a l  Function Entry SP 
SRQ Commands IM, SM, X F  
Step Entry FS, LS. PS. DS. SU, SD, FU. FD, LU. LD, PU . 

PD, DU. DD 
Trigger Commands CT, TR 
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Table 2-8. IEEE-488 Commands 

COMMAND COMMAND COMMENTS 

USE HEADER NUMERIC SUFFIX 

AMPLITUDE ENTRY 

Program AP f loat Program di splayed ampl Hude 
Ampl i t ude i n  uni t s  o f :  

v volts 
MV m H  l" i v o l  ts uv m i crovolts 
NV nanov o l t s  
08 dB or dBm 

Convert AP none Change ampl i t ude uni t s  t o :  
Amp l i t ude v volts 
Uni t s  MV volts 

uv vol t s  
NV vol t s  
DB dB or dBm 

R e l a t i ve SP 3 0/ 3 1  none Di sable/enable r e l a ti ve 
Ampl i t ude ampl i t ude ope r a t i on 

Relati ve RA 0/1 Al ternate programming command 
Ampl Hude for d i sa b l e/enable r e l a t i ve 

ampl i t ude ope r a t i on. 

Level SP 80 none Ena b l e  a l l  Level correction. 
Correct i on 81 D i sa b l e  a l l  level cor recti on. 

82 Di sa b l e  a t tenuator correction� 

Ampli tude SP 90/91 none Di sable/ena b l e  ampli tude 
Fi xed Riilnge f i xed-range ope rati on. 

BINARY LEARN COMMNDS 

Store a LI i nt s t r i ng The Generator stores t h e  s t r i ng i nto 
Front Panel th• memory Locati on spe c i f i ed by i nt .  
Setup See the Command D e s c r i pt i ons paragraph 

for decoding the Learn str i n9� 

Send a LM int none The Generator responds � i t h  
Front Panel the contents of the memory 
Set up loca ti on s pe c i f ied by i n t .  

See t h e  Command Des c r i pt i o ns 
paragraph for decoding the 
Learn s t r i ng .  

CLEAR COMMANDS 

C l e a r  lE!:E� ca non@ none Clears IEEE-488 output 
488 Output buffer. 
Suffer 

Clear error CE none none Clears t h e  IEEE-488 rejected 
entry status. 

Device CL none none Clears t h e  i nstrument state. 
Clear 

EDIT ENTRY 

Posi � i on A8 float v Pos i t i on the b r i gh t  d i gi t i n  
Amp l i t ude MV the AMPllTUD� di splay w i t h  
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Table 2-8. IEEE-488 Commands (coni) 

• 
Bright D i g i t  uv the stated resolution. For 

NV ex.!lmple, enter 11AB10MV11 for I 
DB 1 0-mV resolution. 

Posi t i on DB f loat GZ Pos i t i on .the bright digit i n  
FM B r i ght MZ the FM display with the stated 
D i g i t  KZ resolution .. For exampl@, @nter I 

HZ "DB1KZj1 for 1-kHz reso lution .. 

Posi t i on FB f loat GZ Posi t i on the bright digit in the FREQUENCY 
Frequency MZ display with th@ stated resoluti on. For R 

Bright Digit KZ example ... enter "FB1MZ" for 1-MH� 
HZ resolution. 

Pos i t i on PB f loat P C  Pos i t i on t h e  bright d i g i t  i n  
AM Bright the AM display with the stated 
D i g i t  resolution. For example. enter 

"PB1PC" for 1 4  reso luti on. 

Edit KB f loat none Edit the cur rent bright d i 9 i t  
by float count s. 

Edi t  KA f loat none Move the bright digit to the 
Amp l i tude AMPLITUDE display and edi t 

ampli tude by float counts. 

Edit FM KD f loat none Move the bright d i g i t  to the FM di splay 
and edit FM by f loat counts. 

I 
Edit KF f loat none Move the bright digit to the 
Frequency FREQUENCY display and edi t 

f requency by f loat counts. 
I 

Edit AM KP f loat none Move the bright d i g i t  to the AM di splay 
and edit AM by f loat counts. 

FREQUENCY ENTRT 

Fr4!quency FR f loat Program di splayed f requency in units of : 
Programming I 

GZ g i gahertz 
MZ megahe:rtz 
KZ k i l ohertz 
HZ hertz I 

Relative SP 20/21 none Di sable/enable relative 
Frequency f requency operation .. 

Relative R F  0/1 none Al ternate programming command 
Frequency for di sable/enable relative 

f requency operation. 

INTERFACE MODE COMMANDS 

Error Mode EM 0/1 none Di sable/enable the clear 
error mode. If di sabled .. the 
IEEE-488 error status i s  

I 
c l eared only when i nter-
rogated� If enabled, the 
error status is c leared when 
a new message i s  proeessed. 
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THEORY OF OPERATION 

Modulator attenuation is thus approximately proportional to the modulator control 
voltage at the emitter of Q I 03. Proportionality is required to maintain constant leveling 
loop bandwidth as modulator attenuation varies. Minimum attenuation is obtained with 
a modulator control voltage of IOV, while maximum attenuation is obtained with OV. 

Comparator 0310A and associated components form an unleveled indicator circuit. The 
comparator senses the modulator control voltage at the emitter of Q I 03. This voltage is 
normally less than +I IV, and the comparator output is high. If the modulator control 
voltage exceeds + I I  V, the modulator attenuation is at a minimum, and the leveling loop 
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 (ONL VLL) goes 
low. The Controller senses this low and causes the front panel'ONCAL' 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 de 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 0401 C, 0401 D, and Op-amp 0402B. The selected, buffered modulation 
signal at 0402B pin I is applied to pin 4 of 0301, a dual S-bit DAC. 0301, with 03020, 
acts as a digitally programmed variable attenuator and is labeled AM DAC. 

Binary AM depth control information from the Controller is applied to DAC 0301. The 
output at 03020 pin 14 is the modulation signal scaled to the programmed AM depth. 
This ac signal is summed by op-amp 0302B with a de reference voltage provided by 
CR403. The output at 0302B pin 7 is called the I+ 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 I+ AM signal is applied to pin 1 8  of dual S-bit DAC 
0301 ,  the DAC B reference input. The DAC output, at 04050 pin 14, is the !+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 RT301 .  

The network output is the I+ A M  signal attenuated by an R F  frequency and temperature
dependent factor, and is applied to summing op-amp U302C. The I +AM signal is also 
applied to this summing amplifier. Thus, the voltage at U 302C pin 8 is the temperature
compensated and scaled l +AM signal. 

This signal is applied to the reference input of Level DAC 0303. This 12-bit DAC, with 
op-amp U302A, latches 0304, 0305, controls the Output assembly RF output amplitude. 
The DAC output voltage, at 0302A pin I ,  is the temperature-compensated I +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 R31 1 , and DAC offset voltage adjustment 
is provided by potentiometer R309. 
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I 
Table 2-8. IEEE-488 Commands (coni) 

UNCAL IU none none Interrogates the unca l i b rated output 
@rror codes .. The Generator responds w i t h  I 
th ree octal f i elds: 

I "AAAAA,BBBBB, CCCCC". See Table 2�5 for 
a l i st of uncal error codes .  

Software IV none none Interrogate the software V@rsion. The 
Version Generator responds w i t h  the status 

message: "Vxx .. X11 where x ' s  are decimal 
d i g i t s  representi ng the cur rent I 
software revision level • 

• MEMORY ENTRY 

Reca l l  R C  i nt none Reca l l  the f ront paneL setup stored at 
the memory location speci fied by int. 

Store ST i n t  none Store the current front panel setup a t  I 
the memory Location speci f ied by int. 

Sequence SQ none none Sequence (reca l l )  to the next 
higher memory location. I 

MODUlATION ENTRY 

Program AM AM f loat PC Program AM depth i n  percent. 

External AM AE 0/1 none Di sable/enable external AM 
modulation. 

Internal AM AI 0/1 none Di sable/enable i nternal AM modulation. 
I 

Program FM FM f loat Program FM dev i a t i on i n  units o f :  

GZ g i gahertz 
I 

MZ megahertz 
KZ k i l ohertz 
HZ hertz 

External FM FE 0/1 none Pi sable/enable @Xternal FH modulation. 

I Internal FM FI 0/1 none Di sable/enable i nternal FM modulation. 

Program MR 0/1 none Program modulation frequency 
Mod Freq to 400 Hz/1 000 Hz . 

Program M F  f loat Program modulation frequency in uni t s  o f :  I 
Mod Freq 

GZ gigahertz 
MZ megahertz 
KZ k i l ohertz I 
HZ hertz 

I "ONlTOR COMMANDS 

Input B i t  IB none BIT Respond w i t h  the value of the 
Desig- designated hardware b i t .  

nat or I 
Output B i t  OB 0/1 BIT Set the df!signated hardWare 

Desig- b i t  to 0 o r  1 .  
nator I 
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Output Dac OD 

Read Byte RS 

Read Word RW 

Def i ne DW 
W r i t e  
Address 

W r i t e  Syte WB 

W r i t e  Word ww 

Read XA 
Attenua ti on 

Wri t e XB 
Attenua t i o n  

Set XD 
F'requene;y 
D i rect 

RF Output XR 

RF ON/OFF ENTRY 

RF Output RO 

SPECIAL FUNCTION 

Spe c i a l  S P  
Fune;t i ons 
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Table 2-8. IEEE-486 Commands (coni) 

i nt DAC set the v a l ue of the de s i g -
Des i g - nated hardware D A C  t o  t h e  

n a t  or va lue s pe c i f ied by i n t �  

i t'lt none Read t h e  v a l ue of t h e  
addressed byte. The G�nerator 
responds w i t h  an unsi gned i nteger. 

i nt none Read the v a l ue of t h e  
addressed word. The Generator 
responds w H h  a n  unsi gned i nt!O>ger. 

i nt none Def"ines t h e  address t o  be 
used by t h e  w r i t e  byte/�,Jord 
commands. 

i n t  none W r i t e  i n t  i nt o  t h e  address 
s pe c i f i e d  w i t h the def i ne 
w r i t e  address command *  

i nt none W r i t e  i nt i nto the address 
spe c i f i ed w i th t h e  def i ne 
1.1 r i t e  address command. 

none none Read t h e  current attenua-
t i on. The Generator responds 
w i th an unsi gned i nt e 9 e r .  

none none Change a ttenua t� on to 6d9 
t i mes t h e  unsi gned i ntege r .. 

The i nteger can be a to 2 3 .  

f loat GZ Set t h e  f requency hardware 
MZ d� r@'ct ly to the s pe- c i f �ed 
KZ synthes i z e r  f requen�y. 
HZ 

0/1 none ''XRO'' programs a l l  attenuation. 
"XR1 " restores a ttenuation to 
i t s  previous state. 

0/1 none Turn R:F output off/on. 

ENTRY 

00 Clears a l l  spe c i a l  func t � on:s 
0� Ini t i a tes se l f  test 
03 Di splay check 
04 Key check 
07/08 Set/ reset SRQ 
09 D i splay S/W rev and i nstr lD 
1 0  D i spLay IEEE-488 address 
1 1  D i s play se lf- test resul t s  
1 2/ 1 3  Turn on/off di splay 
1 4  X n i t i a l i � e memory 
1 5  Latch test 
20/21 Di sable/enable r e l a t i v e  f r eq 
30/31 D i sable/enable r e l a t i ve ampl 
70 Medi um key repeat rate 
71 Fast key repe at rate 
72 S l ow key repe a t  r a t e  
80 Enable a l l  level correct i on 
81 D i sa b l e  <:� l l  Level correct i o n  
82 Di sa b l e  a t tenuator correct i on 
83-86 Progratn a L t e rnate 24dB atten:s 
90/91 Di sable/enable ampl f i xed r i ng 
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I 
Table 2-8. IEEE-488 Commands (cont) 

I SRQ COMMANDS 

Interrogate IM none none Interrogate the SRQ mask. Th@ 
SRQ Mask Generator responds w i th the 

decimal v a l U@  of th@ SRQ mask. 

Set SRQ SM int none The SRQ mask i s  set to i nt .  I 
Local XF 0/1 none Di sable/ena b l e  a mode to set 
OperatiOn SRQ each time a local entry 
Alert Mode i s  made� Thi s  SRQ i s  enabled 

by setting the f ront panel 
I 

bi t i n  the SRQ mask. 

I STEP ENTRY 

Program FS f loat Program f requency step size i n  uni t s  of:  
FREQ STEP 
Size GZ gigaheru 

MZ megaher-tz I 
KZ ki lohert• 
HZ hertz 

Program LS float Program ampli tude step s i • •  i n  uni t s  of : 
AMPL STEP 

I 
Size v voL t s  

MV m i l l i volts 
uv mi crovolts 
NV nanovol t s  I 
DB dB or dBrn 

Program PS float PC Program AM step size i n  
AM SToP percent. 

I 
Size 

Program DS f loat Program FM step size in uni t s  of : 
FM STEP I 
Size GZ gi gahertz 

MZ rnegaheru 
KZ ki l ohertz 
HZ hertz g 

Step Up/Down SU/SD none none Step the currently selected 
step function up/down one step. 

Step Up/Down FU/FD none none Change the current step 
Frequency function to f requency and st@p 

frequency up/down one step .. I 
Step Up/Down LU/LD none none Change the current step 
Ampli tude functi on to ampli tude and step 

ampli t ude up/down one step. 

Step Up/Down PU/PD none none Change the cur rent step function t o  AM I 
AM and step AM up/down one stop. 

Step Up/Down DU/DD none none Change the current step function t o  FM 
FM and step FM up/dow� one step. • 
TRIGGER COMMANDS 

Conf igure CT string none Configures the trigger. Ea�h t i me a 
Trigger t rigger command or a group execute 

trigger i nterface message i s 
received,.. the Generator executes the 
string of commands. The stri ng record I 
must end w i th a record terminator. 
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Table 2-8. IEEE-488 Commands (coni) 

Tr i gge r  TR none none Trigger command . Eq uivalent to the group 
e x e c ut e  i nterfa�e messa9eN Upon proc�.s.sin9 
the t r i 99(:!r command, the Generator executes 
the s t r i ng, whi ch has been preprogrammed 
w i th the conf i gure t r i gger command. 

2-37. PROGRAMMING EXAMPLE 1 
Use the following procedure to program the Generator with a Fluke 1 722A Instrument 
Controller to this state: 

Frequency 
Amplitude 
Modulation Freq. 
FM 
Internal FM 
AM 
External AM 

2 10  M Hz 
6 dBm 
1000 Hz 
5 kHz 
ON 
1 5% 
ON 

I . Connect the Generator to the Controller with an IEEE-488 cable. 

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

000000 10  

3. Enter the following program into the Controller: 

1 ! F l u k &  1 722A BAS l C  progiam to c o n t T o l  a 6060E. 2 ! T h e  Add�ess o 9  t h e  6060B i s  2. 
3 Ah ::: 2X 
10 ! C U a T'  t n �  Q.O�Oa ' o  that i t  i s  in a kno111n s t a t e .  l:i HilT POAI 0 �0 REMOTE aAX \ CLEAR �A7. 100 ! SET TH� 60608. 
1 1 0 PRlNT @A7., "FR210MZ, AP6DB , MR 1 , FM,� z , F' I 1 , AM 1 �PC / Ae; 1 "  999 END 

4. Run the program by typing on the Controller " R U N  < R ET U R N > ". 

2-38. PROGRAMMING EXAMPLE 2 
The 6060B Signal Generator can be connected to an other 6060B Signal Generator in a 
master-slave 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. 

I . 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 

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

01000000 

4. Manually program the talker Generator as follows: 

FUNCTION 
Frequency 
Step Function 

F requency Step 

VALUE 
210 11Hz 
Frequency 
1 .25 kHz 

KEY SEQUENCE 
[FREilJ [2J [1] [QJ [11Hz IVJ 
[FREQJ [STEP] 
[ 1 J  [ . ]  [2] [5] [kHz l mVJ 

I 

.,;; I 

1:: II 

II I 

l!i 
li 

I ' 
' 

I 

1: li 
1 :: I 
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5. Manually program the listener Generator as follows: 

FUNCTION 
Frequency 
Step Funct;on 
Frequency Step 

VALUE 
195 111Hz 
Frequency 
1 .25 kHz. 

KEY SEQUENCE 
C FREQJ C1J C9J CSJ CMHz JVJ 
CFREQJ CSTEPJ 
C1J C.J C2J CSJ [kHz JmVJ 

6. 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 25% AM. 

NOTE 

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

2-39. PROGRAMM I N G  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 I .  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: 

I .  Connect the Generator to the Controller with an IEEE-488 cable. 

2. Set the rear panel address switch of the Generator as follows: 

000001 1 1  

3. Enter the following program into the Controller: 

1 ! F l u k e  1722A BASIC program to cont�ol A 60608 . 
2 ! T h e  a d d T" e � $  of t h il!  ·6060EI i 5  7. 
3 AX m 7% 10 ! C I �•� t h o  60608 � o  t h a t  it i s  in � kn�wn statR. 

15 !NIT PORT 0 
20 REMOTE .AX \ CLEAR @A7. 
100 � S�t t � �  60608. 
1 1 0  PRINT @A%; "FR2101'1Z, AP6.1)J3. MR1, rM�KZ , F l l , AI'11,PC, AE 1 "  120 ! S�t t iH t  fT"eq,\UH"� I= Y  s t e p .  o u t p u t  v,e, l :l d  mode. 121 ! �nd c o n f i aur� t h e  trigg�r buffer. 1:30 �RINT QA�. '" FS1 .. 2:;)K2• VMb CTSU" 
140 � Set t h eo  SRct m•sk t o  li!'nt��b l e  " o u t p u t  va l i d '' SRO 
150 P�INi @A'X.. 11SM16" 
160 � Will i t  for a b ove c.omm• n d t>  to .P i n i s h  p r o c e s. t. i n g  
1 7 0  WAlT 1000 \ SX a SPL CAY.) 
180 ! ir i g g eT" t h e  f � r � t  � t � p  up 
190 TR!Q I!AY. 
300 � Wa i t  fDT" SRO 
310 ON SRG GOTO 900 
320 WAlT FOR SRG 
800 OFF SRQ 810 � C h @ c k  t h @  B e r i a l  p o l l  �e&pans• 920 SY. � SPL CAY.) 
8::30 lF' (S% AND 64X+16Y.) < )  ao� THEN PMlNT 5'41 '' Bad S�r 1 a l  P o l l  R • r. p a n » e "  
840 � Trigger the n•xt step vp 
850 TRIG (>All' 
860 ! R e s ume op�ra t 1 on-- �A i t i n g  for n £> X t  SRG 
870 RESUME 300 
999 END 
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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 I EEE Standard 
488-1978. Table 2-9 summari�es 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 

SH1 Complete source handshake capabi l i ty 
AH1 Complete acceptor handshake capabi l i ty 
TS 6as i c  t a l ke r .  Ta l k  only, Ser i a l  po l l� Unaddressed i f  MLA 
TEO No extended t a l ker capabi l i ty 
L3 Bas i c  l i stenerr Listen only. Unaddressed i f  MTA 
LEO No extended l i stener capabi l i ty 
SR1 Complete serv i ce request c.apabi L i ty 
RL 1 Compl ete remote/ local capabi l i ty 
PPO No paral lel pol l  capabi l i ty 
D C 1  Complete dev i ce c l ea r  capabi l i ty 
DT1 Complete device trigger capabi l i t y  
co No contro l l e r  capabi l i ty 
E1 Open-col lector dri vers 

-· 

2-41 . Address Mode 
In  the address mode, the Generator may be operated from local (using the Front Panel 
keys) or from remote (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 m local mode. the following 
conditions arc present: 

The front panel indicator REM. is not lit. 

Device trigger (GET), device clear (DCL), and selected device clear (SOC) 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 

MTA 

Talker 
Operation 

Li stener 
Ope ration 

Serv i ce 
Request 
Operation 

My Ta l k  Address 

MLA 

Talker 
Ope rati on 

Li stener 
Operation 

My Listen Address 

Data 

Talker 
Operation 

L i stener 
Operati on 

Talker 
Operati on 

Li stener 
Operation 

DESCRIPTION 

When power�d up.. the Generator generates a Power
On message (pon) and c lears i t s  output buffer. The 
Generator i s  not addressed to t a l k  when powered up. 

Th� Gen@rator i s  not addressed t o  l i st@n when the power 
i s  turned on. 

The state of the Service Request <SRQ) signa l  on pon 
i s  determined by the S RQ mask. Beca use of the non�volati l e  
memory� the SRQ mask i s  the same a s  when the power was 
removed. Therefore. if the SRQ mask enables the power 
on, output val id., or ready SRQs .. the SRQ signal w i l l  be 
true dur i ng pon. 

The Generator i s  addressed to talk upon recei pt of 
the MTA message� The f ront panel ' ADDR' indi cator i s  
l i t  w h i l e  the Generator i s  addressed t o  talk. 

The Generator unli stens when the MTA message i s  received. 

The Generator untatks when the MLA message is received .. 

The Generator i s  addressed to L i sten when t h e  MLA 
m@ssage i s  received. The front pane l 1 ADDR' indicator 
of the Generator i s  L i t  w h i l e  the Generator i s  addressed 
to l i sten. 

The Generator sends data to th@ IEEE-488 bus only when 
requested by a programming data message. Message formats 
are descri bed i n  the Command Description paragraphs. An 
End of Record <EORJ character i s  sent w i th EOl asserted 
fol lowing a l l  outputs. The EOR character i s  e i ther a 
carri age return or a L i ne feed, depending ori the setting 
of the terminator mode. The parity bit i s  a lways zero. 
Multi ple output requests are buffered unti l the buffer 
i s  ful l M  Processing of programming data messages i s  
stopped unti l the buffer i s  no longer ful l .  The buffer 
can be c lea red w i th the Clear Buffer command ( " CB") . The 
buffer i s  a l so cleared on power up (pon>� with a Clear 
Command ( " CL " ) ,  or w i th a Device Clear i nterface· message 
(DCL or SDC) . 

Command syntax, error processing, and i nput buffer 
overf low are described in the paragraphs on Command 
Processing. Refer t o  Table 2-8 for a L i st of IEEE-488 
commands that a re recognized by the Generator. 
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Table 2-10. IEEE-488 Addreu Mode Message Descriptions (coni) 

MESSAGE 

I F C  
Interface- C l e a r  

OTA 

Talker 
Ope r a t i on 

Li stener 
Operation 

Oth�r Talk Addr@SS 

SPE 

Ta lker 
Operation 

Ser i a l  Po l l  Enable 

SPD 

Talker 
Op!O>ration 

Serial  Po l l  Di sa b l e  

DESCRIPTION 

The Generator untalks and unl i stens when the I F C  message 
i s  received� 

The Generator un l i stens and untalks when the IFC message 
is received. 

The Generator unta lks when the OTA message i s  recei vedM 

After rece 1 v ,ng the SPE message� the Generator responds 
w i th the se r i a l  pol l  status byte� i f  addressed t o  t a l k .  

Ta lker After receiving the SPD messager the Generator resumes 
Operation normal talk operati onM 

ULA 
Unli sten Address 

RSV 

L i stener 
Operati on 

Request Serv i ce 

DCL 

Serv i ce 
Ope ration 

Oevi ce Clear 

Clear 
Operation 

The Generator unl i stens when the ULA message i s  
received. 

The f ront panel SRQ indi cator i s  l i t  when the rsv 
message i s  sent. The Generator may request sE! rv i c@ 
for several reasons. Each reason for serv i ce request 
can be i nd i v idua l ly masked w i t h  the set mask command 
("SM" >. . The serv i ce request mask can be i nte rrogated w i th 
the i nterrogate mask command ("IM") . 

The DCl message i s  ignored when i n  Loc a L .  When the bCL 
message i s  rec@ived (during remote operation) the 
Generator i s  c l eared. Any characters i n  the i nput buffer 
are cleared f o l l owed by the same operation as the e lear 
command C'CL'') . The ope rati on of the PCL. message i s  
i dent i cal to the operati on of the se�ected dev i ce c L ea r  
< SDC) message� The clea red s t a te o f  t h e  Generator i s  
des c r i bed i n  the paragraphs o n  Power-On Cond i t i ons* 
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Table 2·10. IEEE-488 Address Mode Message Descriptions (coni) 

MESSAGE DESCRIPTION 

soc 
Sel@cted Device 
Clear 

GET 

Clear 
Operati on 

Group Execute 
Trigger 

Trigger 
Operati on 

Undef ined IEEE-488 
Commands 

The SDC message i s  i gnored during l ocal ope ration� 
Wh@n th@ SD C message i s  received (during remote 
operation>� the Generator i s  c l eared. Any characters i n  
the i nput buffer are cl eared foL Lowed by the same 
operati on as the- clear command ( " CL") . The operation of the 
SDC message i s  i denti � a l  to the operation of the dev i ce 

c l ea r  < D CL) message. The clea red state of the Generator 
i s  descrioed in the paragraphs on Power-On Condi t i ons. 

The GET message i s  ignored dur i ng Loca L operation. When 
the GET message i s  received (during remote operati on) , 
the Generator executes a command s t r i ng that has b@en 
preprograrnmed w i t h  the Conf igure Trigger command ( " CT") . 
The operation of the GET message i s  identi cal to t h e  
operation o f  t h e  Trigger ("TR") command. 

A l l  undef i n�d IEEC-488 commands are a c knowledged by the 
Gene rator handshake sequence, but no acti on i s  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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[ - .. �. - __ j <-1-EEE-488 bus_____,) t� , 

Figure 2-6. 6060B IEEE-488 Bus Connected to a 60608 IEEE-488 Bus 

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

In the talk-only mode, the listener, remotej 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 ("SU'') or Step Down ("SD'') message 
is sent when the [ • ] STEP or [ " ] STEP front panel keys are pressed_ This output is not 
buffered and if no listener is connected to the I EEE-488 1nterface, 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 l (up). If the 
talk-only address switch and the listen-only address switch are set to I ,  the talk-only mode 
is selected. 

If the listen-only mode is selected, the Generator is always addressed to listen, and the 
front panel ADD R indicator is always lit. The Generator listens and responds to all data 
messages on the IEEE-488 Interface. The response to data messages is 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 flocal, 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 Z 
(upper and lower case letters are treated equally), digits 0 through 9, and the following 
special characters: 

@ . , ;  + - CR LF 

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. This rule gives 
the following four possible combinations: 

<HEADER> 
<HEADER> <NUMERIC> 
<HEADER> <NUMERIC> SUFFIX> 
<HEADER> <SUFFIX> 

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. 

I .  Boolean 

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

2. Unsigned Integer 

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 0 through 9. Hexedecimal digits may be the hexadecimal digits 0 
through F. 

dig 

hexdig 
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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. 

4. Trigger String 

The trigger string numeric data is a string of Generator commands terminated 
with an EOR. The string may be up to 7 1  characters not including the EOR. 
Commands in the string are not checked for validity until the trigger string is 
executed with the trigger command. 

EO R is the end of record character. This character is selectable with the 
terminator mode command. "TMO" selects the linefeed character. "TM 1 "  
selects the carriage return character. The IEEE-488 interface signal EO! 
asserted with any other character is also considered an end of record. 

EOS is an end of string character, use either H;" or 4\"'. 

command 

2-51 . 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 2-1 1 .  

2-52. Command Descriptions 
The following paragraphs describe the remote IEEE-488 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 

SU F F I X  TYPE SUfFIX MNEMONIC EQUIVALENT EXPONENT 

frequency and FM GZ gi gaheru 
MZ megahertz 
KZ k i l ohertz 
HZ hertz 

Ampl i t ude v volts 
MV m i l l i volts 
uv mi c rovolt s  
NV nanovol ts 
DB dBm or dB 

AM PC pe r cent 

DAC/BIT Desi gnators DAC and B IT designators 
are two a l pha-character 
mnemoni cs that refe r to 
hardware DACs and bi t s . 

Refer to the pa ragraphs 
on Moni tor Commands for 
a complete L i st of 
designators. 

Learn Suf f i x  A Lea rn suffix i s  a 
string of AS en 
characters that conta i n  
coded memory location 
contents. Refer to the 
paragraphs on B i na ry 
Learn Commands for 
decoding of the learn 
st r i ng. 

2-53. BINARY LEARN COMMANDS 

9 
6 

3 
0 
0 

-3 
-6 
-9 

0 
0 

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 EO! asserted. "TMO" selects 
the linefeed character, and "TMI" selects the carriage return character. 
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Example 

IEEE-488 Command: "LM98" 

Response: 

"BOABAAAAPP J MAAAKAAAAAAAABBOBKKAAAAAPECEAA 
BPEAAABDAEEBBAGBLKKMP AC"<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: 

"LI" 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 is 99, the instrument is programmed to the 
data sent in the learn string. 

Example 

To program the Generator to the Instrument Preset State: 

"LI99BOABAAAAPP JMAAAKAAAAAAAABBOBK KAAAAAPECEAABPE 
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. 

c. 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 dfor negative numbers. 

d. Subtract, 16 from the number raised to the power of the number of digits. 

Example of Instruction I :  

To convert hexadecimal number I E: 

( l  * 16) + 14 = 30 

(Since the most significant digit is I ,  the number is not negative.) 
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Characur 

1 9  20 21 22 23 24 25 
A A A A A A B 
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B p E A A A B 

CHAR. POS. 

CHAR. 

HEX EQlV. 

lNSTRUCnON 

VALUE 

CHAR. POS. 

CHAR. 

HEX EQIV • 

. INSTRUCTION 

VALUE 

CHAR. POS. 

CHAR. 

HEX EQIV. 

INSTRUCnON 
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1 2 3 4 5 6 7 8 9 1 0  1 1  1 2  13 14 1 5  1 6  17 1 8  

B 0 A B A A A A P P J M A A A K A A 

26 27 28 

B 0 8 

49 50 51 

D A E 

AM Depth 

, 2 

AM Step 

3 4 

29 30 31 32 

K D A A 

52 53 54 55 

E B B A 

Reference Ampl; tude 

5 6 7 8 

33 34 35 

A A A 

56 57 58 

G B L 

60 

Figure 2-7. Learn String Example 
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CHAR. POS . 

CHA R .  

HEX EQIV. 

INSTRU CT ION 

VAlUE 

RESOlUTION 

RESULT 

CHAR . POS. 

CHAR . 

HEX EQIV. 

INSTRUCTION 

VAlUE 

RESOLUTION 

RESULT 

CHAR. POS. 

CHAR. 

HEX EQIV. 

INSTRUCTION 

D i s p l ayed Amp l i tude 

9 1 0  1 1  

- 1 0 . 0  dBm 

Amp l i t ude Step 

1 3  1 4  1 5  

1 dB 

1 2  59 

16 58 

Figure 2·7. Learn String Example (cont) 
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Di splayed Frequency 
25 26 27 28 29 30 31 32 

1 

300,000,000 Hz 

Frequency Step 

33 34 35 36 37 38 39 40 

FM Deviation 
41 42 43 44 57 

5000 Hz 

Figure 2·7. Learn String Example (coni) 
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C�AR. POS. 

C�AR . 

HEX EQIV. 

INSTRUCTION 

VALUE 

RESOLUTION 

RESULT 

C�AR. POS. 

CHAR. 

HEX EQ!V. 

EXT REFJ 
0 � INT 
1 - EXT 

R F  
0 - O f f  
1 - On 

E x t e rna l Mod level 
01 - EXT LO 
1 0  - EXT H I  
1 1  - Inva l i d  
00 - Va l i d  

Not Used 

EXTERNAL FM 
0 • off, 1 -

INTERNAL fM 
0 • o f f ,  1 -

EXTERNAL AM 
0 • o f f ,  1 -

on 

on 

on 

FM Step 

45 46 47 48 64 

1 00 Hz 

Data Set #1 C m i  scel Laneous data) 

49 so 51 52 

LRelat i ve 
< s pe c i a L  
3 x ) . 
0 • O f f ,  

Amp l i tude 
fun c t i on 

1 • On 

Relat i v� F r equency 
spe c i a l  func t i on 2x)  

0 = of f ,  1 • on 

Step Func t i on 
001 • FREQ, 010 • AMPL, 
1 00 • MOO 

Modu l a t i on Rate 
01 • 400 Hz, 1 0  = 1 000 Hz 

INTERNAL AM 
0 � of f ,  1 • on 

Figure 2-7. Learn Siring Example (coni) 
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Che-cksum 

CHAR. POS. 61 62 

CHAR. 

HEX EQIV. 

INSTRUCTION 

Data Set #2 (mi sc e l l aneous data) 

CHAR. POS. 53 

aright� 
D i g i t  Pos. 
0001 • FREQ 
0010 • AMPL 
001 1 = AM 
0100 = FM 

Key Repeat Rate ---.J 
< Spec i a l  function 7x) 
00 = MEDIUM 
01 • FAST 
1 0  = SLOW 

AMPL bright d i g i t  
0 0  = 1 st d i g i t  
0 1  • 2nd d i g i t  
1 1  = 3rd d i g i t  

54 55 56 

�Freq. bright digit 
0001 • 1 st d i g i t  
0010 • 2nd d i g i t  
0011 • 3 r d  d i g i t 
0100 • 4th d i g i t  
0101 • 5 t h  d i g i t  
01 1 0  " 6 t h  d i g i t  
0 1 1 1  • 7 t h  d i g i t  

MOdu lation C i splay 
0 = AM, 1 • FM 

AM bright d i g i t  
0 = 1 st d i g i t ,  1 = 2nd d i g i t  

F M  bright d i g i t  
0 0  ::. 1 st d i g i t  
0 1  - 2 nd  d i g i t  
1 0  • 3rd d i g i t  

Ampli tude S pe c i a l  Functi ons 

CHAR. POS. 63 

CHAR. 

HEX EQIV. 

BINARY EQIV. 

- -
Ampli tude I I Ampli tude Fi xed Rang!! 
Correction----'· L--( Spe c i a l  Function 9x) 

( Spec i a l  Function 8x> 
00 • A l l  correction on 
01 � Attenuator Correction off 
10 = A l l  correction off 

00 • Fi xed Range off 
01 � Fi x@d Range on 

Figure 2-7. Learn Siring Example (coni) 
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2-52 

To convert hexadecimal number FF9C: 

((((( 15 . 16) + 1 5) . 16) + 9) . 16) + 12  = 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 
FF9C is - ·· 1 00. 

2. Amplitude quantities 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. If the resolution is A or B (hexadecimal), the resolution of the number is 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 is 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  mY. 

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

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

5 .  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. 

6. The checksum data is 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 0 l .  

NOTE 

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

Tabla 2-12. Learn Characler to Hexadecimal Conversion 

LEARN HEXADECIMAL DECIMAL 
CHARACTER EQUIVALENT EQUIVALENT 

A 0 0 
B 1 1 
c 2 2 
D 3 3 
E 4 4 
F 5 5 
G 6 6 
H 7 7 
I 8 8 
J 9 9 
K A 1 0  
L B 1 1  
M c 1 2  
N D 1 3  
0 E 1 4  
p F 1 5  

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

"CB" Clear IEEE-488 input buffer 
"CE" Clear IEEE-4&3 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, ROl ,  CE, CB, RMO, TMO, EMO, VMO, 
UMO, SM192, SP08, XFO, DWO, 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 

COMMAND DESCRIPTION COMMAND STATUS 

II EMil Error Mode 1 - on .. 0 � off 
IIRMII Record Mode 1 - on ... 0 � off 
11TM" S e l ect Terminator 1 � CR. 0 � lf 

''UM11 Unbuffered Mode 1 � on,. 0 � off 
"VM" Valid Mode 1 ;:;:: on .. 0 = off 

The error mode selects when the IEEE-488 rejected entry status is cleared. If turned on. 
the error status is cleared when a new message is processed. If turned off, the status is 
cleared 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 is a 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 IEEE-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 I EEE-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 is 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 
Unbuffered Mode 
Error Mode 

= I  
= 2 
= 4  
= 8 
= 16  

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: 

f R I NT \!1 ,  ''CL, TMl .  RMl .  VMl, UMl "  PIHNT 11 I ''FI U OOMZ. AP�2:5DB" �R INi &:i'i!1 '' 7 '' INPUl' Q:2, RS 

The entire record is transferred into the Generator before processing begins. In this 
example, processing begins when the record terminator CR is received. The following 
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 handshake the LF 
character until its output has settled. 

NOTE 

A record is a string of characters separated by (EO R>. A message is the 
smallest group of characters that the Generator can process when programmed 
from the /EEE-488 interface. 

NOTE 

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

2-56. I NTERROGATE 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 
"IO" Optio

"
n Loading 

"IR" IEEE-488 Rejected Entry Status 
"IT" Self-Test Results 
"IU" UNCAL (uncalibrated) Status 
"IV" Software Revision Level 

When the "ID" command is sent, the Generator responds with its instrument 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 
lOth digit and the ( EOR) character. The time is in . I  hour units. For example, 
"000003459.3"< E0R} indicates 3459.3 hours of operation since manufacture. 

The "II" command interrogates the current selection ofinterface modes. A 5-digit integer 
followed by the <EOR> character is the sum of the modes selected as follows: 

Terminator mode= I 
Record mode = 2 
Valid mode = 4 
Unbuffered mode= 8 
Error Mode = 16  

2-55 



INSTALLATION AND OPERATION 

2-56 

The "IO" command interrogates the Generator for its option complemeot. 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 arc the sum of the 
option related numbers as follows: 

2nd Number 

4 = - 1 30 High-Stability Reference Option 
8 = -65 1 Low-Rate FM Option 
16 = - 1 32 Medium-Stability Option 

3rd Number 

2 � -830 Rear Output Option 

For example, "6,1 2,2" would indicate a 6060B with options -65 1 , - 1 30, 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 sum 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 SDC. 

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 power-up and can 
also be initiated with special function 02. 

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 "IV" command interrogates the Generator for its current software revision level. The 
returned record is similar to the following: 

"V l .O" <EOR> , 

This means that the software revision level is Version l .O. 

Table 2-14. Self-Test Error Codes 

MO D  

a a 
fREQ 

-bbb C C C  
AMPL 
ddd 

aa - Modulati on (AM and FM) test res ults 
- If di splayed, i ndi cates the se l f  test d i d  not complete 

bbb - Frequency test results 
c c c  = Di g i t a l  test results 
ddd - Amp l i t ude test res u l t s  

111 
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2-57. MONITOR COMMANDS 
The Generator monitor commands are intended for troubleshooting and maintenance 
procedures. They allow the instrument hardware to be programmed to states not 
normally possible with the regular programming commands. 

CAUTION 

The output of the Generator Is not guaranteed If 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� 1 5  lists the Input/Output types of monitor commands. Table 2-16 lists 
the Read j Write types of monitor commands. 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 Operation 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 

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 is 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 SRQ 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: 

"XFO" = Alert Mode off, "XFl" = 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 Generator 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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COMMAND NAME 

Read Input B i t  

Set Output B i t 

Set Output DAC 

Table 2-15. Input/Output Monitor Commands 

COMMAND VALUE DESIGNATOR NAME 

"lB" 

1108" 0 or 1 

110011 ( i nteger v a l ue )  
0-255 
0-1 27 

0-1 023 
0-7 
0-1 023 
0-1023 
0-4095 

"EX" 
''H S" 
11IE" 
ul.F" 
''MH'' 

"ML" 
''NV" 
''RO" 
"R: P'" 
11RT'' 
"SR'' 
"TQ" 
"UK'' 
"UV" 
"XA" 
"XB11 

"CL I I  

''EA" 
"EF11  
" F E "  
11FP" 
"HO" 
"HT" 
"1A'1 
" l F "  
"LP" 
''MA" 
"MB" 
"MF" 
"MG" 
"MS'' 
"NE" 
"PU" 
"Rl" 
"RR'' 
"SE" 
"SH'' 

11XO'' 
''YA11 
uy6u 
"YC" 

lDAC 
''AM'' 
"AT'' 

11FM "  
II FR" 
"KN11 
"KV" Ill!:; II 

ex ref L 
hsopt l 
i ei n l  
l rf m  
m l ev h i  
m l ev lo 
nvi nl. 
ropt l 
rppl 
rptrpl 
sh ref L 
trseql 
unlok 
un l v l  
msopt l 
e�t ra-b 

c l r  
ext am 
extfm 
frnen 
f ront� paneL 
haocth 
het 
i ntam 
i ntfm 
mid 
rmuxO 
rmux1 
mf400l 
module-gate 
t rmodl 
nven 
pulse 
r i nh 
rprst 
shen 
shet 
xoenl 
e x t r a-a 
ext ra-b 
ext ra-e; 

locati on) 
AM dac 
at tenua tor 

FM dac 
FM range 
kn dao 
kv dac 
Level dac 

LOCA liON 

A2A7. U1 1 - 1 3  

A2A7. U1 1 " 1 4  

A2A7, U1 1 -7 
A2A7. U40- 1 3  
A2A7. U40-8 
AZA7. U40-3 
AZA7. U1 1 - 8  
A2A7. U40- 1 7  
A2A7. U1 1 -3 
A2A7 .  U1 1 -4 
AZA7, U40-1 8 
A2A7, U40-4 
A2A7, U1 1 - 1 7  
A2A7, U1 1 -1 8 
AZA7, U40-1 4 
A2A7. U4D-7 

AZA7, U17-16 

A2A4 , U308-19 
A2A4,. U308-16 
A2A1 , U19-1 9 
A2A7. U1 7-9 
A2A4, U305-5 
A2AI. � U305-9 
A2A4; U308- 1 5  
A2A4, U308-1 2 
A2A4, U305-6 

A2A1 , U32-5 
A2A1 , U32-2 
A2A4, U3 08-9 
A2A7, U1 7-6 
A2A1 . U�Z-1 5 
A2A7, U17-5 
A2A4, U308-6 
A2A1 , U32-9 
A2A7. U1 7-2 
A2A1 , U32-1 2 

A2A1 , U32-16 

A2A1 . U32-6 

A2A7, U17-19 
A2A7. U17-1 5 
A2A7, U17-1 2 

n . a .  
A2A7, U27-5 , 6 ,  9 ,  

1 2 .  1 5 ,  1 6 .  1 9  
A2A4. U403-6 th rough 1 3  

A2A1 . U19-1 2 , 1 5 . 1 6  
A2A1 ,. U27-4 th rough 1 3  
A2A1 , U29-4 th rough 1 3  
A2A4, U303-4 t h rough 1 5  

0-255 "TC" temp.comp.dac n . a �  
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Table 2-16. Read/Write Monitor Commands 

COMMAND NAME 

Read byte 
Read word 
Def i ne write address 
Write byte 
Write word 

Notes 

COMMAND SYNTAX 

"RB'' memory 
11RW11 memory 
"DW" memory 
"WB'' va l ue  
"WW" value 

Location 
location 
location 

NOTES 

1 
1 
2 
2 
2 

1 - The Generator responds t o  these commands w i th the value of the byte 
or word in the memory location addressed. The memory location must 
be an unsigned integer. The value returned i s  fol lowed by an <EOR>. 

2 .  

If the memory location i s  spe ci f ied i n  hexadecimal, then the value 
i s  returned i n  hexadecima l  preceded by an 11X11 • 

The Define Write Address command s pe c i f i e s  the w r i te address used 
w i t h  the Write Byte and Write Word commands. When the Wri te Byte and 
Write Word commands a re used, the speci f i ed data wi l l  be written t o  
that write address. 

Table 2·17. Hardware Control Monitor Commands 

COMMAND NAME COMMAND SYNTAX NOTES 

Read a,ttenua t i on ''XA'* 1 
Set a ttenua ti on uxsn i nteger. 1 

Set synthesizer f requency 11XD11 f loating point decimal "HZ" 2 
R F  on/off "XR" "011 or ''1·" 3 

Notes 

1 • The cur rent setti ngs of the Attenuator can be read or set. The 
attenua ti on i s  a number f rom 0 to 23 where the number specif ies the 
mul t i p l e  of 6-dB attenuation. Zero i nd i cates no attenuati on. and 23 i s  
the maximum attenuation. Only the attenuators a r e  changed w i th the 
"XB" command . The value of the a ttenua ti on wi l l  be output on the "XA" 
command as an unsi gned i nteger fol lowed by <EOR>. 

2 .  The 11XD" command can be used t o  program the Generator to the spe c i f i ed 
frequency. Only the synthesizer ci rcui ts on the Synthesizer P CB  i s  
programmed. No offset i s  added, no f i l ters a r e  programmed, no VCO 
compensa t i on i s  ca l culated, and no level correction i s  ca l culated. 

3 .  "XRO" programs a l L  attenuati on,. and 11XR1 11 restores the attenuator to 
i t s  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 7 1  characters in length. The validity of the programming commands is 
not checked until the trigger buffer is executed. The power-on value of the trigger string is 
null (nothing). 
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Table 2-18 SRQ Mask and Sialuo Value• 

VALUE 

1 

2 

4 

8 

1 6  

3 2  

64 

1 28 

REASON 

Ready 

TRUE 

Input buffer i s  empty 
and no commands are 
being processed. 

Rej ected Entry IEEE-488 rej ect ed 
entryi e r ror code i s  
not :z:ero. 

Unca l i brat@d RF output i s  not 
c a l i brated. ( front 
panel 1 UNCAL1 i nd i 
cator i s  l i t . )  

Power on Instrument h as 
powered up .. 

Output v a l i d  R F  output i s  se ttled. 

Not Used 

RQS SRQ mask ANDed w i th 
currently set value s  
i s  not ll:ero� 

Front panel Spe c i a l  funct i on 07 . 

FALSE 

Input buffer i s  not 
empty or commands are 
being processed . 

IEEE-488 rejected 
entry error; code i s  
zero. 

RF output i s  
ca l i brated. ( Front 
pane l 1 UNCAL 1 indi
cator i s  not l i t . )  

Spe c i a l functi on 08. 

R F  output is not 
settled. 

Reason for $RG goes 
away or ser i a l  po l l  
i s  performed. 

Speci a l  funct i on 08. 

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 execute trigger interface message (GET). 

2-60. Command Processing 
The following paragraphs describe how I EEE-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 IEEE-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 HAN DLING 
The Generator detects two types of errors while processing IEEE-488 commands: syntax 
errors and processing errors. All errors are accumulated until the error status is 
interrogated or is explicitly cleared. The IEEE-488 rejected entry status is interrogated 
with the "IR" 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 IEEE-488 
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 commands 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 can 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 GEN ERATOR 
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 mPltiplying the number of characters by the rate of transfer. 

2-65. COMMAN D-PARS ING T I M E  
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. INSTRUM ENT-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 frequency changes (not crossing a band) typically settle by the time the 
software-programming time is up, so no additional instrument-settling time is required. 
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Table 2-19. Command-Parsing Time 

COMMAND COMPONENT TIME 

Header 2 ms 
Boolean N ume r i c  1 ms 
Unsi gned Integer Nume r i c  2 ms + 1 ms per charact e r  
F l oa t i ng-Po i nt Nume r i c  2 m s  + 1 ms per character 
Tri gger- S t r i ng Nume r i c  1 0  m s  + 0 . 5  m s  per character 
S uf f i x  1 to 1 .5 ms 
Learn-lnterface Suf f i x  3 5  ms 

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

FUNCTION TIME < lN msJ NOTES 

Frequency 5 5  1 .  2 .  3 ,  4 
Ampl i t ude i n  Volts 50 1 .  2 .  4 .  5 
Ampli tude i n  dBm 90 1 ;  2 � 4 .  5 
AM Depth 45 2 .  4 
FM Dev i at i o n  3 0  4 
Modulati on Frequency 25 
Enable/Di sable AM 5 5  2 .  
Enable/Pi  sable FM 25 
Reca l l  98 , 85 6 .  5 
R F  Output On 45 2 
RF Output Off 3 0  

Notes 

1 • May take up t o  5 ms Longe r i f  the r e lati ve mode i s  enabled. 

2 .  Can save 1 0  ms i f  a l l  Level cor recti on i s  di sabled w i t h  s pe c i a l  
func t i on 81 . 

3 .  Add 20 ms when f requency changes from greater than or equal to 245 
MHz to Less than 245 MHz. Subtract 20 ms from f requency hardware-
se t t l i ng t i me i n  t h i s  case. 

4 .  Edi t s  and steps may take up t o  5 ms Longer than the programmi ng 
f uncti on di rect l y .  

5 .  Add 5 ms when the Attenuator settings change. 

6 .  Reca l l s vary considerably dep@nding on the stored da ta. Ma x i m llll i s  

approximately 250 ms.  

2-68. TIMING OPTIM IZATION 
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, regardless 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 ("RMO") 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 2-2l 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 . IEEE-488 Power-On Stale 

INSTRUMENT PARAMETER STATE NOTES 

M.emory location parameters Same as power off 1 
RF on/off Same as power off 
Last memory location Same as power off 2 
Remote/ local state Local 
lEEE-488 output buffer Cleared 
IEEE-488 input buffer · cLeared 
V a l i d  mode Same as power off 
Record terminator Same as power off 
Unbuffered mode Same as power off 
Record mode Same as power off 
SRQ mask Same as power off 
Trigger conf iguration Same as power off 
SRQ interface signal May be asserted 3 

Notes 

1 .  The contents of memory location 98 (Instrument Preset State> i s  
l i sted i n  Table 2-3 . 

2 .  The last memory locati on. i s  used for sequence operations. 

3 .  I f  the SRQ mask has the power on, output va l i d, or ready SRQ enabled, 
the SRQ interface si gna l i s  asserted on power-on. 

2-63/2-64 
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3-1. INTRODUCTION 

Section 3 
T heory of Operation 

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 Section 
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 + l 5V, - 1 5V, +5V, +37V, + l 8V, and 6V 
ac to the Generator. All the power supplies are series-pass regulated except the 6V ac 
filament supply and the + l8V supply, which provides power to the Attenuator relays and 
Reverse Power Protector (RPP) relays. A fuse/ filter j line-voltage selector allows the 
Generator to operate from any common supply voltage. 

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

The Option - 1 30 High-Stability Reference operates whenever the instrument is plugged 
into an active ac outlet, regardless 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, (A2A5) 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 Output and Attenuator assemblies, 
stored in the Output and Attenuator calibration EPROMs. The EPROMs are located on 
the Controller assembly. The correction data is based on measurements of each 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 I V  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 de 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 control 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 
Mid-band 
High-band 

0.01 MHz to 245 MHz 
245 MHz to 5 1 2  MHz 
512 MHz to 1050 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 circuit 
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 PLL 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, wide band 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 VCO, the two effects are complementary and result 
in a flat FM response. 

3-1 1.  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: 

• Interfaces with the front panel keys and the IEEE-488 Interface to provide 
access to the Generator functions. 

3-3 
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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 
I EEE-488 task 

The service task checks the status signals. The key task and IEEE-488 task process user 
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 Output 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 · m volts, where 

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

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

Table 40- 1 5  lists the Attenuator sections programmed for various displayed levels. 

3·15. Level DAC 
The level DAC setting ( LEV 0 through 9) 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 
is used in programming the Attenuators and the level DAC when the Attenuator setting is 
changed: 
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I .  The LEVEL DAC is programmed to zero. 

2.  The new Attenuators are programmed in addition to the old Attenuators. 

3. After a 5-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 is stored 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 OUTPUT connector. The status line RPTRPL indicates 
whether the RPP circuitry has tripped. If the RPP trips, the RF output is programmed 
off, and the RF OFF indicator flashes. The RPP circuitry is reset by the operator turning 
the RF 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 j 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/Off 
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 40-17, 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 40-18 Modulation Frequency Control lists the 
MF400L control states. 

3-5 
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3·22. Amplitude Modulation 
The Generator allows amplitude modulation depth programming from 0 to 99% with I %  
resolution. However, the maximum calibrated AM depth i s  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 100% 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 40- 1 2, FM Ranges, lists the three ranges. 

3-24. FM Deviation 
The FM DAC is a !O-bit DAC programmed to the FM deviation in Hz divided by the 
resolution. Table 40- 1 3  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 arc automatically displayed as error codes. 
Several special functions are available for additional tests. (See section 40- 1 6. )  Also, the 
Generator microprocessor continuously monitors two status signals, UNL VL 
(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] [ ! )[ ! ] keys and can also be 
transmitted using the optional IEEE-488 Interface. 

Self tests 1 through 5 are digital checks that indicate the general functionality of the 
Controller assembly. Self tests 6 through 10 use the two status signals UNL VL 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 40. A brief description of 
the different Generator self tests are described in the following: 

Test 1 .  The Generator RAM i s  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. 

Test 2.  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. 

Test 3.  The data in each of the three calibration EPROMs (VCO, Output, and 
Attenuator) is summed and compared with a checksum. 

Test 4. 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 ifthe response is 
the one expected. The operator is given a report only if the test fails. 
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Test 5. Each memory location of the Non-Voiatile RAM is checked with a 
checksum. 

Test 6. The low-pass filters on the Output 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. 

Test 7. The synthesiler operation is verified by programming the Generator to a 
normal operating frequency and checking to see that the instrument is 
locked. The Generator is then programmed to a synthesiler frequency 
below 225 M Hz and then above 550 M Hz 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. 

Test 8. 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. 

Test 9. 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 carrier and then 
checking the unleveled indicator. ·This is done by programming a high 
output level and programming !NT 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: 

I .  The front panel displays are checked'
any 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. 

2. 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 = 0 indicates Option -130 High-Stability Reference is installed. 

MSREFL = 0 indicates Option -132 Medium-Stability Reference is installed. 

IEINL = 0 indicates Option -488 IEEE-488 Interface is installed. 

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

3-7 



THEORY OF OPERATION 

3-8 

ROI'TL = 0 indicates Option -830 rear panel RF OUTPUT and MOD IN 
connectors is installed. 

The status of the rear panel REF EXTJINT reference switch is continuously monitored 
with the EXREFL bit. The state of this bit is used by the Controller to display the 
'FXTREF' indicator on the front panel and to program the reference source. 

The RF output of the Generator is considered calibrated whenever the 'U NCAL' 
indicator is 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 'U NCAL' indicator· 11ashcs 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 

U N LO K L  

U N LVLL 

= 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 flashes. 

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

A I Front Section 

AlAI  Display Assembly 
AlA2 Switch Assembly 

A2 Module Section 

A2A l Synthesizer Assembly 
A2A2 VCO Assembly 
A2A4 Output Assembly 
A2A5 Attenuatorj RPP Assembly 
A2A 7 Controller Assembly 
A2A8 Non Volatile Memory Assembly 

A3 Rear Section 

A3A I Power Supply Assembly 

3-29, FRONT SECTION, A1 
The Generator front section, A I ,  consists of the Display PCA A l A I ,  the Switch PCA 
A I A2, 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 AlAI 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, A2A 7, 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 A2A 7 
and is latched by U 1  through US on the display board. Latch select signals DIGL, 
SEG 1 L, SEG2L, SEG3L, and SEG9L determine which latch receives the data. Level 
shifting buffer drivers U6 through U 10  interface the TTL latches directly to the +37V 
anodes of the vacuum fluorescent displays. 

3-32. DISPLAY Fl LAMENT VOLT AGE 
The 6.0V ac filament voltage for the display is derived from a center-tapped winding on 
the power supply transformer, Tl .  The ac filament voltage is biased at +6.2V above 
ground by circuitry on the power supply board A3A I ,  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 U 1 is buffered by open collector inverters U 13 and U lS,  
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 U l4. 

3-35. DISPLAY BLANKING 
Monostable U l l  and NOR gate Ul2  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 U l l  low, thus clearing latches U2 through US. To restore the display, press 
[SPCL] [1][2]. 

3-36. MODULATION-LEVEL I N D I CATOR 
The external modulation-level indicator warns the operator when the modulation signal 
is not set to 1 V peak (± 2% typically). The external modulation signal is compared in the 
dual-comparator, U 16, with internal references of 0.98 and 1.02V. Two status bits, 
MLEVLO and MLEVH 1, are at the output of the 0.5 second dual one-shot, U 17. 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 j OFF switch, consist of an 
Elastomer membrane sandwiched between the Switch PCB AIA2 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: 

A2Al ,  Synthesizer 
A2A2, VCO 
A2A4, Output 
A2A5, Attenuator/ RPP 
A2A7, Controller 
A2A8, Non 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-M Hz reference frequency, the 
Synthesizer assembly simultaneously generates a high-band signal that spans 490 to 1050 
MHz and a mid-band signal that spans 245 to 5 1 2  M Hz. 

The high-band and mid-band signals are coupled to the Output A2A4. Here, 
heterodyning extends the Generator frequency coverage down to 0.0 1 M Hz. 

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

I 0-M Hz Reference 
Main PLL 
FM Processing 
800/40 M H z  PLL 
Sub-Synthesizer 

3-40. 1 0-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 1 ,  2, 5, or 10 
MHz can also be locked to this oscillator. 

The internal lO-MHz crystal oscillator(XO) is a crystal, Yl ,  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-harmonic phase detector, U68, 
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 dividc-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 A2A l .  

The key signals to the main PLL are the 1-MHz reference signal from the 1 0- M Hz 
Reference circuit, the 245-MHz to 5 1 2- M H z. 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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THEORY OF OPERATION 

The SSB 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. All but the VCO are 
described in the following paragraphs. The VCO is discussed in paragraphs 3-48. 

3-42. Binary Divider And Sing le-Sideband Mixer 
The 490-MHz to 1050-MHz signal from the VCO via J l07 is coupled to the binary 
divider, U l .  Regulator Q 1 provides +5V for the divider. One output of U l is coupled to 
the Output PCA, A2A4 through J 104. 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 U 10, are summed in the double
balanced mixers U7 and US 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 network 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 5 12  MHz in 20-kHz steps, is amplified 
by U9 and applied to the N-Divider where it is divided down to 1 M Hz. 

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

Triple-Modulus Prescaler (divide by 20/ 21/ 22) Ul8, U l9, and U20 
N-Divider Custom Gate Array U17  

The triple-modulus prescaler, Figure 3-1 ,  consists of a divide by 10 I 1 1  (U20), divide by 2 
(U !SA), synchronizing flip-flop (U 18B), and quad NOR gates (U 19). If all the inputs (E I,  
E2, E3, E4, and E5) to the 10/ I I  divider are low, the prescaler divides by I I, 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 El and E3 are low, the modulus of the 10/ 1 1  divider is controlled by the output 
of the following divide by 2 (U !SA). Consequently, the prescaler divides by 10 half the 
time and by 1 1  the other half, resulting in a divide by 21 .  U20 contains the ECL to TTL 
converter. U I8B synchronizes the changing of the modulus with the clocking of the 
subsequent stages. The N-divider is clocked by the composite prescaler output UlSA. 

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. 

3-1 , 
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The N-Divider gate-array contains two 5-bit binary counters (A and N), a 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 2 1  (or 22, TRMODL == low). The mode line 
stays low for 3 1-A counts, where A is the programmed number. The mode line goes high, 
and the prescaler divides by 20 (or 2 1 ,  TRMODL = low) for 3 1 -N counts. 

The total division is: 

(P+ l)*(3 1 -A) + P*(( J l-N)-(31 -A)) or P*(3 1-N) + (3 1 -A) 

On the 3 1 st count, the counters are rcinitialized. Figure 3-3 shows the timing for the A
counter programmed to 26, and the N-counter programmed to 18 .  Only the CK NL and 
MODE L signals shown in Figure 3-2 are accessihle at U 17 ,  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-11ops in the rate multiplier get 
setup on count 29, and on count 30, a pulse may or may not be present depending on the 
programming of the rate multiplier. This is the shaded pulse in the timing diagram, Figure 
3-3. 

Irregularly spaced rate-multiplier pulses cause the mode line to go low, and the prescalcr 
divides by P+l at a rate equal to the rate multiplier programming. At a division of 255, 
the N and A counters are normally programmed to 1 5. This means the divider is always 
dividing by 2 1 ;  consequently, there is no place to slip in the rate-multiplier pulses. 

It might be noted that a 20/ 2 1  dual-modulus prescaler will not allow division from 245 to 
525 without holes. For example 252 is 0 frames of20 and 1 2  frames of2 1 .  Consequently, 
there is no place to 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 1 2  frames of 2 1  and 0 frames of 22. The deletcr functions by 
allowing the prescaler to divide by 22 at a rate equal to the rate-multiplier frequency. 
Number 253 is 1 1  frames of 21 and 1 frame of 22. A software algorithm determines 
whether to operate in the 20/ 2 1  mode (TRMODL =1 )  or 2 1 / 22 mode (TRMODL =0). 

The frequency at the output of the N-divider gate array, is (Fo/2 - F, - Fd)/ N ;  where Fo is 
the VCO output frequency, F,is the sub-synthesizer frequency, and Fd is the fractional
division frequency. 
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3-44. Phase Detector 
The 1 -MHz reference signal from dividc-by- !0  U5H, and the t-MHz signal from the N
divider U 17 are connected to a digital phase-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 Q ! 6  is above ground, then CR 1 2  is turned off. This allows 
current from Q 1 9  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-dividcr output are the same frequency. 

Similarly, if the N-divider output frequency is below the reference, TP39 is low, and the 
voltage at the output of level shifter Q 17 is below ground, turning offCR 1 5  and allowing 
current from R !08 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 cycles in either direction, the corresponding phase-detector output is high 
or low. This provides twice the integrator current during acquisition as a conventional 
phase-fr-equency detector. 

R !07 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 arc detected by 
the one-shot, U47 that produces the UNLOK status that is 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 VCO Calibration EPROM. The instrument 
software uses this data along with N to control the PLL bandwidth in a compensating 
manner. The PLL bandwidth is controlled by changing the current to the down-pump via 
the KN DAC, U27, and the voltage-to-current converter, U46, Q l 8, and Q l9. 

3-45. Loop Amplifier 
The loop amplifier-integrator consists of operational amplifier U48, C l l 8 and R9 l .  
Capacitors C l21 and C l l9 filter the l-MH1. reference. The output of the integrator is 
connected to a multi-pole LC filter (R92, Cl23, C99, C l 24, Cl26, C l25, L49, L50, and 
R93) that attenuates the delete rate (20 and 40 kHz) and reference 1 -MHz spurs. 

Diodes CR9 and CR!O stabilize the loop during switching. The filter is buffered by the 
Darlington emitter-follower Q20, which is biased at 10  rnA by Q2 l .  Additional leadjlag 
compensation is provided by R99, RIO! ,  and C l 3 1 .  Proper termination for the filter is 
provided by R93 and Q22. The voltage for the loop amplifier is regulated to 
approximately +JOY by Q l5. 

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 d ivide 
correctly. The photoisolator U50 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 Output board is first processed by 
the K V DAC (U28, and U29) to compensate for the VCO tuning coefficient. The K V 
DAC setting is proportional to I /  K v, where K v is the tuning coefficient. This correction 
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is stored in the VCO Calibration EPROM on the Controller board. For output 
frequencies above 5 12  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 Q lO, Q l l ,  and Ql2. 
Comparator U42 converts TTL levels to OV (on), and -15V (off) required by the FETs. 
U41A 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, U41, 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 bandw.idth. 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 U41 D  is summed with the VCO control voltage via R88 and Cl l7. FET 
Q13  allows the FM to be turned off. The audio signal is also processed by integrator 
U41 A, R85, R86, and C1 15. The audio signal is ac coupled into the phase-detector 
integrator via R89, R90, C l l 6, and FET Q14. (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 is 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 
U 64. 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 U64. The 40-Hz 
balanced ECL signal from U 64 drives the two-phase clock generator. A self-biased gate, 
U65, converts ECL to TTL. U66 divides the40-MHz signal by four to produce a 10-MHz 
signal that is compared against the 10-MHz reference in the phase detector U59 and U65. 

Op-amp U60, resistor network Z9, and CIS! ,  C l85, C186, and C201 integrate the phase 
detector pulses to produce a de 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 oscillatorfor 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  rnA by R l 82 and Rl91 .  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 +IV with the collectors at +6.5V. 

The PLL control 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, R 187, R 189, R 197, 
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R 198, and R200 provide isolation between the outputs. The VCO signal is 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 lJ6l to provide the feedback for the 
PLL. 

3-49. SUB-SYNTHESIZER 
The sub-synthesizer consists of the clock generator, U34, 35, Q4, Q5, the gate-array, U33, 
the divide by 500, U 15 ,  and lJ 1 6, and the low-pass filter L I  I and L 17. Internal to the sub
synthesizer gate-array, lJ33, are a divide-by-two, a 3 l /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 lJ34, U35. 

An enable output of each section allows multiple sections to be cascaded. The input 
frequency to the rate-multiplier is 20-M Hz. 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-M Hz clock to produce 20 M Hz to 39.995 M Hz at U 33 pin l .  This is divided by two in 
the gate-array, by ten in U l 5, and again by 50 in U 16 to produce 20 kHz to 39.995 kHz in 
5-Hz steps. This TTL signal at TP l l  is filtered by L l l ,  Ll7 ,  and C4 l ,  C42, C48, C50, and 
C5 l .  Op-amp, U 10 forms an active quadrature generator, and the output pins 14 and 8 
are offset by 90°. These two signals are the 20-k Hz to 40-k Hz 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 control voltage 
range of +2V to + l 8V. The basic oscillator circuit uses two active devices operating as 
negative resistance clements. 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 A2Al 
assembly. To suppress harmonics, two tuned trap filters are placed between the negative 
resistance devices and amplifiers Q2 and Q4. 

The oscillator transistors Q l and Q3 are biased at 1 3  mA by the FET current sources Q5 
and Q6. The voltage at the collectors of Ql and Q3 are typically set at +6V. The two 6-dB 
amplifiers Q2 and Q4 are biased so that the voltage at their emitters is about +0.3V and at 
their bases about + l V, with the collectors at about +6.5V. 

The PLL control voltage from the Synthesizer assembly A2A l at P 102 provides the 
tuning voltage for varactors CR l and CR2. This voltage also controls varactors CR3 and 
CR4 with resistors R6, R4, R 1 8, R l9, and R20. These varactors, in conjunction with their 
lead inductance and C l 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 
dBc. 

The output attenuators consisting of Rl3 ,  R l4, R l5, R27, R28, and R29 provide the 
isolation between the two VCO outputs at P 103 and P l04. C23 and C30, in series with the 
printed board inductors, form out-of-band trap filters for approximately 1 .4 G Hz_ These 
filters further suppress the out-of-band harmonics. 
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THEORY OF OPERATION 

C23 �;ouples the VCO signal to the Synthesizer assembly by a through-the-plate coaxial 
connector P 104. The other VCO signal is connected to the Output assembly A2A4 by a 
plug-in capacitor, A2C l .  This plug-in capacitor allows either VCO or the Output PCA to 
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 circuit 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 SPOT bandswitch circuit selects between the 5 12-MHz to 1050-MHz 
signal at P I06 and the 245-MHz to 5 12-MHz signal at P107. The selected signal is 
applied to buffer amplifier Q 10 I and Q I 02. 

The 245-to 5 12-MHz signal directly generates the 245-to 5 12-MHz mid-band output 
signal. The 5 12-MHz to 1050-MHz signal generates the 512-MHz to 1050-MHz high
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 Q 10 I and Q I 02 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. 

The first section of the circuit is a printed 1 100-MHz low-pass filter. The second section is 
switched into the RF path via PIN diodes CR106 through CR I IO by asserting MIDL 
when the Generator is operated in the mid-band (245 to 512 MHz). PIN diodes CR1 14 
through CR I 16 select capacitors C1 19, Ci21 ,  and Cl23 whenever HAOCTH is  asserted 
to change the section cutoff frequency from 5 12  to 350 MHz. The third sectio�;� provides 
harmonic filtering for the two higher bands, 512 MHz to 730 MHz, and 730 MHz to 1050 
MHz. PIN diodes CRi l l  through CRI B select capacitors C 1 12 through C1 14to change 
the cutoff frequency from 1050 MHz to 730 MHz whenever HAOCTH is not asserted. 

The amplitude modulator consists of PIN diodes CR 1 17 through CR 120 and associated 
components and follows the switchable filters in the signal path. The modulator is a 
voltage-controlled variable attenuator that provides AM and output level control. 
Modulator control voltage is determined by the leveling-loop circuitry. The leveling loop 
is described later in this section. 

Q209, Q21 1 ,  Q213, and associated components follow the modulator in the signal path 
and form a three-stage, 2Q-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-M Hz to 1050-MHz position, the signal passes through 
diodes CR204 through CR209 to the output amplifier Q2 15.  This low-distortion output 
amplifier has 6-dB gain and output capability of 1 5  dBm. 

For low-band operation (0.01 M Hz to 245 M Hz), the signal from the power splitter is 
routed through CR203 to an adjustable attenuator, R224 through R229, and then to the 
RF port of U20 I (a double-balanced mixer). The signal frequency at the mix.er 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 P I  08 and is amplified by Q207. This 
fixed-tuned amplifier has 1 3  dB of gain and provides a 10-dBm signal at the mixer LO 
port. 

The mixer 0.01-M Hz to 245-MHz output signal is passed through a diplexing low-pass 
filter (C21 9  through C230, R230, R23 1 )  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 IF amplifier gain increases with frequency and is nominally 35 dB at 0.0 I MHz and 
37 dB at 245 MHz. 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, C21 8  and printed inductors) and 
PIN diode CR2 10 to the output amplifier. The + 1 5V power supply for the LO and IF 
amplifiers is switched off by Q30l  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 LOOP 
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 is detected by a Schottky detector diode, CR202. 

This diode generates a temperature-dependent de voltage, which is a non-linear function 
of the applied R F voltage, so temperature compensation and linearization are necessary. 
The detector diode signal is low-pass filtered by L2 I 7 and C253, and is offset by the 
voltage across temperature-compensating diode CR I 26. Q l04, QI05 and associated 
components form a current source circuit that provides bias current for CR 1 26 and 
CR202 

The offset detector diode voltage at U 10 1  B pin 3 is linearized by amplifier U 10  I B and its 
associated feedback components. Potentiometer R l44 provides detector linearity 
adjustment. Thus, the voltage at U 10 1  B pin I is proportional to the RF voltage at 
detector diode CR202. 

This voltage is divided and applied to the loop integrator amplifier at U 10 I A pin 6. This 
amplifier drives the modulator through emitter follower Ql03 and through the action of 
the ALC loop, maintaining the voltage level at U I 0 I A pin 6 equal to that on pin 5. Pin 5 
voltage is a function of the leveling loop control voltage applied to R l 40. R l 40, R l4 1 ,  
CR 127, and CR 1 28 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 de leveling loop control voltage applied to R 140. 

The amplitude modulator consists of PIN diodes CR I I 7 through CR 120, resistors R l 2 l ,  
R 122, and capacitors C l 37 and C 138. Attenuation through the modulator is a function of 
bias current through the PIN diodes. This current is provided by the modulator linearizer 
circuit (RI23 through R l29, Rl48, R l49, C I 39 through Cl43, and CRI2 1 ). 
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Modulator attenuation is thus approximately proportional to the modulator control 
voltage at the emitter of Q I 03. Proportionality is required to maintain constant leveling 
loop bandwidth as modulator attenuation varies. Minimum attenuation is obtained with 
a modulator control voltage of IOV, while maximum attenuation is obtained with OV. 

Comparator 0310A and associated components form an unleveled indicator circuit. The 
comparator senses the modulator control voltage at the emitter of Q I 03. This voltage is 
normally less than +I IV, and the comparator output is high. If the modulator control 
voltage exceeds + I I  V, the modulator attenuation is at a minimum, and the leveling loop 
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 (ONL VLL) goes 
low. The Controller senses this low and causes the front panel'ONCAL' 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 de 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 0401 C, 0401 D, and Op-amp 0402B. The selected, buffered modulation 
signal at 0402B pin I is applied to pin 4 of 0301, a dual S-bit DAC. 0301 ,  with 03020, 
acts as a digitally programmed variable attenuator and is labeled AM DAC. 

Binary AM depth control information from the Controller is applied to DAC 0301. The 
output at 03020 pin 14 is the modulation signal scaled to the programmed AM depth. 
This ac signal is summed by op-amp 0302B with a de reference voltage provided by 
CR403. The output at 0302B pin 7 is called the I+ 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 I+ AM signal is applied to pin 18  of dual S-bit DAC 
0301, the DAC B reference input. The DAC output, at 04050 pin 14, is the !+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 RT301 .  

The network output is the I +  A M  signal attenuated by an R F  frequency and temperature
dependent factor, and is applied to summing op-amp U302C. The I +AM signal is also 
applied to this summing amplifier. Thus, the voltage at U 302C pin 8 is the temperature
compensated and scaled l+AM signal. 

This signal is applied to the reference input of Level DAC 0303. This 12-bit DAC, with 
op-amp U302A, latches 0304, 0305, controls the Output assembly RF output amplitude. 
The DAC output voltage, at 0302A pin I ,  is the temperature-compensated I +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 R31 1 , and DAC offset voltage adjustment 
is provided by potentiometer R309. 
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3-55. MODULATION OSCI LLATOR 
The modulation oscillator generates a leveled sine wave of 400 Hz or I 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, 
selects either 400-Hz or 1-kHz operation, and is selected by switching resistors with 
JFETs Q401 and Q403. 

The amplitude of oscillation is controlled hy an ALC loop that varies the resistance on 
U405B pin 6 to ground. This resistance comprised of R412 and the drain resistance of 
Q402, is nominally 2K ohms. The oscillator signal amplitude is sensed by rectifier CR40 1 .  
The average current through CR401 is made equal to the reference current in R416 by 
integrator-amplifier U405A. Level adjustment is set by potentiometer R4 19 .  
Temperature compensation i s  provided hy R41 7, R418,  and CR402. 

3-56. FM DEVIATION CONTROL 
The FM modulation signal source and deviation control circuits are on the Output 
assembly. Analog switches U40 1 A, U40 1 B, 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 0403. 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 AttenuatorjRPP Assembly, A2A5, consists of an Attenuator/ RPP PCA, A2A5A4, 
in a metal housing mounted on the top side of the A2 module section to form a shielded 
enclosure. The Relay Driver f RPP PCA, A2A5A5, 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 Output PC assembly, 
A2A4, is applied to the Attenuator which provides 0 dB to 138 dB of attenuation, in 6-dB 
steps, to this signal before it goes 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, A2A 7. 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 Attenuatorf RPP Assembly provides an attenuation range from 0 dB to 138  dB in 
6-dB steps and consists of seven independently cascaded 50-ohm attenuation sections, a 
6-dB, a 1 2-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 R F  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 U 3 1  on the Controller PCA A2A 7 and transistor drivers on the A2A5A5 Relay 
DriverjRPP control PCA. For calibration and troubleshooting purposes, special 

1': 
Iii 

' 
I 
ll II 

I. • 
. 

t 
I . 

. 

,, m 

I 

I? li 

I 

I ' 

Iii • 
1:; • 
IT' II 



I 

I 

• 

I 

• 

• 

I 

I 

I 

I 

I 

• 

I 

I 

I 

I 

• 

I 

I 

THEORY OF OPERATION 

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 de 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 CRI is compared with the preset voltage in one section of 
comparator U I .  When the detected voltage exceeds the set value, the output of U I pin I 
goes positive, turning on Q I and Q2. This actuates K8 to the protect position. ln the 
protect position, the output connector is shorted to ground and the Generator output is 
disconnected from the output connector. 

CR15 and R6 form a latching 11etwork such that K8 remains in the protect position until 
the Generator RF Output is reset by an RF ON entry. The output ofthe 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 1/0 circuitry 
Reset circuit 
Status and control latches 

3-59. MICROPROCESSOR 
The heart of the Controller assembly is U l ,  a TMS9995 16/8 bit microprocessor. The 
digital system clock signal is generated by an oscillator comprised of gates from U5 and 
crystal U41 .  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 UIO 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 U3 I 
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 U 18. This buffer is active when a front panel latch is addressed and the buffer 
control signal from U 17  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; 

3-23 



THEORY OF OPERATION 

3-24 

SIGNALS 

Signal CLRL 
Latch select SEG I L 
Latch select SEG2L 
Latch select SEG3L 
Latch select SEG9L 
Latch select DIG L 

COMPONENTS 

R6 and C5 1 
R7 and C53 
R8 and C54 
R9 and C55 
RIO  and C56 
R l l  and C57 

In addition, capacitors C58 and C59 bypass the display filament supplies. LC filters 
comprised of Ll  and C50, and L2 and C52 are used on the +5 volt and +37 volt supplies 
to the front panel circuitry. 

3-62. IEEE-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 inactive state. R 1 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, 024, 026) contain calibration 
data for the VCO, Output, and Attenuator f RPP assemblies, respectively. Decoders U20 
and U 14 decode the individual chip selects for the memory !Cs. 

3-64. MODULE 1/0 
Control data is transferred to the RF circuitry (located in the Module Section, A2) 
through a byte wide unidirectional data bus. This data is retained on the RF circuit 
boards in latches. Select lines BSELOL, BSEL 1 L, and address lines BAB2 through BABO 
are decoded into individual latch enables on the various RF circuit boards. Tri-state 
buffers U 1 5  and U !6 on the data and address lines provide extra drive current and allow 
these signals to float when inactive. 

Flip-flop 042 gates the module l /0 select pulse from US with the system clock to delay 
the leading edges of BSELOL and BSELI L 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 generated on power-up or if the +SV supply drops below 
+sv. 

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 is set 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 is immediately pulled low. 
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3-66. STATUS AND CONTROL 
Tri-state buffers U l l  and U40 read the three hardware fault detector status signals, 
UNLVL, UNLOKL and RPTRPL, the five option status signals HSOPTL, MSREFL, 
IEINL, LRFML, and ROPTL, and the status of the REF INTI EXT switch. Control and 
buffer enable signals are latched by U 17. 

3-67. REAR SECTION, A3 
The rear panel section consists of a fuselfilterlline-voltage selector switch A3FLI, a 
transformer A3Tl ,  a Power Supply PCA A3Al ,  and a fan, A3B l .  The line-selector 
switch accommodates four line voltages, 1001 12012201 240 volts, selected by the 
orientation of a pullout PCB. 

The transformer A3Tl, 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 de voltages required by the 
Generator. The de fan A3Bl is connected to the unregulated +5V supply. 

NOTE 

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, A3A 1 

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 IC 
regulators with internal current-limiting and temperature protection. All three I SV 
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 CR 7 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 U 6 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 S I is the REF !NT I EXT reference selection switch and is not functionally part of 
the power supply. 

Table 3-1. Power Supply Rectifier Configurations 

SUPPLY RECT. CON FIG. CAP REGULATOR REMARKS 

+37 CR6 Bridge C1 1 A3A1 U4 Adjustable 
+1 5 CR2 CT/ FW C2 .. us Fi xed 
+1 5 CR2 CT/FW C2 .. U1 Fi xed 
-1 5 CR2 CT/FW C5 .. U2 Fi xed 
+5 CR5 CT/FW C8 A3 U3 Fi xed 
+1 8 CR1 Sri dge C1 Unregulated reLay supply 
FIL 6V ac w i th center-tap bi ased at 6 . 2V de. 
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3-69. Sub-Harmonic Reference (Part of A2A1) 
Comparator U67 forms an ac-to-TTL converter. Diode CR20 and CR21 precondition 
the REF I N  signal to protect the comparator. Resistors Rl48, Rl49, R l 53, and R2 1 7  
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 R23 1 ,  or to the loop amplifier, thus closing a phase-locked 
loop. 

The phase detector and loop amplifier are made up ofU68, Q26, Q27, Q28, 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- 1 I .  
The flip-flops are connected, so the width of the pulse that switches Q38 is the difference 
in time of these two signals (U68-3 and U68-l 1 ). 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 S H ENL. 
This line is enabled when rear panel REF INTI EXT switch is set to 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-M Hz oscillator is not locked. An 
out-of-Jock 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 UNLOK 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 
battery and the regulated +5V Signal Generator supply. Diodes CR 1 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. 

Q l and Q4 are turned on by Q2 and Q3 when the +5V supply is above the threshold 
voltage set by VRI ,  R2, and R3. Ql 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 ofQ4 
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_ 
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4-1. INTRODUCTION 

Section 4 

Maintenance 

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 40. 

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 I 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 replacement 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 40 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 40 of the manual), the fault can be quickly 
identified. 
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4-2 

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 manual 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 
(A2A4), 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 10% 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. 
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4A-1. INTRODUCTION 

Section 4A 

Performance Tests 

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-I gives a list of the recommended test equipment for the performance tests, 
adjustment procedures, and for troubleshooting the Generator. Figure 4A-I shows a 
Two-Turn Loop. 

Figure 4A-1. Two-Turn Loop 
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PERFORMANCE TESTS 

INSTRUMENT NAME 

DVM 

DMM 

W id@band Ampl i f ier 

RF-Spect rum Analyzer 

Osoi l los cope 

FET Probe-

RF Voltmet@r 

Frequenc:y Counter 

Modulation Analyzer 

Di stortion Analyzer 

Powe-r Meter 

Sensor 

low-Lev e l  Sensor 

Attenuator, 60 dB 

LF Synthes i zed S i g
Gen 

Frequency Standard 

Test Cable 

Adapte r .  Coax 

Two-Turn l.oop 

SWR Bri dge 

Type-N Termina t i on 

Coa x i a l  Cable. 50 ohm 

Coaxi a l  Cable� 50 ohm 

Screwdriver. � l � e t r i e 

Power Supply. Vari abLe 

Table 4A-1. Recommended Test Equipment 

M I N IMUM REQUIREMENT 

5 1 / 2- 0 i 9i t .  0 .3% OC-20 kHz 

3 1 / 2-Digit.  1% DC and 1 KHz 

>25-dB ga i n. 0 . 4  to 1 050 MHz 
NF <9 dB. 

0 . 1  to 1 .5 GHz. 1 -kHz BW 

Four-trace 300 MHz. S�mV / D i v  

D C-900 MHz 

0.01 to 700 MHz. 0 . 01 to 3 V  
± 1 0%  

0 .4-1050 MHz; 1 0  H z  r e s ;  0 . 1 V  

Input : 0.4 t o  1 050 MHz. 0 to 
+20 dBm 

AM: 1 0  to 90X , ± 1 X .  
FM : 0 . 1  to 1 00 kHz dev ±1X 

1 to 1� rng, ±1dS, 0.4 and 
1 kHz 

Instrumentation accuracy < ±1?. 

-30 to 20 dBm; SWR < 1 .2 for 
0.4 to 1 MH>. < 1 .1 for 1 to 
1 050 MHz 

-67 to -20 dBm; SWR < 1 .4 for 
1 0  to 30 MH� <1 . 1 5  for 3 0  to 
1 050 MHz 

0 . 4  to 1 050 MHz SWR <1 . 1  

1 0  Hz t o  1 1  MHz. 1 0  H >  steps. 
Spurs and Harm < -sode, 

House Standard, 1 0 MHz 

Dual pin to BNC 

50-ohm. Type-N(m) to BNC(f) 

SO-ohm. Module output to SMA 

For Leakage test ( See Figure 
4A-1 . l  

1 0  MHz t o  1 000 MHz 

SO-ohm 

3 f t .  BNC both ends 

6 f t .  BNC both ends 

Set to 7 inch-pounds torque 

0 to 30V de 

MANUFACTURER 
DESIGNATION 

J F  8840A-09 

J F  80208 

HP 84470-010 

HP 85588/1 82T 

TEK 2465-1 1 

TEK 6201 

HI RF 801 

J F 7220A 

HP 8901 A 

HP 3398 

HP 4356 

HP 8482A (4) 

HP 8484A 

Narda 777C 

1 V  pk J F  601 1 A  

---

J F 732891 

J F  Y9308 

J F  744177 

Homebui l t  

W i  l tron 62N50 

J F Y93 1 7  

Y91 1 1  

Y91 1 2  

J e rgens-
Cl.6500/ ct. TSO 

NOTES 
( 1 ) 
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A . P . T  
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P.S 
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MAINTENANCE 
PERFORMANCE TESTS 

Table 4A-1. Recommended Test Equipment (coni) 

Notes 

1 .  A �  Adj ustment; P � Performanc@ Test; T � TroubLeshooting . 

2 .  �elper Instruments. 

3 .  Two-Turn, 1 - i nch d i ameter loop made of £1 8 ename l w i re soldered t o  
a B N C  connectorM Figure 4A�1 shows a two-turn Loop. 

4 - The HP8902A/11722A Measuring Rec•iver may be used i n  place of the 
wi deband ampl i f i e r .  60-dB Attenuator, HP8901A, HP339B, and the 
HP435B/ 8482A/8484A for the a l ternate performance test. 

5 .  SWR ver i f i ed and actual attenuation cali brated t o  ±0.2 dB by the 
ope rator at application frequencies • 

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. 

c. The Signal Generator automatically starts the self tests, which include turning 
on all indicators, indicators, and every segment of the display. This test takes 
five seconds. 

d. If the instrument fails any of the self tests, the results are shown in the four 
display fields. See paragraph 40-17 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. 

4A-3 
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PERFORMANCE TESTS 

4A-4 

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 A2A I 
assembly. 

PROCEDURE 

a. Connect the UUT 1 0  MHz OUT to the Frequency Counter 10-MHz reference 
input, and connect the UUT RF OUTPUT to the Counter input. 

b. Set the UUT REF INTj EXT Switch to INT. 

c. Program the UUT to [RCL) [9)[8]. 

d. Program the UUT frequency to 1 1 1 . 1 1 1 1  M Hz. 

e. Program the UUT frequency step to 1 1 1 . 1 1 1 1  MHz_ 

f. As the frequency is stepped from 1 1 1 . ! 1 1 1  MHz, 222.2222 M Hz, etc., to 
999.9999 MHz, verify that the Counter reading agrees with the UUT frequency 
± 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 

Failing this performance test indicates the need to replace the Output (A2A4) and/ or the 
Attenuator j RPP A2A5 assemblies. To determine which assembly is at fault, use Section 
40 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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MAINTENANCE 
PERFORMANCE TESTS 

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]. 

c. Connect the Power Sensor to the UUT RF OUTPUT. 

d. Program the UUT frequency to 0.4 MHz . 

e, 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. 

f. 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. 

g. For attenuator sections I 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., (-MO+Ml+6) for section I .  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 

ATTENUATION PROGRAM MEASURED ERROR SECTION LIMIT 

(d8) ERROR (dB) 
SECTION NOMINAL (dBm) (dBm) (dB) 

0 0 +1 2 MD M0-1 2 M0-1 2 t1 -0 

1 6 + 6 M1 M1-6 -MO+M1+6 
" 

2 1 2  0 M2 M2-0 -MO+M2+1 2 " 

3 24 -1 2 M3 M3-1 2 -MO+M3+24 " 

4 24 -1 2 [SPCLJ CSJ [3J M4 M4-1 2 -MO+M4+24 " 

5 24 -1 2 [SPCLJ [ 8J [4J M5 MS-1 2 -MO+M5+24 " 

6 24 -1 2 CSPCLJ [BJ [SJ M6 M6-1 2 -MO+M6+24 " 

7 2 4  -1 2 [SPCL] C8J C6J M7 M?-1 2 -MO+M7+24 " 

Sum of ±1 -0 
Errors 

Figure 4A-2. High-Level Accuracy Test Conditions 
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PERFORMANCE TESTS 

4A-6 

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: 

1 20 MHz, 244 MHz, 245 MHz, 850, and 1 050 M Hz. 

To i llustrate 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 accuracy is verified, from -24 to -66 dBm at frequencies of 1 20, 244, 245, 850, 
and 1050 M Hz, using the Power Meter 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 U UT. 

It is convenient to use the UUT RF ON/OFF control when zeroing the Power Meter. 

PROCEDURE 

a. Program the UUT to the Instrument Preset State [RCL] [9][8], and then 
program 30 MHz and -24 dBm. 

b. Calibrate the Power Meter. 

c. Connect tbe Power Meter with a Low-Level Sensor to the UUT RF OUTPUT. 

d. Zero the Power Meter. 

e. With the Power Meter, measure the UUT output power (in dBm). It should 
agree with the programmed level within ± 1 .0 dB. 

f. Repeat steps c and f for levels of -30, -36, -42, -48, -54, -60, and -66 dBm. 

g. Repeat steps d to g for frequencies of 244, 245, 850, and !050 M Hz. 
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MAINTENANCE 
PERFORMANCE TESTS 

OUTPUT POWER 

ATTENUATION PROGRAM MEASURED ERROR SECTION LIMIT 

(dBl ERROR (dB) 

SECTION NOMJ:NAL (dBm) (dBm) (dB) 

0 0 +1 2 +1 2 . 2  +0 . 2  +1 2 . 2-1 2 . 0  = +0 .2 

1 6 + 6 +05 .9 -0 . 1  -1 2 . 2+5 .9+6 = +0.3 

2 1 2  0 -00.2 -0.2 -1 2 .2-0.2+1 2 = -0 . 4  

3 24 -1 2 -1 2 . 1  -0 .1 -1 2 .2-1 2 . 1 +24 = -0.3 

4 2 4  -1 2 [SPCLJ CBJ [3] -1 1 . 8 +0.2 -1 2 . 2-1 1 . 8+24 = +0.0 

5 24 -1 2 CSPCL] C8J C4J -1 2 . 0  +0 . 0  -1 2.2-1 2 .0+24 = -0 . 2  

. 6 24 -1 2 CSPCL) [8) [5] -1 2.3 -0.3 -1 2 .2-1 2 .3+24 = -0.5 

7 24 -1 2 CSPCL] C8J [6] -1 1 .9 +0 .1 -1 2.2-1 1 .9+24 = -0 . 1  

Sum o f  Errors = -1 .0 

Figure 4A·3. High-Level 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 

REMARKS 

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 I 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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PERFORMANCE TESTS 

4A-B 

PROCEDURE 

a. Program the UUT to the Instrument Preset State [RCL] [9][8], then program 30 
MHz and -67 dBm. 

b. Calibrate and then connect the Power Meter with a Low-Level Sensor to the 
UUT RF OUTPUT. 

c. Program the UUT to -67 dBm_ 

d. Zero the Power Meter. 

e. With the Power Meter, measure the UUT output power(in dBm) and record the 
measurement as the variable P. 

f. Connect UUT RF OUTPUT 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. 

g. Adjust the Analyzer to display the signal, using a resolution bandwidth of I kHz 
and a vertical display of I d B/ 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) dBm, where A is the value of the 
60 dB Attcnuator. 

h. 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. 

1 .  Repeat steps c through h for frequencies of 244, 245, 850, and 1050 M Hz. 

4A-8. ALTERNATE-LEVEL ACCURACY TEST 
The Measuring Receiver is used to verify the UUT level accuracy from + I I  dBm to - 1 27 
dBm, and at various amplitude and frequency settings that test all level ranges of the U UT 
on all RF bands. 

REQU IREMENTS 

Amplitude accuracy is ±1 .0 dB from + 1 3  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 
A2A4 Output and( or A2A5 Attenuator( RPP assembly. 

Failing this test at lower levels probably indicates a leak-around problem with the 
Attcnuator. Check for loose connectors, loose screws, improper gasketing, or a broken 
feed-through filter. 
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MAINTENANCE 
PERFORMANCE TESTS 

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. 

b. Set the UUT REF !NT/EXT switch to INT. 

c. Program the UUT to [RCL] [9][8], and then program the UUTto 0.4 MHz, +I I 
dBm and program the Amplitude Step to 6 dB. 

d. Calibrate the Measuring Receiver and connect it to the UUT RF OUTPUT . 

e. 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 + I I  dbm to -127 dBm in six dB steps at each ofthe 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 1 /.1 V reference established at each 
frequency from the UUT. 

REQUIREMENT 

The radiated emissions induce Jess than I p. V of the Generator's output signal into a l
inch diameter, two-turn loop, 1 inch away from any surface of the Generator as measured 
into a 50-ohm 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 Wide band Amplifier input, and connect 
the Amplifier output to the Spectrum Analyzer input. Use well shielded cables 
to avoid leakage which could affect the measurement. 

b. Program the UUT to the Instrument Preset State, [RCL] [9][8]. 

c. Program the UUT to -107 dBm. 
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d. 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. 

e. Disconnect the Amplified rom UUT and terminate UUT OUTPUT with type-N 
Termination. 

f. Connect the two-turn loop to the Amplifier input. 

g. Program the UUT to + 13  dBm. 

h. Verify that the leakage is less than - 107dBm (I JJ.V), as indicated by the 
Spectrum Analyz.er by moving the two-turn loop over the UUT surface at a 
distance of I inch. 

1. Repeat steps c through h at 550, 850, and 1050 M Hz. 

4A-10. ALTERNATE OUTPUT LEAKAGE TEST 

4A-1 0 

RF leakage is verified by measuring the induced signal in a two-turn loop with the 
Measuring Receiver. 

REQUIREMENTS 

The output signal leakage must induce less than I JJ.V into a l-inch diameter two-turn 
loop, I inch away from any surface of the generator as measured into a 50-ohm receiver. 

TEST EQUIPMENT 

Measuring Receiver 
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 U UT leakage relative to a I I' V reference 
established at each frequency. 

PROCEDURE 

a. Connect the UUT 10  MHz OUT to the 10-MHz timebase input of the 
Measuring Receiver. 

b. Set the U UT REF !NT j EXT switch to INT. 

c. Program the UUT to the Instrument Preset State, [RCL] [98). 

d. Program the UUT to - 107 dBm. 

e. Connect the Measuring Receiver sensor to the UUT RF OUTPUT. 
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MAINTENANCE 
PERFORMANCE TESTS 

f. Set the Measuring Receiver to make relative level measurements to the -107 
dBm signal applied. 

g. Disconnect the sensor from the UUT, and terminate the UUT RF OUTPUT 
with the Type�N Termination. 

h. Connect the two�turn loop to the Measuring Receiver sensor. 

i. Program the UUT to +13 dBm. 

J. Verify the instrument leakage is less than -107 dBm (I 1N) 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-1 1 .  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 > O. I MHz. 

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. 

d. 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. 

e. Verify that all the harmonics are more than 30 dB below the fundamental signal. 

f. Repeat steps c through e for UUT frequencies of 50 MHz, 240 MHz, 300 MHz, 
500 MHz, and 750 MHz . 

g. Program the UUT to 185 MHz. 

h. Verify the spur at 245 MHz is < -60 dBc. 

'· Program the UUT to 244 MHz. 

J. Verify the spur at 312 MHz is < -60 dBc. 

k. Program the UUT to 244.99 MHz, 0 dBm. 
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I. 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. 

I .  Verify the spurs at the offsets of 20 kHz, 30 kHz, 35 kHz, and 40 kHz are < 
-60 dBc. 

2. Verify the spurs at the offsets of I MHz and 10 MHz arc < -60 dBc. 

3. Program the UUT level to I dBm with the EXT AM on at 30% modulation 
(no external modulation input is applied). 

4.  Verify the spurs at 10  MHz, 20 M Hz, and 30 MHz are < -60 dBc. 

5. 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 < -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 recalihration 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 

REOU !R EMEN TS 
PARAMETER SPE C I F I CATION 

t40D FREQ <tJI �t 0.4 Ol"' 1 kHz for ZO to 30S°C; add 
i0.1%/5°c outside thi$ range. 

AM ACCURACY <t(� • 4% Qf �otting} for i nterna l  rate$ �nd depth$ of 
99X or l�ss, and peak amp� itud�� of +13 de� or less. 

AM OISTOPHON <1-�� THn up to 301 AM� <�% tQ 7�, <�X to 90l , at int�rna� 
rates. <3% to 7� AM, <SX to 9� A" +requeney > 9SO MHz, 
level > '1'$ db111. 

RESIDUAl AM <:0.1%. r'IIIS (-60 Qael in a D.OS-kHz to 15-kH% b�ndwidth. 

INCIDENTAL f" <0.3 f� 1or intern� l r�te� and <3� AM. 

FM ACQJRAt'f <!7% 1or r�te$ of 0.3 kH% tQ �0 �Hz. and >100 Hz deviati on. 

���� DlSlORTlQN <1% THO for rati!:J of 0.3 kli:z tQ 20 kHil:� b:nd >100 Hz dcrv iation. 

RESIDUAL f"H r•� in � O.J-kHz to 3-kHz band: 

<10 Hz for 245 MHz to S 1 2  I'Ui� �fld <4'::0 Hz ll'llltwherc. 

r.$ 1n a C.CS-kHz to 1 S-kHz band: 

<22: Hz for 24:5 fo!Hz to 51:!: MHii: �nd <40 � cl:�;cwh�:rc. 
INClDE;NTAI.. A" <1� AR �t 1-kH� t�tc and for deviation <50 kHz. 
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PI;:RFORMANCI;: TESTS 

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 EPROM 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 (LFSSG) 
DVM 

PROCEDURE 

I .  Internal Modulation Oscillator Frequency Test 

a. Connect the UUT RF OUTPUT to the Modulation Analyzer input, 

b. Connect the Modulation Analyzer modulation output to the Frequency 
Counter input. 

c, Program the Modulation Analyzer to measure AM depth in a 0.05-kHz to 
15-kHz bandwidth. 

d. Program the UUT to [RCL] [9][8]. Program the UUT for 90% INT AM at a 
1-kHz rate and a level of +I dBm. 

e. Verify that the Counter reads between 970 and I 030 kHz . 

f. Program that the UUT to a modulation frequency of 400 Hz. 

g. Verify the Counter reads between 388 Hz and 412 Hz. 

2. Internal AM Accuracy Test 

a. Measure the mean AM depth, (+PEAK plus -PEAK)/2, with the 
Modulation Analyzer. 

b. Verify that the mean AM depth is between 84.4% and 95.6%. 

c. Program the UUT to a modulation frequency of I kHz. 

d, Verify that the mean AM depth is between 84.4% and 95.6%. 

3. AM Accuracy and Distortion Test 

a. Connect the output of the LFSSG to the UUT MOD INPUT and the DVM 
(use a BNC T connector). 

b. Program the UUT for a frequency of0.4 MHz, I dBm level, and EXT AM at 
30% AM depth. 

4A-1 3 
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c. Program the LFSSG for 1 kHz at 0.7071 V rms as measured by the DVM. 

d. Connect the modulation output of the Modulation Analyzer to the input of 
the Distortion Analyzer. 

e. Set the Distortion Analyzer to measure the THO of the 1 -kHz modulation 
signal. 

f. Verify that the mean AM depth (+PEAK plus -PEAK)/2, is between 26.8% 
and 33.2%. 

g. Verify that the THO is less than 1 .5%. 

h. 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 THO is less than the allowed 
limit, which depends on programmed depth, as shown in Table 4A-4: 

1, Disconnect the LFSSG from the OUT. 

4. Incidental FM Test 

a. Program the O UT for 30% INT AM at 1 kHz, at 1050 MHz, and 1 0  dBm. 

b. Program the Modulation Analyzer to measure peak FM deviation in a 0.3-
to 3-kHz bandwidth. 

c. 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 U UT 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 1 5-kHz bandwidth. 

c. Verify the residual AM is less than 0 . 1% rms (or 0.09% average). 

6 .  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). 

b. Program the Modulation Analy£er to measure peak FM in a 0.05-kHz to 
20-kHz bandwidth. 

c.  Program the OUT frequency to 245 MHz, 7 dBm, 99.9 kHz (9.99 kHz if the 
Generator has Option -65 1 )  deviation, and EXT FM. 

d. Set the LFSSG to 10 kHz and adjust its level so the DVM reads 707.1 mY 
rms. 
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Table 4A-3. AM Teat Conditions 

FREQUENCY LEVEL AM 
CMHzl CdBml (%) 

0 . 4  1 30 
70 
90 

7 30 
70 
90 

244 . 9  1 70 
90 

7 70 
90 

245 1 70 
90 

7 70 
90 

5 1 2  1 70 
90 

7 70 

90 
1 050 1 70 

90 
7 70 

90 

Table 4A-4. AM Depth Range 

PROGRAMMED MEAN AM DEPTH(%) MAXIMUM 
DEPTH (%) MIN. MAX. THD(%J 

30 26 . 8  33.2 1 .5 
70 6 5 . 2  7 4 . 8  3 

90 84.4 95 .6 s 

e. Set the Distortion Analyzer to measure distortion at 10 kHz. 

f. 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 THO is less 
than 1% as the UUT frequency is stepped up to 1 045 MHz in 50-MHz steps. 
(Tip; use the instrument FREQ STEP feature.) 

g. Set the LFSSG to 0.4 kHz and adjust its level so the DVM reads 707.1 mV 
rms. 

h. Program the Modulation Analyzer to measure FM in a 0.05-kHz to 3-kHz 
bandwidth. 

1. Set the Distortion Analyzer to measure distortion at 0.4 kHz. 

J. 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 THO is less 
than 1% as the UUT frequency is stepped down to 245 MHz in 50-MHz 
steps. 

MAINTENANCE 
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k. Program the UUT to 9.99 kHz deviation. (Skip to step m if the UUT has 
Option -65 1 installed.) 

I. Verify that the Modulation Analyzer reading is between 9.3 kHz and 10.7 
kHz. 

m. Program the UUT to 0.999 kHz deviation. 

n. 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. 

o. Disconnect the LFSSG from the UUT. 

7. Incidental AM Test 

a. Program the UUT for 50-kHz deviation, INT FM only, at I kHz, a level of7 
dBm and a frequency of I I  M Hz. 

b. Program the Modulation Analyzer to measure peak AM in a 0.3-kHz to 3-
kHz bandwidth. 

c. Verify that the incidental AM is less than I %. 

8. Residual FM Test 

a. Program the UUT for a frequency of 4 MHz and no modulation. 

b. Program the Modulation Analyzer to measure rms (or average) FM in 0.3-
kHz to 3-kHz bandwidth. 

c. 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 

d. Verify that the Modulation Analyzer reading is less than 1 0-Hz rms (or 
9-Hz average) at the following UUT frequencies: 

250, 385, 450, and 510  MHz 

e. Verify that the Modulation Analyzer reading is less than 20-Hz rms (or 
1 8-Hz average) at the following UUT frequencies: 

5 12.03999, 750.03999, 850.03999, 900.03999, 950.03999, 1000.03999, 
1025.03999, and 1049.03999 MHz 

f. Change the Modulation Analyzer bandwidth from 0.05 kHz to 1 5  kHz. 
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MAINTENANCE 
PERFORMANCE TISSTS 

g. Verify that the Modulation Analyzer reading is less than 44-Hz rms (or 
40-Hz average) at the UUT frequencies listed in step e. 

h. Verify that the Modulation Analyzer reading is less than 22-Hz rms (or 
20-Hz average) at the UUT frequencies listed in step d. 

I. 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: I for output levels < + ldBm; < 2.0 elsewhere . 

TEST EQUIPMENT REQUIRED 

SWR bridge (Wiltron 62N50 or equivalent) High-Frequency Spectrum Analyzer 
HFSSG (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 <-10 dBm. 

PROCEDURE 

a. Connect the HFSSG to the VSWR Bridge RF IN. 

b. Connect the Spectrum Analyzer to the VSWR Bridge RF OUT. 

c. Connect the UUT to the VSWR Device Under Test. 

d. Program UUT to 1 M Hz, + 1dBm. 

e. Program the HFSSG to 10 MHz, 13 dBm. 

f. Set the Spectrum Analyzer controls to display approximately 10 to 520 MHz. 
Set Reference Level to + 10 dBm. 

g. Step HFSSG from 10 MHz to 1050 MHz in 5 MHz-steps and note frequency 
and level where the level is a maximum. 

h. Program HFSSG to the frequency found in step g. 

I. Disconnect UUT from VSWR bridge. 

j. Note Spectrum Analyzer level. 

k. The difference between the levels in steps i and g should be greater than 18 dB. 

I. Repeat step e through k with UUT set to 1 MHz, + 13dBm. 

m. The difference between levels in step i and g should be greater than 9.5dB. 
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Section 48 

Access Procedures 

48-1. INTRODUCTION 
The information in this section describes the general access procedures for the following 
major module assemblies. 

Front Section Assembly, AI 
Rear Section Assembly, A3 
Synthesizer Board, A2Al 
Output Board, A2A4 
Attenuator/RPP Assembly, A2A5 
VCO Board, A2A2 

Access to other assemblies is straightforward; and therefore, other assemblies are not 
detailed in this manual. 

48-2. 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 40. 

48-3. 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 a1e straight when replacing the boards. 

48-4. Removing the Front Section Assembly, A1 
I .  Disconnect the MOD INPUT wire W I  at the module connector located at the 

front of the Attenuator module. 

2. Disconnect the front panel display ribbon cable at the controller. 

3. Remove 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. 

4. Remove the five flathead screws from each front panel handle. 

49-1 
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4B-5. Removing the Rear Section Assembly, A3 

1 .  Disconnect the Synthesizer, Controller, and Attenuator power cable at the 
power supply. 

2. If the High-Stability Reference option is installed, disconnect the oscillator 
power cable from the Auxiliary power supply 

3. Remove the IEEE-488 Interface assembly (if present) from the back of the 
instrument rear panel. 

4. Remove the inside part of the 1 0  M Hz OUT and the REF IN BNC connectors. 

5. 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.  

6. Remove the five flathead screws from each handle and swing the rear panel 
assembly out from the Signal Generator. 

7. 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, A2A 1 

I .  Remove the number 6 screws holding the top module (A2) cover. (The number 
10 screws are adjustment access screws and need not be removed.) Remove the 
module cover. 

2. Remove the number 6 screws holding the board, and then carefully remove the 
board. 

4B-7. Removing the Output Board, A2A4 

I .  Remove the number 6 screws holding the bottom module ( A  I )  cover. (The 
number 10 screws are adjustment-access screws and need not be removed.) 
Remove the module cover. 

2. Remove the plug-in coupling capacitor between the Output and the VCO 
boards. 

3. Remove the number 6 screws holding the board, and then carefully remove the 
board. 

4B-8. Removing the Attenuator/RPP A2A5 Assembly 

I .  Disconnect the S M A  connector at the Attenuator that leads t o  the R F  output. 

2. Disconnect the control harness from the Relay Driver PCA. 

4B-9. Removing the VCO Board, A2A1 

I .  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. 
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4C-1. INTRODUCTION 

Section 4C 
Calibration Adjustments 

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 f 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 
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. 

CAUTION 

To avoid damage to the Generator, unplug the Instrument before removing any 
Printed Clreult Assembly. 

· 

4C-3. POWER SUPPLY, A3A1, ADJUSTMENT 
This procedure covers the +37V adjustment, R3, on the Power Supply assembly, A3AI. 
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-I for the location of the power supply test points. 

PROCEDURE 

R3 is adjusted for +37V as measured at TP5. 

L Remove the UUT top and bottom instrument covers. Connect the DMM to TP5 
with the ground lead (black wire) connected to the power distribution 
connection point on the module plate. 

2. Program the UUT to [RCL] [9][8]. 

3. Adjust R3 for a DMM reading of +37.00 ± 0.05V. 

4. Verify the other supply voltages at the test points listed in the following: 

TP 

1 1  
3 
2 
4 
1 

Voltage Limits 

14.5 to 1 5.7 
14.5 to 15.7 
- 14.5 to -15.7 
4.85 to 5.20 
17.4 to 22.6 

NOTE 

The voltage at TPJ depends on the line voltage. The limits shown are fora line 
voltage exactly equal to the line voltage selector setting, i.e., 100, 120, 220, or 
240 V 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 R 16, the external modulation level indicator 
adjustment. 

TEST EQUIPMENT 

DVM 

REMARKS 

This adjustment is independent of other adjustments and assumes proper circuit 
operation. 

Adjustment R16  is located below TPI on the rear of the Display PCA, just above the 
POWER switch. 
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PROCEDURE 

Adjust R 16  for 0.98V at TP ! .  

1 .  Gain access to the rear of the Display PCA b y  removing the top instrument 
cover. 

2. Connect the DVM to measure the de voltage at TP I relative to the chassis. 

3 .  Adjust R 16 for +0.9800 ± .0005V de. 

4C-5. OUTPUT ASSEMBLY, A2A4, ADJUSTMENT 
This procedure covers all of the adjustments on the A2A4 Output PCA, as follows: 

! .  R309, LEVEL DAC offset 
2. R41 9, modulation oscillator level 
3. R 1 44, linearizer detector offset 
4. R42 l ,  AM depth 
5. R3 l l , RF level 
6. R227, Het level 

These adjustments, as well as TP7, are accessible by removing the seven number I 0 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_ If more than one adjustment is necessary, do them in the sequence presented. 

l .  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 directly affects the output level and should not be adjusted 
indiscriminately. 

PROCEDURE 

The LEVEL DAC Offset, R309, is adjusted for 0 ± 0.5 mY at TP7 with the RF OUTPUT 
turned OFF. 

a. Gain access by removing the bottom instrument cover and removing the 
access screws for TP7 and R309. 

b. Program the U UT to [RCL] [9][8], and program the R F OUTPUTto OFF. 

c. Connect the DVM to measure the voltage between TP7 and the power 
distribution connection point on the module plate. 
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d. Adjust R309 for an indication of +O mY ± 0.5 mY. 

c. Program the OUT RF OUTPUT 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 (LFSSG) 

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 ! -volt peak external modulation signal as measured with the Modulation 
Analyzer. 

a. Gain access to the access screws for R419 by removmg the bottom 
instrument cover and the access screws for R419. 

b. Connect the output of the LFSSG to the OUT MOD IN connector and the 
DVM using a BNC tee. 

c. Program the OUT to RCL 98, then program the O UT to 350 M Hz, 7 dBm, 
and EXT AM at 90% AM depth. 

d .  Program the LFSSG for l kHz and a voltage of0.7071 V  rms, as measured 
by the DVM. 

e. Connect the OUT R F  OUTPUT connector to the Modulation Analyzer RF 
input. 

f. Program the Modulation Analyzer to measure + Peak A M  in a 0.3-kHz to 
1 5-kHz bandwidth. 

g. Note the measured AM depth reading with the Modulation Analyzer. 

h. Turn off the OUT EXT A M  control and turn on the !NT A M  control. 

1. Program the OUT for 1000-Hz modulation frequency. 

J .  Adjust R419 for an AM depth equal to that noted in step g. 

k. Turn off the OUT !NT AM control. 
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J. Replace the access screw. 

3. Detector Offset Adjustment 

This adjustment sets the detector offset voltage. 

TEST EQUIPMENT 

Power Meter and Sensor 

REMARKS 

MAINTENANCE 
CALIBRATION ADJUSTMENTS 

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][8], then program the UUT to 350 MHz and 
12 dBm. 

c. Program the UUT to [SPCL] [8][1] and [SPCL) [9][1). These special 
functions disable all level correction and enable amplitude fixed-range. 

d. Remove the Detector Offset adjustment access screw from the bottom 
module plate cover. 

e. Zero the Power Meter. 

f. Connect the Power Sensor to the UUT RF OUTPUT connector. 

g. Program the UUT to +12 dBm. 

h. Note the Power Meter reading. 

i. Program the UUT for -8 dBm, using the EDIT keys. 

J. Adjust the Detector Offset adjustment, R 144, for a Power Meter reading 20 
dB ±0.1 dB below the reading obtained in step h. 



MAINTENANCE 
CALIBilATION ADJUSTMENTS 

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 U UT to + 12 dBm, using the EDIT keys. Note the Power Meter 
reading. 

I. 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. 

m. Program the UUT for [SPCL] [0][0). This enables amplitude level 
correction and disables amplitude fixed range. 

n. Disconnect the Power Sensor from the UUT, and replace the Detector 
Offset adjustment access screw. 

4. AM Depth Adjustment 

TEST EQUIPMENT 

DVM 

Modulation Analyzer LFSSG 

REMARKS 

The U UT 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 dlreetly affeets the output level and should not be adjusted 
lndlserlmlnately. 

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. lf this 
adjustment is made, it is necessary to perform the R F level adjustment after the AM depth 
adjustment has been made. 

PROCEDURE 

Adjust the AM depth potentiometer R421 for 90% AM depth as measured with the 
Modulation Analyt:cr when the UUT is programmed to 90% AM. 

a. Remove the AM depth adjustment access screw from the bottom module 
plate cover. 

b. Connect the output of the LFSSG to the UUT MOD IN connector and to 
the DVM using a BNC Tee. 

c. Program the UUT to [RCL] [9][8], then program the UUT for 350 M Hz, +I  
dBm, and EXT AM at  90% AM depth. 

d. Program the LFSSG for I kHz and a voltage of 0. 7071 rms, as measured by 
the DVM. 
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MAINTENANCE 
CALIBRATION ADJUSTMENTS 

e. Connect the UUT RF OUTPUT connector to the Modulation Analyzer 
input. 

f. Program the Modulation Analyzer to measure AM+ Peak, in a 0.05-kHz to 
1 5-kHz bandwidth. 

g. 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 continuing with this adjustment procedure. 

This adjustment is required if any of the following events occur: 

The Output Assembly, A2A4, or the Attenuator, A2A5 has been replaced. 

The AM Depth adjustment is made. 

The LEVEL DAC or any associated components 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, R31 1 , for +9-
dBm output 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 OFF. 

b. Zero the Power Meter. 

c. Remove the RF Level Adjustment access screw from the bottom module 
plate cover. 

d. Connect the Power Sensor to the UUT RF connector. 

e. Adjust RF Level Adjustment, R31 1 , for a reading of exactly +9 dBm on the 
Power Meter. 

4C-9 
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4C-10 

f. Replace the R F 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 1 00 MHz and 350 MHz. 

a. Program the UUT to [RCL] [9][8], then program the UUT to 350 MHz and 
+9 dBm. 

b. Zero the Power Meter. 

c. Remove the het level adjustment access screw from the bottom module plate 
cover. 

d .  Connect the Power Sensor to the UUT RF OUTPUT connector. Note the 
Power Meter reading. 

e. Program the U UT to 100 M Hz. 

f. 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, A2A l .  

I .  R230 10-MHz Adjustment 

2. R82 FM Cal Adjustment 
R90 Low-Rate Deviation Adjustment 
R87 FM Flatness Adjustment 
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MAINTENANCE 
CALIBRATION ADJUSTMENTS 

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. C240 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. 

I .  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. 

a. Remove the instrument top cover and the I 0-MHz adjustment R230 access 
screw from the module plate cover. 

b. Connect the UUT rear panel I 0 MHz OUT to the Oscilloscope vertical 
input. 

c. Connect the Frequency Standard output to the Oscilloscope external trigger 
input. 

d. Set the UUT rear panel REF INT j EXT switch to INT, and set the vertical 
controls of the Oscilloscope to display the UUT 10-MHz signal. 

e. Set the Oscilloscope for external triggering, and adjust the time base for 0. 1 
us/ div. 

f. Adjust R230 for a drift of less than one cycle per second. 

4C-1 1 
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CA�IBRATION ADJUSTMENTS 

2. FM Adjustments, R82, R90, AND R87 

TEST EQUIPMENT 

Modulation Analyzer 
LFSSG 
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 U UT, 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. 

a. Remove the instrument cover and the FM CAL, FM flatness, and Low
Rate Deviation adjustment access screws from the cover of the module 
plate. 

b. Connect the output of the LFSSG to the UUT MOD IN connector and to 
the DVM. using a BNC tee. 

c. Connect the UUT RF OUTPUT to the Modulation Analyzer input. 

d. Program the Modulation Analyzer to measure FM + peak ina 0.05-kHzto 
> 200-kHz bandwidth. 

e. Program the UUT to the [RCL] [9)[8]. Then program the UUT to 385.5-
MHz, 7 dBm, EXT FM, 99.9-kHz deviation. 

f. Program the LFSSG to 10 kHz and 0.7071V rms as measured by the DVM. 

g. Adjust R82 for 100.0 kHz, as measured by the Modulation Analyzer. 

h. Program the LFSSG to 0.4 kHz and 0.7071V rms, as measured by the 
DVM. 

i. Adjust R90, the low-rate deviation for 100.0 kHz, as measured on the 
Modulation Analyzer. 

J. Program the LFSSG to I kHz, and adjust R87 for 100.0 kHz as measured on 
the Modulation Analyzer. 

k. Repeat steps f through j until the deviation flatness is 100.0 kHz ± 0.3 kHz . 

l. Turn the UUT EXT FM off, and note the Modulation Analyzer peak 
deviation (noise) reading. 

m. Turn the UUT EXT FM on. 

4C-13 
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4C-14 

n. Program the LFSSG to I 0 kHz and 0. 707 1 V rms as measured by the DVM. 

o. 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 I. 

3. L49 20-kHz and L50 40-kHz Notch Filter Adjustments 

TEST EQUIPMENT 

RF Spectrum Analyzer 
LFSSG 

REMARKS 

These adjustments are normally not required unless L49, L50, Cl23, C99, C 124, C l 26 or 
C 1 25 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 R F 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. 

d. Connect the UUT RF OUTPUT to the RF Spectrum Analyzer input. 

c. Program the UUT to 300 M Hz and +13  dBm. 

f. Adjust the RF Spectrum Analyzer to display the signal centered on the 
display. 

g. Set the span to 10 kHz/division and 1 -kHz bandwidth. The 20-k Hz 
sidebands should be visible. 

h. Adjust L49 to minimize the 20-kHz sidebands. 

1. Program the LFSSG to 40 kHz. 

J. Adjust L50 to minimize the 40-kHz sidebands. 

4. VCO Upper Clamp Adjustment, R l 04 

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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MAINTENANCE 
CALIBRATION AOJUSTMENTS 

PROCEDURE 

The UUT PLL loop is disabled to cause the VCO frequency to be at the upper limit of its 
range, then R I04 is adjusted for 530 MHz. 

a. Remove the instrument and module plate top covers. 

b. Connect UUT RF OUTPUT to the Frequency Counter input. 

c. Program the UUT to [RCL] [9][8]; then, program the UUT for 500 MHz 
and +13  dBm. 

d. Using a clip lead, short TPI4 to ground to cause the VCO to go to the upper 
frequency limit. 

e. Adjust R I04 for 530 MHz ± I MHz. 

5. 800-MHz Oscillator Adjustment, C206 

TEST EQUIPMENT 

Frequency Counter 
OMM 

REMARKS 

This adjustment is normally not required unless components in the 800-M Hz 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. 

c. Connect the D M M 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 (LFSSG) 
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 I 0-MHz crystal 
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4C-16 

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 

a. Remove the top Generator cover and the 10-M Hz adjustment access screw 
from the the module plate. (See Figure 4C-3 C240 for 10-MHz adjustment 
location.) 

b. Connect the frequency standard to the reference input of the LFSSG. 

c. Connect the LFSSG output to the oscilloscope vertical input channel ! using a 
BNC tee, and then connect the cable to the UUT I 0 MHz IN using a cable less 
than three feet in length. 

d. Connect the UUT rear panel 10 M Hz OUT to oscilloscope vertical input 
channel 2. 

e. Program the LFSSG to 10 MHz and 0 dBm. 

f. Set the UUT rear panel REF INT/EXT switch to EXT. 

g. Set the vertical controls of the oscilloscope to display both the LFSSG output 
and the UUT 10-MHz signal. Set the triggering to channel ! ,  and adjust the 
timebase for O. lusjdiv. 

h. Edit the LFSSG to 200 Hz above 10 M Hz (10.0002 M Hz). 

1. If the signals are unlocked, adjust C240 for a locked condition. Verify the 
UNCAL indicator is not lit. 

J .  Adjust C240 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. 

k. Edit the LFSSG to 100 Hz below 1 0  MHz (9.9999 M Hz). 

L Verify Locked Condition: Two wave forms synchronized and UNCAL 
indicator is not lit_ 

m. Program the LFSSG to 10 M Hz. 

n. Reduce the level of LFSSG until the signals displayed on the oscilloscope 
indicate an unlock condition. 

o. Increase the LFSSG level until the oscilloscope display first indicates the 
locked-point. Verify that this level is less than 300 mY peak-to-peak as 
measured with the oscilloscope. 

p. Perform Reference Frequency Adjustment procedure on page 4C-I l of this 
manual. 
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4D-1. INTRODUCTION 

Section 40 
Troubleshooting and Repair 

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. 

Out-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 involves 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 
carrier. 

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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40-2 

NOTE 

The Allenuator, Output, and VCO assemblies are individually calibrated, and 
the correction data are stored in The associated calibration EP ROMS. 

CAUTION 

If 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 numberforthc assembly shown in the List of 
Parts and specify a Module Exchange part. Table 40-1 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 to 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 40-1. Module Exchange Assemblies 

A1 A1 D i splay PCA 
A2A1 Synt h e s i : e r  PCA 
A2A2 VCO PCA 
A2A4 Output PCA 
A2A5 Attenuator Assembly 
A2A5A4 Attenuator PCA 
A2A5A5 Relay D r i ve r  PCA 
A2A7 Cont rol ler PCA 
A2A8 Non-Volati l e  Memory PCA 
A3A1 Power Supply PCA 

40-3. Power Supply PCA, A3A1 
The Power Supply PCA comes complete with the 5V regulator, A I U 3, 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. 

40-5. Synthesizer PCA, A2A1 
Under the Module Exchange Program there are two versions of the A2Al 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 is important to note what other options are 
in the Generator and carry out the following instructions pertaining to the option 
complement of the Gcnerator. lfthe Low-Rate FM option is present, verify that S I 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 !0-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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MAINTENANCE 
TROUBLESHOOTING AND REPAIR 

40-6. VCO PCA, A2A2 
The VCO assembly comes with its associated VCO Calibration EPROM. This EPROM 
replaces the old one installed on the Controller PCB, A2A 7. 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 interconMct the VCO and Output PCBs, thus 
eliminating the need for a soldering iron when replacing this assembly. 

40-7. Output 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 Output assembly before installing it. 

40-8. Controller PCA, A2A7 
The Controller assembly comes without the three calibration EPROMs. Therefore, it is 
necessary to move these EPROMs from the old to the new Controller. Remember to set 
the option status switch. No adjustments are required. 

40-9. Display PCA, A1A1 
After installing a new Display PCA, the Modulation Indicator adjustment should be 
done. The pro.cedure is presented under the Display Adjustment Procedure. 

40-10. Attenuator/RPP PCA, A2A5 
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 on the 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. 

40-1 1.  IEEE-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. 

40-12. Non-Volatile Memory PCA, A2A8 
The Non-Volatile Memory assembly comes ready to plug in, and requires no adjustment 
after installation. 

40·13. 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 located on the A2A2 VCO 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 88 tip, and 2% silver solder paste, such as Electro Science Fabrication SP -
370 l or similar wire solder. 

40-14. TROUBLESHOOTING 
To isolate a fault, it is important to note the conditions under which th.e symptoms are 
observed and if the symptoms change with different states of the instrument, such as 
d ifferent R F bands or levels, only when FM is on, only under remote control, etc. 

If the symptom is 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. 

lf 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 d igital problem is suspected, go to the Digital and Control 
troubleshooting paragraphs after checking the power supply. 

40-15. 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 is displayed in the FREQUENCY display field. 
Pressing [CLR I LCL] key exits this check. The test also times out after 
approximately 8 seconds if no keys are pressed. 

• Special Function 1 5, Latch Test 

Special function 1 5  invokes a built-in latch 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 ( 10 10 10 10  binary) 
to each 8-bit latch, and displays "Latch AA". Pressing the EDIT [ + ] key changes 
the bit pattern to (010 10 10 1  binary), and "Latch 55" is displayed. Pressing the 
EDIT [ + ] key changes the pattern back to 101010 10. Pressing any other key 
causes the instrument to exit the test. 

CAUTION 

This special function is Intended as a troubleshooting tool to check the 
operation of the digital circuitry and the latches on the analog assemblies. 
Since the Generator Is programmed to 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 attcnuators 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, A242L through A245L, to be 
programmed one at a time, thus keeping the level high. The first 24-dB attenuator, 
denoted A241L, is automatically programmed for levels between -17.0 dBm and 
- 1 1 . 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. 

40·16. UNCAL Conditions 
There are two hardware fault detectors, the unlock detector on the Synthesizer PCA, and 
the unleveled detector on the Output PCA. These two fault detectors are constantly 
monitored by the Cor.rroller, 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 Output PCA, whereas a 
unlocked 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. 

40-17. 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 fields as shown in Table 40-2. 

A minus sign in the Frequency Display indicates that the self test was aborted by a front 
panel entry. 

MODULATION 

A I A A 

Table 40-2. Sell Test Display Field 

FREQUENCY AMPLITUDE 
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The four groups (denoted by the A's, B's, C's and D'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 successful 
self test is reported with all zeros. 

During the self test, the step attenuator is programmed to maximum attenuation 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 techniques. 

4D-18. AAA FI ELD 
AAA is 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 ifthe Option -65 1 Low-Rate FM is installed. Table4D-3 shows theAAA Field 
AM and FM tests. 

4D- 1 9. BBB FIELD 

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 40-3 AAA Field AM and FM Tests 

AAA FREQ lEVEl AM MOD FREQ KV FM FM EXPECTED 
( COOEl <MHZ) (OBM) m <HZ) OAC DAC RANGE RESUlT 

001 1 050 1 0.7 30 400 n/a n/a n/a Leveled 
002 1 050 1 4  1 27 400 n/a n/a n/a unlevelea 
004 1 050 1 0.7 30 1 000 n/a n/a n/a Leveled 
01 0 1 050 1 4  1 27 1 000 n/a n/a n/ a Unleveled 
020 280 -1 0 n/a 400 Normal 1 023 4 Locked 
040 280 -1 0 n/a 400 1 023 1 023 4 Unlock�d 

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, A3A3Ul, then by reading it back and checking for the 
expected response. Each memory location of the N on-Volatile RAM is checked with a 
checksum. 

tm ti 

··; II 

I' ' ' 

.-.; • 

I!! 
I 
Iii L 

I 
Iii I 
Iii .; 
t 



I 

• 
I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

B 
I 

I 

I 

MAINTENANCE 
TROUBLESHOOTING AND REPAIR 

Table 40-4. BBB Field Test Results 

MAX. 
BBB SYNTH . FREG. WAIT XOENL EXPECTED 

( CODE) <MHZ) (MS) BIT RESULT 

001 245 1 20 0 Locked 
002 525 5 0 Unlocked 
004 525 95 0 Locked 
01 0 225 1 20 0 Unlocked 
020 385 1 20 0 Locked 
040 550 1 20 0 Unlocked 
1 00 385 1 20 1 Unloc ked 
200 385 200 0 Locked 

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 (U25) and the on-chip RAM 
(U l )  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-2 1 .  DOD FIELD 
DDD is the result of the Output filter tests. During these tests, the level is programmed to 
+ 1 3.0 dBm with level correction applied. The low-pass filters on the A2A4 Output 
assembly are tested by setting the frequency near the high end of each of the four half
octave non-bet 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. 

C CC 
( CODE) 

PDD 

001 
002 
004 
01 0 
020 
040 
1 00 
200 

( COPE) 

001 
002 
004 
01 0 
020 
040 

Table 40-5. CCC Field Test Results 

DIG I T  AL TEST 

IEEE-488 opt i on test 
Non-vol ati l e  memory test 
RAM test 
Attenuator ca l i brati on EPROM checksum 
Output ca l i brati on EPROM checks um 
Synthesizer ca l i brati on EPROM checks um 
Lower program EPROM checksum 
Upper program EPROM checksum 

Table 40-6. DOD Field Test Results 

FREQ MIDL HAOCTH EXPECTED 
(MHZ) RESULT 

349.99999 0 1 leveled 
51 1 .99999 0 0 leveled 
729 .99999 1 0 Leveled 

1 050.00000 1 1 leveled 
490 .00000 0 1 unleveled 

1 024.00000 1 0 unl eveled 
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Table 40-7. Band, Filter, and Frequency Programming Data 

OUTPUT FREQUENCY ( F  ) 0 MIDL HAOCTH HETL SHETH SYNTH. FREQ ( F
5 ) 

0.01  - 244.99999 MHz 1 1 0 1 ( 800 + F ) I 2 
245 - 349 .99999 MHz 0 1 1 0 Fo 

0 
3 5 0  - 51 1 .99999 MHz 0 0 1 0 Fo 
5 1 2 - 729. 99999 MHz 1 0 1 0 Fo I 2 
730 - 1 050 .00000 MHz 1 1 1 0 Fo I 2 

1 • TTL H i gh 
0 • TTL Low 

40-22. Check Output 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 40-7 shows the band, filter, and frequency programming data for the output 
frequency (at the source). 

40-23. Auxiliary Power Supply PCA, A3A2 
The Auxiliary Power Supply consists of the A3A2A I PCB and the A3A2Tl transformer 
mounted together with a bracket. The power supply is electrically preadjustcd and needs 
no adjustment after installation. 

The Spectrum Analyzer can also be used to check to see if the modulation functions are 
generally working. I f  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 Output 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 
00 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. 

40-24. Check Power Supply Voltages 

CAUTION 

To prevent damage to the Generator, turn off the Instrument before 
disconnecting any power distribution cables. 

Check all power supply voltages. Table 40-8 gives the expected de 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 (lisconnecting (one at a time) the power cable to the Controller, Synthesizer, 
Attenuator, and the cable from the Controller to the front panel. 

Table 40-8 lists the typically de 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 de voltages are expected values as measured with a digital voltmeter with 
respect to the power supply ground connection on the module plate. 

The ripp\e 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 +ISV relay supply depend directly on the line 
voltage and the load (the state of the instrument). For example; at 120V ac: 

• At 50 MHz and 13  dBm, V de is typically 19.0V with .25V (peak-to-peak) ripple. 

• At 50 MHz and RF off, Vdc is typically 20.0V with OV ripple. 

Table 40-8. Power Supply Characteristics 

UNREGULATED VOLTAGES REGULATED VOLTAGES 
SUPPLY 

�TP V de R i pp l e ( Vpp) �TP V de Ri pple CrnVpp) 

+37 9 47 0.5 5 36 . 9  t o  37.1  2 

+1 5 Syn 1 1  1 4 . 5  t o  1 5 .7 0 .5 
7 22 0 . 5  

+1 5 Out 3 " " " 

-1 5 8 -23 0 . 2  2 -1 4 .5 to -1 5 .7 " 

+5 1 0  9 1 4 4 . 75 to 5 . 25 1 

+1 8 1 23 0.35 None None 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 ent i tled 
M icroproccssor Kernel in this section. 

If the front panel is operating correctly but the RF output is incorrect, determine if the 
fault is on the Controller side of connector P 10 1 .  The control to most of the audio and RF 
analog circuitry passes through PlOl  via buffers U 1 5  and U 16  on the Controller PCB, 
A2A7. 

40·26. Control Activity 
This can be checked by verifying data activity on the data and address lines of P 10  I .  
Program the bright digit for 100-Hz resolution in  the FREQUENCY display. While 
pressing the EDIT [+] key, observe with an oscilloscope the activity on PIOI .  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, (BDO· 7) and address (BAB0-2) signals on 
P !O l  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 careful not to confuse this high impedance state with total inactivity. 
Observing these signals on a known good unit may be helpful. 

If signals are found to be totally inactive, inspect the buffer control signals on U 1 5  (pin I ), 
and U 16  (pins 1 and 19) of the Controller, A2A 7. 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 BSELJ  L, assume for now that the Controller is sending the 
correct data and continue on. 

40·27. Latch Control 
Usc the [SPCL] [ l ](5] keys to check each available latch on the RF circuit 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 I EEE-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. 

40·28. Microprocessor Kernel 
Connect an oscilloscope probe to the external clock input of A2A 7 U I pin 2. There 
should be a symmetrical iO-MHz square wave with an adequate TTL 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 U l .  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 U l .  I fa 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 U l ,  CRUIN (pin 13) , INTI (pin 1 5), 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. IEEE-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 U l  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 (DO to D7), address (AO to Al5), and bus control 
(CLKOUT, DBINL, WEL, MEML) signals with an oscilloscope. 

Suspect inactive signals or Jignals 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 j 0 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 path to a 
particular device or group of devices. Start at the highest level of decoding, and one at a 
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 U 1 8  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 40-9. Address Codes for the Front Panel Keys 

KEY CODE 

[EXT AM] 1 
CEXTFMJ 2 
[ INTAMJ 4 
[INTFM] 5 
[400 / 1 000] 6 
CFREQ] 9 
CAMPLJ 1 0  
CAMJ 1 1  
[ FMJ 1 2  
CSPCLJ 13 
[STEP] 14 
[7] 1 5  
[4] 1 6  
[ 1 ]  1 7  
[0] 1 8  
CSTOJ 1 9  
[8] 20 
[5] 21 
[2] 22 
[ . ]  23 
[RCLJ 24 
[9] 25 
[6] 26 
[3] 27 
[-] 28 
CSEGJ 29 
CMti< I V J  3 0  
[kH< I VJ 3 1  
[Hz l uVJ 32 
STEP[v] 33 
[dB t rn J J  34 
[�] 35 
CCLR I L CLJ ( E x i t Test ) 
STEP C+J 37 
EDIT [+] 38 
EDIT[+] 40 
EDIT[+] 41 
EDIT[+] 43 
[STATUS] 45 
R F [ON/ O F F J  46 
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40-35. SYNTHESIZER TROUBLESHOOTING 

NOTE 

A ll  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 A2A9S 1 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 f 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 Generatorfrequency is stuck high or low. A good way to do this is 
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. 1 1999 MHz, !NT FM on at 1 kHz, and 99.9 kHz deviation. 

40-36. Reference Circuitry Check 
There should be a 10-MHz square wave at U55 pin 12. lfthere is no signal at this point, 
the problem is in the internal ! 0-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 1 1 . The same signal should appear at U68 pin3. If either of the 
enhanced stability options is present, with the switch set to INT, there should also be a 10 
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-I l shows the relationship between various reference frequency configurations 
and the control of the reference circuitry. 

40-37. 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 40·10. Synthesizer PCA Test Points 
r----.----,--------.-----------,-·-----------., 

TEST SIGNAl 
PO INT TYPE 

TP1 

TP2 
TP3 

TP7 
TP1 1 

TP1 2 

TP13 
TP1 4 
TP1 5 
TP16 
TP17 
TP22 
TP23 
TP24 

TP25 

TP26 
TP27 

TP31 
TP32 

TP33 

TP34 
TP35 
TP36 
TP37 
TP38 
TP39 
TP40 
TP41 
TP42 
TP43 
TP44 
TP45 
TP46 

TP49 
TPSO 
TP51 
TP52 
TP53 

TP54 
TP55 
TP56 

R F  

GROUND 
R F  

GROUND 
TTL 

TTL 

GROUND 
TTL 
TTL 
TTL 
R F  
AUDIO 
GROUND 
TTL 

TTL 

GROUND 
TTL 

GROUND 
AUDLO 

AUDIO 

D C  
TTL 
GROUND 
D C  
TTL 
TTL 
D C  
D C  
GROUND 
D C  
D C  
GROUND 
TTL 

TTL 
TTL 
GROUND 
TTL 
D C  

TTL 
R F  
INPUT 

RANGE 

245 to 5 2 5  MHz 

245 to 5 2 5  MHz 

20 to 39 .995 kHz 

1 to 1 .99975 MHz 

1 MHz <AU 
0 .02 t o  1 MHz 
1 2  to 26 MHz 
245 to 5 2 5  MHz 
0 to 0 . 7V rms 

2 0  MHz, 1 2. 5  ns 
(AH) 
20 MHz. 1 2 . 5  n s  
(AH) 

1 0  to 1 9 .9975 MHz 

0 t o  o . av rms 

0 to o . av rms 

30 t0 . 5 V  
1 MHz 

-1 to -6v 
1 MHz 200 ns (AH) 
1 MHz 1 0  n s  <AU 
2 t o  22V 
2 t o  22V 

2 to 22V 
2 to 22V 

Low • un l o c ked 
h i gh - locked 
1 0  MHz 20 n s  <AU 
1 0  MHz 

1 0  MHz 1 0  ns <AU 
7 . 5  ±1 v 
1 6  ±2v 
1 0  MHz 
800 MHz 

TYPI CAL 

4 80 .059995 MHz; 
-7 dBm 

4 80 . 059995 MHz; 
+4 dBm 

39.995 kHz 

1 . 99975 MHz 

1 MHz 
20 kHz 
24 MHz 
4 80 .02 MHz; -1 7 dBm 
0 . 6 8V rms 

20 MH: 

20 MHz 

1 9 . 9975 MHz 

0 . 1 8V rms 

0 . 1 8V rms 

30V d e  
1 MHz 

-2 .7V de 
1 MHz 200 ns 
1 MHz 1 0  ns 
1 7 .7V d c  
1 7  . 3 V  d e  

1 7  . 3 V  d e  
1 6 - 2 V  d e  

TTL h i g h  

1 0  MHz, 2 0  nS 
1 0  MHz 

1 0  MHz, 1 0  nS 

1 6V d e  
1 0  MHz 
800 MHz; -1 0 dBm 

FUNCTION 

A l l  frequency d i g i t s  

A l l frequency d i g i t s  

1 0-K, 1 -K, 1 00- , 
and 1 0-Hz D i g i t s  
1 0-K, 1 -K. 1 00- .  
and 1 0-H> D i g i t s  

1 -MHz and L ow e r  d i g i t s  

Al l frequency d i g i t s  
Al l frequency d i g i t s  
FM Dev i a t i on 

1 0-K. 1 -K, 1 DO
and 1 0-H> D i g i t s  

FM Dev i a t i on .. 
and F r equency 
FM Dev i at i on .. 
and Frequency 

1 -MHz Reference 

Frequency 

Frequency 
Frequency 

Frequency 
Frequency 

Above 245 MHz 
B e l ow 245 MHz 

B e l ow 2 45 MHz 
To test Low
pass f i l te rs 

1--'-------'--------------'------------'---------�------j 
NOTE: AH • act i ve h i g h  

AL - a c t i v e  low 
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Table 40-11. Frequency Reference Control 

OPTION INSTALLED an 

HIGH- OR MEDIUM-STABILITY INT/EXT RMUXOH SHENL 

NO INT 0 1 
EXT 0 0 

YES INT 1 1 
EXT 0 0 

1 = TTL H i gh 
0 = 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 40-4 1 .  If you cannot change the frequency, the problem is either the VCO, or 
the UHF binary divider, U l .  

Check the signal atTP I .  It 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 TP 17 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 1 6  MHz (with 
the output frequency set to approximately 320 MHz). The output of the N-Divider, 
TP 14, should be approximately 1 MHz. 

As the UUT frequency is programmed, the frequency at TP 14 should change, since the 
divide ratio is being changed. If the frequency is not I MHz and/ or it doesn't change, the 
problem is probably with the N-Divider gate array, U 1 7, or the interface to the 
microprocessor. 

If both the reference (at TP35) and the N-Dividersignals at the phase detector are 1 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 M Hz, 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. 

lf 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 I MHz, TP38 should be high and 
TP39 should be low. 

With this frequency slightly below I MHz, TP38 should be low and TP39 should be high. 
The only remaining circuitry is the loop amp U48 and the current source, U46, Q l8, and 
Ql9. 

If the loop is locked, but the 1-MHz, 10-MHz, or 100-M Hz digits cannot be programmed, 
the problem is either the N-divider or the interface to the microprocessor. If the 100-kHz 
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or 10-kHz digit is inoperative or the frequency jumps as the 1 -M Hz digit is  programmed, 
the problem is likely the triple-modulus prescalar. I f  the lower order ( 1 -kHz, 100-Hz, 10-
Hz) digits cannot be programmed, the problem is the sub-synthesizer or single sideband 
mixer. 

40-38. 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 1 5  
should be 40 M Hz. If the 40-MHz signal i s  present, but not the 20 M Hz, the problem is 
most likely with Q4, Q5, U35, or U34. If the 40-MHz signal is in error, the problem is in 
the 40-M Hz loop. 

Check thc frequcncy at the 40-MHz VCO, U64 pin 3. It should be40 M Hz. If it is not, lift 
the op-amp end of R 169, 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 to see if U64 pin I I is ECL 
low (approximately 3.2V). 

The output of TTL buffer U65 pin 8 should be approximately40 M Hz. The output of the 
d ivide-by-4, U66, should be approximately 10 M Hz. Once again, if the frequency is 
greater than 10 M Hz, pulses should exist at TP52 and the output of op-amp U60 pin 6 
should be low. If the frequency is below 10 M Hz, pu lses should exist at TP49, and the op
amp should be high (approximately 24V). The loop should lock when the operator 
reconnects R 169. 

If the Tl' 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 TP1 2  
should be I MHz, and TPI I 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, U I O  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 1 -k H z  change in the programmed 
frequency, and 50 kHz for a 1 00-Hz change, etc. 

40-39. FM Circuitry 
Program the U U T  to 500 M Hz, !NT 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 IV p-p. Reprogram the deviation to 99.9-kHz. The 
level of the output of the K V DAC, U28 pin 7 will be approximately L5V 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 R87 
is set. The output of the audio integrator should be about IV p-p. To check the FM range, 
program the UUT to 9.99-kHz deviation. The ac voltage at TP32 should drop to 10% of 
the 99.9-kHz value. Program 999-Hz, and the voltage should drop to I% of the 99.9-kHz 
value. 

The !NT j EXT FM selection is done on the A2A4 Output PCA. The controls are listed in 
Table 40-17 .  

Tables 40- 12  and 40- 1 3  provide FM range and FM OAC ( 10  bits) control information. 
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Table 40·12. FM Ranges 

FM DEVIATION FM DEVIATION WITH FMRN 
< Hz )  LOW-RATE FM OPTION 

( Hz ) 

0 - 999 0 - 99 .9 1 

1 ODD - 9990 1 00 - 999 2 
1 0000 - 99900 1 000 - 9,990 4 

Table 40-13. FM DAC Control 

FM DEV IATION FM DEVIATION WITH FM 0 - 9 

( Hz )  LOW RATE FM O PTION < Bi t s )  
(Hz) 

0 - 99.9 FM Dev i a t i on / . 1  

0 - 999 1 00 - 999 FM Dev i at i o n  
1 000 - 9990 1 000 - 9, 990 FM Dev i a t i on / 1 0  

1 0000 - 99900 FM Dev i a t i on / 1 00 

40-40. LEVEL TROUBLESHOOTING 
If the Generator level is inaccurate or an unleveled condition exists, the A2A5 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 U nleveled Condition. 

If there is no unleveled condition, the problem is likely in the circuitry following the ALC 
Loop, which includes the Attenuator f 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 I RPP is 
at fault. 

40-41 . Output Assembly Test Point Signal Information 
Table 40-14 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. 

40-42. 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. 

40-43. Attenuator Check 
Attenuator problems are most likely to be relay contact problems. 

To isolate the faulty attenuator section, connect a power meter to the RF OUTPUT 
connector, and check the nominal levels per Table 4D-16 at both 0.2-MHz and 1050-
MHz frequency. 
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TeST SIG NAL 
PO INT TYPE 

TP1 RF 

TP2 R F  

TP3 R F  

TP4 RF 

TPS RF 

TP6 dc+a udi o  

TP7 dc+audio 

TP8 dc+audio 

TP9 dc+aud i o  

TP1 0 Ground 

TP1 1 dc+audio 

Table 40-14. Output PCA Test Points 

RANGE 

245 to 1 050 MHz 
-1 8 t o  -32 dBm 

245 to 1 050 MHz 
-1 0 t o  -25 dBm 

245 to 1 050 MHz 
- 1 3  t o  - 2 8  dBm 

245 to 1 050 MHz 
-1 3  t o  -33 dBm 

TYPLCAL 
R CL 9 8  

300 MHz 
-27 dam 

300 MHz 
-20 d8m 

300 MHz 
-22 dBm 

300 MHz 
-22 dBm 

FOR SIGNAL 
D E S CR I PTION 

Output of m i d / h i g h  
bandsw i t c h .  

Output of buffer 
ampl i f i e r .  

Output o f  sw i t ched 
low-pa s s  f i l te r s �  

Power- spl i t ter 
output . 

800 MHz No s i gna l Het m i xe r  LO 
-8 dBm s i gna L 

-7 t o  1 4 V  d e  nom i na l 3 . 1  v d e  Modulator cont rol 
vol tage . 

0 . 04 t o  3 . 0V de nom i na l  1 . 2 V  de Level i ng l oop 
control voltage. 

0 to 2V de nom i na l  0 .63V d e  De t e c t or d i ode 
vol tage. 

400 or 1 000 Hz . 400 Hz Modulati on Osc-
0 . 7 1 V  rms 0 . 7 1 V  rms i L  La tor output . 

0 to 0.70V rms ov FM modu l a t i on 
s i gna L to Synth-
e s i z e r  .. 

The through-path operation of the Attenuator 1 RPP can be roughly checked by 
removing the instrument and module bottom covers. Program the frequency to l MHz 
and the level to + 13  dBm. Measure (with a high-impedance probe and an RF voltmeter or 
an oscilloscope) the level at PI02 of the A2A4 Output assembly with a power meter 
connected to the RF 0 UTPUT connector. If the voltmeter measures a nominal I V  rms, 
but the power meter does not read + 1 3  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 required 
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 j N  744 177) 
to the interconnect point, and making power meter measurements of the A2A4 Output 
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 M Hz), 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 TP5). lfthe problem is at all frequencies, 
check the output amp, Q215,  and the Hctjfunction switch and controls. 
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Table 40-15. AHenuator Level Control 

AMPLITUDE RANGE IN DBM ATTENUATOR SECTIONS INSERTED INDI CATED BY X 

AM Off AM On A6DBL A12DBL A241 L A242L A243L A244L A245L 

7 . 0  1 9 -0 1 -0 9.0 
1 .0 6 . 9  -s .o 0 . 9  X 

-5 .0 0 - 9  -1 1 -0 -s .1 X 
-1 1 .o -5 - 1  -1 7 -0 -1 1 - 1  X X 
- 1 7 . 0  - 1 1  . 1  -23 -1 -1 7 - 1  X 
-23 -1 -1 7 . 1  -29.1 -23 . 2  X X 
- 2 9 . 1  -23 . 2  -35 - 1 -29 .2 X X 
-35 . 1  -29 . 2  -41 - 1  -35 .2 X X X 
-41 . 1  -35 . 2  -47. 1  -41 . 2  X X 
-47 . 1  -41 -2 -53 . 2  -47 . 2  X X X 
-53 . 2  -47 .2 -59-2 -53 . 3  X X X 
-59.2 -53 .3 -65 .2 -59.3 X X X X 
-65 . 2  -5 9 -3 -71 - 2  -65 .3 X X X 
-71 -2 -65 .3 -77-2 -71 .3 X X X X 
-77.2 -71 -3 -83 -3 -77.3 X X X X 
-83.3 -77-3 -89.3 - 83 -4 X X X X X 
-89.3 -83 .4 -95 -3 -89 . 4  X X X X 
-95 .3 -89 .4 -1 01 -3 -95 . 4  X X X X X 

-1 01 -3 -95 . 4 -1 07 - 4  -1 01 - 4  X X X X X 
-1 07 - 4  -1 01 -4 - 1 1 3 . 4  - 1 07 -5 X X X X X X 
-1 1 3 .4 -1 07 . 5  -1 1 9 -4 -1 1 3 . 5  X X X X X 
- 1 1 9 .4 -1 1 3 - 5  -1 2 5  - 4  -1 1 9  - 5  X X X X X X 
- 1 2 5 . 4  -1 1 9 .5 -1 3 1 - 4 -1 25.5 X X X X X X 
- 1 47 .0 -1 25 . 5  -147-0 -1 3 1 -5 X X X X X X X 

Table 40-16. AHenuator Levels 

ATTENUATOR PROG LEVEL SPECIAL FUNCTION OBSERVED LEVEL 
( NOMINAL) 

6d8 +6dBm +6dBm 
1 2dB OdBm OdBm 
2 4d8 £1 -1 2dBm -1 2d8m 
24d8 £2 -1 2d8m 83 -1 2dBm 
24dB £3 -1 2dBm 84 -1 2dBm 
24d8 £4 -1 2dBm 85 -1 2dBm 
24dB £5 -1 2dBm 86 -1 2dSm 

40-44. 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 40-7 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 dc(+4V 
to +5V de typical). Another place to monitor is TP7 (ALC control voltage). 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 de. With the RF off, the voltage at TP7 should 
he OV de. 

When the problem is isolated to a specific area, use the schematic, Theory of Operation, 
·rest Point Chart, and normal troubleshooting techniques to isolate the fault. 

40-45. AM TROUBLESHOOTING 
The following paragraphs provide information that help the operator to trace an AM 
problem to a specific circuit on the Output assembly. 

40-46. Internal/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 1 V peak (2V p-p), 1-kHz signal source to the 
external MOD IN PUT of the U UT and measuring AM depth. Use a ·Modulation 
Analyzer. Program the U UT to external AM and then to internal AM at 1-kHz internal 
modulation rate. The measured AM should agree with the programmed depth within a 
few percent. 

Tables 40- 1 7  and 40-18  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. lf 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 either the 
modulation signal-processing circuit or the leveling loop. To determine which circuit is 
faulty, perform the following test. 

Table 40-17. Modulation ON/OFF Control 

INT AM EXT AM INTAML EXTAML 

Off Off 1 1 
Off On 1 0 
On Off 0 1 
On On 0 0 
INT FM EXT FM INTFML EXTFML FMENH 

Off Of f 1 1 0 
Oft On 1 0 1 
On Off 0 1 1 

On On 0 0 1 
1 � TTL H i gh 
0 - TTL Low 

Table 40-18. Modulation Frequency Control 

FREQUEN CY MF400L 

400 Hz 0 
1 kHz 1 

1 - TTL High 
0 • TTL Low 
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40-47. ALC Loop Control Voltage 

PROCEDURE 

l .  Connect a l V peak (2V p-p), 1-kHz signal source to the external MOD IN PUT. 

2. Program the UUT for 350 M Hz, 7 dBm, 7 1%  AM depth, and EXT AM ON. 

3 .  Measure the ac and the de  voltage at TP7. The rms voltage should be nominally 
50% of the de voltage. 

4. Program the UUT for 35% AM depth. The rms voltage should be nominally 
25% of the de 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 voltage at U302 pin 8 (input to level DAC). If the measured ac 
voltage does not change as programmed AM depth is changed, eitherthe AM DAC or its 
control is at fault. The AM OAC (A2A4U30 1 )  is an 8-bit DAC and is set to twice the 
programmed A M  depth, e.g., 1 80 for 90% AM. 

If  the U UT passes this test, then the ALC loop control voltage is  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. 

40-48. Detector Linearity 

PROCEDURE 

I .  Install the plate covers and let the UUT warm up  at room temperature for one 
hour. 

2. Program the UUT for 350 M Hz, 12 dBm, modulation OFF. 

3.  Program [SPCL] [8)[ I ]  and [SPCL) [9][ 1 ]  to disable level correction and enable 
amplitude fixed range. 

4. Measure power with a power meter at the UUT RF OUTPUT. Note the reading. 

5. Program the UUT for 2 dBm using the EDIT keys. The measured power should 
be 1 0  dB ± 0.2 dB below the reading noted in step 4. 

6. 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 amplifier or 
the modulator or modulator-lineari�er circuit. 

40-49. RPP Control 
When servicing the A2A5A2 Attenuator j 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 TP I .  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 itforfixed amplitude range ([SPCL][9J[I]). 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), increase (EDIT) the UUT level in I dB steps until the RPP 
trips. RPP trip normally occurs between + 10 and + 15 df\m. 
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List of Replaceable Parts 

TABLE OF CONTENTS 

ASSEMBLY NAME TABLE 
NO. PAGE 

6060B Final Assembly . . . . . . . . • • . • . . . . . . . . . . . . • .  5-L 54 
A l Front Section . • • . . . . . . . . . . . . • • . . • • . . . . . . . . .  5-2. 5-6 
A2 Module Section . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5-3. S-7 
A3 Rear Section . .  . .  . .  . . .  . .  . .  . .  . . .  . .  . .  . . . .  . .  . .  54. 5-8 
A l AI Display PCA . . . . . . . . . . . . . . . . . . . . . . . . . . .  5-5. 5-10 
A2Al Synthesizer PCA . . . . . . . . . . • . . • • . • . . . . . . .  5-6. 5-12 
A2A2 VCO PCA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5-7. 5-17 
A2A4 Output PCA . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5-8. s.J9 
A2A5 AttenuatorfRPP Assembly . • . • • . . • • . . . . . .  5-9. 5-23 
A2A5A4 AttenuatorjRPP PCA . . . . . . . . . . . . . . . . .  5-10. 5-24 

A2A5A5 Relay Driver/RPP PCA . . . . . . . . . . . . . . .  5-l l .  5-25 
A2A7 Controller PCA . . . . . . . . . . . . . . . . . . . . . . . . .  5-12. 5-26 
A2A8 Non Volatile Memory PCA • • • . . . . . . • • • • • •  5-13. 5-28 
A3Al Power Supply PCA . . . . . . . . . . . . . . . . . . . . . .  5-14, 5-29 

FIGURE 
NO. PAGE 

5-l .  5-5 
5-2. 5-6 
5-3. 5-7 
54. 5-9 
5-5. 5-1 1 
5-6. 5-16 
5-7. 5-18 
5-8. 5-22 

S-9. 5-24 
5-10. 5-25 
5-11. 5-27 
5-12. 5-28 
5-13. 5-30 

5-1 



LIST OF REPLACEABLE PARTS 

5-1 . INTRODUCTION 
This section contains an i llustrated 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 electrical and mechanical components are 
listed by reference designation. Each listed part is shown in as accompanying 
illustration. 

5·2. Parts List Information 
Parts lists include the following information: 

I .  Reference Designation 

2. Description of Each Part 

3. FLUKE Stock Number 

4. Federal Supply Code for Manufacturers 

5. Manufacturer's Part Number 

6. Total Quantity of Components Per Assembly 

7. Recommended quantity: This entry indicates the recommended number of 
spare parts t1ecessary to support one to five instruments for a period of 2 years. 
This list presumes an availability of comrnon electronic parts at the maintenance 
site. For maintenance for I year or more at an isolated site, it is recommended 
that at least one of each assemhly 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 by using the FLU K E  STOCK 
NUMBER. In the event the part ordered has been replaced by a new or improved part, 
the replancement will be accompanied by an explanatory note and installation 
instructions if necessary. 

To ensure prompt and efficient handling of your order, include the following 
information; 

I .  Quantity 

2. FLUKE Stock Number 

3. Description 

4. Reference Designation 

5. Printed Circuit Board Part Number and Revision Lette1· 

6. Instrument Model and Serial number 
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LIST OF REPLACEABLE PARTS 

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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TA�LE �� 1 .  6066B FINAL A!SE"BLY 
(SEE fi,URE ,., . ,  

REfERENCE 
I)E.tiGNAtM A->HUK����!---) 

fLUlCE 
STOCK 

$ ----------pr.�C�IPYtON---------------- --NO--
�� FRONT �ECTION 

A2 �OPU�E SECTION 
AJ REAR SECTION 

H I 
" , 
H l 
II < 
II ' 
H 6 
II 1 
II 0 H 9 
II I .  
H I I  
1-1 1 2  
'" I 
"" , 
"" ' 
HP < 
"" ' 
HP 6 "" 1 HP 0 HP ' 
/'IP 1 0  
I'IP 1 1  
/'IP 1 ::.\  
l'lf' 1 3  )'lp 1 4  
MP I �  
J'\P 1 6  
I'IP 1 1  
I'IP H I  
I'll> 1 '1  
l'lf' 20 
111' l i  
I'I P  :22 

P I 
TH I 
TH , 

SCRF.\J, MACH, F"IIUP , .':. S'TL , 6-32)(1 /4 
SC.R£Ioi,MACH,PHP SE:H.t , S' T L , �-32lll/2 
,<;"C""I;W , I'IA(';Il. f>liP. $'1'1 •• I (1-3:::0:1 /� 
l"(':RF,Id , kA(:!-1. f'Hf", ,<; , .<;Yl, , 6,-:,2Xl/EJ 
$i.RJ; w ,  MACil, Plifl', $Tl,, 6-��)(1 /11 
WA.\:HE;;Jl; , fl. AT , $  S'ff:E:L. , 'I=�, 0 ,  �I 6 '1'1-!lt: 
.!iL.F'.:EW, MAC I-I ,  �HP' , 1'1/IC. .r-nL , lr.·-�:;!X'i'Ja:! 
I.IA�I-t£� . F"l.Af,"THI,. , t6 , ( 1. 031 JHf( 

scr�[W, HAC It, PHP SENS' , STL , O•J:i!XJ/B 
SCRfiJ, HACH, PHP SE:NS , .HL, .!!.••32XI /4 
SCRI:"W.I'h'ICH, PIIP Sf.HS I HL I �- �&X l /'1 �CR!;:Iii ,/'1(-I(:H.FHP, $lL. ,$-�;:!X3/$ '1'!..11' COVF.k 
IIOHOH COVER 
FOOT, SIHGLE DAIL TYPE <DARk UHDER) 
NAMEPLATE, SERl�L �REAR PAN£L• 
Of.CAL, FRONT CORNER 
SlOE HHH i B "  
D£CAL, REAR �ORNER 
C:ClVI;:� PI,.ATI; lll.j:�.NI<. ,t'�EI;: 
Coli��. OUtPU'I'. PI.A'I'f.D 9U COVER, .HNTHI;:l"IZER, PI.Arli:P r;:Ov£R. CAI,.-f'�tl/'1 
C:M!{H , SI H E:I.PJNC. . I'IONt!. /1£$'11 n�tA�. O��RAYIDN SHIPf>lNC. 110)( SI!Tf''l"lNC. f.NI:l tAP'S CONN ACC,COAX� �NC,CAP tDUST CAP) CIIAH!� $!PE f.A�I.E TI�. ANCHO�, AD�SV . � . 1 ��·TI� 
CA!tl.f. �\..M'I� 
CABL� T I� . 4 " L . � . 1 �� · U . 0 , 7 5  Dl� 
ll'fMC:HT ,  POioiE:R S\HTCil 
PUSH�UfTON, L� R£CT. GREEN CL REPL 
PLUG/JACit 
606&B INSTRUCTION "ANUAL 
6&661l GETT INii l'TARI::D 11ANUAI. 

u 23, 24 " tc, 21< X 8 EPROI"' 
• I . , 
• l 

CAIILE AtSEH&LV, SF.HI�RICID W t 
CORD,LINE,5•t5/IEC,3�'16AW1i,SYT 
CADLE ASSEI"'IIl.'f1 CONTROLI.f.R�POWER 

UNPROiiR�I'IED PART 

32M93 
1 71039 
::! 1 $9111 3344SS l :l ::! i iiO �¢.G47l 't"n:;":�:lo!. 
1 1 0270 
4Jl.036 
1 78�33 
t mj: � t e  
! l <i i  1 6 
?Meet. 
7M8H 
653923 
4727't"5 
lo59227 
52599€1 
60521 4  
7!1 265 
7al4:):9 
1'41::?�?1 
?111579 
S2�320 
7"1116::!'0 
7,:2759 
7�H�6 
4'l'Mll2 
657627 
4079�9 
1 03796 
t no9o 
7'74�fl't" 
42{)8't"3 
'1 6 1 7H 
7'126tn 
7'i'46J'I 
�'440l 
73!38{1 
264 17-4 
7:36:C34 

HFRS 
SPL'f 
Cllb£-

09536 
B953.!. 
a9,:n� 
M��.!. 
99!136 
e692B 
£19536 
8";'536 
89536 
69�36 
El<i::S�6 
A9536 
99536 
8953.!. 
(19536 
6't"536 
8't"536 
8't"536 
89536 
9953& 
99:'!31!. 
99�!4 
99536 
E!9536 
99536 
99536 
S9536 
99536 
9953� 
B95J6 
959't"O 
89536 
8'1�36 
{19536 
6'1536 
El'i"�:3tr. &9,�6 lli:i!9� 
89536 
e'i''lJ� 
M'36 

HANUFACHIRER$ PART NUI"'&ER --o� ��Nr.�tc tY��--

320093 
! 77030 
::!'!994! 
3!4.-59 
152 \110 
57!0-:23-!6 
?72236 
I I  627{) 
436036 
'1 7�::)::3:;! 
H l � 9 l 9  
l \.41 1 1 6  
704EI66 
70�6H 
653923 
4727'15 
65'11227 
525't"'r'6 
605214 
731265 
731 439 
79::!671 
?74579 
52032{) 
774626 
752758 
752766 
479982 
&57627 
>1079{)8 
5/'1 6�JNA 
1 72066 
7H�6'i' 
421;)6'13 
" e 1 114 
19:=.!.9"1 
794B.34 ThS251 6JL 
73'1380 
;i:84 !7.4 
739534 

TOT 
OYV 

,. 
• 

I I  
., 

l 
' 
I 
I ' • 
' 

,. 
I 
I 
• 
I 
, ' , 
I 
I 
I 
I 
5 
I 
I 
' 
I ' ' I • ' 
I 
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' 
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I 
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Figure 5-1 . 60608 Final Assembly 
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LIST OF REPLACEABLE PARTS 

ft£F"E:�t�CE 
DE.flC.NATOR 

A�>NUMfRICS'•••) 
·---------------

• I 
• 2 
c 2 
' I 
" 1 2  • 1 3  
" " •• 1 0  
HP I I  "' I '  •• I J  
HP . .  
•• , 
.. I •  
"' " 
•• 1 0  •• I • 
"' ,. 
HP 2 1  
' I 
' 2 
J J 
" 7 X I 

TMill!': �-l'. jU FRONT �j::C:'tlON 
CSEE FIGURE 5•2 , )  

t -·M�-��a-�D£SC:RlPTION----��-�--�----� 
------··---··-------�--nn��n�n�nnmnwnnnn• 

• DISPLAY PtA 
S'WITCil PW[I 
C:Af> ,C£R, 2"79PF , 1--;::r:, i O(IV, I;DG 
TERM,RING,J/8 � 7/61, SOLDR 
tC�EW,CAP , S C K T , S T � , B-3�X�/B 
SCf<[W , I'IfiCH , PIIP SEMS , S TL , 'I w  .. O)(I/2 
S�R¢W.t1A�H, PHP $Et1S' , STL, 4-'IOX3/16 
1'\DIIf'TOR ,COA)(, :ttfllo(H) , N( H )  
SHIELD, D U 'Il'LAY �1/Jt,t.j), -S"Ir.ltTI::�f Rf' 
C:O�Nt:R: MAC;J(�f 
F"RONT PANEL l'tt 
Dt::CAL, fRONT PANEL 
PF.!:AL,, LF.HS', I EH(jl;:' 
U'IH' DBF'LAY 
CORNER llMIDLE, FRONT 5.25 IHCII l!RA(;k'Ef.  fi:F OUTPUT, PLA'fE:D 
�USHIN� INSULATION R . r . OUTF'UT 

SLEEV, POLYOL , SI1RINK , . O"r'J�.046ID, BLACK 
S:lfiTI;:H, L�FT COHOUCTiV� f.LAS:TOMERJ� 
lWITC�, C£HTER: CON»UCriV£ £LA�TOMER:IC 
SUITCH, �lGHT CONDUCT IVE ELASTOHERJC CA$L.E ASS¥ �On JN�UT fRONt 
lOCk'E'T , t  ROW, P W 9 , 9 . t 09CTk,7 POl 

F'LUKE t1F"R.r :taCK S'PI..Y 
--NC·-- (;ODI;-
7l86M 8953{, 
7.39�91 895Jt. 
6' -4'8"' 89;536 
<41197:1! 79963 
29:SI95 139536 
Jnotto B9nt. 
7J:H:):0 fi9�J6 
� 1 6963 99��6 
731 257 89536 
7 1 611,2 $9':!36 
6:$?601 Q9�36 
657593 89536 
77�&42 El'il::i36 
77-1M14 69;!:;!6 
657119 9�536 
656173 8'i'5J6 
7?4.4'1't 89��4 
5J799J 095J6 
1 4'i''HJ e'i'::;;J6 
o6o'i'lii:S'i'7 $9:il6 
ntJ-49 99536 
7JIJ56 8'i'��6 
ns:$&& B9,36 
5.29909 JOOJ5 

Figure 5-2. A 1 Front Section 

t1ANUffiCTURERl' • 
PMt N1,1t1BEF1: TOT ' 

�-DR G�N£RIC TYPE•• ., -· 
"""--------- ------�-

7JB&e9 I 
7385ilt I 
61 oi�Eilr. I 
761 I 
295195 • 
353060 1 0  
7J�7:!i0 •• 
:5 1 696:! I 
731257 I "tt.r.a=s� I 
l.5"16tlt ' 
657593 I 
77�&�2 I 
1('-16tl4 I 
657719 I 
6 :! 6 1 7 J  ' 
7?oi4il I 
53780J I f �'i'44J 
tr.'i'B�?i' I 
7JIJ�9 I 
n t �:slro I 
?�9599 I Sl'•l&'i'•f nf7 • 

60608-5003 

• 
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lili Iii 

I. 
I 

I !  • 
lu lli 

l1i • 
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I 
. 
. 

I 
lil .J 

E I . 
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TPIJII.£ '�-4, A3 REAR l'ECTION 
(fEE '!COR£ �--4 . )  N R!F'!RENC:F; Ft..UKt /'Ifill /'I�"'IJF'ACiTURERS' R 0 

DUHiNA1DR S'TOCK l'Pl'l' PART NUHJER TOT ' T 
A-)NUJ"'ERICl'·-·) l' ----------n!l'CRlPTION-�-�--�----�---- m-HO-- CODE• ••OR GENERIC TYPE•• OTY -· -· 

I 
-��--�------�-•n • • • n n n • • • • • • • • • • • •••••u�-----------��-� •nnn•nn••n•••••••••• 

• ' • POWER SUPPLY PCA 7.1140,� 89�36 7HO:f2 ' • ' FAN , t �Vb�1�4C�J"' , l o i ,•$Q 7&6598 B9�:Jl. 706599 ' • ' TERI'I,RING tl.,!/3� � 2 PL�C£f,$OLPR t32J'i''i' 781B'i' 2104•06-00 ' ' I 
' ' FuS� , I �4 X t - 1 14,fAST,t .�A, 2,0Y 1 &9330 71 111M AGCI - 1 /� ' H " ttUT ' E.LA:T .S'TDP I HEX,STL,S�32 .:!10.6:;!09 a�;:!l(r. 3063:t:IU • 
H • •  l'CREW, CIIP ,S�KT,St�. $-3�X3te 2'i'�Ht'!' 8'1'536 29510:5 • 
H I ?  WASHER, SHLDR , NYLDN,t! 4EI,.i!l? EI9:C36 4S:S4t7 • 
N , .  ��IT oi.OI;.K , S.ol'TL, 4-40 559B66 99�36 ''lla66 • 
H • •  fC�EW,HACH,tH� SEh$,$1L1 6•32X5/8 272591 89534 272591 • 
H 20 fC�Eiof, HIIC!t, f'l't., F'HF', 8-3�)(:!�1 /2 772J76 8'i'5J6 772J76 • 

I 
H .. W�SilER,fLAT,S fTEEL , t 8 , fti . C32 THI( 1 76743 86-928 :.'17t O�:SH32 • 
H >2 loiA$'1ti:�.FLPIT ,FUER,te,&.063 tiiK I I Or:5J 7:J7J4 1 47:!' • 
H 23 fC�£�.MACH, FHUP ,S,$TL1 6�3ZX1/4 3200'13 895J6 32M93 ' H •• SCRE� , HAC!l, PIIP .Utl.t , fTt, , 6�:";�ll 1 /  .. 11e�:n e"i',;,6 1 7S:I3:J • 
H , I.I:ASI-IE"R,sPRrN�; , :TL , e . I 38X0.2BI xo. o:i!e ,71!168 895:!6- �71 ,68 2 
N 26 �AfltER, Slii.D�, F"rtlt:R, U 1 1 0387 86928 51104-47 2 I 
H 27 NUT,lLAfT,fTOP ,HtX,STL16-32 1 1 08-41 6'1536 1 1 0841 • " 20 \ofnEIIER,LOCK , INTkNt,, $'TF.EL. (1, 267 ID t l 08 1 7  6?536 l l o8t? 3 
H •• WIISHER,FLAT,ALUH,(I,I�' lD10.062 THM 3&1 H'1 e'1:5.36 38174? • •• >2 PANf.l., REAR 77463B Gf',36 7711639 ' •• 03 CORNE.:R bRACKET 657.601 1:19,36-- 6'760t • •• " CO�N£R HANDLE , tRONT , , 25 INCI'I lr.�lol'i'J S'II:SU 656173 • •• .. $!-IOC:k 11rii.INT, Pi.7116 7J2941 89536 730!'1141 3 

I 
•• ,. PUtC., JIUTTO� 760:!31 8'11536 'r,!i0231 • •• 27 �UfHINt COVER RF OUT�UY 538:!56 895Jlr. 5!B25lo ' •• 28 IHfUL PART , TMNS 1 �U.tCOHE1 POWER 5JH5"J" 695J6 534-453 • •• 2 • INSUL P.RT, TRANS, S���CON£1 T0-3 -41316, ,5285 74eJ�e8-FR-e5 ' •• 30 S'LEF.V. F'OI. YOL, l'll�I NK I .  t97�,&9:!�DI IIl.t\CIC 1 1 3&�2 G9:'i36 t 1 3fl'3:2 ' •• 3 1 tRA�fOR�E� COVE�, PAINTED 731 :!07 9'11�34> 73 t 307 ' 
•• 3> Clllll.E TIE,II•L, & . t O&•W,O,?' IUA 1 72080 89'=536 f 720ft& , •• , �A�Lt, tTMYL C�LLULOS'E1 TY�E t/2-�R 110?7-4 1!1'11534 tM974 2 •• ,. t:A�Lt t J E . AHCHOR, ADitl'V , I . I �:!'·TIE 407'909 89,llr. -40790B ' •• 35 F'IIN SkiRT 792721 6'i'5!h 792721 ' 
•• , . �f.T�I�ER, �UX PWR SUPPLY CONN 7�ab4(1 1195;!6 74et.IIO ' HP 37 H!AT Dlf,TR��StS10�. �N'l tG3,ALUH 74(1731!1 895Jh 7407:58 ' 
T ' T�ANSfORHER, POWER 717U9 B9'U ?I ?f'" ' 
u ' • I C , VQlT �£, ,rlx(�,+t� VOLT$1 1 .5 AHPI --4131111 7 Cl-4713 HC781,C:T ' • • ' • tC,VOLt REI;i,fiXEn,+5 VOLTS,J AHP,T0•3 4�J'PH 1 2:0-46 LH0!23K ' ' 
u 2 • IC, VOLT REG,VIXED ,�I' VOLTI1 t .� t\MP$ -4 1 3 1 'rt 0-4?13 I"'C7'i'1'Ci'" ' • • • • tC,VO�T Rt,,ADJ, t . 2  TO 37 V , 1 .5 AHPS o4t\0-410 t:i!0-40 LH317T ' 2 
u ' • rc,V�T �£G,F!li£D t1YOLTI 1 t .SA 712830 8?,36 7728.30 ' ' • • CADLE AS�Y,RF, REF IN/OUT 74EI�9t 8'11,34 748691 ' I 
• .. CAbL£, LINE FILTER ?14589 89534 71-4589 ' • . .  CABLE �IIY AUX tRANSFORnER 7411798 11,:536 7487911 ' 

REFERRED TO THROUGHOUT MANUAL At A3U1 
' PART OF' A3AI I 
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I 

I 
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I 

REF"ER!NCE 
DES'ICiNATOR 
A- �NI.ll'lliiRJC.t--- ) 

--- - - - - - --------

• j 
' 2 
' • 
' • 
• ' 
• 0 
OT ' 

c ' 

H ' 
H • 
H 7 
" 0 H • 
H , . 

H " 
"' 7 
"' • 
•• • 
•• , . 
HP " 
"' . .  
• • 
• • •  

TAiflE 3 � J .  A 'l  I'IOPUI.E $E"CTIQI'f 
���( �j�U�� '-3 , >  

fUIKt /1F"Il.t' 
$fOCI( S'PlV 

I ---- -----b£SCR:lF''r ION---��-��-����--- �··NO-- CODE• 
-�- - �- � �- ��-· � ��••�u" uo.o.o.u-••�uu .. •u u u •  •••• 
11 lYNTME:S IZER PCA 7'j'2812 89,J6 

HAfN IJCO PCA 74979� S9:'1l6 
" O�ITf"l.lT f"I;A ,,..���;:;;:, 99536 
• �IL£HUAf0R/RPP ASS'EHDLY 7.52667 8'1,!1:36 
• CtiNJJ(OU.EII PCA 19265� 99�l6 
• NUN·-ViJLA't }L£ !Sl ORE/RECAll)H£HORY PCA i'44�'i'4 fl'i'3;'11) 

I<Al J[fl:Y, l fTIHUH, J. "IV ,  e. (15AII l>i>I;!Hlro SY:5:36 
CAf' , I;  I;:�. I O&OPF , -1--:51, 59\' ,C;t)!:. 520539 5 1 406 tt.m::IJ,  HfiCII , Ptlr•O, S . STL , 6wJ2X9/J2 5�'1 1 :i::i: El9':1�4o 
SCRft:l, MACH, PIIF' Sfi1S , STL, (>-��XI 14 l i'��l:! 9�536 
WASUt;rc , f'I.A'f . Sl �:t.t, . h. 0. 031 YIIK I 10270 89536 tCtU:I.I, HACH,F'HF' , HAC.. S·.,STl ,6rJ2X9/32 772236 �'i'::IJ:C'! 
SCFcEW, t'IACII, Pllr', STL , I a--J2'X I I  'I ;! I  fl941 M'36 f'I�IT 1 (:1\f', E:.Xt . L OC:tc , ,rn. , 10-�� 5�9237 fi95J6 
SL.RIOW, Hiltll, PHP .f�: M ,  STl , o!!o .. 32X5/1 6 530287 8'i',J6 
tUDI:: ,f'CD F'llll �"I HE!' E)9;s:,:� 
AIPF., PCJf f'UU. '"t'1:5b 99S36 
C(lt1P(I,.,(NT H�lt..D£R 4::!2Q65 99159 
I;;A�I!E'J', SHir:.t.DJNtj;, Hl"'NF.l lt£S'II, t: I FcCUliiR 720664 89536 
C:Ai:I'LE T I F- , IINCHOR, ADHSV , & . I 22 ' T I E  -467"i'OB ef'lJ:6 
CAI"II.E T I E , il!"t. , O . I O!)"W,e,7:1 ... 1 7::!bab 99536 (:ABL£ ti!.U·y, l'tOD U.IPUT , HODUlE 7365'12 8'1:5:;,:6 
CAltLE IISSfl1iii.Y, .s'YHTIIF.$IZER-PCI.IER 738,26 8�,36 

opt ·651 

Figure 5-3. A2 Module Section 

LIST OF REPLACEABLE PARTS 

MANlJf!'ofiCTURi::R.t 
PART NUMBER 

••OR �F-NERIC TYPE--
" " - - - - - � ·-------------

7�28 1 2  ?Ca?BO 
"l'?.41!5:2t 
7:1i:Z66i' 
792655 ?'UOU 
�.�en& 
RPEI \ J  
'""1::!� 
I 7B�J3 
1 t one ?'7:;!:!:!4 21 89'11 
5�'i'2J7 
:5JO:i:IH 
:5 .... 1 ,.30 
�41 730 
2fl2'i'�75�2 
720664 
ll!f)711'01;t 
1 72080 
no:S-4:;! 
?JEI526 

H'a 
52.PL 

HIO 
M P ":>  

T l  P a  ?.. PL 
MPIO 

C. I 

H"a 
40PL 

• 
TOT ' 
"'' -· 

j j 
' 
j 
' 
' 

j 
j 
' 
' 
• 

., 

' 
j 
• 

. .  
• 
j 

" 
I 
' 
j 
' 

MP7 
I.> PL 60608-5003 

• 
0 
T -< 
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LIST OF REPLACEABLE PARTS 

60608-5003 

Figure 5-4. A3 Rear Section 
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LIST OF REPLACEABLE PARTS 

'I'ABI,.E :S-:S. A1A1 IHfPLA'I' ec• 
IS££ FleUR£ S-5 . )  

REFERENCE 
DESIGNATOR 
A- HIUMERICS-- - )  S - - - - - - - - - -PI,;$�R J�TIDN----------------

----·------------ --------------------------------------� 
c I C�P . TA , 4 . ?UF,�-2&X,5&� 
c 2 ,  21. 26, CAP , TA , t �UF.•-��� . l &V 
c " 
c ,_ I B  CAP , PO�YES . O . I U� . +- I &t , 5&V 
c 2 3 ,  , .  CAP, TA, I �Uf . +-i�l . �ev 
c z�. " CAP , TA , �'i'Uf , +-�OX . 6V 
c " CAP.�ER.�.eetU�. +-�&X , I &&V,�7R 
" I DISPLAY VACUVH FLUOR£fCENT FR�QUENCY 
" ' D1SPLAY VACUUM FLUORESCENT AMfLITUDE 
' 1 0 1  CONN,POS T , PW9, .025SQ, NON�INSUL , �ELECT 
' I>< CONN , PW B , P I N , CR I M P , 0 . 058 D I A  
• I ,  , RES, CF", 1.00K, •··5X, 0.25W 
' 3 RES , CF , 620, •�5X , 0 . 25W 
R • RE� , MF . 9 . 09� , � - i � . e . ! 2�W,1 �0PPH 
' ' R�� . �F . �1 . 6K , +- 1 � . � . 1 ��W , 1 0&PPH • • R�s . M � , B . 0 6K , + - 1 % , 0 . 1 25W, 1 &0PPH 
' ' R£S,HF , 2 1< , •  .. i X , 0 . 1 25W, 1 &i::lfPM 
' • RES, HF", 4B. 7 K ,  •t••1 X, i::1 . 12�Lil, 1 9QPP!1 
' 9 ,  1 0  RES , CF., 301< , -t-:5X, 0 .  2:1W 
R 1 1  ·- H RE� , CC , 1 0 J( . -t - 1 0X , 0 . 1 ��W 
• " � � S . C C , S 00 , + - 1 0� , 0 . 1 �5W 
R 1 6  R�S.VAR,C£RH . 5 K , + - i 0 � , 0 . 5 W  
" I CONN , TAB,FASTON, PRESS� I N , 0 . 1 1 &  WIDE 
u I - , • l C , LSTTL,OCTAL D F/F, +£DG TRG, W/CLEAR 
u ·- 1 0  • l C . B I P L R , fiCHNL FLOURESC:NT D I SPLY DRYR 
u I I ,  1 7  • I C , LSTTL, R�TRC HONOSTAD HULTIVD W/CLR 
u " IC,LSTTL, DUAL • INPUT AND !>ATE 
u 1 3 ,  . ,  I C , TTL,HEX INV�RTER W/OP�N COLLECTOR 
u " I C , LSTTL, HEX BUFF�R W/NOR ENABLE 
u 1 6  I C , COMPARATOR , DUAL, LO�PWR , B  P I N  DIP 
IJ " I C ,  1 . 22\1 , 2� PPM T . C . , DANDGAP REF 
• B CABLE AS'S'EI1Bl.Y, CONTROLLER-DISPLAY 
'" I - 5 SOCK�T . D t f , 0 . 1 a� CTR,20 PIN 
'" ·- 1 0  �OCK£ T . n t P , O . ie� CTR , 1 6  PIN 
'" I I ,  " '  1 7  $0C:�E T , ni P . � _ i e0 �T� , 1 6  PIN 
'" 1 2 .  1 3 ,  " SaC�E T , D IP , 0 . 1 00 C:fR. I 4  P � N  
'" " SOCI<£1, DIP , 0 . 1 00 C T � . e  PtN 
z I RES ,NET , S I P , 1 0  P I N , 9  R � S , j 0 0 � , +-2% 
' 2 RES.Nf.T . S l P , 1 �  P I N . 'i'  RfS , 1 0� , +"2� 

5-10 

fl.l,lJ(I,; K�RS 
nock fF'U' 
--NO-- COD£� 

363721 56289 
1 76 � 1 4  5.!.289 
1 7 1!. 2 1 4  
696484 8'9536 
330.!162 56289 
1 6 3 9 1 5  56289 
'102966 72'i'B2 
69B-4'6 B9�36 
69846-4 El9:5-�t> 
26n:oo onn 
���4 1 1  eo'7i'9 
l4EI9;:!¢' aet�:!i 
442319 90031 
221663 91637 
26 1 6 1 &  9 1 6 :3 7  
294'N2 9!6l7 
��:52:!6 9!637 
�67395 99536 
368753 B0&31 
246975 0 1 1 2 1  
1 1 SJU M':,Q 
2EHii�S� '1'�:!7$ 
':1 ! ::!999 02660 
4:54992 01::!95 
:1.35799 50299 
4M196 0 1 ::!95 
409708 0 1 295 
:;!99005 0 1 :i!9� 
493EIOO 0 1 ::! 9 5  
479354 12040 
634154 32293 
738-476 69530 
454-421 09922 
41 62�6 9150.!. 
276��� 9 1 506 
270o::f�'7 09922 
479016 9i=s�o 
40i03B eM�i 
fl 1 4003 6003i 

HANUFAC:TURE:Rf 
PART NUI'IDER 

•uQR !iENERIC TYPE--
���------·---·--------
1 �6D4nX'i'�1 :IHAt 
1 '1'6D1 06XEH)1 OK A I  

6'i'MB4 
1 96DI 06X062&KA1 
1 'i'6DJ'i'4XIi'020J(A1 
81 21 -AI O�H,1:1-R·-t l;)::i:l1 
698-4:16 
t>9$464 
$i'O�:!-i 
6e�99-3 
CR:!51 -4·• 5P1 00K 
CR251 w4�5P62(;1.E 
CMf,�9091 f t;MF:S:5)! 6 �F 
C:!'lf',::le06iF 
CHF55::?00 1 f  
267385 
CR2:51 r4-�PJ9J( 
ltlt10:31 1 1 :1-lO:! 
l60TM:!A2 
62395 
SN7.-LS:i!13N 
UDN61 HIA 
�N74LS123N 
S'N74U'2 1 N  
�N'2'416N 
SNf4U.'367N 
LM393N 
JTS6935u2 
7394?0 
DILII::!OP-• 1 &B 
3 1 9·-tfi(;39D 
3 1 6�AG39D 
DILD8P•108 
J06•-A!i39D 
'i':5061 002CI.. 9:508! 002LL 

N 
' 0 

TOT S T 
!i!H -Q -!;" 

I 
• 

1 6  
2 
2 I I 
I 

. .  
' 

I 



I 

I 

I 

I 

I 
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I 
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g 
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- r _.  -�:n 
e. • ' ;: : • ... , ...,._,._,..... 

< 
• • • 

N 
" Q 

• ' . 
• 

• ' I 
I c • 

� 0 

u 

·� �ij® 
� !ij!! 
�0� . , , 

�.. 5 
-rnn-

�g� 5 ; ,!if 
� 

• , 
2 � , 

� 
• , 

• � , � 
• � , , 

� 
' .. , , 

� � � 
Q�Q� 

" 
... ..,;!;'ll"" 2 N -- � 

@ "  ���� i>" / ' / • 5 .. -" 

� 
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� 
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Figure 5-5. A 1 A  1 Display PCA 

LIST OF REPLACEABLE PARTS 

f • ' 
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LIST OF REPLACEABLE PARTS 

5-12 

REFERENCE 
DESIGNATOR 
A- >NUMERICS---) 

C L 2 
c 3, "· 62, 
C 98, H lG , 1 8 1 .  
c 1 8 2 , 1 8 5 , 1 86 ,  
c \ 8 9 , 1 9() , 193, 
c 1 9 6 , 1 98 , 1 99 ,  
c 2 1 5  
c 5, 7, 1 0 -
c 1 3 ,  2El, 39, 
c 4&, 43, 52, 
c 53,2&5,231-
c 2311 
c 8 
c 9' 1 5 ,  1 8 ,  
c 26, 28, 6 4 ,  
c 89, 1 37, 1 39 ,  
c 1 46 , 1 52 
c 1 4 .  27, 3&, 
c 31 , 36, 37, 
c '1 9 ,  55, 59-
c 6 1 ,  63, 65, 
c 6 9 ,  7&, 72-
c 74, 76- 81 ' 
c 83, 8 4 ,  87, 
c 88, 1 01 - 1 06, 
C I G8 , 1 H l , l 1 2 ,  
c 1 2f> , 1 22 , t 32 ,  
c 1 33, \ 35 , 1 38, 
c 1 4f.l-1 45 , 1 51 , 
c 1 52, 1 57 , 1 58 ,  
c 1 64 , 1 6 5 , 1 68 ,  
c 1 69 , 1 74 , 1 75, 
c \ 8El , l 84 , 188, 
c 1 9 1 , 1 92, 194,  
c 1 95 , 2e&, 2H
c 2-46,258,251,  
c 253 
c t 6 ,  1 7 ,247 
c . .  
c 2< 
c 25 
c 29, 38,2El2 
c 32 
c 33 
c 35 
c 4 1 ' 42 
c • •  
c 50,2&7 
c . ,  
c 5 4 ,  7 1 .  9 1 ,  
c 1 2 7 , 1 66 
c 58, 82, 1&7, 
c 1 5 &  
c 75, 85, 86, 
c 95,242,243 
c 92- 94 , 1 28 
c •• 
c 1&9, 1 1 1  
c 1 1 3 , 1 1 4  
c 1 1 5  
c 1 1 6 , 1 1 7  
c 1 1 8, 1 8 3 , 1 87 
c ! 1 9 , 1 2 1  
c 1 23 
c 124 
c 1 25 
c 1 2 6  
c 1 29 , 1 38 
c 1 31 
c 1 3 4  
c 1 3 6  
c 1 5 3 , 1 5 -4 ,  1 6 & ,  
c 25-4 
c 1 55 , 1 5:6, 1 59, 

c 1 6 i , l 62 , 1 67 ,  
c 2�8 
c 1 6 3  
c 1 7{) 
c 1 71 
c 1 7 2 , 2 1 () , 21 1 ,  
c 2 1 � . 2 1 6 , 2 1 8 ,  
c 2241, 225,226, 
c 228' 230 
c 1 73 , 208. 209 
c 1 7 6  
c 1 77 
c 1 7 8  
c 1 79 
c 1 9 7 , 2 1 9 , 227 
c 201 
c 264 
c 2&6 
c 2 1 2 , 222 
c 2 1 3 , 223 

TABLE 5-6. A2A1 SYNTHESIZER PCA 
<SEE FIGURE 5-6 . )  

S ---··------DESCRIPTION- ···-------------

CAP , CER,2.7PF,+-e.25Pf , 1 {)6V, COJ 
CAP , CER , () .0{)tUF, +-20% , 1 {)0V,X7R 

CAP,CER, 470PF, +-20% , 1 00V, X7R 

CAP , CER , 6 , 9PF,+-&. 25PF , I OOV, COH 
CAP , CER , I OOPf ,+-2% , 1 ()0V , COG 

CAP, POLYES , 6 . 1 Uf , +-2{)%,5()V 

CAP,CER , I 2PF,+-2t , t e&V,COG 
CAP,CER , 4 . 7PF,+-0.25PF , I OOV,COH 
CAP, POLYST,330PF , +- t % , 63V 
CAP , C ER , I OP F , +-5I,50V, COG 
CAP,CE�,-47PF,+-2t , I O&V,COG 
CAP, POLYST , -470PF , + - 1 % , 63V 
CAP, POLYST , I &OPF , +- I % , 63V 
CAP, POLYST , I O{)&PF , +- I I , 63V 
CAP, POL YES·, & .  647UF , +-I £1%, 5&V 
CAP, POLYES , & . &1 5 UF , +- I 0%,5&V 
CAP, POLYES , & . &82UF,+-I0%, 50V 
CAP, POLYES , O . I UF , +-10%, 50V 
CAP , TA , 1 0UF,+-26% , 1 6V 

CAP,TA, 39UF,+-2&%,6V 

CAP,CER, 22PF , +-2t , t 6{)V , COG 

CAP , TA , I {)UF,+-2{)%,35V 
CAP,POLYST , 0. &075UF , 2% , 1 66V 
CAP , TA , I 5UF,+-20%, 2{)V 
CAP, POLYES , 0 . 22UF,+-I0%, 50V 
CAP, POLYPR , 6 . {)786UF , +- I % , 50V 
CAP , T A , 3 . 3UF,+-2&%,26V 
CAP, POLYES , 0 . �7UF,+-IG%, 56V 
CAP,CER , I O&ePF , +-5%,50V,COG 
CAP, POLYST , {) . 022UF,+-5% , 1 6{)V 
CAP, POLYST , {) . {)56UF,+-5%,1 06V 
CAP, POLYST , 6 . 027UF,+-5% , 1 {)6V 
CAP, POLYST , & . &015UF,+-2% , 1 06V 
CAP,TA, 82UF, +-26%,20V 
CAP, POLYCA , 5 U F , +-16%, 50V 
CAP , T A , I 5UF, +-20% , 6V 
CAP , TA , 2 . 2 U F , + - I 0 % , 1 5 V  
CAP,CER, 476&PF,+-20% , 10CV, X7� 

CAP,TA , I OUF,+-2&%,26V 

CAP, POLYES , & .&22UF , + - 1 � X . SOV 
CAP,CER.27PF,+-2X , I &&V,COG 
CAf·, CEF\, 1 800Pf, -t--5%, 5€1V, COG 
CAP,CER , I B&PF , +-5X , I {)OV,COG 

CAP,AL, 220UF,+5()-20% , 1 6 V  
CAF', F'OLYES , C . 27UF,+-I�%, 5()V 
CAP, POLYES , O . I 5U F , + - I &% , 50V 
CAP , TA , 6 . 8UF, +-2&%,35V 
CAP,CER. 22C&PF , +-20l , I &�V,X7R 
CAP,CER , I OP F , +-2% , 1 66V,COG 
CAP,CER, 6BPF , +-2X , I OOV,COG 
CAP,CER, 330Pf , +-5% , 1 66V,COG 
CAP,VAR , O . S-I OPF,250V,AIR 
CAP,CER , I O&OPF , +-10%, 50V,X7R 
CAP , CER , 6 . 6PF,+-0.5PF, 50,COG 

FLUKE 
STOCK 
--N0--

363705 
402966 
402966 
4&2966 
402966 
402966 
402966 
�58275 
358275 
358275 
358275 
358275 
5 1 2327 
5 1 2848 
51 2848 
51 2848 
51 2848 
732883 
732883 
732883 
732883 
732983 
732983 
732883 
732883 
732883 
732883 
732883 
732883 
732883 
732883 
732883 
732883 
732883 
732883 
732883 
732683 
376871 
362772 
528364 
494781 
51 2368 
528356 
528372 
528380 
71 47f.l9 
714691 
7 1 4 7 1 7  
696484 
1 7621 4 
1 7621 � 
1 6 3 9 1 5  
1 6 3 9 1 5  
5 1 2871 
5 1 2871 
41 7683 
484121 
5 1 9686 
696492 
422998 
436�71 
7 1 4725 
528539 
484147 
284877 
484154 
4841 1 3  
357392 
31 325� 
1 6 1 935 
364216 
362871 
362871 
330662 
33�662 
33�662 
71 5268 
362749 
528547 
6035&6 
603506 
6()3566 
603566 
43599{) 
733576 
682955 
363713 
358291 
51 2343 
362756 
528620 
22993{) 
484378 
479196 

/1FRS 
SPLY 
CODE-

89536 
72982 

72982 

89536 
51406 

89536 

89536 
89536 
1 2954 
89536 
89536 
I 2954 
12954 
12954 
89536 
89536 
89536 
89536 
56289 

56289 

89536 

56289 
89536 
56289 
89536 
89536 
61884 
89536 
5 1 406 
89536 
89536 
89536 
89536 
1 2954 
844 1 1  
56289 
56289 
72982 

56289 

89536 
5 1 406 
89536 
56289 

57640 
89536 
89536 
562f!'i' 
99536 
89536 
89536 
51406 
91 293 
89536 
89536 

11ANUFACTURERS 
PART NUMIIER 

--OR GENERIC TYPE--

3637€15 
81 21-AI OO-WSR-1 0211 

81 1 1 -A t {)O-WSR-47111 

51 2327 
Rf'E 1 21 

732883 

376871 
362772 
831 063/33&/1/63 
494781 
5 1 2368 
831063/4170/1/63 
Il31063/1{)0/l /63 
Il31063/1{)�6/l/63 
714769 
71 4691 
7 1 4 7 1 7  
696484 
196[)1 06X061 &KAt 

1 96D394X{)&20KAI 

5 1 2871 

1 96D1 06X&G35KAI 
484121 
I 96D1 56X0020KE4 
696492 
-422998 
1 96D335X0020KAI 
71 4725 
RP£1 1 3  
484147 
284877 
48415� 
484 1 1 3  
D82G.'\2D2011 
X463UW5 .0Uf-1 0P-50 
196DI 56X00&6-KAI 
1 96D22SX0015HA1 
8 1 2 1 -AI O&-W5�-47211 

1 96DI 06X002&KA1 

71 5268 
RPE121 
528547 
Cfl23b'50 1 E I 8 1 11  

SHIV II 
733576 
682955 
1 96D685X()()35KA1 
358291 
51 2343 
362756 
RP£121 
5201 
484378 
479196 

TOT 
QTY 

2 
1 6  

1 7  

I 
I I  

73 

7 

I 
I 
I 

I I  

R 
' 

-Q 

N 
0 
T 

-E 

I 



• LIST OF REPLACEABLE PARTS 

a 
TABi.£ :J-6. A:lAl SYNfHE:SlZEA F'CA !COI'I'f , )  
(fEE FI�URE 5-6 . >  

• • 
REFE:Fi:E:Nt:E FLU II:£ 11F"Rl' 11ANUFACTUR£:1l:f • 0 
DI;:S'IGNATOJi: STOCK S'PL.Y PAR'J' NUH9E:Fi: TOT s T 
A- >NUME:RICS�m- ) S ·�� �� ··� r�--DE:l'C:R I PT I DN-----��------��� •••NO�- CCIPE- --DR C:t,.�FUI: T"''PE>·- QTY -· •E 

- � " "  " " " n  "---�--� nn�nnn-------------------- ��•u• • n n • • uu• ----------�MU"MMMMM"-

0 217 CAF·, CEF;, 4 .3Pf, +-O.�PF", 50V ,COlO :51 .11216 e?,36 :H4Zt6 I 

I c ::!20 CAP ,CER , 3 .�PF,�-e.2SPF , t ee:V,t0J -:51 :2'i'47 e9:;3t. :!t :l�ooi:i' I 
0 �21 CAP,AL, 470Uf,T-�0X , 1 6V 7726Z� et;>�lc. i'"lZS'' I 
c 2�& CAP,VAR,t to 1 &Pf,2,&V , A I R  733212 S$>S3c. 733212 I 
c 241 CAP , CER, t . 6Pf , T"0 .25Pf , 1 00V , C0K 51 26'1'7 S9S36 :1 1 2e�? I 
0 ::!49 CAP,AL ,47UF,+•2&� , 1 6V MJJ04 . e'i':>3o 0'!33()4 ' 
CR 5- ••  1 7 ,  • DIODE,SI, BV• 75.0V,I0�1 ,CMA,�Oe "" 20�3�3 ei'5'U� 1N44.4S • 

I CR 1 8 ,  20, 21 • ���:3::13 
co 9 ,  1 & ,  12- • DJODE,�I . �CHOTTKY �ARRIER, �"A�� .S:tt.NI. 3 1 3014,. ZSIII$4 HF',M;:!:�t-264 7 2 
co 1 5 ,  29 • 31 3:!47 
CR :2111.� 28 • PrOPE,SI .V��ACTOR, P tV• 30V , H¥PE� A!I�U 7;:!2t 4� S9'S!6 722t "e • 
E 2 ,  7 ,  " ·  T£R�.�A$TON.TA�. SOI.D� . 0. 1 1 �  WIDE '1 :!SS� ll266ll l.�'l95 37 
E I 2 ,  , . _  1 6 ,  :ii 1 2SS� 
E 22� 2>, �7 . '1 2SS9' 

I E 3 1 - ••• <9- :H 2SS9' 
E " ·  56- 58 lS 1 2SS9 J I ,  >, . . .  PIN, SIN�lE,PWB,O.O� $Q ��7�()(1 (10779 e?0:!:::!:-1 1 2 

J \ 7 ,  ,. , .. 2&75t)f) 
J 2 . H 2  * CONN. COAX , �HB I � l , P�B DR PAN�� 5t 2095 1 6733 7626'33 2 
J 1 0 \  * SOCKET ,  1 RO�,P�! , 0 � 1 llli�TR,9 POS .436771>, 36@35 JJ-16!il·t-o9 2 

I 
J " . • 43&774 
J 1 04 , 1 C? , H �EI ,  * $0Cke:T , f�NCI.E P�� �OR e�034�0.037 "" 73:!926 99531!. 732826 • 
L I ,  1 8 ,  21 , CHOI<E1 6TURN 3:2{'!9t 1 89536 32&'i'tt . .  
L " ·  =::?� 3=:: , 32091 ,1 
L .. . •• 32E:I91 1  
L 2.  ••  71 , INDUCTOR , 6 . 1 G  UH,+/•1&%, �&&MHZ, SHI.D£D 2:S'71�.11 2-II?�Pi' 1'1Fl:true • 

I L 72 �:>71'!-4 
L • •  1 9 ,  20, INDUCTOR ,tl.6ii UH,+/-1 0%, 221"HZ. IH�pED ��M37 ;24759 HRO. l.9 1 0  
L 40- <2, ••• 32()9'37 l 56- 58 32C9'37 
l ' ·  . . . ... CORE , TOROID,FERRITE, .&4?X.13SX . 1 1 S  �2HS2 $9':5;!6 �:21192 • 
l •• 321 t 82 

I 
c " INDUCT0� , 1 5e UH , •/�5% , 1 & . �  MHZ , SHI.DEb 1 '7.111i'Q3 7,:'!�59 WEE150 I 
l 1 7  IN�U�TCR,22& UH,•I-�% , 9 . �  MH%, $HI.DED 1 111'7EI35 7�:59 1.1�£220 I 
l " INDUCTOR, 1 0  UH,�/-1e%,$3 MH%, SHLPEP 2111.�()78 2.4'l',.9 to!R1& I 
L .. INDUCtOR, il TURN 7ij:�J1 111 811i'536 7S53U I 
l •• • INDUCTOR ADJ B. 4MH 7tl'l'i''i'$' S�536 ?&.4999 I 
L •• • INDUCTOR ADJ 1 1 . 1 MH 7&50&111. 89'536 ?&5&t4 I 
L .. INDUCTOR,270 UH,+/-5%,6 KHZ ,�H�DED 1 660:'70 ?22!$' !11£E27t I 

I c .. • 1HDUCTOR, 1 25UH 73B'Iii.ll B'i'5J6 '738-4&4 I 
c 62 INDUCTOR,47& UH,+/•5%,6.5 �HZ,�HLDED 1 47627 7225'1 �EE47t I 
L •• 1HDI,JCTOR,&.9�UH ,+/•1&%, 28&MHZ.�HLDED 32&�1>,5 8�536 '32&7.115 ' 
L 07, •• COR£,TOROt�,FERRtTE, .t79X . 1 95X,�91 21 9535 25088 B621 1 0A�e3eX025C • 
L 70 tHDUCTOR , & . &4�UH,+I��,X. ,&&�HZ,:HLD�n 2491 t f)  72259 WEE&Re44 I 
L 7> lNnUCfOR.22 UH,+t�;�X.3G MHZ, $H�PED 1 47B43 72259 WEE22 ' 

I "' •• • COH�QNtNT HO�n£R 111:!'2965 99159 21i2'i'-75-2 ' 
p te1 , 1 e2, t t t  w SOC�£T,tlCN�t,PI.IB FOR .&4��,&49 PfN 5U05& 89536 5440$6 7 
• 2, 33, 37 * "''MHS'!STOR . ; ,;, , NF'I\I,HI•Fli:EQ,$HAI..t. $1C.Nl. '35&t'l 04713 ll:fR91 3 
• 3 • TRANS1STOR , S! , NPN,HI•FR£Q, SMA�� SI�NL 7::!3379 89536 72337? ' 
• • •  ' • T�ANEIETC� , SI , PNP , HI•SP�£D $WITeH :369&29 07263 5�'35'76 • 
• ,._ .. • TRAN�lSTOR, �I ,N·J�ET, TD-92 6�4678 1 7856 .t2'1oM • 

I 
• u. . .  • TRAHSISTOR , E I , H•D"D! FET,T0-72 H772''i' 1 n:::" $D21 �£1Z 2 
• " ·  21 ,  23 � TRANSISTOR , S I , HPN, !MAI.L Sr�NAL �U i3�� (1.4713 211139'04 > 
• 1 ••  17 • TRANSlSTDR , SI , NPN,SMAI.� SlCNAL :04&3�1 &4713 I'I!"S9tli • 
0 1 8 ,  1 9  TRANSISTQR . ! I , �H�, $�A�l S!�NAL 225599 072�:3 2N4.:!.50 2 

• 2& • T�AN$1STO� , S l , N�N, DARLIH�TON :36179$ .:>4?1:3 HPSA"1:3 I 
• 22 • t�ANSlSTOR , f l , PNP, SMALL SI�NAI. 19',9?4 6471 3 2N�'i'O� ' 

I • 010, 27, ,. • T�ANSISTDR , $ I , NPN,SHALL SI�HAI. ::!19Q91 {)41 7 1 4  lti"S:e-,'2'& 3 

• ,. • TRANSISTOR , S I ',PNP, SI'IAl.l. StCNAt. A1 8i'07 &H13 I'!�'S,�5l.2 I 
• 3:1, " TkANSISTOk , S l , NPN, SitAI.L Sl'N� 483151!. 8'i'536 4S3tS.t!. ' 

• ••• • • • TRANSISTOR , � I , N•JFET, UHf/VHF USE ,1t03634 1 2040 .1�10 2 

• I �£S , CC , 1 20, +• 1 GX , O . ,W 1 09696 01 12'1 u1 -::u I 
0 ::! , t S9,::!0t , R£S,�r , 0.5i , +•5X , 0 . 2�W 3Eit'i'54 a&031 C:R::!51-4•5P01':5E • 

• ••• 381 'i'S4 

I • >.  "· , RES,CC, 5i , +�5X , 0 . 1 2'W 266262' 0 1 1 21 BB5t 05 3 

0 • RES,Cr,4J0, •·5X , 0 . 25W -441 568 80&31 CR�51wo1•5P430t I 
• 5 �£S,CC.2'1o,+a�x . e . t 25W t.Bt 932 B'i'$36 �SH,J-2 I 
• •• 56� :58, RE.S: , �C , 1 00, +-,X , fi . 1 25W 71 446!;1 ii'i'536 71 4111.69 .. 

• 66- 6'i' , 1 24, 7� U69 
• 1 27 , i 33�13'i', 71 4469 

I 
• 2 1 0 , 2 1 2 , :i H 5 ,  71 .444!.9 
0 2 1 6  7 1 4469 
0 7 ,  • • •  ••• �ts , cr , 1 � . •-5x , e . 2sw J-43426 een1 Clt�:i 1 •4•5P1 K  • 
• i :S4 , 1 69, 1 7G 3434:ZQ 

0 e, 1 :i2 REl' ,cF, 476, •�sx,·e. :z!St.� 343434 $(1¢1:31 CR251 ·4-'5F'47E)t 2 

• ••  , . RES,Cf , 20e, •��� . e . 25� 111.4 1 111.:1 1  a�oJ1 CR�51 -4-,F':!li¢1E 2 

I • 1 0  RES,CC,33, �-5%, C . t 2'� 7:::092(1 a9s3e 720'i'2& I 

R " ·  7o4,t00 RES,CF , 1 . '5K , ?-�X,t·2'� J4'34 1 EI  I;IM31 CR251�4wS�1K:'i ' 

• 1 2, 4 6 , 1 6 5 ,  RE.s: cc �te +�'x o . 1 25w ?1 :s�e'l 99536 11sJn • 

0 1 67 , 1 "1 1  , 1 '72 ,  71 :1383 
• 177, 0: 1 1  7t 5393 
0 , �Et,CC , 1 50 , +•5t,�.�W 1 M056 8'i'5J6 tS6tl::il!. I 
• . . . 1 :5 , 1 ';'6 ,  Rts.ee,!o,•-5t , e . 1 25W 51 2723 0 1 1 � 1  lilli:!M5 • 

I 0 2<1 5i 2723 
• ,. Rtf . �C , 47,+•5% , � . 1 25W 51 206.1 0 1 1 21 !I.M70� I 

0 :ZL �2 R£$,CC , 1 5 , +•10X,EI.t2�W 26180f) 89-:i'36 26-1 9{'! 2 

• ... 2< • •• REl' ,�F.56, +•5X , 0 . �5W 342618 een1 CFl'251 •41•5f'56E > 
• =:�, 31 • ••• R[g , H f , 1 E:I& , � n 1 % , EI . 1 � ,� . 1 t�PPH 16B1'i'5 '1' 1 63-7 eHrS51 &00F • 
• 1 0 1  1681'15 

I 
• 27 RES,�F , 1 S . :Z K , ?-, i . G . t�5W , 1 0li�PH 23681 f) 'ii'1 637 CHF"S5 I 

0 20 RE�,Mr , 1 t.7K,+-,X, Q , 1 25 � , 1 60PP" 2U�13 9i .!ol7 CMF55 I 
• 29 �Et."r , t 1 .�k,•a1 X,0. 1 25W , 1 00PPM 293�39 9t 63"1 CMfS5 1 1 �2 I 

0 ,. �ES,Hr,2G.7�,•-t X , 0 . 1 25 W , t &ePPM ::!:!51 76 91637 Cttf5:S:2S?2r I 
• 33 , 1 61 RES , C F , 5 1  ,+•5% , 6 . 25W 41 4546 ii0031 Cr<2S. 1 utl•:IP5 i E  2 

0 .. �£s,cr,270,•-sx , o . 25W 3.119789 i1003t C:R2:!:1 -4-5F'::!70� ' 

I 5-13 



LIST OF REPLACEABLE PARTS 

REFERENCE 
tll;$'l CNATOR 
P,-· )N�JI110R � l;;,l:·-� � )  

R oi� 
R 43 
' " 
R 72 
' 73 
R 7'5, "li:. 
' 77 
' 79 
' 79 
R e0, ea. '91 
R 91 . 1  S:!. 1 91 
R 92 
R " R 6 4 ,  as ' .. 
R 67 
R 89,231 
R 96 
R 'f'2, 93 , 1 1 3-f;: I I  j: 
R 't:l 
R 96 
' 97 
R 'i'S , I ::!t 
R 99 
li; 11:12, 1 1 9 , 1 29 R 1 t) 3  
R 164 R HI::J 
R lf)6 � 1 �7 li: ttiB, 1 1 6  
R 109, 1 1 1  
R l i e , \ 1 0!  
f( l !  ' . t 1 Iii 
Ft ,ze. t  o� li: t n  
R 1 01� 
l'c H� 
R 1 46 
R 1 47 ,  1 86 , .::! 1 9 ,  
li; 2 1 '1'  
R U6 , 1 :S3. 1 6� ,  
R n:;l:,::!�� 
� t 4'i' . � t "l . 24e 
R t 5£l 
R ! 5 1 , ::'/�::.> 
R t 6 Q  
R 1 6 <1  
� 1 79 , 1 79 
R 1 8 0 ,  1 9 ::!  
r.: 1 6 1  , I 'i'J 
r.: I S 3 ,  1 94 
R 1 1114 ,  I 'i'j, 1 "1 7 ,  
r.: �oe 
A: \ 6j ,  , .,..,. 
R 1 8 7 , 1 89 
li' 1 8 6 ,  t'f'6 
R t 'i' e  
R 2 1 3 , 2 1 4  R :ne. 
R n t  
F.! ��3 
R ;!:;;?4 !;: �:;:'7 1'1: �::1'8 
R ::'!:29 
R ne 
R 232 
R' 233 
R 231 R 2J:i 
� :;?lQ 
R 2:'Ji' , 2.111� 
R .::!3S, :::!:59 
u ' 
u ' 
u • 
u • 
U 7, B 
u 'i', 25 
u • •  
u t 5 ,  se 
u . .  
u 1 7  
u " 
u . .  u ,. 
U 26, J6r 32 
u 27, 29 
u 28 
u 34 
u 35, 66 

TA&:L� 5�6. A2A1 SYNTIIESIZIZR PCtt (CONl'. l 
(��E FICUR£ 5 - 6 . )  

FllJKE 
STOCK 

S ••·•••·•w��---tlli:.s'C:RlPT tON·-----·--··· '""·•·• ·•�m� �"·NO--

--R�s·:cF�18��:;::si���25w--------� .. - - w  .. � -

REs,cF , 9 1 , +�st , o . zsw 
RES , Cf , 2 . 7K , +  .. S% , & . 25W 
RES,Cf , 5 1 � , +-5%, 0 . 25W 
RES . C F , J . J K , ��S%,0.25W 
R�S . �F . I OK , +- 1 % , 0 . 1 25W , I 00PPM 
R�S.M�.1e� . +-& . 1 � , 0 . 2�W.�aPPM 
RES.�f , 9K , +-0 . 1 % , 0 . 25W, S0PPM 
RS� . M� . I K ,+-&. 1 � , 0.25�, S0PPH 
RES,�f , 4.99K , +- t t , 0 . 1 25W , t 00PPH 
RES , !'If ,  I K ,  +�t X, 0 . 1 25W, t 00Pf•M 
RES,VAR,GERM , 5 K , +-tOX,0.5W 
RES , G f , 7 5 K , + � 5 % , 0 . 25W 
R£S,MF , 3 . � t K , +- t � , O . t 25�. 1 00P�M 
R£S,CF, 200K ,+-S�,9.�5W 
��! .VAR, C�RM . �� . +-IC%.�.�W 
R,S,I'IF , 4 . e2K , +- I % , 0 . 1 2SW , I OOPPM 
R��.VAR. C£�1'1 . 1 K .+-10I,e.�W 
R£S.Mt.499,+- ! � , , 0 . \��W , 1 00PI'I 

RES , CF , 9 . 1 K , +·5�,&.25W 
RES, Cf, 8:20, ,t-5% ,  0 .  25W 
RES , C f , 6 . 8 K , +�5t , 0 . 25W 
R�S. cF , ! ee , +-�t . e . z�w 
�£$,M� . I . ,K . �-I X , a . \ ��W. I 00PPH 
RES,C� . i OK . +-:X . $ . 2'W 
R£S , C F , � . 7K , +-�� , 0 , 2'W 
R£S,VAR.Ct�M . ! 0 K . +-1e%,0.,W 
RES , CF , I B K , +-5�.0-�,W 
R£S , CF , 2K , +�5� , 0 . �'� 
R£S,HF , 3 . 49K,+-t�, 0 , 1 �5W , 1 ��P�M 
R£S,Hr , t . � 7 K , + - I � , O . I �,W . 1 00rrM 
R£S , CC , , 1 � . +-�Z.O.,W 
RES , Cf , 36 , +�5t , 0 . �5W 
REs , cr , 22e,+-,� . � - �sw 
RES,CF , 4 . � k . +-5� . � - �SW 
RES , C F , B . �K . +-J� , e . ��W 
RES,C�. !lK , +-�� . e . i;W 
RES,CC. ���,+-�% . & . 12�W 
��S.CC . I 6 . +-�t , 0. 1 2SW 
RE� . CC . � 7 . +-5X , O . I 25W 

R E S , t L , ! & K , + - �% . e . I 25W 

RES,CC,330, +-�% . e . \ �;w 
RES , C C , !  . :! k , + - ! $:t: . e . l ����� 
R E S , CC , t k , +-,Z . e . ! �Sw 
RES , CF , 75 0 , +-,z , e " �'w 
RES , cr . �o O , + � � z . e . ��w 
�ES . CF . 5 . 6 , +�5� . � - �5w 
R � S . �f , I 78 , +� 1 % , 0 . 1�5W , ! iiiOP�M 
RE! , M F , ! -��K . �- I % , 0 . 1 �5W, I OOPPM 
R£S , M� 1 3 , 24� . +- I % . 0 . t 25W, 1 00PPM 
RES . �C . ! 80 , +-�� . & . 1 25� 

RES , Mr . �4 9 , +- ! % , G . I 25W , ! ��PPM 
�tS . CC . \ 2& , T-5% , & . 125� 
�ES . C C . I � .T�5t, & . 1 25W 
��!.CF . � . I . +- � t , & . 25W 
R�s . cc . �ee. T-�t , & . I 25W 
R£� . c � . �7o,+-�� . e . l zsw 
�£! , Lf , ! BK , +-�t , & . 2�W 
�E! , M � . � . e4K , +-I t , O . I 25W, I OOPPH 
RES, M r ,  I S K ,  t- - 1 % .  & . I �� W .  I E:IOPPH 
RES , MF , ! ea�.+-1 t , e . I 25 W , I OOPPM 
R £ S , C F , 5 6 , +-�� . e . �'w 
R£S , M� , 9 . 0�K,T-! % , Q . I �S� . I Q0PPM 
RES , VAR,CERM . �K . �-�ez . e . �w 
RE.f , CF" , t  . J I( , + - 5 X , ii1 . �51.r 
R E S . � � . 6 a O , • w 5X , 0 . t 25W 
R�$ .�C, I �K , T-5X , 0 . 25W 
�£S , L � . ! M , t--$% . & . 25W 
RES,LL. �6e, +-�� . B . I ��W 
R E S , CC , I OO , +- ! e z , e " ! ��w 
RES , C C , 39 0 , + - 5 X , O . I ��w 

tt I C , VOLT REli.,F"IX:ED,+5 VOL H . � " I AMP,s" 
tt IC,ECL , I . 3  li.HZ b�VlD� �y 2 

3Dlil COUPL£R 
M �C.SiTt, �6e CELL �ATE ARRAY 

M lXE�. DOU�LE BALANCED , \  � 500 HH4 
• X C . BPLR, MONOLOTHIC VHFuUHf AHPL I���� 
R I C . O r  AMP,QUAD, JFET I�PUT, T0-5 CAS£ 
tt I C , TTL , I OOHHZ DIV D� � . DIY �y � CNTR 

� C . �STT�, DUAL DIV DY 2 , DIV �y � CNIR 
• iC. �TTL, 366 CELL GAT£ ARRA� 

t L , EL� . DU�L D MIS flf, W/SET6RESET 
t t . �c�. QUAP 2 INPUT NOR GAT£ 

M � L . £LL , Dt v �y t & , D l V  BY I t  COU�T£R 
! C . �Srt�, OCTAL D FIF, +EDG TRC, W/C��A� 

• l C . CMOS . I &BIT DAC , I 0&IT ACLU� .CU� Out 
tt l C . OP AMP,DUAL, JFET INPUT , e  �XN �XP 
• l�.�TTL . QUAD 2 INPUT NAND �ATt 

JC.fTTL. DUAL D f/F, +iDb TRli., W/L�&$�T 

4111 436 
441683 
�.96496 
3?t.4:!i4 
31!8813 
1 68::!60 
225763 
236695 
2259 1 3  
1 69252 
1 68::!29 
289292 
3941 3of) 
.;1:1 ;.!M' 
4 4 1 48::): 
30'i1666 
235325 
275750 
t 6621 1 
166211  
4111�';1'! 
44�:!i::!{ 
308761 
349771 
31 3{198 
346639 
3,48821 
30'1'674 
348862 
4 4 1 46'1' 
:Z60667 
26736'1' 
1{18951 
442Z36 
342626 
346821 
44\ 675 
348898 
5 1  ::!77� 
500�97 
S! ;?06! �� ::!O�! 
643940 
643940 
61\3965 
t i 53Z9 
64393Z 
1141659 
4 4 ! 5 1 9  
4 4  I l.l 8 
442'i''i16 
;;19J:'3J0 
::!::!:!;�'78 
:;i 1 ::!i'S6 S1 �'i'S9 
!¢1i1;!0� 
::; \ 3'776 
7 1 4 4 � !  
44!�67 
� ! 3 9 \ '7 
� ! ,i'Q4 
;:i7j�94 :!8�!$9 
�85�96 
::?.llBM'i' 
611 1 069 
2�1 663 
226076 
4 4 1 394 
5 1  zna 
i 41;1! 1 4  �4898'7 
782839 
261 026 
762621 
42'i1'i' I O  
707943 
7�4965 
7�3"f00 
7J310:5 4Z3�S'7 
483438 
473835 
46Jr>"'4 
7013718 
4�49;!9 �8988! 
4;:t49EI0 
4')41;!1� 
:507566 
4'i'SI'i'2 
6j4640 
Q�'i'::;�e 

MFJ;:.S: 
SPLY 
CODE-

80031 
.90031 
6&fl3 ! 
e¢0:!1! 
80031 
91.637 
99536 
89536 
99536 
91 637 
91 637 
75379 
EIO�>�H '1'1637 
80031 
6'9536 
91637 
1 1 236 
91637 

6(:10J! 
8003! 
e€103! 
80031 
91637 
80031 
01 1 2 1  
75378 
8E){I3\ 
60E>31 
'i'l637 
'i' \ 6 3 7  
& 1 1 2 1  
80031 
80031 
O t \ 2 1  
80031 
9M31 
0 1 1 21 
(>! I � 1  
e! 1 ;:1 

� � !  2! 

01 I :! I  
8953.!. 
01 1 2 1  
8003! 
€10031 
eoo31 
89536 
'i' \ 637 
9 ! ¢ � 7  
€1 ! ! ;: \ 

'i'! 6J7 
& 1 1 21 
8'1':;36 
60031 
6'1':S;16 
01 1 21 
l'!f>CJ\ 
9 1 637 
9! o:>J:7 
9 ! .!. 3 7  
995::56 
91 63"( 
8QZ94 
80031 
{1\ 1 2 1  
�1 1 2 1  
8003! 
.995:56 
0! t 21 
89536 
07263 
99536 
895�6 
S�j:'56 
B'i':;36 
8'i1j36 
89536 
0 1 295 
& 1 2'i'S 
6'i'5"36 
&471J 
e4713 
6'7'�36 
el'2'i'� 
24355 
12&40 
&7263 
E>7263 

MANUFACTU�ER.s: 
PAIH NUMf!£R 

.,.,OR GENERIC TYPE--

. .  , ....... � " " " " - - - - - - - - -
CR::?:S !-4-:SP!eelf: 
CR�,I -4-,P� ! E  
t:R2:i1 -4-5'f'2K7 
t:R2::1 1 -4-,P:S I K  
CR�:l 1 -.II-�P��3 
CM!="5S I 002F 
225763 
�36695 
�:!58 1 3  
M���-eoll�9'! 
CMI!":l:') 1 (H>I �  
36.;>'1"¢1:S�A2 
Cf\"2�1 -4-:iF-7:\:K 
CI1F:;J30\ I f  
CR2j\ ··4-SP200K 
309666 
CHF55�Q21 F  
360T,�I 02A 
CMf554990F 

Cli;2:01-4-:):f''i'KI 
(.R;;;!� ! - 4-::>P62e-E 
c��::>I-4-:;N�e 
CR251-4-5PtMF; 
Cl'tF55 t 5 f> t F  
CR25 1�4,•5PIOK 
Cflo\725 
360Tt03A 
CR25 t ·4�'5Pt8K 
CR25t �4�5P2K 
CHF55348 \ F  
CMF�S \ 2 7 \ F  
RC020GF51 t JS 
CFi.-5 t · 4 �5F'36E 
C R 2 5 1 • 4r5f220E 
CM725 
CRZ51 -.q�5F'8KZ 
Ch:�5 1 - 4 - 5F'331c 
tiB3f>l5 
H! aO:I 
lo'f;l47e:S 

):11:13315 
I 15:!1:29 
lH11025 
LR:2S.1 -4-5�i'�e£ 
C:R:2S:!-4-5P:5ooe: 
CR:25 1 - >� -5P5R6 
44Z996 
CMf5 5 1 0 5 1 F  
CI'IF:!�324 \ f 
f;l�!j 6 1 :;  

CMF5524'i'F 
B B I � \ 5  
71 "1451 
CR25t �4�5f'5FII 
7 1 3'7' 1 7  
fiD'2715 
CR251-4-5f'IE>K 
CMfS�60 4 t f  
CMF5:;1:562f 
C:l'lf:i$1 003f 
�4ia�e 
t;:MF:I:l'i'091F" 
3�:! ... H I ::t e �  
CR::!5! -4-5�!K� 
Illib(l. 1 5  
CD'i535 
C:Fo:�5!-4-5Pit1  
'l'$:!$�9 
tlll1 E:> ! I  
i'8:::S.:!! 
uA78Lt>5AWI:: 
7�?943 
7�496.:1 
7:?370€1 
7331 f/5 
423387 
4!:131\39 
SN7>�.s'I96N 
SN7'iLS390N 
723718 
t1C i f> I 3 1 P  
MCie\&2P 
454900 
SNHLS273N 
AD7533LN 
LF353P.N 
74F0&F'C 
74f74PC 

TOT 
QyY 

' 
' 
' 
' 
' 
2 
' 
' 
' 
3 
3 
' 
1 ' 

2 
' 
5 

2 

' 
' 
' 
' 
2 

' 
' 
' 
' 
' 
' 
' 
2 

' ' • 
' 
' 
2 

• 
$ -0 

N 
0 
y 

- <  

I 

I 

I 



I 
LIST OF REPLACEABLE PARTS 

• 

• 
TABLE 5-6. A2A1 SYNTHESIZER PCA 
(SEE F IGURE 5-6 . 1  

N 

REFERENCE FLUKE �FRS M\IUFACTURERS R 0 
DESIGNATOR STOCK Sf'LY PART NUHDER TOT s T 

A-INUMERICS---) S ----------DESCRIPTION---------------- --NO-- CODE- --OR GENERIC TYPE-- OTY -· -E 

---------------- --------- --- ---------·--------- --------- --------------------
u 37 * I C , L.STTL,J-8 LINE DCDR W/ENABLE 4&7585 01295 SN74LS138N ' 
u 30 * I C , LSTTL, OCTL LINE DRVR W/3-STATE OUT 429035 0 1 2'1'5 SN74LS244N ' 
u " * I C , OP AMP, QUAD JFET INPUT, I 4  PIN DIP 659748 89536 659748 ' u •• • I C , COMPARATOR,QUAD , t 4  PIN DIP 387233 12&46 UI339N ' I 
u 43, 4 4 ,  59 • I C , STTL, DUAL D F/F,+EDG TRG, W/SETaCLR 4 1 8269 f)1 295 SN74S7<!N 3 

u ... •• * I C , S T T L , QUAD 2 INPUT NAND GATE 363580 0 1 295 SN740E>SN 2 

u •• • I C , ARRAY , 5  T�ANS' , 5  ISO: 2-PNP,3-NPN 4 1 8954 02735 CA3096E ' 
u ., • IC,LSTTL,RETRG MONOSTAB MULTIVB W/CLR 4 1 2734 01295 S'N74LS122N ' u •••  •• • I C , O P  AHP, JFET INPUT,8 PIN Dl� 472779 1 2049 LF3B6N 2 

u •• « I C , O P  AMP, SELECTED GBW 600KHZ 4 1 8566 1 204& LM35BN ' I 
u 50 • ISOLATOR ,OPTO,LED TO TRANSISTOR,DUAL 454330 (17263 HCT-6 ' 
u •• • I C , STTL, QUAD 2 INPUT NAND GATE 363589 El1295 SN74ElElSN 1 

u 55 • I C , STTL,HEX INVERTER 4 1 8004 01295 SN74S'04N ' 
u •• « IC,ECL,DIVIDE BY 4 PRESCALER 722157 89536 722157 ' ' 
u 63, 64 • IC,ECL, DUAL D H/S' F/F, +EDG TRG 525345 El47l3 HCIC231L 2 1 

u " • IC,ECL, TRIPLE 2/3 INPUT OR/NOR GATE 723437 89536 723437 1 ' 
u 67 • IC, C:0Hf'ARATOR , HI ··S'f>Ef.D , t 4  PIN DIP 38692& 16324 NE529A ' ' 
u •• • JC,STTL , DlJAL. D F/F, -tEDG TRG, l.I/S'EU.CLR 4 1 8269 Ell ��95 SN74S"74N ' ' 
u " • l C ,  Of• AHF', JFET INPUT , 8  PIN DIP 4727'19 t 2&40 LF3El6N ' ' 
u ,. • IC, CMOS', Sf"Dl ANAI. OG Slo.llTCH 723742 89536 nJ742 1 ' 
u 71 • JC, t.STTL , REH<G HONOSTAB Hlll. TIVB 1.1/CLR 4 1 2734 01 295 SN74LSI 22N 1 1 

VR • • ZEN£R,COHf', 6 . 4 V ,  3>, ' F'f'M TC, 2 . 0HA 357848 &4713 SZG20 1 1 8  ' • 
VR " • ZENF:R, UNCOHP, t & . ov ,  t a x ,  t 2 .5HA, 0.41.1 t I 3324 07910 1 N9 6 1 A  ' 1 

VR • •  * ZENER, UNCOHP , B . 2 V ,  ... 20.0HA, & . 4 W  386771 04713 I N756A ' ' 
w . .  • * CA[ILE ASS''(, RF JUH�ER 7 1 6985 89536 71 6985 • ' 
xu • • •  1 5 ,  34- S'OCKET, IC , I 4  P I N  276527 69922 DIUSP-H>B . .  
xu 36, 41- 45, 276527 

xu 47, 50, 59, 276527 

xu 65 276527 

xu • • •  • • •  " ·  SOCKET, I C ,  1 6  P I N  276535 91506 J I 6-AGJ9D . .  
xu 27, 29, 37' 276535 

xu ••• 62- 64 276535 

xu ' 7  SOC�ET , 1 C , 2B PIN 448217 9 1 506 J2B-AG39D 1 
xu 26, 30�· 32, SOCKET , IC , 20 P I N  454421 09922 DILP20f'-1 0 8  5 

xu 38 454421 

xu 28, ··- 50, SOC�ET , IC , S  PlN 47t1016 9 1 506 JOS··AG39D 5 

xu •• 478016 

• 

I 

I 

I 
xu 33 SOCK E T , I C , 2 4  PIN 376236 9 1 506 324-AGJ9D 

' ' • CRYSTAL, I &HHZ, +-&.O&U:, UC-35/U 536565 33096 PBIJ60 

z ' RES,NET, CERH,CUS'TOH 501841 89536 5 0 1 8 4 1  

z 5 RES,N£T , S l f' , I O  P I N , 9  RES, 5 1 0 , +-2X 478800 89536 478B&O I 
z • RfS , N f T , S I P , 6  P I N , 5  RES , t OOK ,+-2X 4 1 2726 89536 4 1 2726 

z ' RES,NET , DI P , t 6  f' l N , 8  RES, I K , +-SX 358 1 1 9  o t  1 2 1  3 1 4  

I 
z • •  RES,NET , S J P , 6  P I N , 5  RES , 5 1 0 , �-2X 459974 89536 459974 

I 

I 

I 

I 

• 

I 

I 

I 5-1 5 
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• LIST OF REPLACEABLE PARTS 

• 
TADI.E � ·-7 . Ao2�2 YCO PCA 

g <SEE FI�UR£ '�7 . )  
N 

r<ErERENt:E F"LUKE: MrR.s: I'IANUF'AETURERS' " 0 
DESIGNATOR STOCK tF-'I..Y Pt�R:i NUMIIER TOT ' T 
A- >NUMEFI'ICS' " " " )  S •u " uoo•n•uuJ)ES'C�IPT IQNuu��--�-uuuuu••u •uNQuu COPE- --OR C.E:N£RIC TYPE• ... QTV _, .. , 

�·�� •�ft' �•�•• ,.,,.,.,. •• � ua ��··�-uu••••--�----���.�u·-�-�---�-���--�-- --· ·-·------� --.. "' .. --·· _,, 

c I ,  ' ·  • •  CAP,CER, JJgpp,.u20X,50V, X7R 4!150093 B9S36 Q:S0093 I I, 
c 1 0 ,  1 3 ,  1 4 ,  4!.50093 ' ,. , '' ·  32, 650093 
c J3, 3B 65009:! D ' ' CAP ,CER , 1 800PF, +u5% , 50V ,COG 528547 B9:136 ':2B5H I 
c >.  ,. CAP, CER , 1  .5PF, +•0.5PF, 56V, COli 5t416l. 99536 51 4 1 66 ' 
c ' ·  " CAP, CER , 4 . 3PF, +n6.5PF,56V, COG 514216 (19536 514216 ' 
c ,_ • •  " ·  CAPICER , I eOPF, �-�X , I OCV, OOC 6U�06 56269 C023fi�OI E I S1 t1 " 
c 16- . . .  " ·  603,0� c 23, 26, 21 603:106 
c I I ,  21 CAP, CER, 1 0P� , •-�% . �0V, COG -494791 99�:!6 491t791 ' 

I 
c 24 1 ,. CAP , AL , 220U� , •�0-20% , 1 6V -43�9'90 576"0 S'M/VB ' 
c 29, " CAP,CER, 3. 3P� , +w0 . �PF , �OV ,COG �1 4209 13'95J& � U208 , 
c " CAP , CER , I OOP� , T�Z%, �0V , COG 51-41 3J 9'95J.!i � 1 -4 1 33 I 
c " �AP , CER,2.?�F.+-e.,Pf.�ev, cO' �1 '17'13 8�536 51'1'7�3 I 
c 36, " cA�.e£�.22�F.+-�X.Ieev,co' Zl :U111 8�,36 ' I :Z871 2 
CR . . ' DIOD�,S'I, VAR�CTOR ,P1V• �SV 7.111':10.11 S?'36 7.111,&.11 ' 

I 
r.:.:k ' ·  ' • 1HOD!i. , S I , VIIIRACH}J.I , f.' 1 V<�� �eV,/'IH'i:'-1.: A11KU ·t�:::1 -40 �'i'':S� 72�1 .110 ' L I CfiDKE , 6 TURN 32&91 1 89,36 32&91 1 ' •• 2 SPACER,RND, SOLUB�E JJ4797 :!:255'9 TQuJ5u j 5-£" • • :2(11 . �0.:! CCNN, SOCKET,PWB,0 .0-4'1 DIAMETER 5440:56 S95J6 5U0:16 3 
• 203 CONN, SOCKET, PWB , 0 . 022 DIAMETER J764 1 9 :;!:25:;!6 7:S:06�H)Q5 I 
• ::!04 F' Z N  YEST BASE 699472 99536 699-472 I 
Q . .  , w rRANSISTOR , S I , NPN, SHAll SIG,HICROWAVE .493141.4 9'95Jo!!. ... 93164 ' 
Q ' ·  • •  • W fRANSISTOR , S I , NPN,HI•FREQ, SHALL SICNL 'J50f3 04713 IIF'R91 ' • I ,  • •  , RES CHIP CERMET 180 +•5% 0 . 1 25W 7206 .. 9 995Jio 720649 ' 
• ' ·  1 6  RES, CC , 360 , +•5% , 0 . 1 25� ?21761 995J& 721761 ' • '·  " RES,CC, 680, +•5X, 0 . 1 25W '1 279G 01 1 .2 1  BII691 ' ' 
R • •  . .  RES , C C , I . 6H , +•5% , 0 . 1 25� 711\031 6 99536 740316 ' I 
R ' ·  " RES , Cf , 5 . 6 , +•5X, 0 .25W 441619 900J1 CR251�4�,P5R6 ' • 6 ,  , . RES,CF , t .,M, +-5% , 0 . 25W 34'9001 90031 CR251 ·4�5P1 H5 ' 
• ' ·  2 1  R�S,HF , � . 24K,+�t � , O . t 2,W , I �OPPM 223:578 '11�37 C:l'lf553241f 2 
• • •  22 R£� ,HF', 1 .MI(, +-1�, 0. I :l,t.l, t OOPPI'I :Z'1l530 '11 �37 Cl'lf'5 1 05·1 f • 
• 1 0 ,  ,. RES ,MF,249 , +• 1 % , & . 1 2�W, I g&f'PH 1 68203 91637 CMF'''�49F' ' 
R 1 2 ,  26 RES CHIP CERI'IET 1 2  +•5% &. 1 2'W 71:51�2 &9536 715HI2 2 
• " RES , CHIP , CERI'I, 68 , +•5X, &. I25W 7-.47&75 99531. 71171.75 I 

8 
• , .  RES, CHIP ,CEFII1, 1:20,•··�% , 0 .  1:25W 74768J 8'1�3.!. 7H68J I 
• " �£$ ,CC, 1 0� . +-�t, O . t 25W 71 -4-46'1 8'1,�6 71 .1146'1 ' 
R ,. R£S,�F' , 1 GK , +-,% � � . 2:SW 3.11SEI3'i' een1 CF::2:S1--4-�P10l< I 
R 25, ,. R£"S,MF,649 . +-1X,&.12,W . 1 00F'PH le?9:S� '1163? CliF,'!'i649CF 2 
R 27, •• RE$ CHIP C£RMET 130 +-'X 0 . 1 2'W ?2062! 89!S36 7206::'!3 ' 
• " RES C�lF' C£RHET 47 +-'� & . t 2'W 720631 89:$36 72&631 ' 

I 
• 31 R�s . ec . 1 , ,+-5X . t . f �'� 512"1'1:5 0 1 1 21 n1'e' ' 
• J2 RES,CC,200, +�,% , &. 1 25W ?;3917 89,36 71:5917 ' • " RES' ,CC,J?Q,���z,&.5W 1 (1'908.:! 89'-36 f09(1S2 ' 
w ' UT•85 HINIATUR, TOTAl SHl£l.nE:D :!67:167 89,34 267:167 

'"' fDL.l.OWINt> COMPONENTS �RE NON FlElD REPLACEABLE � I 
C1 , J ,  .. , 5 , 6 , 8 ,  1 (1 ,  1 ; ,  1 .11 , ;::c,  H I ,  1 9 , 2 1 ,26127,29131 132,36,37 
CR1 , 2 , J , .il  
Q t , 2 , J, .. 
R1 , 2 ,  3 , 4 ,  1 6 , 1 7 ,  1 9 ,  1 9 , 25 , 3& I 

• 
• 
• 
• 
I 
I 
I 5-17 
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I 
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I 
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I 
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REFERENCE 
DE�IGNATDR A� >NUI"'ERlCS�-" > 

-c::---r.-,-.-,-e .. 
"
.t�o;.

-

e 
e 
e 
e 
c 
c e 
c 
e 
c e 
c c 
e 
e 
' e 
e 
e 
' 
c 
c c c e 
' 
e 
c 
e 
e 
c 
c 
c 
c c t 
e 
c 
c 0 t 
c 

e 
0 
' c e 
0 
c 
c 
e 
c 
' 
e 
e 
c c 0 
e 
c 
e 
•• co 
,. 
co 
eo 

t t :S-1 1 1, 1 37, J:!B, f H , f :lt , 
f!l2, t :li4-f�6. 
::!31 , 238-240, 
2·tl3;246, :::.47 ,  
2S0,2:S3,:uu , au, ln, :sn-:u.-..  3 1 7-32i r 

... 
IOJ, t 45 , 1 4G ,  
:i!Ot.�07,210, 
� � � . 2 1 4 , 2J5, 
:.?15,:!49,26-0 . 
=:t>5,2ci6, 272-
271, 302,.304, 
306,403,404 , 
406 , 4 1 2 , 421 , 
.,. 
H17, 1;;'14, . 4?, 
1!i7, 242,2�4-
2S6,25'i',269, 
,. 
H18, 1 t 'i' , 1 21 -"' 
U)'I', 1 1 0 r 1 1 8  
1 1 1 , 236123? 
1 t ::! d l 3  
I U , ;!U,l4G, 
,., 
1 :!0, :::!�4, 27, 
12�. t:!.'l'. 129, 
I J I , t 3J , t U, 
... 
,,. 
1JO, IJ4 
,,. 
... 
142 
1"-46 
202·201,206, 
:i!'06 , 2 1 1 ,2i.t 
264 ,271 , H6 ::e;: 
20� , 2 1 2 , ::!:30 
2 1 6 , 2 1 8 , 220, 
223 
l l 7  
�1 9 , 226.�:!29 1 
277 
.221 
222 
.:.!25,l'2 
251, 40� 
.. , 
:i!.t.7, 4 1 1  
�eo 
322,409 �tH ,402 
407. -408 
. . .  
420 
1 0 1 , 105, t l 1 w 
1 1 6 , 1 tll,l:20 
203,:210 
1 02:.. 1 04 , 1 06-
1 1 0 , 1 2'1, 2:0-4-�F: 209 

,. 1 1 7, t t ljl  
c: �  1 2 1 , 301 
CR 12� 
•• 1 26,202 
,. I :;!.l. t  24 
•• 10!7, 1 29 
•• IJ0,201 
•• JO:i! 
CR 40 1 , �62 
•• 403 " t04 
' HI:;:!. 1 &4 , I &B , 
' ; 1 0 , 1 1 , , ;!'!0 
L 11)3-105, 22, 
L t i J , 1 U,209, 
L 210,21 4-218, 
L 220, :::24,2:27 L 201 �203,228 , L ... 
•• 
•• ,. 
• tot , 1  u 
• 1 02 , 1 07, 1 08 
• ••• • ••• 

YADI.£ '�e. A2M OUTF'IJT • •• ($EE FI,UR� 5�8.) 

S ��---"----DESCRIPTION------�"-"-""_"_ 

--c-.-P.C-.::R.-,-&-o-PF-.-.-�-2-�-
.
-,-o-o-,-

.
-;a,-

��"���--�-

CAP,P0LYE$, O . I UF, •·20�, 50V 

CAP,CER, O . O O I UY, +-20% , 1 00V,X7� 

CAP,CER,, ,6PF, +-0.2,PF , I 6&V, COH 

CAP,CER, 3 . 9P�,+�0,.2,PF 1 1 00V1 COJ 
CAP,CER,J. JPF,+-0.25PF , I OOV1COJ 
CAP,CER , 2 . 2PF,•-0. 25PF , I OOV,COO 
C���C£R, 1 . 8Pf , ��0. 2SPF , I OOV,CO� 

C�P,C£R , 2 . ?PF , �n0.2:5Pf , I OOV, COJ 
CAP,C£R,O.OIUF,•-201,50V,Z�U 

CAP,A�,22UF,��OX,14V 
CAP,AL,t�UF, +•20l,3�V 
CAP,CER , I 200PF,+•20% , 1 00V, X7R 
C�P,C£R . 1 GOOPF � +-,t. ;ov,CD' 
CAP,CER , 4 700PF , +•20% , 1 00V,X7R 
CAP,CER, :i!:i!OPF,+•:i!l, I OOV,COC 
CAP,AL , � , lUF, +•20J,�QV 

CAP.CER,3'i'Pf,+w2X , I OOV,COG 
C�1C£�.2?PF , +-�� . I O�V1CD' 
CAP,CER , 8 . ��F,•·0,2,PF 1 1 00V, COH 

CAP,C£R , t BPF,•w2% , 1 00V, COG 
CAP,C£R.4.?PF , +�o. 2;P� , I OOV, COH 

C�r.C�R,IOPF� +-2X, I tOV, COC 
CAP,C£R,t2PF,+w2% , 1 00V, CD' 
CAP,C£� ,4. GPF,+-o.2:;.PF 1 1 00V,COH 
CAP,C£R, 47PF,+�2� 1 1 00V, COC 
CAP J . 3  
CAP,TA,2.2UF,+-20%,J5V 
CAP, CER, I • 5PF , 'l'•·fL �SPF , 1 OOV, COIC 
CAP ,TA,0. 47UF,+�20�13'Y 
CAP,AL, 47UF, 'I'�0-20l , I 6V 
CAP, P0LYPR ,0.0786U� , •- I X , 50V 
(:jllf' .  'fA. 4 .  'fUF , •�2ox, 25V 
CAP I .OPF 

• DIOOE: , S I , PIN, LO•FREQ ,iV• I OO,tV 
• 

• Pl0D£ , l' I , PIN, RF ATTENUATING 
• 
• 

D10�£ , S I , P 1 N , kF CUR CONT RESIST DIQD£ 
li ltH!i:R, UNCOI'IP , 5 . t v ,  " ·  20,01'4.;�. 0,4., 
Ill ZENER,UNCOMP, .ot.3v. "· 20.(1tiA, 0 . 1W • DIDDE , S I , fC�01YKY, HATCHt� SE:T OF 2 
li DIQD£1 �l 0 l!V• SO.OV . l0•1':10�A, SELCTD VF 
• DIO�E , S I , SCH07Y�Y D�RRIER. $11A�L SI,NL 
• DIDD£ , S I , �V• 7,.0V,ID•I,OHA,,OO "W 
• ZfHER, UHCOiiP . 1 , . 0V, !52:, 9.!UIA, 0 . 4W 

DiDD£ , S I , :CHOTT�Y 8ARRifR, :"A�L SlGHL 
• .:Z:EN£R, CDl1P, 6. 3V , 22:,,0 PPl1 TC, ?.�I'IA 

t!ONNECTOI1". " PIN 
CHDKf, t.TU�� 

INDUCTOF:10.6B UH,•t-10%,22111HZ, SHLb£b 
INDUCTOR, It TURN$ 

INOUCTDR,6800 UH,•I�I0% , 1 . ,"Hl, SHLD£D 
1HSHIC:1 OR, t�M Utl, +I•· I &t, 2 ,!1-ttll%. $IlL PlOP 
HET SHIELD 
Cl.liii""(IH£N1 UOl.�tm 
CONN,S0CK£r,PWB , 0 . 019 DIAHE:TER PIN TUT tji�S'£ 
l-!f':AD�� . 1  �OW. O . I OOCT� , I O  PIN 
SOC:HT ,SlNtl.[,F'Wli,J.'tl(( O . O I 2··Q.82:i: PIN 

LIST OF REPLACEABLE PARTS 

N 
FLUKE I'IFRS' HIINUFACTURERS' • 0 
l'TOCK l'PLY PART NUI"'BER TOT ' ' 
""NO-" COl'IE- "�OR �EHERIC TYPE-- "" -· _, 

-- ------- ·----------
' ' �ili4G !11406 RPE I 2 1  46 
� 1 2948 
,1 2848 
51 �848 
5t:i!s•s 
5 1 :;!949 
5 1 2848 
5 f :!8o48 
51 ::!819 
5 1 2818 
1l2Se3 B?5Jd. 
?32883 

7J28B:J •• 
7�:!883 
732893 
7l211Sl 
?3::!eel 
n.2an n::!ee:s 7J2i18J 
-402'166 72982 8 1 2 1 -A1 00-W5a-1 02K " 
40:�66 
402966 
402'i'6lro 
51 .2954 89536 51 29�4 • 
51 2'i'54 
:51 2'147 B'i'SJ.tt 5 1 2'!147 • 
:UUJO 8?536 '1'i'JJO ' 
362?31 8?;36 362?31 2 
� 1 .2a97 69',34 ,1 :2817 4 
�12917 
JU70' 89''U :J6.370!1 • 
1.14214 7.298:2: 8121 -0,0-651�1 tHFK 7 
6112U 
61-4.214 
61 47:50 8?5J6 61 4756 ' 
61 -4024 8'1536 61 4024 2 
3�9293 ?2f82 8121�A100�W5R�1 22" ' 
528547 an36 '2U47 ' 
362811 n'i'B2 1111 2 1 •AI OO•W5R•472K ' 
:J1 21 , .  :li 4E)6 RPE:121 ' 
61 467S 8'1'5!6, �1 4b?:J , .  
61 4875 
6149"' 
� 1 .296:! 8�'!$36 ':):1 2'i'62 ' 
!6271'!1 51 406. rtf'£ 1 Z I  3 
71 :1-J5'i' 8?536 7 1 53,� 4 
?I:S):C� 
5I :233� ,1 486 RPe?o� t oov ' 
l.t.2172 99536 362772 • 
362172 
51 2J1J B95Jlro ,. 2343 ' 
J76871 B9'36 37oG?1 ' 
:512J�7 89534 ,. 2:!27 • 
:!l t 234-8 B'i'5J6 � 1 2l.t.8 , 
77�04EI S9SJ6 772949 ' 
48�185 542&9 1 9622:1XOO:S,tr:AI • 
'�!V?M 89,.)4 ;1.��90� ' 
1 6 1 3-49' 5634'i' 1'!1AD474X0035HA1 2 
436&06 42�-43 l'"/Vll 2 
422998 89-:aU 4::::::9?6 2 
1 6 1 N l  56209 1 9i.DH5)(00251!:At ' 
51214::5 U'i':S36 :f1�145 ' 
40�774 :2'9490 lfPJ37'1 1 2  402776 
402776 
,1)90?? 2662'1 Kl'6J7'1 . .  
509077 
509077 
74:!29lr. $V�i56 71229,0 • • 
159799 Oo47t 3 1N7SIA • ' 
t eo�;, 07'i'IO IN7-49A ' ' 
'7'22-4?0 11'1::1-36 72.24?0 ' 3 2:34'16B 0 7'i' I O  TD9039 2 ' 
:f3:119:C ::!:G�ao 508�-�aoo 2 ' :;:!OJJ2J 07910 1H4H� 2 ' 
26.�601 04713 1 N'i'lo58 ' ' 
:!1 3247 2a4a4 HP5082•1o:Zlro4 2 ' 
17�149 895!.6 172118 ' ' 
41 7:SZ9 a9:):,ii 4t 1'3::? ' 
3209 1 1  995J6 
J2091 I 

32&� 1 1  • 

3�0'!131 2_.7G9 MO.lr.B • 
.463448 on36 463448 , ,  
46344B 
463448 
3.63184 24759 MR•6ft&O 4 
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TABLE 5-8. A2A4 OUTPUT PCA (CONT . )  
(SEE FlbURE 5-S . l  

REFERENCE 
DESIGNATOR 
A- )NUHERICS--- )  S ------·�--··DESCRIPTiON--·�-------------

---------------- ----------------------- - --- ------------
R 260 RES, HF, 22. I ,  i -I t , O . � W .  I 00f'f'H 
' 302 R£.S , H F ,  3 . 4 K ,  + - t 2: , 0 . 12�W, I OOPf'H 
R 303 RES',HF , 7 1 5 , + - t % , 0 . 1 25W, I OO�f'H 
' 305 kt:S, Hf , 392 , +·· U : , 0 , 1 25W, HlOI·r·H 
• 306 RES,HF , 39 . 2 K , i - I % , 0 . 1 25W,t OOPPH 
• 307 RES , C F , 4 7 , t-5X,e.25lol 
• 308 RES , CF , 56� , +-5 % , 0 . 25W 
• 309 RtS,VAR,CERtt, I &� , + - 1 0 4 , 0 . 5 W  
• 3 1 0  RES ,hf, 523 , +-U : ,  & , 1 25W, 1&0Pf'l1 
• 3 1 1  Rr.S,VAR,C£RH,200 , +-IOX,0,5W 
• 3 1 2  RES , H F , 2 Y4 , + � 1 X , & , I 2 5W , I OO��H 
R 3 1 3  RES,CF, 33� ,+-5X , 0 . 25W • 3 1 5  RES,Cf , 6 2 & , • - 5 X , & .25W 
R 32< RCS,CF, 62� , +-5 % , 0 . 25W 
• •ol R£S,HF,681 , + - I X , O . I 25W, I OOPPH • 402 R£S , C F , I H, + - 5 X , 0 . 2�W • 403,408 kE:S ,HF , 3 ,  32� , i·-1 X , Cl , I 25W, I O OPPH 
R 404,4&7 RES,HF , 34 . 8 , + - I X , & . t 25W, I O&PPH 
R ... 05, ... 09 RES ,HF', 4 .  Y9� , +-1 X, 0 . 1 25W, I &OPPH 
R 406 , 4 1 0  RLS,11F , 71 . 5 ,  +-U : , O . t 25W, 1 00F'F'H • ' " Fo:E.S, HF' , 4 : 02� , + � I  X, 0 . I  �5W, 1 0(11-'f'H 
R 4 1 2  Fo:!:l> ,111', I .6'11C, +-·1 % ,  0 . 1 2�W, I O&l'f•H • " 5  RES, 11F , 6.341C , -+- 1 X ,  0 .  125W, 1 001-'f'H 
R ' " RES, /1F , t 47� , +� 1 X , O . I �5W , I OOP�I1 
R 4 1 7  RES, 11F , 2:!.21< , + - I  X ,  & . 1  :!5W, 1 &01-'f'/1 
R . . .  kr..S, t!F , J&I IC ,  -+ - 1  X ,  0 . 1 25W, tOt>f-'f•tl R ... RES,VAR,CERI1 , t 00� , 1 ·· 1 0t , O .�W 
R <20 RtS,CF , 4 . 31C , t-5X , & , 25W • 4 2 1  RE'S, VAfi: ,CEfi:H, 201C , +·• I O X ,  0 .  5 W  
R r  301 TIIERI1 1STOR , D J .SC , N£G . , t OIC , +- I & X , 25C 
" 1 - 5 f i N , S lNGLE ,PW�,&.025 SQ 
TP ·- I I  TE:ST POINT u 1 01 , 4&2 • I C , Of AHP, DUAL. , Jf"ET INPUT , 8  PIN DIP 
u 201 HIXER, DOU&Ll:: IIAI.ANCE."D, I - tO&& 1111Z 

u 301 • I C , CHOS, DUAL. 8 lilT DAC,CUfi:RENT OUTPUT 
u 302 , 3 1 1 ,405 • I C , OP AI1P, QUAD JfCT JNPUT , I 4  PIN DIP 
u 303 • I C , CI10S , I 2  li l T  HUL T I PL.YINC. DAC u 304,305, 388, • J C , LS'TTL, OCTAL D F/f, -+EDG l R C. , W/CLEAk 
u 404 • 
u 306 • tC,lSTTl, QUAD 2 INPUT NAND IOATE 
u 307 • IC, LSTTL , J-8 LINE DCDR W/ENA(IL E 
u 309 , 3 1 0  • IC, C011PAfi:ATOR, QUAD , I 4  PIN DIP 

u 401 • IC, CHOS', QUAD �lLAl ERAl SWITCH 
u ... • z c ,  enos . 1 u1111 DAC, I 01111 ACCUR, CUR OUT 
w ' CAltLE IlSSY, "' JUI'If'Efo: 
xu 1 & 1 , 4&2 $0CH1. I C , 9  PIN 
xu 3tH , 304, 305, SOC:�El , JC , 2 0  f·IN 
xu 308,404 
xu 302,3&6,3&9, SOCICET , JC , I 4  P I N  
xu '3 1 0 , 3 1 1 ,4&1 . 
xu 40:S 
xu Jt>J SUC:ICE T , J C , t B  f'lN 
xu 307,4()3 SOCICEl , IC , t 6  PlN 
z 301 fi:ES,NE J , Slf· , u  f•IN, 7 ki:S , I t>k , -+-2% 
z <01 RES ,N£1' , CEfi:H, CUSTOH 

NOTE t •  ALSO INCLUDES XZ4Ct 
NOTE 2• ALSO INCLUDES XRI44 

THE FOLLOWING COI1PONENTS ARE NON-FIELD REPLACEABLE: 

FLUKE 
S'TOCit 
--NO--

1!11 �72 
260323 
31 3060 
2602'19 
236-4 1 "  
44159;;! 
441 626 
3&9674 
2\14£135 
275743 
288472 
348868 
442319 
348904 
543785 
348907 
31 :.>652 
343(197 
166::052 
393603 
235325 
32 1 4 1 4  
267M4 2Y"t 34'1 
291351 
2El'l488 
3695;�0 
.. 4 1 576 
33�"760 
t 04596 
267500 
51 28ll9 
495192 
525493 
722272 
659748 
7222:64 
-454892 
454fl9:! 
393033 
40"7585 
3fl7233 
40fiOi.2 
507566 
716993 
47Bt>l6 
454421 
454421 
276527 
276527 
27t.:"127 
41 1l228 
276535 
4 1 :!924 
501841 

C282-2&6 ,2&8,289 , 2 t t , 2 t 2 , 216-222, 224 , 225, 252, 254, 263 ,26 .. , 271 , 277 
CRI26, 282-2t8 
L217, 220 
Q202,2:04 ,206,215 
R2&3-286 ,209-2t2,214-217, 224-228,2Sl-256,262-264 
U20t 

LIST OF REPLACEABLE PARTS 

H 
HFRS' MANUFACTURERS R 0 
SPL'I' PART NUti&ER TOT s T 
CODE- --OR GENERIC TYPE-- QTY -· -E 

-----------··--------
09536 1 5 1 472 I 
91 637 r:Hf5!13401F I 
'i'I6J7 CHF55'1150F I 
916J1 CHF �53920F I 
91637 t:MF 553922F I 
80031 CR251 -4J-5f'47E I 
80031 CR25 1 - 4-5P56k I 
75378 36&TI0311 ' 
91637 Cl1f5552301> I 8?536 27:'>743 
91637 CHF55294f I 
80&31 CR�5t -4H5P33� I 
80031 CR251 �·4-5P62&E I 
80031 CR25t -4-5P621C I 
91637 ChF5566IOF' I 
80031 Ck25 1-4-:IPIH I 
91637 CI1F553321 F  2 
89536 J.43&97 2 
91637 l'lffl -84991 2 
91 637 CHF5:,71R5F 2 
91637 CHF5�H021F ' 
91 637 Cl11· �51691f I 
91t.37 C/1f�5634 1 F  I 
91637 cttr�!)t 47JF I 
9 1 lo37 C/1F552322F I 91637 CHF553&102F' I 
I 1236 360T- t0-4A I 
86031 CR25t -.. -!)f>41CJ I 
I 1236 36&1-2EI3A I 
73t68 JA4 1 J I  I 
00"179 87&22-·1 I & 
02660 62395 • 
12&40 LF35311N 2 
09536 525493 ' 
89536 722272 I 
89536 6591118 3 
89536 722264 I 
01 295 S'N74LS273N • 

01 295 SN74L.SO&N 
01295 SN74LS't3BN 
1 204& LI13J'i'N • 
69536 408062. I 
24355 AD7533LN ' 
89536 7 1 6993 ' 
915f)6 3&8-AGJ90 2 2 
()9922 0 Il li2CP-· I 08 5 

09'n2 D ILIIOf' - 1 0 9  7 

91!)06 31 8--AGJ9D I 
'11506 31 6-AG390 • 
8()631 95&81 062CL 
H953i. 501841 

5-21 



LIST OF REPLACEABLE PARTS 

6060A/ AN-1624 

Figure 5-8. A2A4 Output PCA 
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I LIST OF REPLACEABLE PARTS 

I 
TABLE 5-9 .  A2A5 ATTENUATOR/RPP ASSEMBLY 

• 
REFERENCE FLUKE HFRS MANUFACTURERS R 0 
DESIGNATOR S'TOCK SPLY PART NUHBER TOT s T I 
A- )NUHERICS--- ) S ----------DESCRIPTION--------�·------- �·-NO-- CODE- --OR GENERIC TYPE-- QTY -· -E 

----··----------- --------------------------------------- -------------�------

A • ATTENUATOR/RPP PCA 752667 89536 752667 ' 
A , RELAY DRIVER/RPP PCA 752816 89536 752816 ' 
FL ' FILTER,RF, EYELET STYLE,2&&&PF,Bl 529495 89536 529495 " 
H ' SCREW , HACH , PHP,STL, 6-32X1/4 15214& 89536 152140 ' I 
H ' SCREW , HACH,PHP , STL,6-32XI/2 1 5 2 1 7 3  89536 152173 7 
H 3 SCREW , HACil , PHP,STL, 6-32X7/8 1 1 4868 89536 1 1 4869 " 

I 
H • SCREW,HACH,PHP, STL,6-32XI/2 1521 73 89536 152173 2 

HP ' HOUSING , PLATED , ATTENUATOR, RELAYVERSN 7 i 7 6 1 7  99536 7 1 76 1 7  ' 
u ,. • IC, 2K X 8 EPROM 454603 61 295 TI'IS2516JL ' 
' " CABLE ASSEMBL'(, ATTENUATOR 75272:5 89536 752725 ' 

I 
FOR MODULE EXCHANGE, ORDER P/N 7:5@4 1 4  < I NCLUDES CALIBRATED EPROH) 

I . 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 
5-23 



LIST OF REPLACEABLE PARTS 

REFERENCE 

DESIGNATOR 
A- >NUHERICS- - - >  

----·------------

c I ,  2 ,  
c 3 ,  ' 
c , , 1 
CR I 
CR ,_ 9 
H I 

J 2 
J 3 
' I ·· e 
p 1 - 8 
p 9- I I  
R I ,  1 '  
R 1 6 ,  " 
R 2 ,  3 ,  
R 9 ,  I I ,  
R 1 1 ,  1 8 ,  
R 2 1  
R • 
R , ' 
R 1 3  
R , . , 1 5  
R 22 

� 
J"-

4 

1 0 ,  

8 ,  
1 2 ,  
20, 

I 

I 

TABLE 5- 1 0 .  A2A5A-4 ATTENUATOR/RPP PCA 
<SEE F I GURE 5-9 . )  

s ----------DESCRIPTION----------------
------- --------------------------------

• 
• 

CAP , CER , I O&OPF , +-2&%,50�,X7R 
CAP , AL , 4 . 7U F , +- 1 0% , 1 5V 
CAP,POLYES, O , I UF , + -20%,50V 
DIODE , S J , SCHOTTKY BARRIER, SMALL SIGNL 
DIODE , S I , BV= 7 0 . 0 \1 , 5 0 0  HW 
WASHER, SPRNG, COPF'ER, 0 . 3 1 6  I O  
CONN , COAX,SHA,REC, PWB OR BLKHD 
CONN,SOCKET, SPRING TYPE, • 06900, . 1 43L 
RELAY, ARMATURE , 2  FORM C , 26.5VDC 
CONN,SOCKET , P WB , 0 . 049 DIAMETER 
CONN,SOCKE T , P W8 , 0 . 038 DIAMETER 
R E S , Mf , 402 , +-0 . 5 I , O . I 25W, 50PPM 

RES , Mf , 5 6 . 9 , +- 0 . 5I , O . f 25W, 50PPM 

RES,Mf , 9 4 . 2 , +-0 . 5 % , 0 . 1 25W, 50PPM 
RES, Mf , 83 . 5 , +-0 , 5X , 0 . 1 25W, 50PPM 
RES, Mf, 37 , 4 ,  +-·0, 5%, 0 . 1 25 W ,  50PPM 
RES,MF , 1 5 6 , + -0 , 5 X , 0 . 1 25W, 50PPM 
RES,CC , 1 0K , +-5X , O . f 25W 

All COMPONENTS NON FIELD REPlACEABLE 

P9 PIO o !W o  � �o " uo u Pll 

U I I +  I I 0 "' ,.  ...... � �t·�--,'1' fi ,  - I u"olloo/5 Cl o r r o T T  D 
IDJ BI  G ,.\.�5 rn1"",, ..... ,N 'A 51-'-' 5':1•\1r15 

I � -� J_! 
O Pe Rzz 

FlUKE HFRS MANUFACTURERS 
.noel( SPLY PART NUMBER 
--NO- - CODE- --OR !OENERIC TYPE--

- -------------------
51 4El59 89536 5 1 4059 
519363 56289 1 93D475X9&15C2 
732883 89536 732883 
535195 28480 5082-2800 
454181 03508 1 N4606 
5<14239 89536 544239 
512087 16733 705147-«'Hll 
732826 89536 732826 
528638 1 1 532 7 1 2-26 
544056 89536 544056 
38614· 89536 386144 
461632 89536 461632 
461632 
461 590 89536 461590 
461590 
461590 
461590 
4 6 1 6 1 6  89536 4 6 1 6 1 6  
461608 89536 461608 
461679 89536 461079 
461624 89536 461624 
643940 0 1 1 21 991635 

� � � � 
--iBID-- � 

0 G O P7 O P<> 

\_A�'- COMPO"-'""-'T"' 5HOW'-' 
I "'-J DA. SHED I... IN!!!!> ARE 
MC>U"-JTE-D 0"'-1 FAR !:>tOE. 

l _ _  u u u u u 
G 0 0) 6 0 

R 
TOT s 
O T Y  -· 

3 
' 
2 
I ' 
8 
8 
I 

I 
8 
8 
3 
, 

" 

I 
2 
I 
2 

I 

--

I 

0 Jl 

6060A-1647 

Figure 5-9. A2A5A4 Attenuator/RPP PCA 
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• LIST OF REPLACEABLE PARTS 

I 

I 
TABLE 5-t t .  A2A5A5 RELAY DRIVER/RPP PCA 
CSEE FIGURE 5-t & . )  

N 

REFERENCE FLUKE HFRS MANUFACTURERS • 0 

DESIGNATOR STOCK SPLY PART NUMBER TOT s T 

A->NUHERICS---> S ----------DESCRIPTION---------------- --NO-- CODE- --OR GENERIC TYPE-- QTY -Q -E 

·------------··--- -----------------------·---------------- -------------·-------
c , _  7, " CAP,POLYES , & . t U F , +-2&X,50V 732883 89536 732883 8 

c 8 ,  9 ,  1 2 ,  CAP,CER,&.OIUF, +-20% , 1 00V,X7R 4&7361 72982 812t -At &O-W5R-1&3H 4 

c " 407361 
c • • •  , . CAP ,CER,&.22UF,+-2&%,50V, Z5U 519157 51 406 RPE 1 1 1 Z5U224H50V 2 

c . . .  1 5  ELECTRO, HIN,LO LEAK, 4.7HF, 35V 603993 89536 6&3993 ' 
CR , _  . . .  • • •  * DIODE , S I , BV= 75.&V , IO•I50HA,500 HW 2G332J 07910 t N4-448 • 

I 
CR " • 2&3323 
J 2 SOCKET , Dl P , O . t OO CTR,24 PIN 376236 9 1 506 324-A[;39D ' 
L ' - , .  CHOKE,.STURN 3209 1 1  8'i'536 32&'i'1 1 , . 
L " INDUCTOR ,47& UH, +/-5% , 6 . 5  HHZ, SHLDED 1 47827 7225'i' WE£47& ' 
L 1 2 ,  1 3  INDUCTOR ,47 UH, +/-5% ,26,5 MHZ, SHLDED 1 47850 72259 WEE47 2 2 

p 1 - " CONN, SOCKET ,PWb , & . &49 DIAMETER 544&56 8'i'536 544&56 " 

Q , _  7, • * TRANSISTO R , S I , PNP, SHALL SI[;NAL 41 8707 04713 HPS56562 8 

Q • * TRANSISTOR , S J , NPN, SHALL SI!;NAL 33&8&3 &7263 HPS656& ' 
• ' ·  4 ,  7 ,  RES,CF , 5 1 & , +-5X , & . 25W 441 6&& 80031 CR251-4-5P51&E 8 

• 1 0 ,  1 3 ,  •• •  441 600 
• 1 9 ,  38 44f6&E'I 
• 2, 5 ,  8 ,  RES,CF,4.7K,+-5X,&.25W 348821 & 1 1 21 CB4725 9 

I 

I 
R " · 1 4 ,  " ·  348821 
• 20, 39, . .  348821 
• 3 ,  • •  9 ,  RES,CF , I 00 , +-5% , 0 . 25W 348771 8&€131 CR251-4-5Pf&E'IE • 

• " ·  1 5 ,  1 8 ,  348771 
• 21 , •• 348?71 
• 22, 23, 29, RES,CF , I K , +-5X,&.25W 343426 sent CR251-4-5PIK 7 

I 
• 35, 36, 42, 343426 
• 45 343426 
• 24 RES,CF,3&K, +-5X , 8 . 25W 368753 80031 CR25t -4-5P3E'IK ' 
• 25, 3&, 31 , RES , CF , I &K , +-5X , 0 . 25W 348839 8&031 CR251-4-5P10K 4 

• 37 34883'i' 
• 27 RES,HF , I .&7K , +- 1 X , &. 1 25W , 1 &0PPH 344325 B'i'536 344325 ' 
• 28 RES,HF,422,+-t X , & . t 25W, I &&PPH 2885&6 91 637 CHF554220F ' 
• 32 RES ,MF, 1 . 5K, +-I X, & . 125W·, I&&PPH 31 3&98 91 637 CHF5515&1F ' 
R 33 R£S , C F , 5 6 , +-5X,&.25W 342618 8&&31 CR251 -4-5P56E ' 
• 34 RES,CF , 1 0&K,+-5X,6 ,25W 34892€) 80031 CR251-4-5P1&0K ' 
• 43 RES , CF , I 3K , +-5X,0.25W 441 402 80&31 CR251-4-5PI3K ' 
• 44 R£S ,CF,2K,+-5X,&.25W 441 469 BE'I03t CR25t -4-5P2K ' 
• 46 RES,CF,47&, +-5X , & . 25W 343434 80&31 CR25t -4-5P470E ' 
• 47 RES , C F , t 2 K , +-5X,8.25W 348847 8&631 CR251 -4-5Pt2K ' 
• 48 RES , C F , 4 . 3 K , +-5X , & . 25W 441576 80031 CR25 1-4-5P4K3 ' 
TP 1 - " CONN, POST ,PWB, . &25SQ, NON-INSUL,SELECT 2675&& &&779 87622-1 20 

u ' * I C , OP AHP,QUAD, JFET INPUT, T0-5 CASE 483438 89536 483438 ' 
VR , _  7 ,  1 5  * ZENER, UNCOHP, 30.&V , t 0X ,  4 . 2HA, &.4W 272633 &4713 I N972A 8 

VR 8 ,  •• 1 8  • ZENER, UNCOHP, 4.7V, ... 2&.&HA, &.4W 524&58 1 4552 IN751 3 2 

VR 1 0  • ZENER,COHP, 6.4V, ... 1 PPH TC, 2 . &HA 381 988 89536 381988 ' 2 

• 

• 

I 

I 
ALSO INClUDES Jl • 

I 

I 

I 

• 

I 

I 
6060A-1645 

I Figure 5-10. A2A5A5 Relay Drlver/RPP PCA 

I 
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LIST OF REPLACEABLE PARTS 

5-26 

REF"ERENCE 
DES'IGNATOR 
A->NUJ1£RICS---) 

--------- ---··----

c 1 
c 2, 6 ,  7 ,  c 1&- 1 3 ,  1 6 ,  
c 1 8 ,  1 9 ,  21 ' 
c 23- 25, 28-
c 3 1 .  34, 35, 
c 39- 42, 44,  
c 45 
c 3 
c 4 ,  5 c 22, 5 1 '  53-
c 57 
c " ·  5 2 ,  58, c 59 
c 60 c 61 
CR 1 
J HH ,  1 05 , 1 07 
J 1&2 
J 106 
L 1 .  2 
p H ),! 
R 1 ,  6- 1 1  
R 2 ,  1 3  
R 3 
R 4 
R 5 
R 1 2  
R 1 4 ,  1 5  
s 1 
u 1 
u 2 
u 3 ,  4 ,  18 
u 5 ,  44 
u 7 
u • 
u 9 
u , .  
u 1 1 .  4& 
u 1 4  
u 1 5 ,  1 6 ,  33, 
u 34 
u 1 7 ,  27 
u 2€1, 35, 36, 
u 38 
u 21 
u 22 
u 25 
u 3&, 31 
u 37 
u 42 
xu 1 
xu 2 ,  9 ,  " ·  
xu 2&, 3&, 31 , 
xu 35, 36, 38, 
xu 42 
xu 3 ,  • •  1 1 .  
xu 15- 1 8 ,  27, 
xu 33, 34, .. 
xu 5, • •  1 0 ,  
xu 37, 44 
xu 7 
xu 21 , 22 
xu 23- 26 
y 4 1  z 1 z 2- 5 

NOTE 

TABLE 5 - 1 2 .  A2A7 CONTROLLER PCA 
<SEE f i GURE 5·· 1 1 .  l 

FLUKE 
STOCK 

S -------··--DESCRIPTION-------- ---··---- --NO--

CAP , AL , 47UF, +5&-20X , 1 6V 
CAP, POLYES , 0 . 22UF , + - 1 0 X , 50V 

CAP , TA , 0 . 47UF ,+-20X, 35V 
CAP , TA , I OUF, +-20X,20V 
CAP ,CER, 22&Pf , +- 1 04 , 1 000V,ZSF 

CAP ,CER, 2000PF , + 1 00-0X , t &O&V,Z5U 

CAP,CER , 1 00PF , + - 1 0X , 1 000V,S3N 
CAP,CER, 22PF,+-2X , t 00V,COG * DJODE , S I , BV= 75.0V,J0�1 50J1A,500 J1W 
CONN, POST , PWB, • E>25SQ, NON·- INSUL , SELECT 
SOCKET , S I P , 0 . 1 00 CTR , 1 6  PIN 
CONN ,PWB, HEADER , DIP,90, 0 , 1 00,26 PIN 
CHOKE, 6TURN 
CONN , SOCKET, PWB , 0 . 01� DIAHETER 
RES , CF , 1 80 , +-5X , 0. 25W 
RES,CF , 1 . 7 K , +-5%,0.25W 
RES , CF , 20 K , t-SX,0.25W 
RES,CF,3�0K, +-5% , 0 . 25W 
RES,CF , 1 00K,+-5%,0.25W 
RES , C F , 1 00,+-5%,0.25W 
RES , CF , 1 . 3K , t- 5 % , & . 25W 
SWITCH, DIL,  6-POS, SPST, ASSY * I C , NHOS , 1 6  BIT H ICROCOHPUTER * I C , LSTTL,HEX BUFFER W/NOR ENABLE * I C , LSTTL,OCTL BUS TRNSCVR W/3-ST OUT * I C , LSTTL,HEX INVERTER * I C , COHPARATOR , DUAL , LO-PWR , 8  PIN DIP * I C , LSTTL , TRIPLE 3 INPUT NAND �ATE * I C , LSTTL,HEX D F/F,+ED� TR�, W/CLEAR 
I C , S T T L , QUAD 2 INPUT OR �ATE 
I C , LSTTL, OCTAL D TRANSPARENT LATCHES * I C , LSTTL,2-1 LINE DEHUX * I C , LSTTL,OCTL LINE DRVR W/3-STATE OUT • 

* JC,LSTTL,OCTAL D F/F, +ED� TR�, W/CLEAR * I C , LSTTL,3-8 LINE DCDR W/ENABLE 

EPROM, PRO�RAHHED 2761 <FOR 1 &&KHZl 
EPROM, PRO�RAHHED 27256 <FOR I &&KHZl 

* IC, 2K X 8 STAT RAH 
M I C , ARRAY , 7  TRANS,NPN, DARLINGTON PAIRS 
* J C , LSTTL, QUAD 2 INPUT OR �ATE * I C , LSTTL, DUAL JK F/F, -EDG TRIG 

SOCKET , DJ P , & . I &O CTR,10 PIN 
SOCKET , D I P , & . I && CTR , 1 6  PIN 

SOCKE T , D JP , & . I && CTR,2& PIN 

SOCKET , DI P , & . I O& CTR , 1 4  PIN 

SOCKET, D I P , & .  tOO CTR,B PIN 
SOCKET , D I P , & . 1 &0 CTR,28 PIN 
SOCKET , D I P , 0 . 1 && CTR,21 PIN * CRYSTAL , I &HHZ , t-O . O I X , HC-18/U 
RES,NE T , S IP , 1 0  P I N . �  RES , 1 . 7K , +-2% 
RES,NET , SIP, I O  PIN.� R E S , I O K , +-2X 

436006 
6�6492 
696492 
696492 
696492 
696492 
696492 
696492 
1 6 1 349 
330662 
368605 
368605 
1 05569 
1 05569 
1 05593 
51 2871 
203323 
267500 
485037 
51 25�0 
3209 1 1  
544056 
441 436 
348821 
441477 
442475 
348920 
348771 
441394 
454124 
6404 1 7  
483800 
477406 
393056 
478354 
39307-4 
393207 
604629 
504514 
393165 
429035 
429035 
154892 
407585 
407585 
792767 
7�2754 
584144 
4541 1 6  
3931&8 
4 1 4029 
429282 
276535 
276535 
276535 
276535 
454421 
454421 
454421 
276527 
276527 
478&16 
448217 
376236 
52023� 
484063 
11 4003 

U23 EF'ROH PART OF A2A2 
U24 EPROH PART OF A2A4 
U26 EPROM PART OF A2A5 

MFRS 
SPLY 
CODE-

MANUFACTURERS 
PART NUMBER 

--OR GENERIC TYPE-·· 

62643 SH/VB 
89536 69619:2 

56349 
56289 
89536 

71590 

71590 
89536 
07910 
00779 
30035 
89536 
89536 
89536 
80031 
01 1 21 
80031 
80031 
80031 
80031 
80031 
&0779 
01295 
01295 
01295 
01295 
1 2040 
&1295 
01295 
& 1 295 
&1295 
01295 
01295 

1 96D474X0035HA1 
196DI 06X0020KAI 
368605 

DAI40- 1 39CB 

DD-1&1 
51 2871 
I N4448 
87022-1 
SS- 109-I -1 6 C  
51 2590 
32091 1 
544056 
CR251 -4-5PI80E 
C114725 
CR251-4-5P20K 
CR251 -4-5P390K 
CR251-4-5P!00K 
CR251-4-5P1 00E 
CR25 1-4-5PIK3 
435166-4 
THS9995N 
SN74LS367N 
SN74LS245N 
SN74LS04N 
LH393N 
SN74LSION 
SN74LS174N 
SN74S32N 
SN74LS373N 
SN74LS139N 
SN74LS244N 

01295 SN74LS273N 
&1295 SN74LSI38N 

89536 
89536 
332�7 
01295 
01295 
01 295 
09922 
91 506 

&9922 

09922 

91506 
� 1 5tl6 
�1 506 
89536 
80031 
80031 

792767 
7�2754 
uPD4016C-2 
ULN2003 
SN74LS32N 
SN74LS I I 2N 
DILB40P-108 
31 6-A�39D 

DILB2&P-108 

DILBBP-108 

308-A�39D 
328-A�39D 
324-A�39D 
520239 
95081002CL 
95&81El02CL 

R 
TOT S 
QTY -Q 

26 

2 
7 

4 

1 
1 
1 

53 
2 
1 
2 

1 8  
7 
' 

' 
1 
1 
1 
1 
2 
1 
4 

2 
• 

1 
1 
1 
2 
1 
1 
1 

, .  

1 1  

5 

1 
2 
• 
1 
1 
• 

N 
0 
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Figure 5·11. A2A 7 Controller PCA 

LIST OF REPLACEABLE PARTS 
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LIST OF REPLACEABLE PARTS 

REf'HIENCE 
DESIGNATOR 
A- >NUHERICS- - - >  

c 
c 
CR 
CR 
p 
Q 
' 
' 
R 
' 
R 
' 
R 
' 
TP 
u 
u 
u 
u 
u 
u 
xu 
xu 
xu 
z 

2-
I ,  
3 
I 
I 

4 
I 
2 
3 
4 
' 
6 
I ,  
I 
2 
3 
4 
' 
6 
I 
' ·  
4 -

1 

6 

3 

2 

3 
6 

TABLE 5-13. A2AS NON·-VOLATILE CSTORE/RECALU 11E110RY PCA 
CSEE FIGURE 5-12. ) 

S ------- -·· -DESCRIPTION----------- - - ---

CAP , TA , 1 0Uf,+-20�, 20V 
CAP , POLYES , 0 . 22UF , + - t 0X , 50V 

* DIODE , S I , BV� 7 5 . 0 V ,  I0�150HA,500 HW 
* ZENER, UNCOHP, 3 . 3V , I OX ,  20. 011A, 0 . 4 W  

CONN, POST , P WB , . 02SSQ,NON-INSUL, SELECT 
* TRANS ISTOR , S I , PNP, SHALL S I G , SELECTED 

TRANSISTOR , S I , NPN, SHALL SIGNAL 
* TRANSISTOR, S I ,  N-·DMOS F E T ,  T0-72 

RES, HF, 432, +··1 4 , 0 .  t 25W, 1 00PPH 
RES, M F ,  3 3 ,  2, +-·1 %, 0. t 25W, t 00PPM 
R E S , Mf , 1 00 , + - t % , 0 . 1 25W , I OOPPM 
R E S ,  MF, 562 , t-··1 X, 0 . 1 25 W ,  I ElOPPM 
RES , CF , 1 00K , +-5X , 0 . 25W 
RES , C F ,  1 0 K ,  +-·5:1:, 0 .  25W 
CONN , TAB, FAST ON, PRESS·· I N ,  0 .  1 1 0  WIDE 

* IC, 2K X 8 STAT RAM 
I C , LSTTL,OCTL BUS TRNSCVR W/3-ST OUT 

* J C , LSTTL,OCTl I .TNr Df'VR U / 3 - !TATE OUT 
I C , LS T T L , QUAD BUS BFR W/3-STATE OUT 

* I C , T T L , TRIPLE 3 INPUT NAND GATE 
I C , LSTTL,HEX INVERTER 
SOCK E T , D I P , 0 . 1 00 C T R , 2 4  PIN 
SOCKET , Dl P , 6 . 1 00 C T R , 2 0  PIN 
SOCKE T , D IP , O , I OO CTR , 1 4  PIN 
R E S , NE T , SI P , 6  P I N , 5  RES , I OK , +-2:1: 

r= 0 
'J U3 Ul C3 

FLUKE 
STOCK 
- -NO--

330662 
696492 
203323 
309799 
267500 
380394 
218396 
477729 
326397 
296681 
1 6 8 1 9 5  
340828 
348920 
348839 
51 2889 
647222 
H7406 
429035 
472746 
363465 
393058 
376236 
454421 
276527 
500876 

HFRS 
SPLY 
CODE-

56289 
89536 
07910 
0 4 7 1 3  
00779 
89536 
0 4 7 1 3  
18324 
91637 
91637 
91637 
91637 
80031 
80031 
02660 
5 1 1 57 
01295 
01295 
01295 
01 295 
01 295 
91506 
09922 
09922 
80031 

MANUFACTURERS 
PART NUMBER 

- -OR GENERIC TYPE--

196DI 06X0020KAI 
696492 
IN4448 
I N746 
87022-1 
380394 
2N3904 
SD213EE 
CMF554320F 
CMF553320F 
CMF551000F 
CMF555620F 
CR251 -4-5Pl 00K 
CR251-4·-5P10K 
62395 
HM61 1 6P·· 3 
SN74LS245N 
�N74LS244N 
SN74LS125N 
S N 7 4 1 2N 
SN74LS04N 
324--AG39D 
DIL!I20P··108 
DILBBP- 1 0 8  
95081 002CL 

-C}- " ' -C}- ... 

N 
' 0 

TOT S T 
QTY -Q ··E 

I 
' 
2 
I 

32 
I 
2 
I 
I 
I 
I 
I 
I 
I 

- - - -

��� � D 0 0 O'"�t 
-c::J- ., -<1:::>- ,., 

17 I 

PI rn t8  --c::J)- '"3 + I  '-- -CJ- •t 

®[] [""C7 EH�g Bl 

U4 0 U2. D 04 Ct I 321 _ J I6 '--

6060A-1629 

Figure 5-12. A2A8 Non-Volatile (Store/Recall) Memory PCA 
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I LIST OF REPLACEABLE PARTS 

I 
TABLE 5-14. A3At POWER SUPPLY PCA 
CSEE FIGURE s�tJ.> 

N 
REFERENCE FLUKE HFRS MANUFACTURERS R 0 

DESIGNATOR STOCK SPLY PART NUHIIER TOT s T 

A·· >NUMERICS-- - >  S ----------DESCRIPTION---------------- --NG-- CODE- --OR GENERIC TYPE-- QTY -Q -E 

··--------------- -------------------�------------------ --------·-·---·--------

I 
c CAP,AL, 2200UF , +J0-I&X , 35V 715334 89536 71 5334 ' 
c 2 ,  5 CAP , Al , 1 &&0&UF , +3&-2&X ,35V 61 4990 89536 61 4990 2 
c 3 ,  6, 12 CAP , C ER , & . I UF , +-20%,50V, X7R 573808 72892 8131 -05&-W5RI&&NFH 3 
c 4 ,  1 ,  1 5 ,  CAP,TA,6.8UF, +-20X,35V 363713 56289 196D685X0035KAI 4 
c 20 363713 
c • CAP,AL , 1 5000UF , +30-1&X, 25V 732958 89536 732958 ' 

I 
c ' ·  21 . " CAP , TA , 2 . 2UF, +-20X,2&V 1 6 1 927 56289 1 96D225X0020HAI 3 
c , .  CAP,TA, 22UF, +-2�X , 1 5V 423012 56289 196D226X0f>15KAI ' 
c " CAP,AL, 470UF , +30-20X,60V 574160 62643 NH ' 
c 1 3 ,  ' 4  CAP , TA , 4 ,7UF, +-20%,50V 363721 56289 1 96D475X9015HAI • 
c 1 6- " CAP, POLYES , 0 . 22UF , +- I O X , t 00V 436 1 1 3  73445 C280HAHIA2201< 4 
CR ' · ' ·  6 " DIODE, SI ,RECT , BRIDGE, BV,.200V , 10"'1 .eA 296509 09423 Fli20a 3 

I 
CR 3, 4, • * DIODE , S I ,  1 0 0  PIV, 1 . 0  AHP 343491 01 295 IH4002 3 
CR 5 DIODE , S I , 45PlV,7. 5A, DUAL SCHOTTKY 741322 69536 741322 ' 
CR 6 " THYRISTOR , S I , TRIAC, VB0=200V,8.0k 413013 02735 T2800B ' 
CR ' · , .  * ZEHER,UNCOHP, 62.0V; 5X, 20HA, 5.0W 559567 89536 559567 2 

H ' SCREW , HACH,PHP SEHS , STl , 4-40Xl/4 185918 69536 185918 ' 
H • NUT, HACH ,HEX,STL,4-40 1 1 0635 89536 1 1 0635 ' 
J ' CONN ,PWB, HEADER , SIP, 0 . 1 56 , 1 2  PIN 5 1 2 1 60 27264 09-60- 1 1 23 ' 
J • CONN,PWli, HEADER , S I P , 0 . 1 56 , 5  PIN 5 1 2 1 86 27264 09-80-1053 ' 
J 3- 6 CONN , POST,PWB , . 025SQ,NON-INSUl, SElECT 267560 00779 87022-1 39 
HP ' HEATSINI< , T0-221:1 524934 1 3 1 6 3  6025B··TT 1 
R ' RES ,HF,249,+- I X , 0 . 1 25W , I 0&PPH l 682f>3 91637 CHF55249F ' 
R 2 RES , HF , 6 . 65K , +- 1 X , O . I 25W , t 00PPH 294918 91637 CHF551272F ' 
R 3 RES , VAR, CERH, I K ,  +··t&X, 0.5W 285155 71450 360SI02A ' 
R 4 RES,CF , I &K , +-5X , 0 . 25W 348839 801:131 CR251-4-5P10K ' 
R 6·· ' RES , CF , S . t , +-5X , 0 . 25W 441287 ·8eo3t CR251 -4-5F'5RI 4 
R 1 0 ,  1 3  RES , C F , 2 2 0 , +-5X,0. 25W 342626 80031 CR251 -4-5P220E • 
' " RES,CF , I , +-5X,&. 25W 357665 80031 CR25 1 - 4-5F'IE ' 
R " RES,CF,0.5t , +-5%,0.25W 381954 80031 CR251 -4-5P0R5E ' 

s ' SLIDE SWITCH, DPDT SWIDGET JR. 452862 895:!6 452862 ' 

TP ' - " CONN , TAli, FASTON,PRESS-IN, & . I I O  WIDE 51 2889 02660 62395 " 
VR 1 * ZENER, UNCOHP, 6.2V, 5X, 20.0HA, & ,4W 32581 I 0791& I N753A ' 

U t , 2 , 4 , 5  AND AJUI L I STED IN TABLE 5-4 <AJ> • 
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Figure 5-13. A3A1 Power Supply PCA 
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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. 
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1 30·1. INTRODUCTION 

Option -1 30 
H ig h-Sta b i l ity Reference 

Option -130 the High-Stability Reference, with the rear panel REF INT j 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 (Y 1). 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 I line-voltage selector assembly to supply power to the Ovened Oscillator even 
when the Generator POWER switch is off. The Auxiliary Power Supply PCB (A3A2Al)  
includes a linear-regulated supply and an automatic line-voltage selector circuit. 

The linear-regulated supply consists of a diode rectifier bridge CR I ,  filter capacitor C I ,  
voltage regulator U 1 ,  and associated resistors R2, R3, and R4. The circuit associated with 
CR3, Q I 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. 

At low line voltages (less than approximately 1 50V ac), transistor Q I is conducting, thus 
grounding the minus terminal of rectifier CR I and causing diode CR3 to be reverse 
biased. This causes the full secondary voltage ofT! to be rectified by the bridge rectifier, 
CR I .  

When the line voltage is greater than 180V ac, (there is approximately 30V hysteresis), the 
comparator U2 turns off transistor Ql .  Diode CR3 becomes forward biased, and the 
transformer center tap is effectively grounded. The voltage applied to the rectifier CR I is 
then half the secondary voltage. 

The comparator U2 input voltages are set by resistors Rl ,  R6, R9, and zenerdiode CR4. 
U 2 controls the base of transistor Q I .  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 RIO and CR5, from the 
37V output of the main power supply, augment the Auxiliary Power Supply. 

1 30-1 



OPTION -130 
HIGH STABILITY REFERENCE 

1 30-2 

The Ovcncd Oscillator output is disabled when the control line EXREFL is set low, i.e., 
when the REF INT j 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. 

1 30·4. ADJUSTMENTS 

TEST EQUIPM ENT 

Frequency Standard 
Oscilloscope 
Two 3-ft. 50-0hm coaxial cables, Y 9 1 1 1  

REMARKS 

The voltage adjustment (A3A2A l-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 H igh-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 

1 .  Remove the Generator top cover. 

2. Connect the DMM to the UUT Connect the positive lead to TPI  and the 
negative lead to TP3. 

3. Adjust R4 for 23.4 ± 0. 1 V. 

4_ Remove the DMM connections from the U UT and replace the top cover 
(temporarily). Wait the remaining Generator warmup time, and perform the 
frequency accuracy adjustment_ 

Frequency Adjustment 

I .  Remove the top Generator cover and the two FREQ ADJ access screws from 
the top of the ovened oscillator. 

2. Connect the Frequency Standard signal to the oscilloscope vertical input 
channel ! ,  50 Ohms termination. Connect the UUT rear panel lO M Hz OUT to 
the oscilloscope vertical input channel 2, 50 Ohms termination. 

J _  Set the UUT rear panel UUT REF !NT/ EXT switch to INT. 

4. Set the vertical controls of the oscilloscope to display the UUT 10-M Hz signal 
and the f'requency Standard 10-MHz signal. Set for internal triggering on 
channel I ,  and adjust time base for 0. 1 J.LSec/ d iv _  
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OPTION -130 
HIGH STABILITY REFERENCE 

5. Adjust the oscilloscope COARSE, and then adjust the FINE controls for a drift 
of less than one cycle in lO 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 . 
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REr!E::ft£NCIO 
n�:siCNAfOfl 

YAliLE 1 30 - 1 . A3A:2Al 1-tl(;l-t-S'I'AlHL.ITI' COV£N£Dl R£FER£NCE F"CA 
(SEE F I G U ra:: t30" i .  l 

N 
R 0 

TOT S T 
A·· >NUHE � I C S - - - }  S - --- - ···-··--Df.SCRi f'HON----····--

F'LUK£ 
STOC� 
--NO--

1'1FrtS 
SF'LI' 
CODE -

MANUFACTURERS 
PART NUM�ER 

--OR tifiNJ;:RIC TYP!i-- QT'!' -Q -I; 

130-4 

' 
c 
c 
' 
c 
c 
" 
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C A P , A L , 170UF , +�o-20�, 5�V 
CAF', TA , 4. ?UF", �"·20X, 50V 
t:AP' ,  TA, t EIUF, 1"-�0:l:, �:SV 
� A � , AL , t oour , +�O-�o�, 5ov 
CAP , POL Y£S , 0. t U f ,  • ·· t o ;;: , 50V 
CAf, fOLYES . O . i UF , T- i 0% . i OOV 
PlOD� , H ,  F.:!;i;:T, EIRIPGI':, EIV=:;100V, tQ:c1 , t1A 

4 D H I I>£ , .t l ,  1 0 0  �'l V ,  1 . 0 AMP 
DIODE . S I . �V� 7 5 . 0V , I O � t ,�MA. �06 M� 
CONN , POST,PWEI, ,02�SQ,NON-INSUL, SEL�CT 
TRANSISTOR , SI , DV•60V , 6S W , i0u2�0 
RE::S" , 1'\F , 49. 91< , + ·· i X ,  B. 1 :::!:=i W ,  1 00�F'I'I 
RES IMF" I 2'191 •··· U I O .  j 251-JI i OOF'PM 
R � S , I'\ F , 4 . � �K , t - 1 � . 0 . i � ' W , 1 00�PI'\ 
�!OS, vA� , C!::RI'I � =soo, •·- 1 Oi:, iL =iw 
�ES. C C I � .  7 I ···54 . o . s w  
R E S , I'IF , � . 34K , + - 1 � , 0 . 1 2�W, 1 00PPI'I 
R[S � cF � 4 .  71( � • --st � o .  �sw 
RES � Cf � i 01( � t r 5% � 0 . 25W 
R f; S . CC . \ � � . t - 1 �� . ���� 
����SPORMER. AUXILIARY 
�;:oNN, TAEI � rASTON1 PRESS·- I N �  o . ;  1 e wn£ 
�L.VOr RE",,ADJ � t . 2 TO J7V , \ , :i  AMP! 

I C , COI'IP�R�¥0� �DUAL� LO-PWR , 9  P I N  D I P  
ZENER1 UNCOMP, 6 . 2 ,  ��. 2 0 . 0MA1 0 . 41-J 
OSC ILLATOR, I 0 MHZ 
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Figure 130-1. A3A2A1 High Stability (Ovened) Reference PCA 
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132-1. INTRODUCTION 

Option -132 
Medium-Stabil ity Reference 

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 INTI 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 to meet 
specifications. The warm-up time is typically 5 to I 0 minutes. (See the 
specifications for details.) 

132-3. CIRCUIT DESCRIPTION 
The Medium-Stability Reference printed circuit assembly (PCA A5AJ) consists of an 
ovened oscillator (Yl)  and an ac-to-TTL converter. The PCA is field repairable and is 
also available under the Module Exchange Program. The ovened oscillator (Y I) 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 
(A2AI) through cable W24. 

Two NAND gates of U I are used to convert the oscillator's ac-coupled output to a TTL 
signal. Another NAND gate of U I and transistor Q I control the power for the oven and 
oscillator circuit of Y I .  

When the REF INT 1 EXT switch is set to EXT for external reference operation, the 
control line EXREFL is set low. This disables the oven and oscillator circuit of Yl  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 I ,  below). 



OPTION -132 
MEDIUM STABILITY REFERENCE 

The following test equipment is required: 

Frequency Standard 
Oscilloscope 
Two 3-ft, 50-ohm coaxial cables (Fluke Accessory Y9 1 1 1 ) 

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-MHz reference signal at 
the 10 MHz OUT connector with a counter that has a suitably stable and 
accurate reference. 

To perform the procedure, proceed as follows: 

1 .  Turn the 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 INTI EXT switch is 
set to INT.) 

2. Remove the top Generator cover. The frequency adjustment control is accessed 
through the upper rear left side. 

3 .  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. 

4. Set the vertical controls of the oscilloscope to display the UUT's I 0-MHz signal 
and the Frequency Standard's 10-MHz signal. Set the oscilloscope for internal 
triggering on channel I and adjust the time base for 0. 1 usee/ division. 

5. Adjust the oscillator FREQ for a drift of less than one cycle in 10 seconds (or a 
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 1 32- 1 .  A component location 
diagram for Option - 132 is shown in Figure 132-1 .  
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488-1. INTRODUCTION 

Option -488 
I EEE-488 I nte rface 

The IEEE488 Interface (Option 488), consists of the IEEE-488 printed circuit assembly 
(A3A3AI) mounted in a metal frame on the Generator rear panel. !tis interfaced directly 
with the Controller assembly A2A 7. 

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 J.<PD7210 Talker/ Listener IC (Ul) 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 IEEE488 bus. 

The presence of the optional IEEE488 Interface is detected by thd 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 U 6 provides the status of the IEEE488 rear panel address switches when 
the Generator is interrogated. These switches determine the IEEE488 bus address and 
talk-only (to) or listen-only (lo) modes. When opened, the switch just to the left of the 
IEEE488 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 40 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 6060A488. 
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OPTION -488 
IEEE INTERFACE 

488-2 

REFERENCE 
DESIGNATOR 
A·-;.NUML�-;.1 1.:�" · ·· ·· > 

-··------------
c 1 ·· 4 ,  • •  
c 7 ,  9- 1 1  
J 1 
L 1 - 3 
p 1 
R 1 
s 1 
u 1 u 3 ,  • 
u • 
u 7 
u ' 
xu 1 
xu 3 ,  4 
xu 3 ,  4 
xu • •  7 
xu ' z 1 - 4 

TABLE 488- 1 .  A3A3Af IEEE-488 INTERFACE PCA 
CSEE fl�URE 488-1 . )  

FLUKE HFRS 
STOCK Sf"LY 

' ···· ·········· -·· -DL.)'l.Kll-' I .I UN··-··--··-······---··-- --NO·· CODE·· 

----·--·-------·---------------·-----------

• 
• 
• 
• 

CAP, POLYES , 0 . 22UF,+-10�, 50V 696492 89536 
696492 

CONN , PWB,RIBBON,90,24 POS,STD ORIENT 658&39 89536 
CHOKE , 6TURN 32091 I 89536 
CONN , PWB,SCKT, HOUSING , DI P , 2 6  5<13512 00779 
RES , CF , 1 K , +-5X , 0 . 25W 343426 80031 
P I ANO HULTI-POLE, sr, SIDE ACTUATED 658567 89536 
I C , NMOS,CPIB TALKER/LISTENER 773143 346-49 
I C , LSTTL,OCTL IEEE-488 �US TRANSCVR 524835 04713 
IC,LSTTL,OCTAL D TRANSPARENT LATCHES ,045 1 -4  01295 
I C , LSTTL,OCTL BUS TRNSCVR W/3-ST OUT 477406 01 295 
I C , TTL,QUAD 2 INPUT AND GATE 393066 01 295 
SOCKET , DI P , O . IOO CTR,40 PIN 429282 09922 
SOCKET , DI P , O . I00 CTR, I 6  PIN 276535 91 506 
SOCKET, D I P , 0 . 100 C T R , B  PIN 478016 91506 
SOCKET , DI P , 0 . \00 CTR,20 P I N  454421 09922 
SOCKET , D I P , O . I OO CTR , 1 4  PIN 276527 09922 
RES,NET , S IP , I O  P I N , 9  RES, I 0K , �-2X 41 4003 80031 

reT v fZb '?f v v 

Ui U3 U4 

• • 

iN "' 

?J.-- - - - -z6 [ill {ill-
231 �l4 
l i  l l  PI I '  ' 1  I '  ' 1 : I  I !  31  14 

I ' 
I _ _ _ _ _  J 2.  

@fl @ M N 

� � � 
" '" 

-CRD-

� �I 
Ul Ut> 

MANUFACTURERS 
PART NUMBER 

--Ok bt.Nt:JdC r Y�t.-·· 
-----------·---·--------
696492 

658039 
32El911 
86063-9 
CR251-4-5PIK 
659567 
P8291A 
MC3447P 
SN74LS373N 
SN74LS245N 
SN7-4LS08N 
DILB40P··Hl8 
31 6-AC39D 
308-AG39D 
DILB20P·· t08 
DII.B8P·· H l 8  
95081 002Cl 

� 

Jl [ 

[ 
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Figure 488-1. A3A3A1 IEEE-488 Interface PCA 
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651-1 .  INTRODUCTION 

Option -651 
Low-Rate Fm 

The Low-Rate FM (Option -65 1), 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 Output PCB is shorted in both states). The DIP switch settings are listed 
in Table 65 1-1 .  

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 A2A I C 16  is shorted to 
prevent any de current from entering the loop amplifier (A2AI U27) and changing the 
phase-detector operating point. The voltage at the output of the audio integrator (A2Al 
U41-l)  is kept at zero volts. 

Keeping the voltage at the output of A2A l U41 at zero volts is accomplished with a 
voltage-zeroing loop consisting of A2A9 U l .  The positive terminal of this op-amp 
monitors the output voltage of the audio integrator through A2A9 R8. The negative 
terminal is �onnected to ground at A2A9 R9. By feeding current through A2A9 R 7 back 
to the negative input of the audio integrator (A2A 1 U41), its output voltage is kept at OV, 
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 
A2A l C 1 1 4, Since the maximum deviation is limited to 9.99 kHz, the gain of the audio 
integrator and the VCO summing network (A2Al R88, C l l 7, Cl46) 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 65 1- 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). 
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OPTION -651 
LOW-RATE Fm 

651-2 

REQUIREM ENT 

FM Droop is less than 1 5% with 1 0  Hz external square wave modulation. 

REMARKS 

When using the RF Spectrum Analyzer as an FM demodulator using slope detection, i t  is 
important to operate the RF Spectrum Analyzer detector in a linear range. This can be 
checked by stepping the UUT frequency up 5 k H z  and then down 5 kHz from the 
operating point and noting that the display moves equal amounts. If it doesn't, tune the 
RF Spectrum Analyzer slightly and check for linearity again. 

TEST EQUIPMENT 

Low-Frequency Synthesized Signal Generator (LFSSG) 
RF Spectrum Analyzer 

PROCEDURE 

I .  Remove the Generator top and the Synthesizer module plate covers. 

2. Connect the LFSSG TTL output through a 604-ohm resistor and a 320 uF, 6V 
capacitor to the U UT MOD IN PUT. This provides a square wave 
approximately 2V p-p at the Generator's MOD input. 

J. Program the LFSSG to 10 Hz and any level around IV .  

4 .  Program the U UT to  the [RCL] [9][8] and 3-kHz deviation. This provides a 300-
M Hz signal at - 10  dBm. 

5. Connect the input of the RF Spectrum Analyzer to the UUT Rl' OUTPUT. Set 
the RF Spectrum Analyzer so that the signal response is at the top of the display 
using linear detection. 

6. Program U UT for EXT FM . 

7. Using a 10-kHz Resolution Bandwidth and zero Span/ Div, adjust either the 
Generator 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. 

8. 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 
droop should be less than 0.5 1 divisions (0. 1 5  x 3.4). 

651-5. ADJUSTMENT 

TEST EQU IPMENT 

DMM 

PROCEDURE 

The Offset adjustment (A2A9 R4) is set to OV. 

1 .  Program UUT to [RCL] [9][8] and 9.99 kHz  deviation, and set the rear panel 
EXT 1 INT FM switch to EXT, with no external modulation signal applied. 
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2. With the DMM, measure the de voltage at A2A9 U 1-6. Adjust R4 for OV ± 
O . I V. 

651-6. LIST OF REPLACEABLE PARTS 
Table 651-2 lists replaceable parts for the 6060A-65 1 .  Figure 65 1-1  is the component 
location diagrams for the 6060A-65 ! .  

Table 651-1. Low-Rate FM DIP Switch 

NORMAL LOW-RATE FM 
1 - Closed Open 
2 .  Open Closed 
3 .  Closed Open 
4 .  Closed Open 
5 .  Not App l i cable Not App l i cable 
6 .  Open Closed 

OPTION -651 
LOW-RATE Fm 
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OPTION -651 
LOW-RATE Fm 

651-4 

REF(R£"(;10 
DHIGNATOF: 

TAel� � � � - � .  R2A9 LOW-RATE �� PCA 
($EE F I I:.URE 6=!. 1 ·· 1 . )  

;1- )N(JI'If;F.:�C:�---· ) � - - - - - · · - ···- D£SCRIF'TION " " '"u'"'"'"' - - - - -·· 

' 
c 
' 
' 
c 
R 
' 
R ' ' ' ' ' ' 
' u 
'" 

' ·  
' 
• 
' 
7 
I 
' 
' 
• 
' '  ' 
B ,  

I I  
" 

I 
I 

• 

CAP, f'Ol YES , � ,  1 UF, 1"··:!02:, 5ev 
CAP,PQLYES , 0 . �1U� , +- t 0 % , 50Y 
CAF', YA, 3. Juf, •·•Z0X, 20'ol 
CAP,CE� , t 00f'F , T- �%, t OO V . �O� 
CAf',!;:ER, 1 0P F ,  +··::!1, 1 0 0 1/ ,  COG 
RES , I'IF , 30 . t k , + - t % , 0 . t 25W , t 00PPM 
R£S , Hf . 2� . 3 . t - t 4 , 0 . t 2�W. 1 00PPI'I 
RES , I'IF , 3 . 32K , +- 1 X , O . t Z5W , t OOPf'H 
f.: £ S ,  VAR. CfRH. t 001c: , 1"·· 1 0:1:: , e . � w  
Rl;;.� , C (': ,  6 .  8 1'\ ,  +·-5:C , 0 ,  ��W 
RES , Cf.' , :::!00K 1 * " �i:: , 0 . 25\.j RES , C F ,  t , 2 1'\ , T-·::iX, 0 , 2=:;:111 
RES , I'I F  , 4 . 99K , + ·· I t , e . t  ::! 5 W ,  t O<!IPPH 
�£S,f'IF , 49 . 9� , T- t i:: , 0 . t ��W . t 00FP/'I 
SUUCH, D l l ,  6-Pos, SPST, 1\SSY 

tt I C , OF' AMP,JF£T INPUT , fl  f i N  DIP 
SOCKET, Dlf' , 0 . 1 00 C TR . I;!  P"lN 

Pl- 10 

F'LUI([ 
STOCK 
- - NO-·· 

MfRS 
$PI,.Y 
cOD!:':-

732SaJ a'i'�36 
7 \ 47�::; 
43607! 5! 2€149 
5 1 �343 
1 68::!86 
::! 9 H i l 6  
3 1 :!6�2 
:!j69520 
3940�4 
44!48:5 
3.419995 
\ 6!3:i1:S� 
2688�! 
4:54\�4 
47::!779 
.41790! 6  

1;19:536 
@ ! 9 €1 4  
5 1 406 
!39�36 
9 1 637 
9 1 6 3 7  
9 1 6�?' 
1 ! 236 
0 1 !  :!I 
MO:!j\ 
80031 
9 \ 63 7  
'JI\637 
00779 
I :.! !HO 
9 1 506 

11ANl)FACTURERS 
F'A�'I' NUM9£R 

--OR G£N[RlC TYf'[·· 

7:3;(!'!1;!3 
'l!<i'l':'!� 
1 961>JJ�X00�E:IKA1 
R f' E 1 � 1  
� ! :! 3 4 3  
I'!�'FI -9M1 2f 
C HF:'i:S:!4R:!F 
CMF55J3::! 1 F  
3Q{)T-j �4A 
" 
CR::!51 " 4 "5f'200K 
CR:;!� I ·-4-�PI/'!2 
Mn'l -911991 
CHF��4'i'92f 
43�166-4 
lF"Jil6N 
30!3··AG39D 

lOT 
"' 

' 
' 

' 
' 

.. , 

P l -9 

Pl-3 
Pl-2 
PI - I  
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Figure 651 ·1. A2A9 Low-Rate FM PCA 
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Option -830 
Rear Panel RF O utput and Mod I n put 

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 OUTPUT connector is mounted on the rear panel 
to reduce ground loops. A longer semi-rigid coaxial SMA cable assembly (W 17) replaces 
the standard cable (W I). 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 I nformation 

7- 1 .  This section of the manual contains generalized 
user information as well as supplemental information to 
the List of Replaceable Parts contained in Section 5. 
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List of Abbreviations and Symbols 

A or amp �mpere hi high frequency 

•< alternating current H> hertz 

•• auolo frequency IC integrated circuit 

0/d analog-to-digital If intermediate frequency 

as:sy assemb ly In inch(es) 

AWG american wire gauge Inti internal 

B bel 1/0 input/output 

bed binary coded decimal k kilo ( 1 0�) 

'C Celsius kHz kilohertz 

cap cape�citor kO kitohm(s) 

«w counterclockwise kV kilovolt(s) 

<•' COr'<-lrr\iC " low fr�Quency 

cermet ceramic to metal(sean LEO light�emilting diode 

ckt circuit CSB least significant bit 

em centimeter LSD least sign ificant digit 

c:mrr common mode rejection ratio M mega (1 0r•) 

(;OMP composition m milli ( 1 0 -,1 ) 

eont continue rnA mill iampere(s) 

c" cathode-ray tube max max1mum 

cw clockwise mf metal Wm 

d/a digital-to-analog MHz megaMrtz 

dac digital-to-analog converter min min1mum 

dB decibel mm mi ll imeter 

de direct Currer)\ mo millisecond 

dmm Cliqita,l mult1meter M$B most sign ificant bit 

d•m c;tigital voltmete( MSD most significant digit 

elect electrolytic MTBF mear1 time between failures 

ex I e:o<ternal MTTR mean time to repair 

F faf\:lc;t nW mill ivolt (s) 

'F Fahrenheit m• multivibrator 

FET F'ic!d-effect trar1sistor MO megohm(s) 

" flip-flop " nano (10-�) 
treq frequency na not applicable 

FSN federal stock number NC normally closed 

g gram (-) or neg negative 

G giga ( 1 0�) NO normally open 

gd guard "' nanosecond 

Ge germanium opnl ampl operational amplifier 

GHz gigahertz p pico ( 1 0-'1) 

gmv guaranteed minimum value J)Mtl paragraph 

gnd ground pcb printecl circuit board 

H henry pF picofarad 

hd heavy duty on part number 

7-2 

(+) or pos 

ool 
P·P 
ppm 

PROM 

... 

RAM 

rl 
'm• 
ROM 

$ or s;ee 

ac:;opc 
SH 
Si 
serno 

a' 

Ta 

tb 
te 

I(:"XQ 

'" 
u or v 
uhf 
1.1$ or v11o 
UUI 
v 
' 

,., 

•eo 
vhf 
vii 
w 
"" 

xfmr 

x&tr 

:r:tal 
)(t)Q 
0 
" 

positive 

potentiometer 

peak-to-peak 

parts per million 

programmablle read-only 

memory 

pound-force per sq�Jare inch 

ra.noom-access memory 

radio frequency 

root mean square 

read-only memory 

second (time) 

oscilloscope 

shlelc;t 

silicon 

serial number 

shill register 

tantalum 

terminal board 

temperature coefficient or 

tempGrature compensating 

temperature compensated 

crystal oscillator 

test point 

micro ( 1 0-'') 

ultra high frequency 

microsecond(s) ( 10 -") 
unit under test 

volt 

voltage 

variable 

voltage controllec;t O$Cillator 

very high frec;uency 

very low frequency 

watt(s) 

wire wound 

transfofmer 

transistor 

crystal 

crystal oscillator 

ohm(s) 

micro (10 -r•) 
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I Federal Supply Codes for Manufacturers 

g 
09816 02533 0471:3 0666S 
Westem!..ann Wilhelm Augusta-Anlage Lcigh """"'"""' Ltd. Mo=ola l4o. Ptecl:siod Mertoli.thics 
Man.nhehn-Naekatau Getrnarty �l!a'ley Codrt& Div. Smiliem\d.uetM Group S�:�b ai'Bolltrl..!: Inc. 

Don Mills, Orrt.ario, Canada Pb.omix, A:rizofta Santa Cl.ua, California 
00199 

I 
Marcon Electronics Cofl' 01l<J6 05236 06666 
Kearny, New 1 erscy Fcn.wal Labs: Jomrthan Mfg. Co. General Device& Co. Inc. 

Diviaion ofThlvcnal Labs. Pullcrtoll., Califomia Indianapolis, Indiana 
00213 """'"' """'"' Illirtoi< 
Nytronie& Com.p. Gtoup ;&\c. 05:1A5 06739 

I 
Da1"''�81)!'!, South C.a:�oli.u;1 COI!Xmlnc. �1o<1t<>n Co.p. 

0266 I...ibmyville, Illinois littleton, Colorado 
00327 Buclc:cr Ramo-Eli:ra Cotp. 
Wclwyrt ltltc.a\atiOrtal. Irtc. Alnphenal NA l)i.v. o5276 06743 
We.:i-�e..Ohio Broadview ,Illinois m Pomono Gould l'nc. 

I 
El.c:ctronics Oiv. :Poil.Di.v. 

00656 021:!5 Pomma, C8lifo.mil E.ar>tlU:e, Ohio 
Ac.rovox Cotp. RCA-Solid State Di.v. 
Now Sedford, Massachusetts SomCIVillc, N"cw :Jcmey 06751 

05zn Componellt$ IIJQ. 

I 
00686 02199 Wcstingh01.1se Elcc. Cmp. Scmcor Oiv. 
Hlm Capa�toxl;: Inc. Arco El�lnc. Semicood� Div, PboenV:, A�a 
Pas.s:aie, Naw JCD:ey Ch�r.t$� C� Yc>UnpQ(I(!, �ylv�i.a 

00719 03508 05397 06776 

I 
AMP, Inc. Gl!ll!.l!ltal � Ca. UibQrt Catbidl!l Cotp. Robirt:!i:o�t Nuget�.t Iru:. 
Hat.ci.��:buJg, �JJ$)'lv!ii:UI!I Sernkw.d.1lC\I:II PIW1.1et1&. Batkirlcl Mo<onolo s,...... Div. New Alb�y. lndiarta 

A1.1b�, NcwYoik ClcvelM.d.. Ohio 
01121 06915 
Allen. 'Bradley Co. 037<)7 05571 hhco PJ.amc Co. 

I 
Milwaukee, W�CQI\ti:in o..,;.., ToeMolosY Co.p. Spn.s;ue Eleett.ic CQ. Chicas,o, IlllnoiB 

Bl�Div. (NowS62S9) 
01281 -Domin<ju ... Coli!. 06961 
TRW Electronics & Defense See:tor 05574 Vcmitron Corp. 
lawndale, California 03877 Viking Cmnectm!i Inc Pi.czo El.ectri.c Oiv. 

I 
Oilben Eng;n=ing Co.Ino Sub of Critm C01p. Bedford., Ohio 

01295 lnoon Sub ofTnn&itron Cbitswol'tb, Calif. 
Tcll:«l!l lnstr\lment:!l Inc. Ekotronio Co.p. 069$0 
Semiconductor Group Glondolo, """""' 058<:0 Varian Associa.tes lnc. 
O�llas,Tex.as EG & G W akcf1Cld Engineering EimQc Di.v. 

03888 w akefi.cl.d, Masuchuscus San Carl011, C111ifom� 

I 
01537 KDI �I:ne-
Motorola Commwtica.tlon8: & Pymfllm Div. 05972 07047 
l!lcworrics Inc. Whippany, New Jersey Loctitc Corp. :R.oSII Milton Co., 'the 
Franklin Patk., IlliMis Ncwiftstm, Conneeticut Southampton, Penna. 

03911 

I 
01686 Cl.�z. Cotp- 06001 07138 
RCL Sl�cs/Sb!�Ucm;s lnc. � Electronic� Div. Clen�:P.l �e Co. Wl!iil:li,nghow:l!; Electric Cotp. 
El�tJ:o CCn�ponm.t$ Div. Mwnt Vemm,NcwY� B�� Capaei� �lie[ S� lrtduiHrial & Govemment 
M�$1utet, New lhmpdlm. CoiUO'!lm, S. � 'l'u.MD.iv_ 

039$0 HOillchCQdl, NCIW Y01:l!: 

I 
01884 Mui..Ib.ead Inc. 06141 
S�gue Eleo�:tric Co. Mountaimidc, New Jmcy Faircbild. w� sr-� l11e. 0723) 
(N'ow 56289) Dati Symm,Oiv. Bmchm� T «;l).rtalQ&:Y Inc_ 

04009 Sam;OU, F10Ji"- Cily �lrtduruy, Calif. 
01961 Cooper Ind\llltrica:, Inc. 

I 
Varian Asaociatell: Inc. Arrow Hart Div. 06192 07239 
Pulse Eng.Ineet:!ng Dlv. Hartford, Comtc:eti.cut La 0..0 Mfg. Co. Biddlclrl$WIUi:Z'J.U: 
Convoy, Connecticut Gkndolo, c.Iifumio Bt..Bo\1,,_. 

04217 
0:21!1 � �t:U:nW fue.. 06229 07256 

I 
s� E�rti� COq>. Witt! & Cable Dl.v. Electrovcrt lnc. Silicon Tl"�tc;rt Corp. 
City oflnd1.1�tx;Y. Ciilifomi� �. c.llf(n'd;i.a ElmBford, New Y orlr. SubofBBPI4o. 

Chelmsford, �A;t(;hU:��llJI 
0:2114 04ZII 0638) 
Ampercx Electronic Corp. Midlmd-Rooo Co.p. P<nduit Cotp. <m61 

I 

I 

:ferrox Cube Div. Midtcx Div. Tinloy PO>!<, l!llrtoi< Avnet. Corp. 
Saugerties, New Ymk N. Mu.k.oto, Mionowt& Culver Cii.y, California 

06473 
0:2131 114m Bun!= Romo Cotp. 07263 
GMe�l ll\�ltllm.ertl Cotp.Oova:mm�t A VX Cotp. Ampbcnol NA Di.v. :fa�d Cam.ota & Instrument 
Sys\Cmll Div. A VX Cemni« Div. SAMS<lp<zofu>n Semicoo� Di11. 
w c:stwood, Massichusdts M,nlo B .. <h, S. """'""' Chatsworth, Califomia M01.111win Vie-w, Call,fotrti.a 

02395 � 0655S 07344 

I 
SQna�lh.di.Q C¢rp, Tclmic BC!kley Inc. B«do E'-ieol """""""' Birchc:r Co. Inc., � 
Hollyw(l(ld., FloJ:l.d.a I.asw>< Boach, Colifomio P=eool<, Now HompohHe R.ochcst=", New Yotk: 



Federal Supply Codes for Manufacturers (cont) 

07557 09423 11711 
C11mpion Co. Inc. Scimtific Compoomt& Inc. Gencnl Instnune.nt Cmp. Philadelphia, Petlna. Sartta B&tban., Cillft:mti.t Rccti:fier Div. 

07597 09579 
Hkk�ille. New Ymk 

Burndy Corp. CfS of Canada, Ltd 1 1716 
Tapt:/Cablt: Div. Stmt!Uvilk, Ortlllri(l Qualidyne. Cotp. 
Rceh�tet, New Yot.k. Santa Clua, Califomia 09922 
07716 Bumdy Cotp. 1:1014 
TRW Inc. (Can use 11502) NOJWIIl.k, Connecticut 0Uca8" Ri:vd. &. MIIU;� Cl). 
IRC Fi.(c.d R151liatoi!i:/ NapeMllc, lllin!Ji_, 
BurlingtOn 
Burlington, Iow11 09969 '"""' 

Me Elcctroni.es Inc. National Semiconductor Corp. ()7797. Y1mJdon, So1.1th DU.otll Danbury, C0tu1ocricut. LciiTla En�n=r:ing Cmp. 
Northampton, Mll.'l;siiChw;et.\.'1; (>)97$ l:zo<O 

Burroughs Cmp. ));.Qd�ln�;:, 07810 El.ectrotUe& CmnpcrtertUI NOrthzidr, CalifOrnia 
Bock Corp. Iktto:ir.. Michi,$41\ 
Mudison, Wisoo!lsin 12136 

10059 PHC lrtJulfil'ict Lw. 07933 Batket Ertgitteering Cotp. Fomtetly Philadclphia Handle Co. 
l{11yt.hoon Co. Kenilworth, New Jersey C�,NewJ�y 
Scmicond\lcto.r Oi.v. 
MoUJnairt View, Calif. 10389 12300 Illinoi� Tool Woxk� Inc. AMP Canada Ltd. 

liwnDiv. Potter-Brumfield 08235 Chicago. Illinois: Guelph, Ontario. Canada lndusiro Transis-tor Corp. 
Long Island City, New Yorlc 12323 !Ol82 l?x:actic� A\ltml�tioo Inc. 
08261 CTS of A,.,.,;.u. Shelton. Connedicut S�a-Strip S�yl.an4, N. �a 
1\.n.Elm.Co. 123Z7 (l�rrleiJ OJ:ovc, C-'lif· FJ't:(;W.ty COll". 11236 Clevclat!.d, Ohio omo crs Corp. 
Rclhm�:<c Mic11 Cmp. Be.me. Div. 12443 
Brooklyn, N�w Ymk a�.!r:u;l:i�a Budd Co .• The 

08718 
Plastic8 Product& Div. 

11237 PhU!!mi�vmt!, �.sylv11nPl-ITT Cannoo �uic crs Corp of California 
Phoenix Div. PMo Robli!Jr. Piv. 12581 Phoell..ix. Arizcma Pa!KI Rcb1�, Cali!� Hitachi Metal!-Inemati.odal Ltd. 

08806 11295 Hitachi Magna-Lock Div, 

Genesral Ele.c[IJc CQ, ECM Motor Co. 
Dig Rapids:, Missouri 

Minll!iln� Lamp PrQducl!l; Sch1nmtburg, Illinois 
CI�cl11nd, Ohio 12615 

US 'r�in-'11;: Inc. 
OSS<\3 11358 Cincinmti, Ohio Nylomatic Colurribii B�dC-9fi.!,g $}11� 
Falls:i.l.gtoo, Penna. CBS Ekctmnic Div, 12617 

Newbmypmt, Ma.ssaclmsetlll Hamlin Inc. 
08988 Lake Mills:, Wis:oofts.ift 
Skoui.c El�litlr'ik.s Inc;. 11403 
Atchb.ald, Portru:ylvanill Vawwn C�m Co.Scst Coffee Maker Div. 1M97 

ChiCIIgo, Illinois ClaroBLII.t Mfg. Co. lrtc. 
09021 Do\11!11', New H11.mpshi:re 
Airoo Inc. 
Airoo El�trnn.ill� l!SOZ 

Bradford, Petl.fl.a. TRW In�. 1Z749 
J.llm� � lt�ll. TRWR�tivc � Div. 
Oa�ctgQ., Il.l.irlcm 09023 Boone, N(lrth C.li.I"()Hnil 

Comell-Dubliet Electtooi.C��: 12856 
Fuquay-Varilla, N. Carolina 1 150) MicroMetals Inc. 

09214 
Keystone Col1.1mbi• Inc. Anaheim, Califomia 

Gm"�er;sl El&<lli.c Co, Fn:.ancn�, bld:iana 
12881 

Semiconductor Products Dept. """" "'""· A1.lbllm, New York E�n, N�:�w l� 11532 
09353 Tdfldyna Rd..ay� Tdedyne 12.195 
C aild. KCOI't'i�iii iM. lnd1.151:rics inc. Cl�d I?Jcctric Motor Co. 
NewtOI"l, Mas:sachusetiil H.a wthmm; .• Cillifemia Cl=dm:ul, omQ 

7-4 

12954 
Mierolla'ni Corp. 
Campamml.!l Group 
Sc.o11sd.a� Arizcna 
1Z969 Uni�:rodc Corp. 
Le;Unge.m, M�SQChll� 
13050 
Potret Co. 
W�c::-;1., Mm;�ppi 

moo 
Thennal.loy Co., Inc. 
Dallils,T�a5 

l'33t7 
Solilrcm DMces Inc. 
Tappart, New Yotk. 

13511 
Bwlket-Ram.o Corp. 
Atnph�ol Cadte Div. 
Los Gatol!l. Califotni.a 

!3606 
Spr41gl.IC Elc.;;lric Co. 
(Vse. 56289) 
13689 
SPS Techfiolog;ifill Inc. 
Hatfield, Penruiylv11nia 

13919 
Butt-BtoWr'i R�ft.h Corp. 
Tuc&M. Arimrta 

14099 
s�tech Cotp. 
Newbnry Pa.dr.. Califoi'Ilia 

14140 
McGray.Edi.sUn Co, 
Coounc.rci.al Development Div, 
Manche8te:, New Hamp8hite 

14193 
Cal-R-ll\e. 
SanLll Mcmiea, C011lif0m.i.a 

14298 A�an Ccmpoo�t.s lnc. 
an Insilco Co. RPC Div. 
Cmshohocken, Perulsylvaflia 

14298 
ACIC ine. 
Sub ofln&ileo Corp. 
R�reh T:rhmgte Park, NC 

14329 
W�Et�e& Jnc, 
Solllh Bend, Indiana 

14482 
w •tkins-Johnson Co. 
Palo Alto, Clllifomia 

14:5:52 
Mi.crosmri. COip. 
S.anlll Ana, CalifOrnia. 

14655 
CQmt:IU·OuhU� E��t�k,; 
Div. o.f Federal Pacif'u:; 
ElE-Ctrle Co.. <XM Cortt Th::pr.. 
Newark, Nc.w JG:J�;:c}' 

1:1 • 
1 :: • 
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I Federal Supply Codes for Manufacturers (cont) 

I 14704 16733 18927 :>3!>36 
Ceydom Cortttoh Cabk:wave Sylrticms: Inc. GTE ProW"' Co.p. William. J. Pmdy Co. 
{l).iV;i!ll:i(lr\ Qf lrtt ;R.eeti.5e:t) NI)L'[h Ra:V$1., C�t PreciBi.on Material Prod� PamoiO:I'l).iv. 
El SesUrl;d(l, Call.fon?.i.a Businc&s: Part& Div. Bwling4�. Califott1ia 

16742 Titusville. PennsylvanU 

I 
147$2 P.xmnQilllt� 24347 
E�[I'OCubcJru=;. F.i.brieatot�� lrte. 19315 !'oon En�g Co. 
Sal\ Gabriel, Calli'ootl..a DoWfteY, Callfomia Bendix Cmp., The S. El. Monte, Califomia 

Navigation & Cootrol �p 
14936 16758 TCfbo.ro. New Jll:l'flCy 24355 

I 
Genl!ltal lrt$ltllm,l!s!'lt C�- GMI!itoal � Cotp. .Artalos, Devices Inc. 

Oiscrc.te Semi Conductor Div, DclCQ � Div. 1!>451 N�. M�u:�hw:etts 
l:Iicks.villc,Ncw York Kokomo, IndM.no. � Machifteey & Supply Co .. 

Kort�W- 24444 
17069 General S=nJ.¢(Jnd.uetot 

I 
14949 Ci!cuit Structures Lab 19613 1ndustrlcs, Inc. 
Trompeter EI.ect:ronics Blllbank, Califomia Minn ..... MWng 11< wa-eo. 'tempe.. Arizona 
Clm�wQ�, C�omia Tcxtool Prod'Lld5 Dept. 

17117 Electronic Product Div. 24655 
15412 �' Mol<llng CO<p. Irving, Tcxu """"' lrtc. 

I 
Amtron w .... ooko!. Rhode w.n4 �. Mass.aclm:setts 
Midlothian, Illinois 19647 

17338 Caddock Ek:ctronics lnt;, 24759lhtox-Fuglc Electronics lnc. 
15542 High P're!smc Eng. Co. Inc. R.i.�� Callfomla South Pkinfi�. New J c.rsey 
Sciet1tific Components Corp. Oklahoma City, OkWwm. 

I 
Mini·Circuits Labor.ato:y Div. 19701 24796 
Brooklyn, New Yo� 17545 "'-'"''"'""b lrtc. AMrine. 

A\Wltic S=nkond� lnc. AN. Ain� Philip!� Co. � & lll'lll'l'lfl.eld Div. 
15636 Al'b\J;cy � Nt:�Yt J�y Mineral WC:U... Texas SanJuan Capistrano, Calif. 
Elcc-Trol Inc. 

I 
S1n1gu.s, C111lifom� 17745 W584 24931 

An,lrohm fueilion, Irtc. &ochs Mfg. lnc. �lty Connector Co. 
15782 Hag=town, M..y!.nd lndi>n>poli<,lrt""'• GrcenWIXld., lrtdiat!.a 
Bau1eh & l,.£.I'tib L\e_ 
Or.l\phies &. Con�l Div. 17� :1.0891 =· 

I 
Austin, Texaa: Silioonixlrtc. Co<orCO<p. SiomooCO<p. 

Santa Clan, Cali:fumia �.Taas: hiliC!n, N�w Jawey 
15801 18178 21317 25099 
fenw111l Ele.troniclil Inc. B G & Ov,_loo. Ekctronica: Applications Co. CMe<do "'""" 

I 
Div. ofl(.Jddclnc. sc w..;., l4ioooon m Mofttc. Califomia Kl9'!t, Was:hln,gton. 
F:ra:rnh\,gha:rn, Massachusetts: 

183� 21604 25403 
l5&18 s;p<ioo CO<£>· B....,. s .... p;ng Co. Ampe11:x El�c Co.q>. 
Td�yne. JnQ'. Co. �t(l, Califamia Columbus, Ohio S�uctor & Micro-C�t Piv_ 

I Td�YT).I) S�(l¢0d.UetQt Di.v, SlatmJvilk,lthodc � 
Mountai,n View, Cillf'(llni.a: 11!52D 213-45 

Sh"f' � CO<£>. Solitnm Ocvice&: Inc. 25706 
15849 Puamus, New Jersey S�ctQJcmup O.bum :EJ.cctroni.c & Cable Cotp. 
u$1:((1 fu(l. Riven hcb, flQrida NOI'WOOil, New 1rgr>�y 

I 
(Now 88245) 18542 

W•buhln¢. 22526 26629 
15898 W111bMh Relay &.�11. Div. DuPont, :£1 OcNcmQ1l.1'5 & C:a, lne. Ftr.quency s� Inc. 
l:ntcmati.onal Bll8ines8 Wabuh, Indian111 PuPottt Cmnoc'to!' Systc:m&. S�P.iv. 
Machlnm Cotp. Advaneed Product& Div. �atd, Maaa:achusctts 
E&!IM: Illtl.etiod, Vetm.ont II!S6S New Cumbetlandt Pennli.ylvmil. 

I Q.(lq!� Inc_ 
16245 WQ�, Ma�lWIW: '01({1 26806 
Corwplnc. ITT SemicoruluCWIII. American Zcttkr Inc. 
OlMrt, N.sw Yutk. 18612 � Al!o, California hvin� Califattlia 

I 
VWlaylntcrtcchnologyinc. 

16:!58 V18hay Remtor ProdiJCts Group 22784 27014 
Space--l.ak Inc. �Vt:!m, �ylvacla Palmer Inc. National Semi¢0ndnetQt Cc�. 

Bmbank, Califomia Clovclond, Ohio S.nta Chr., C$li!cm.ia 
111632 

16352 Nmton·Chem� 2'l050 271({1 

I 
Cod.i Cotp. S•n� M¢���. Califot�Ua l'rodw=t Cm�p. C:t,;p. Coming Glu$ W¢tkll Coming 

l..irtdM, New J�y Mount VCIUlc:.J, N�YOik. Elo<uonioo 
Wilmington, North Caxol.i,q.a: 

16469 18677 237'.!2 

MeLine. SCIIItbc Mfg. Co. Tra.cor Applied Sciences IM. 27264 

I 
IAc:m.ngcs, Illinoi.$ Div. of Zero Co!p. R- M..,!.nd """""lrtc. 

ID Mmtte., Califomia Li.de,UUnQiJ 
16473 
Cambridge Scientific Industries 18736 23880 274M! 
Piv, (t!ChmnMCotp. Vo"'"""" CO<£>, Stonfmd Appllo4 &gltt"'""s lndl.llbU1 Sel$w Products 

I 
Cambridr, Matylarui EMf. Hanl)ll$', Nll!;w Jtt��ey Santa CW., c.J.i!� Loo Angd<4, Co!ill=lo 

I 7-5 



Federal Supply Codes for Manufacturers (cont} 

27745 30800 """ 
A!l�oci�ted Spring B«rncs Group Inc. General ln!Jtrnmcnt Co:p. NEC ElcctrooiC8 USA Inc. 
SytliCliSe, New Yotk Capaci.tot Div. Ek:cttortic Attay'S L\c. Div. 

Hicks.'li.lle,NewYo:dr. Mollfltain View. C.alifotni.a 
279$6 
Relcom (Now 14482) 33'119 

31019 Nw.tek fuc. 
21119):1 Solid State Scietl.tific Iru:. Crai'!groft, Rhode Island 
Posit!onic Ittdusuies Willow Gtove., Pem'i8ylV3rl..ill. 
Springficl.d, MissO\ui 34333 

31091 Silicon Gcncral Inc. 
28213 Alpha Industries lite. Garden Grove, Califomi.a 
),'vtin,n��� M'.ining & Mfg. Co. Mi�Div. 
Cc1I1!1umeor Product�� 01v. Hatfield, Pennsylvania 
3M C�..o(.e:r 34225 
Saint l'alll, M.i.nra�:��oi.IJ. 31323 AdvattCOd Micio Devi� 

Metro Supply Company S111111yval.e.. Califomi.a 
28425 Sacr�o. CalifOrnia 
Serv-O-Link 34359 
Ellless, Tex.as 31448 �ta M.i.nir!.g &, Mfg. Co. 

Anny S.af�gu.IU'd l.ogi.Giics. Comrmmd C<ammCleial Office Supply Div. 
'Hunlni,IIe., A�lln'l .. S�tP111ll, Minnesota 

28478 
Dclttol CorporatiOrt 1!746 34371 
Dcltrol Co:t1ttols Di'l. CIIIlil� E:l.�c &uris Corp. 
Milw�\lkee, Wisoonz>ift Woodbury, T� Han :S��;QTXIl·...;Wr 

Prod\lCI.ll Gro1Ip 
2S4SO 31827 Melbourne, F1mid.a 
Hewlett Pa�•rd Co. Bud wig 
Co�pomeHQ Rmnorua, Cati(mni,a 34649 
Palo Alio, California lnl<l Cmp. 

3!9!S Santa Clara, Califomia 
28484 ITT -Schadow 
EmtmuJn Electric; CQ, Eden Prairie., Minnesota 34802 
G011.nna!;ler Div. El�tive Inc. 
M"�;:H�cy. Illinois Kenilworth, New 1m:cy 

32293 
2852<) lnt=il 3484S 
Ue.�o Molded Products Cu�rtlno, C'..al�frn::ma 1-hrtwcll Special. Products Kenilwo�, New Jersey Pl-llc�. California 

3253'1 
�9083 MU711 Cmp- 35009 
Moru�anto C.:o. Weetblll'Y. Lon$ Uland, N.Y. �t�w fle.mic Co. Ltd. 
Sartta Clam, California IR.C Div. 

32559 'X'orontQ, Ont.rio, C.an�d.a 
29604 Bivar 
Stackpole COr'rt�lll Co. Santa Ana, Califotttia 36665 
Ralcig.h, North C<J.rol.in� Mitel Corp. 

31:167 Kanata, Ontario, Canad� 
Griffith �tic� Corp. 

299rfl Bwlin�mc, Cllifomia 37942 
Omega Engineering L\e. Mallo.;+ C11pacitw CoJp. 
Stamford, CortMeetieul 32879 Sub (If &:Ph-11rt lnd.ll$trle.s 

Ad.vart� Me.d!.IIIlic.al CQmponen� lndilmapolis, Indiana 
30035 NOI'lhridge, Calli'Q-m\11 
Jolo Indl.llltrie�� lnc. 39003 
0111rden Orove, Califomia 32897 Maxitn !MtllllrieK 

Mw:l!UI Erie. North America Inc. Mi.ddleboto, �c;hu$� 
30146 C<J.dil!:lc OpentiOJUI 
Symbex Cotp. Carlisle, Pmll8ylvan.ia = 
P11inesville, Ohio Rodmt!Dn Ele.�;troni�$ rnc. 

32997 St.��tsvllle., Nonh C!u"olim• 
30148 Bollti\& lrte. 
AB�c lnc. Trimpot Div. 4:lA9S 
Aho&k..ie, North Catolina Riveftlide., Califomi.a Natio�l RB;d.io 

Mdrosc, Massachuseti:B 
3016l 33096 
Aav:id J=l..r1g.ine.ering Inc. Colorado C�!.Nl Corp. 43543 
Laconia, New Harnpghite �nd, C(•'ondo N}'ttatiCI!: lrte.(Now 5334:2.) 

30315 33113 44655 
ll� Co1p. �t!ital � CQ. Ohmite Mfg. Co. 
S41n Diego, CalifomiB �$00ro, Ke.nmc.k:y Skokie, Illii\ois: 

:30:32) 33246 49671 
Illinois 1' ool WoW: Inc. Epoxy 1' &:.-hn<:tl(lgy Inc. RCA Cmp. 
cmc..go, illinois Billm:ica, �chl,l.lil� New Yorll:, New Yo:tk 

49956 

Raythcoo Compmy 
Executive Offices 
I....cxington, MIIBSIIclmsct:ts 

50088 
Thomsoo Components-Mostek Corp. 
Cauol.lton, Texas 

50120 

Ellgl�:-l'i.cb� ro.d�� (m:;. 
Electronics Di v. 
Colon�do Springs, Colondo 

50157 
Midwest Ccmpooeil.t8 Itlc. 
Mll8kegon, Mis8isgippi 

50S41 
Hypcmoo.ics Corp. 
Hlldson, �h� 

5o579 

Litronix lnc. 
Cu�o, Catifom�a 

51167 
Acic.s Elertmnk.s Inc. 
l�renchtown, New Jersey 

51:37;2. 
Vmbatim C11q1. 
Sunnyva)e., Calif� 

51406 

M�t�� Erie, No. Am.:'-rica Inc. 
(Als.o see 72982) 
Marietta. Georgia 

51499 
Amtron Corp. 
nooon, MMSaclt\VJc:tts 

l16o5 

COOl Semiconductor Inc. 
Keci.lworth, New J�ey 

51642 
Centre Engineering lnc. 
State College, Pmnsylvania 

51791 
Statcll: Cozp. 
Otart�, California 

51984 
NEC America Inc. 
Falls Church, Virginia 

511163 
Exar Integrated S ygtern.8 
Sunnyvale, Califomia 
5'lff72 
Ciftu.it A!!:�tmbly Carp. 
In1n� Calli'"� 

l2152 

:Miz\1\0ii)ta Mjrt.i.rtg &. Mfg. 
S�ntPaW.,� 

52333 
API EI� 
l:la.uJ!WIIU�,Lang I5land,New York 

·� IIi 
Ill II 
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I 
I Federal Supply Codes for Manufacturers (cont) 

I 
52361 S<\590 5&104 64155 
Canm.wticat:icn Sytrttrns RCA C..,.. '"""" Linear Technology 
�taw.ty,Nt5w.l��:�y Electronic �[:1 Di�. At!onto, C=gio Milpitas:, Califotci.a Cherry Hill. New Jeruy 
52S25 511474 64834 

I 
Spa�J..ol( ln¢. 55<>26 Superior l?Jectric Co. W�MOO>. 
l,.t!;�;'eQDi'\1'. Am"""' Gogo & -Co. Bn.tol. Coonocticot SM F-. Colif. llnxtt.nk, C11lifomia SiMp!!� Jheui.o Co. Div, Elgin, lllinDil 59124 650!>2 
52531 KOA·Spca-El.cctronks lnc. Sanpno Wt3to111ttc. 

I Hitachi Ma�� 55112 BRMOid, Peruuylvmi.. Wc:s:tott ln&tmmems Div. 
Edm.� MW;c:W, Plelsey Capa� lne. Nawad:, Naw J&'!!:ay 

(Now 60935) 
59640 65940 

5'1:145 55261 $1,]��. Rohm. Cotp & Whaln.ey 

I Timco LSI c_s,....,..�oo. Sumiy;;&, Ca')jf� lrvinc, Califomia 
Los: Angclea:, Califomla Melville. New Y mk 

59<;60 65964 
5Z763 55285 � ""· Evoxlnc. 
StetinM-EleettQI'I.i.e$ Inc. :Bm:quiat Co. TUCiOD., Arlzma Bannockbuti\, DlinoiB 

I 
Chatw:�ooge.,tc:nnessee lllltol .. po&. Mmnoooto 

59730 66150 
57:1(/J 55516 Tholoa< ""' a ... eo.p. Entron lnc. 
Spn.gue.-OCiodman Electroni.c&. lnc. .,...... Iowa City, Iowa WiiUlow Tdti'Orti.c& Div. 
G� City P11Ik, New Ymk. Santa Oa:t.a, Cali1'omi11 Ci��Ntl!lw'\"(1;(\t;: 

I 59831 
55680 Srm�{hp- 66608 

57:171 M;obioon/Amorioo/C.,.,. W atchllJl8, Naw Jm.�:ey Be;rlng lnd1.J.5trics 
Moo.itmn Cotp. Sdla\l.Illbu.rg. lllinoia: FIC.JilODt, California 
Amattam D:i,v, 60395 

• 
Santa CWa, Calif,'(l:l;1lja 56282 Xi(;(lrb!,(l, 700!10 

Ut<k s,....,..rn� Mllpitu, Colll"""' Almctal Univcrs.all' oint Co. 
52840 01>1hc, Km8oB Cleveland, Ohio 
Wcstcm. Di,gitalCorp. 60399 
Cost�. Mesa, Callfotrti.a. T orin Engineeted Bl.owt!itJ�: 70485 

56289 Div. of Ckvepak Cotp. Atlmti.c l11&011 R1,1bb« Wwb X�c. I 53021 SP"S""EI«!rio Co. 1'mrington. Ccru�ccticut Oili:ae;o, ;IllinQid 
S•ns-mo W cstoo Inc. N-Ad>rta, -<h..-
(S« 06141) 70l63 

56365 W70S Am�� CQGJpqny 
53217 Sq.>... DC.. C...-M;l< c..,. 'U� Oty,NewJ�Io/ 

I 
Tcclu!ical Winll"I;Odu¢t$ b!,Q, Cmpor.tc Office& (f""""'y '1"'11:"") 
Santa Barban., Califo®• Pohotm., lllino;s GmftM, Wi&eQD&l,rt 

70903 
53342 56375 60!>'15 Belden C01:p. Opt. Ind.U&t:d.o& !fie. DAL lndustries Inc. w lll!l:tlake Capae;i.IQt me. Gmeva, Illinois 

8 
Phillip�bw-a:, New J l!it41!!y' w.....,Div. TIU\�Div. 

Mo!mtaid V:aew, � OR.mcutlc, Indiana 71002 
53944 Bimbach Co. L\c. 
Gl.Qw.Li� 56481 61804 Farmingdale, New York: 
P•W&: Vall�, Oklahoma Shugon� MIA Can Ioo. 

I 
Sub of X� CQJp. Bwfingtcn. Massachusetts 71034 
Sll®yv� Cali!onllb Bliley Eloct:dc Co. 

54294 61857 Erie, l"miruuyl'Vju)..j.;t 
Shllkrms lnc. 56708 SAN.O lnd..mol eo.p. 
Smi.thficld, North Carolirta Zilog Inc. BohmUa, l.ong!Wnd, NY 7llS3 

I Cunpbcll,. Califomi.a W csWigh01.15c Bl�:�Ctric Corp. 
54453 619'15 Bcyant Div. 
SW!ln< � C .... 56856 Schutt&" 1rte.. Brid....,, Conn..tio..t 
Sm �m. California VamiftQrCo:t:p. ofTeM.� �mna, C..lifomia 

S�T�� 71400 

I 54473 62351 Bussman Manufactoring 
Matmlhita Electrie Cotp, 56880 AppleRnb""' Dl.v. ;MeGtaw�Edi!con Co. 
(Pan1110!lic) Moon""' ""· lancutcr, New Ymk St.�,MW.ourl 
Sea.urua:,New J� Bollim=, Muylond 

6Z7!>3 71450 

I 54583 57011; Lear Siegkr Inc.. crs Coq>. 
TDK 1!nd'- c..u Co. !no. EnCf&Y Product& Div. Elkhart, l:ndia�ta 
Gardm City, N!!!w Y odt. Binglwn.ton,NcwYmk Sania Ana, Califamia 

71468 
548(/J 57053 63743 TIT Cannon Div. of fiT 

I 
�c:t ln�ational Cmp. Gate! HncrsY Products W.lfd � Eltletrie Co.lne. F®ntoW:i v•y. C;Ji,lll'Qtrjj,a 
Am..,... lkighto, rumm. Dan.W!t, Ohio Mount Ven�-Cm, New Y oD: 

71482 
54!>37 58014 64154 GenMAI IMttwnent Corp. 
DoY...,g Mf&  IEladri M.opl<ocl< Co.p. Lamb lrtdust:,des �D:iv. 

I Bdlovuo,Wu!Un- (Now 12581) Pot1lond, o.:.p Qri.ed.ao. IJJ.inQ;i,s 
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Federal Supply Codes for Manufacturers (coot) 

'71$90 73445 75378 
:Mcp:;o/Cm:�lnllllb .Am� El�c Corp. CTS Knights Inc. 
A North Am5ican �lip!' C� J-ijclQ!v:i.Ue, New Y Qlr.k; S.Jndwich, Dlinoill 
F1:rt Dodge, Iowa 

13559 75382 
717Cf7 Carlirt�witeh lrte. Kulka El«;tri.e Cmp. 
CotoCorp. Hal'lford, Cortrteeti.em (Now 83330) 
Providence, Rhode Island Mourn Vt!il'I\l:K'I, NI!!;W Ym:k. 

73586 
71744 Circl�t; F Indu5I:cim 
Gene111.l Instrnm¢flt Cotp. Ttmtor'i, Ncw J� 15915 
Lan1p Div/Wotldwide Tnu:;or Li.ttld'use 
Chicago, D.l.i.ttoiB 73734 lk.!l Pht:inM, lllinoU; 

Podettl Screw Ptoduct8 lrtc. 
71785 Ch:ieago, Illinois 76854 
TRW Ltc. Oak. SvAtdt SJ!Itt:nm lm;s, 
Cinch Cot'!rled:ot Div. 73743 Crystal l,.a.k,e, nlinoi.ls 
Elk Gmvcs Village, I11inoi� f'lllchcr spccru Mfg. Co. 

Cold Sp.;,g, ""'"""" 77122 
71984 nw A�b� &F� Orwp 
))QW C�;�rniDg Cmp. 73893 Fastcncr Di.v. 
Midland, Mic:mg.a!J. Mi,_ Moutainsidc, New J� Mt. Cl�:m�. MR!.�ippi 
72005 77342 
AM'AX Speci<I,Ity Metals Co�p. 73899 AMFinc. 
Ne.wl!rll;., N�:-w )e:rr.�:-y JFD Eloctronic Components Potter & Bmmfield Div. 

Di v. of Mlll'ata Erie Prirteerort, lndian.t 
72136 Oc:eartBide, New Y otk 
Ele-;:tro Motive Mfg. Co:tp. 77542 
F1oter�C(:, SoudJ. ClltOlirta '73905 R.ay-0-Vac C:mp 

Fl. lnduruiet�: l!\c. Ma&Mm,W� 
nm San Jose, Califomis 
AMCA lnteiitational Cotp. 77638 
Coo.tin.en�1 Screw Div. GG\eta1 lrt:stl'llrnen1 Corp. 
New Dedfmd, Massachu.setts 73949 Roctifie:r Div. 

C'ruardian El�c Ml"g, Co, Brooklyn, New Yoik 
72259 Chic�go, ll.tinl)� 
N yLnmic� Inc. 
New York, New Yolk 74199 77900 

Quant Nichols Co. ShabptoOf� W11� 0:1. 
72619 Chicago, Illifiois (Now78189) 
Ampetex Electtooie Cotp. 
Dialight Div. 7.42.17 719(1) 
Btook1yn, New Yotk �dio Swi�h Cl), M.\lbbc:rcraft Coip. of CA Ud. 

Mu-1boro, New Jctsey T ortancc. Califottda 

7;26.'53 74306 78189 
G c me.ctromcs Co. Pkzo Cij'mtl Co. Illirtoi& Tool Wmh Im::;, 
f))v, of Hydrome.tll.l5 Inc. Div. of PPA fud� Ine. Sh�Div. 
Rockford, Hlhl<»� Carlisle, Patitsy1Wilia. Elgirt, DlirtDiil 
72794 787:17 
D.r.�J,, f'�!Mer Co. lnc. 74542 Slatrt.t ln�ll!i Inc. 
W�blip,Ncw Yolk Hoyt El.eet..Irunr. Wmblrte. South Bm:i,n� ).h..u;, 
72928 

P(;\8.coak, New H.t:rnpmh't; 
78:>90 

Gultot! IItduruiet� lrtc. 74840 Str\!thcn: DPnn lnc. 
Gudernan Div. Il1i.nc;Ji.o; C',..llpac;:;\l(Jr J�. Pit�m.n, N� Jeney 
Chica,$0. Dlinoi!l Lincolnwcxxl, Illioois 
72982 74970 78553 
M1.1r�t11 Eric N. America Inc. JoMBOI\ EF Co. Eatort Coip. 
Eric, PC-IJ.�tsy1vania Wa!le[;ll1 Minnesota &gm� F..mn� Oi.v. 

Clovol.nd, Qh;o 
73138 75042 
Beckman Itldui!ltri.a1 eorp. 'J'JtWl11c;;, 78592 
HclipotDiv. lRCfh:i!!d � Stoeger ln�stric:!l 
FullCl'I.Urt, Calif'Ol'Jlia. Philaddphia, Pmmsylvania Sc:uth �ck�ck. N� krscy 

'73168 75297 
Fmw111 Ine;. Liuoo S,-m 79136 
Ashlimd, Muiach\JSCUs Kmet Solder Div. W aides Kdtirtoot li1e. 

Chie.ago, Illirtoi:s Lorts I&brtd City, New YM 
73293 
Hughes Ait<:taft Co. 75376 79497 
Electi'Orl. Dyll8.rni.c& Div. Ku.tl;-Kascli IrK;_ Wtz�ttzn RubbaCo.. 
Tottai\Ce, Ctlif<mtia Dilytm,Ohio aamm.. Irtdima 

7977:1 
c - w lnd1JBtri.es 
Soothamptoo. Peftrulylv.ania 

79963 
�mick. Mfg. �. 
M'c:unl JChw, N�w Yo;t\1; 

80009 
T�trorox 
Bl5avmton, Oregoo 

SOOll 
Mepc.o/f.!lectm Jnc, 
Mmri�wn. New Je.w:.y 

80032 
Foro Aerospace. & Commnni.cati.O!lB Cotp. 
wem.m Development 
Ubontorics. Div. 
Palo Alto, C.alifotnia 

80145 
LFE Cotp. 
fl':rooc8:s Control Div. 
Clinton, Ohio 

&0183 
Spras;Uc Prudu.t.u 
(Now$6;2.89) 
80294 
Boum11 Inm-um�t!!. lr1t::, 
R.iv=sdde., Cilifami.a 

8o583 
Hammerl.wl.d Mfg. Co. Inc. 
Puamus, New Jergey 

80640 
C:nn�� Prod� lnc. 
Stevell8-Amold Div. 
Sooth BOI!>OOrt, MaA. 
81073 
Gn.yhill Inc. 
La lhmt{te, Illinai!l 
81312 
Li,non Sy� JnQ, 
Winch�ter El�tronics Div. 
Wa�, CQMectiCPt 

314'39 
�-O.Disc lnc. 
M...ofidd,Olrio 

81483 
Intemational Rectifiet Cotp. 
l..QII Angd�, Ca.li.tmni. 

81590 
l\.orry Electronics Inc. 
s�w.c. w •11hingtoo 

81741 
Chicllgo I...odl;: Co. 
�go. illinois 
·= 
Allp<x eo.p. 
Choiliin!;Div. 
�. co�tiem 

822d() 
s� Fatii'Itat Corp. 
Albany, New Y orlr. 
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I Federal Supply Codes for Manufacturers (cont) 

I 82305 84171 89536 91802 
Palmer Electronics Corp. A=EI=ni« John F11.1kc Mfg. Co., Iru:. lndustri�l Dcvic�:�� ln�. 
Sooth Ga� Cal.i!QttJ.�a Cromw.ck, New Yoik: :Everett. W ashingtoo Edgewater, New JCI'8ey 

I 82389 84411 89597 91S33 
Swi�-cherod\ Inc. American Shizuki F�cri.W Ca. KeystMe Electtodict: Corp. 
S1.1b Qf'R�ythi:IOfl Co. 1RW Capacitom Di.v. lfun.tin.sdon Villey, Pt.ruta. Nt�w YOik,Ncw )"o:tk 
ChicagQ, nlinoh: Ogollolo, N-ili 

• 
89709 91836 

87AIS 84613 B\lnka- R..mo-Eltn C01p. King's Blcctronic5 Co. Inc. 
Aiipax Corp FIC Cotp. Amph<olol Div. T\ll:kllhoe,, N�:�w Y odl: 
Frederick Div. l<ocl<"llo, M>zyloml B�m�dvicw, lllinoia: 
Frederick, Maryland 91929 

I 
84682 H�yweUlne. 

82872 Bi&l!!x OtQup lnc, 89730 Micro Switcob Oiv. 
�oan wcll Corp. Pmbody, Muuclnlm!S O.....J m...rio F�, lllir1.c;li," 
New Ymk., New Yolk r...pDiv. 

85367 Newuk., New Jmliey 919"34 

I 
82S77 Bearing Distributir!g Co. Millet Electric Co. 
RottOrt Ine. SM Fnnlisoo., C!Uifomia 90201 w�.Rhodcls:Umd 
CllftOI'rl Pi.V, Mall.ofy Capacitor Co. 
WoodiltQ�, Nl!lw Yoxk 85372 Sub of Emhm Industries Inc. 91984 

B�:�rlng Salcri. Co. lrulianopoU., lruliano Maida Dcvdopment Co. 
82S79 l.m Angeles:, Callfomia lhmpt.on, Vi®nia 

I 
ITT 90215 
Royal Electric Div. 85480 Boot Stm>p & Mf,. Co. 91985 
�awtu&�. RbodCI Isl11.nd W. H. :Bndy Co. Kan&u City; MiMaurl Nmwall:: Valve Co. 

Industrial Product S. Narwalk,. Conneetleut 
83003 Milwaukee, w� 90303 

I 
Varolnc. Du.m:cl1 In�:. 92914 
Garlal\d, 'l'ex.a��: 85932 T_ S..,&Mmotmg Alpha w� Corp. 

El«tro Filin lno. Bdhcl. Connootiom Elizabeth, New JeiBcy 
83014 Valmcia, Califom.ia 
f.b.rtwdl Corp. 910'14 93332 

I 
Plat:cn�a, Cali!omi. 'IQJ77 E=x Group !no. Sylvania Elcctrlt; Prod\JcQ; PmcisioD. Metal Pfoducts Co. S�PDiv. Semiconductor Prcduw Oiv. 
83055 l'oobody, Mo...- :Newmadet, N'cw Hampshin: Wobum, Mass�b1.18ctts 
Si$Mlito Fu&e Co. 
(Now 71744) - 91247 94144 

• 
iaWo Onp. or Am:Oco. rumoa 'l'nns!mnel" 0;;!. R.)'lh""'Co. 

83058 (NowS4590) �.�;�,Illinoiw; �ave& J?owm."TuboDiv. 
TRW Al&l!!!'l'lblia��: & PM� � QWncy, MuRch\l.S� 
Fa&tMat.�� Div. 86928 
Cam.btl.d� M.a.ss:-.ehw:eu�� S...-n Mfg. Co. !no. 91293 !14222 

I 
Gl=lole, c.llfomja loll"""' Mfg. Co. Sowh<oloe. 

83219 B�10n,Ncw J� �vill.,_P�u!.$:Yl"VIiu;;da 
l'uk.er-Hannifm Cotp. 87<)34 
0-S�Di.v. ntuminatcd Prod� lnc. 91462 94!188 
Cul� Chy, C..lifomi. �ow76854) Alpha l:ftdlllt:ciCII I:!te. W ag;ncr Electric Corp. 

I 
LogaMport, Indiafta Sub of Me,p.w-Edison Co. 

83298 81219 Wb;ppony, New J .... y 
:Bendix Cmp. GNB !no. 91502 
Elc:c.tric & Fluid Power Div. fud11$tdal Jh.� Div. � - 95146 
EatC!dville, NI!IW J�y Lmgbamc, Pennsylvania Sa.nta Oars, Califumia Alco Elcctnmic Prod�s: lnc. 

• 
SwitchDiv . 

8>315 881A.5 91S06 Notth Andover, Mas:s:achus:etts 
Hobboll C<np. W"m� Eieetrmicl Aue;m:Lte, 
M1.lndele:in, Dlinois litton Systems-UsecoDi.v. AtdabotQ, �tw!lttll 9� 

V m Nuy.s., CalifOJ'Jtia � Mfg.. Co. 

I 
83330 91Sll7 l,Q,gl5.hnd. Ci�y.Ncw YQ;P;)I; 
Kulka Sm.ilh Inc. 88486 � Moohino Tool Co. 
A North American. Phillt�"s: Co.. Tri4rtp �c Jrl.(;. SI.!Xlkt�;tn, c.ur� 95275 
Mana&qUan, NI!I'W J�y Jewitt City, Cmnecticu.t Vitmnon In!:. 

BridgcpOii-, c�� 

I 
83478 88690 91637 
Rubbcrctaft Cotp. of knmica &$�:!)(�pin¢. o.le Eloetronieo !no. 95!0! 
WmHavc:n, CoMeetieut W'Jti!I;AIW!ill'ibly Dtv, O;,l�M. Ncb::uh ac.- eo.p. 

�. Miclliamt Recl!!i.virta Tubtl Div. 
83553 91662 Cim:inMti, Ohio 

I 
A&IOci.ated Sprlfis; B4l:nt!ii Otoup 89020 Eleo Co<p. 
Gudena, Califo:mia -.. eo,p. -' o.JfW-. Mfg. Co. 95348 

B...bomn Crimp<ool ProWeto Div. CooncctorDi.v. Oordo-'1 C�;��p. 
t.Tnion, New Je:mcy lluntmgdoo, Penns:ylvanil BiomUidd, New J�y 

83740 

I 
Union Cubidc:. Cmp. 89265 91737 95354 
Battcey P!oducl:ll Div. 1'<>-ll� ITT �ot M<ohede Mfg, Co.p. 
Danbury, Canrt�m. (Jl<o 77342) (Now 08718) RoWna MaadoM,lllirtoi.s 

I 
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95573 97541) 98275 
Campion Labotaroti.e& Inc. Whitch11ll El�troni.�;� CoJp. M.aloo A Mi.ciodot Co. 
Detroit, Michigan Masta" Mobile Mounts Div. South Pai!i:adena, Califotcia 

Fc:n:t Mflym;, Florida 
95712 98291 
Bcndi)( Carp. 97913 Sealcctro Coxp. 
E!&;txkal Comp. Div. Ind�:�Strial El.ectl'o!tic BICC Electronics 
Franklin, Indiana H�ttdwatt� Cotp. Tii.lrtibl.U, C(Jrtrteeti.cut 

N� Yor.k., N�w v� 
95987 98372 
Weckesser Co. Inc. 9794S Royal lnduslzi� lnc,(Now 62793) 
(Now 85480) Pennwdt Corp. 

S.S Whi� lndU&trlal Pn:xlu[;Ls 98388 
96733 PiM;aLii.WII.)', N(;W Jetsey lm.r Si.t:!gl.t:�r lnc, 
SFll T�M.ologies ACCIII1ltr. Produru Div. 
S011n F�m�ando, CalifOJJ!iR 979&; SIUI Dms,o., C�tlifomib. 

QlS 
96853 Rle.c�.mnic J)iv. 99120 
Guhoo l!l.duslriu Inc. Dlin\'til'!!l, MM!W:hustits P�ti.c C;��Q!Jm fuc. 
Meai!i:U!.'ei'Dertt & COI'Ill'Ol.rl Div. Chicago, Dlinoill 
Manehe.ster, New Hampr;hm, 98094 

�chlett Ubcmtori.� In�. 99217 
96&81 Santa BIUbua. Califomi..J Bcll fuduttbj,� Inc. 
'(bom,on lndustries Inc. Elect, Distributor Div_ 
Pmt W11�hington, New Yo.!k 98159 S\liUlyvale, Califotni.a 

Rubbet-Tcck. Inc, 
975:15 Ga:rd!!mii, Clllif(ml..i.a 
EECO IM. 
Santa Ana, C�tlifcm��a 
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99378 
ATI..EE ofDdaw� lnc, 
N. An�, MaJ!i.";"achu��:.IUi 

99392 
Mepoo/Elect:ra hl.c. 
Roxl;ocm;i W.v. 
R¢xboro, Nmth Carolim 

99515 
Electron ProduC'ts Inc. 
Di.v. of American Capacitors 
Duane. California 

99779 
Bunke(!;" ".ll.ll!ll()o Eltn Corp. 
BMrtMDiv. 
l...aJtsdown, Painsylvani.a 

99800 
.Arnt!irle1m PrecWBl Jndu$triCS 
Oclevan Oi.v. 
East Aurota, New York. 

99942 
�o/Cenm.\Qb 
A North American Philips Co_ 
Milwalllooe, Wi!K.m-00 
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7A-1. INTRODUCTION 

Appendix 7A 
Manual Change Information 

This appendix contains information necessary to backdate the manual to conform with 
the earlier PCB configurations. To identify the configuration of the PCBs used in your 
instrument, refer to the revision letter (marked in ink) on the component side of each PCB 
assembly. Table 7 A-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 7 A-1 .  If this manual documents all PCAs at their original 
level, no changes are necessary, and no changes will be indicated in Table 7 A-I. 

7A-1 



MANUAL CHANGE INFORMATION 

Table 7A-1. Manual Status and Backdating Information 

REF FlUKE �ro adapt manual to ea�lle� rev c:onllgc.u·a11ont perform ehol!lnges 
OR ASSEMBLY In deeel'\dlng order (by no.). ending wltl"' ett.1nge under de,lred re\1 letter 

OPTION NAME PART 

NO. NO. - A a c D E F G H J K l M N p 

A1A1 Display PCA 718609 X 

A2A1 SyntMsi.z�r PCA 79281 2  X 

A2A2 VCO PCA 748780 X 

A2A4 Output PCA 774521 X 

A2A5 Attenuator/ 
752667 X A4 RPP PCA 

A2A5 Relay Oriver/ 
752816 X 

A5 APP Control PCA 

A2A7 Controller PCA 791l082 X 

A2A8 Non-Volatile 

Memory PCA 
744094 X 

A3A1 Power Supply PCA 744052 X 

·130 High Stability 
Fl:eterenee PCA 

744102 X 

·132 
Medium Stability 
Reference PCA 792788 X 

·488 lcEE-488 PCA 73861 7  X 

-651 Low-Rate FM PCA 716969 X 

···- _, __ - �- ·-·· _ _. 

X Th& PCB te-vlalon levels docum&nted In this manual. 
• "these revltlon letters were nevill'r uaed In the ln1trument . - NQ �llliQn ll;ttter Qn lh�:" PCB. 

Chang� did not altet:l manual. 
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SCHEMATIC DIAGRAMS 

8-2 

MNEMONI C 

A 0�15 
A12DB 
A24(1-5) 
A6De 
BAB 0-, 
91) D-7 
BSEL 0,1 
CKN 
CCR 
' {1-7 
DBIN 
1)1) D--7 
DIG 
f:XREF 

exr AM 
EX'I'FM 
FIL 1 .2 
FM o-9 
FMEN 
�I"'RNG 0-.2 
FMV 
1-!AOCT 
NET 
HSOPT 
lEA 1 3 - 1 5  

lEAOR 
IE.CS 
I�D CF7 
IEDI;I 
lEIN 
lE lNT 
J-. 
IN TAM 
INTFM 
KBIN 
KN 0-9 
KNV 
KV 0-9 
I.EV 0-11 
LRFM 

Pllf-400 
MID 
Rt..EVI-II 
ML..EVL..O 
MODE 
NV CS 
NVEN 
NVIN 
RIN 
RMUXD� 1 
ROF't 
••• 
RPRST 
RPTI'I:P 
SEG 1-3,9 
SHEN 
SHET 
SHREF 
SHTUNE 
TeOUT 
TBSYN 
TRMOD 
TRSEQ 
"""' 
UNlOK 
UNI,VL 
WE 
KOEN 

DESCRIPTION 

Ai;ldr"'ss 
Atten�tor 1 2-de Section Control 
Attenu�tor 24�de Sc�tion Controls 
Attenuator 6�dB se�tion Contro� 
Module Section Address 
Mod�l e s��ti on Da ta 
Modu�e seeti on Se l �ct 
N-D'ivid!i!r Cloek 
Di sp�ay ct e�r 
Data 
Read En�IHt;o 
Di sp�ay DaU 
Displa� Digit Select 
external Reference Control 
E�tcrn�l AM Control 
E �ttern.t�l FM Control 
D� sp�ay Fi lamel'lt Supply 
FM Deviation DAC cont�o� 
FM En.!lbte 

FM Ranse Control 
FM A�clio 
Halt-Octave control 
Het ( low) Band Contro� 
High-Stablt lty Opt i o n  .tns:tal �ed 
IEEE Address Bus 
IEEE Address: Lat�h Enabl� 
IEEE Ch i p Enabl e 
ICEE Data Bus 
IEEE Read Eoab�e 
IEEE Opti on Installod 
IEEE Interrupt 
IEEE Write Enable 
Internal AM Control 
Internal FM COnt rol 
Keyboard lnput select 
PLL Gain COmp!:'n:;'l:ltiOn DAC 
Main PLL. Gain Compensa tion Vol tag� 
vco COmPGnsa tion DAC Control 
�F Level DAC control 

Low�Rate FM Option In$t�lled 
Modulation Frequeney Cont ro l  
Mid S:ollnd Control 
Externl)ll Modul:ati on Hi gh�t.cvd Status 
Exte�nal Modulati on �ow-Level Status 
Tripl e�Modulus Presealer 

NIJM II:AM Chip Seleet 
NIJM Enable 
NVM J;n:;tallcd 
1 0-r•ua. Oi,!T;put SutTer Enable 
ll:ete·renc.e Mul t i p l exer Soleet 
Rear Output Option lnsta�led 
RPP Option Installed 
RPP Rtset Control 
RPP Tripped Status 
Di $pl�y Se!;lment Select 
s��H;:�rmoni (; Reference Contro� 
Synthe::oizcr Heterodyne Control 
Sub-Harmoni� R0f Option Installed 
SlJb·H.armoni e Ref Tunin9 Voltage 
Output Tes.t 13 i t  
Synt hesizer Tl!st B i t  
T r i p l �-Modulus Prescalar Select 
ReMote 5equenee Trigger 
� i n  Pt.� Tuning Voltage 
PLL Ufllot:k�d Qr Ovli'rlllodr.!l'i:ltiC'd Stat\J:;. 
ALC Loop unleveled status 
W r i t e  Enablc-
1 0-MH;:; Cry:>tal Os�;i l l lltor Control 

* S h :  SIGNAL types are l i sted 1n t!Je 'fol lowing: 

DC= D C  Control 
AC= Line Frequency 
M= Audio (modulation) Signal 
I., c: LQgi�; (binary) signal. a e t i v e  �ow ol!lt the source 
H Log i c  ( b i nary) �dgn� l ,  ,ao�;tive- high at the source 
e • DYI'Ii:liRi(; bus 

Figure 8-1. Mnemonics 

S;I:GNAI. TYPE * 

B 

L 
c 
c 
H 
• 
c 
L 
c 
• 
c 
• 
c 
L 
L 
c 

AC+DC 
H 
H 
H 
A f  
H 
L 
L 
8 
c 
c 
• 
c 
L 
c 
c 
c 
c 
H 
H 
" 
H 
H 
c 
L 
L 
H 
H 
c 
c 
c 
L 
H 
H 
L 
c 

H 

c 

L 
c 

c 

c 

" 
H 
H 

L 

L 
" 
c 
L 
c 
c 

I 

I 

I 

I 



I SCHEMATIC DIAGRAMS 

I 

I 
Mu l i t path Inter conne ct i on P r i nted Capa c i tor 

5. 3f f2 • 

I 
Dua l-Pi n Connector Se rv i ce A i de Feed-Through Capa c i t o r  

I 

I tt 
"-.,./ 

1 
I 

I 

I 

Dua l-P i n  Connector Test Poi nt D i ode, Gene r a l  

� .I 

� � 
Test Poi nt 4 D i ode,. Varactor 

y ---1111--

I 
Test Point 5 ,  no post D i ode, P i n  

I 

I 
Mi c ro st r i p  T ransm i s s i on L i ne D i ode, Zener 

I 

• 
St r i p l i ne Transm i s s ion L i ne D i ode, S c ho t t ky 

I • 

• •  P r i nted Induct or Factor Se lected Va lue 
* 

I 
· Figure B-2. Schematic Symbols (coni) 
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SCHEMATIC DIAGRAMS 

V a l u e  Has Changed 

+ 

S c rew D r i v e r  Adj ustment 

0 

F ront Pane l Des i gna t i on 

IRF OUTPUT! 

Rear Pan e l  Des i gna t i o n  

r-- ----, 
L ..1 �-_!0 t:!� _J 

Rea r Pane l S c rew D r i ve r  Adj ustment 

Earth G round 

C h as s i s  G round 

Common Conne c t i on < PCB Ground) 

Non- P l ug - I n  Conne c t i o n  

--o--

P l ug - I n  Conne c t i on ,  

M a l e  a n d  Fema l e  

P l ug - I n  Conne c t i on ,  

Tran s m i s s i on L i ne 

S o l dered-In J umper 

I n t e r conne c t i on Informa t i on 

-:r 

Coa x Conne c t o r ,  Fema l e  

t 
Coa x Conne c t or ,.. M a l e  

t 
Coa x C a b l e ,  S o l de r e d  I n  

� 

Figure 8-2. Schematic Symbols (coni) 
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r - --- .., 
I HSOR I 
I MS REF 

I OPTION 
L _ _ _ __ .J 

BOET 
U68 

026,27,28 

UNLOKL 

ULOCK 

OET 
U71 

FMV -----.! 
FROM OUTPUT A2A4 

KV OAC 
U26.29 

,-------- 10 MHZ REF -------...... 

U70 

SHEN L 

8 oscAOJ 

xo 
L---�!10�M:H�,��· 

Y1,039, 040 1 
U55 

+ 10 
"" 

KN OAC U27.28 

10MHzO�U�T�--------���---------------========�-----------J BANDPASS 
FILTF.R 

"'" 4  
U66 

KNG-9 H 

600140 MHZ PLL ------------

LPF 
10 KHZ 
L62.70 

e BOO MHZ 

600 MHZ 
vco 

032,33. 35,37 
+5 �-;�-... sv SW 

40 MHZ 
vco 
U64 

SHET L � 
I 

U64 

+ 4  
U61 



1'-------------------------------------------
FM PROCESSING------------------------------------------� 

FMV ----� 
FROM OUTPUT A2A4 

KV DAC 
U2B.29 

10 

FM RNG 
010,12 

U20 

3 
KVQ-9H FMRNQ-2 H 

,--------------- 10 MHZAEF ----------------

e OSCAOJ 

XO 

Yl, 039, 040 
U55 

10MHz ..,. ,0 
U58 

KN OAC 
U27.28 

H 

------------ 800140 MHZ PLL -------------. 

LPF 
10 KHZ 
LB2.70 

e 600 MHZ 

800 MHZ 
VCO 

032,33. 
35.37 

+
5 ----c�l__J 

40MHZ 
vco 
U64 

... svsw 
.;- 4  

U61 

.,.. s 
U62,63 

1 MHZ 

E-1 
CONV 
018.19 

U46 

r - - - - - - -,  
LOW RATE 1 

I 
I 
L -

FM OPTION <�>-+--.;._...1 
_ :=·-u 

LOW 0 RATE 
DEV 

\J DET 
U43.44A5 

40 KHZ NOTCH (]) 
20 KHZ NOTCH (5;: � 

I I 

1r--------------------- SUB SYNTH -------------

CLOCK SUB 
40 MHZ GEN SYNTH + 500 

+ 2  U15,16 

MHZ 

BUS 



1 MHZ 

FMEN H \ 
I 

r - - - - - - -,  
J LOW RATE c>-!---�_J 't---!--o FM OPTION c-+--:---..J 

't A2A9 

LOW 0 AATE 
DEV 

G OET 
U43.44.45 

40 KHZ NOTCH (]) I 20 KHZ NOTCH e 1 
I I 

OVER MOO 1-----..j OET 1--+-e----l 
U47 

VCO CLAMP 

vco 
CLAMP 
U49,50 E-1 

CONV 
018.19 

U46 UNLOK L 

Q) HI RATE 
DEV 

490·1050 
vco 

A2A2 

SCHEMATIC DIAGRAMS 

v = AF TEST POINT 

0 = LF TEST POINT 

512 - 1050 MHZ 1-_;:,:.:..;_;;::::�.:.:_-- TO OUTPUT A2A4 

J107 
l.. - - - ..J  

+ 2  
U1 

J104 
TO OUTPUT A2A4 

-----------------------------------=-------------------------------+-------------���_. TO OUTPUT A2A4 
J10B 1',----------------------- SUB SYNTH ---------------------, 

40 MHZ 
CLOCK 

GEN 
+ 2  

+ 500 
U15,16 

MHZ 

50 KHZ 
LPF 

L 1 1 , 1 7  

.02·.039995 MHZ 

Figure 8·3. Synthesizer Diagram 
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, 
' 

MOD INPUT I 
>----1 
CEiiD 

SCHEMATIC DIAGRAMS 

MIO L ----�·���--�------------------------------------------.-----------------------� I 't t t BUFFER 

AMP 

PRINTED 

LPF 

1100 MHZ 

245·1050 MHz 

POWER 

1--------...... 4 FMV 

TO SVNTH 
A2A1 

8·6 

MID BAND 

SWITCHED LPF 

350 MHZ. 512 MHZ 

800.01·1045 MHz 

DETECTOR OFFSET 

MOD OSC LEVEL 

MODULATION 

OSCILLATOR 

400 HZ, 1 000 HZ 

MF400 L 

8-4. Output Block Diagram 



PRINTED 
LPF 

1 1 00 MHZ 

245-1050 MHZ 

MID BAND 
SWITCHED LPF 

350 MHZ. 512 MHZ 

HIGH BAND 
SWITCHED LPF 

730 MHZ. 1050 MHZ 

HAOCTH -tC--<�-----------------------' 

HETL ----rc�1_--�-------f--_j 
800.01-1045 MHz 

MOO OSC LEVEL 

MODULATION 
OSCILLATOR 

400 HZ, 1 000 HZ 
MF400 L 

Figure 8·4. Output Block Diagram 

� t 

ATTEN/APPA2A5 

HETL 

RF OUTPUT 

.01·1050MHz 

Q = RF TESTPOINT 

0 - LF TEST POINT 



J IOI � U l.3 

ij U l'\ 

ll l2--- - " l1 

� UIS I® 
JIO"l 

1 � \ \ PlOt \ 23 Z \ ' \ \ ' l� 
, , ,  , , zs " \ \ \ n· zc. 

1Zi l'  -·- -3'1 !>5 

� U CP  U7 U6 

IC3 1  

� U \  U2. U:l 

"' Z 2.  



11 1!. - - - - l'l !D  

DS I 

!Il l!-·- -'!I :!5 

��p U 7  � U 6  � U 9  � U IO � 
-

I 
�p I� �p us �p U 2.  u �  U 4  iii -

-

I 

I 

' . . 

IC 14I 

n 
lml 

• 

DS 2 

, 
r;m 
r.ta 

II ·. 

nil 
0 C 2.9 

II - -- -- -
l;f;;l 
m·.o� 
IAfl!l 
101;11 



SCHEMATIC DIAGRAMS 

1. 1 > 4 5 6 1 6  H l ll 
T P I  

• 

DS 2 r - -, �"'" i  
t

l 

17 13 14 IS liD 11 16 1'3 => 

6060A-161 1 

8-5. A 1 A 1 Display PCA 
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• EXT AMI 
bEXT FM I 
c EXT HI / d EXT LO I • PULSE 

G1 I 

MODULATION FREQUENCY D ISPLAY 

1 0 

EXT AM 

EXT FM 

EXT HI 
EXT LO 

PULSE 

,-, ,-, ,-,  
. Ct. Ct. Ct 

STEP 

e1 Z1 

a tJ71b 
-

DP• ·LJ 

% 
kHz 
DEV 

INT AM 

INT FM 

400 H2 
. 1000 H> 

1-,1 ,-, I .-,1 % a i INT AM a 

_ I _ 1 ,_ ti:�zc l 1 NT FM b 1 I '  1 1 1 • ffD::z:..
Evdl 400 Hz c 

• - ": - • '-- 1 000 Hz d STEPI I I I Sl 
G2 I G3 I G4 I GS I GS I I I I 

PIN NO I z. 3 4 '5 10 
CONNECTION f: "St Por 'd �"c Pe 

Zl lZ Z.3 24 2'5 Z«> 
61 G'l. G 3  G"' GS biD 

NOTES: 

7 
p' 

27 
1<>7 

F Denotes Filament 

8 
pf 

28 
G/3 

I ,-, ,-, ,-, - t. , t. Ct. Ct. 
,-, ,-, ,-,  
Ct. Ct. ,-,. 

STEP REL 

ea 

h 

,-, ,-,  
0. 0 . 

35 

I ., I ,-, I ,-, l ,-, I ,-, I ,-, I,-, I Ji. 1 - 1 - - I - 1 - 1 -
1 a i.,LJ.,LJ.ILI. I Lf.ILI. ILI. I DP

I I I STEP RELj 
I I I S2 I 52 I G7 I G8 I G9 1 G10  I G 1 1  I G12i G13 

, \0 I I  1 2  13 14 I S  l b  17 16 I� to 

F>b P.._ ph P,; Pn pp P.., P, p� F>'t �� F 

ZC) :30 31 32 :2\34 35 
G'} GIO Gil GtZ Gt3IG14- GI'S 

G Denotes Grid {numeric suffix identifies display field) 

P Denotes Plate (subscript identilies display segment) 



':t!j g-s (con+>  
s Jut .;!. tfJ 3 

;- ION FREQUENCY D ISPLAY 

, -, -, -, - ,_ ,_ ,_  I. Lt. U. U. 
,-, ,-, ,-, 
n. cr. o. 

STEP AEl 

Z8 

Cl l I 
u. u. 

35 

b "f : ,-, I rf : rl ,-, I ,-, I ,-, - � - 1 - - - 1 - 1 -1 .f. ,Lt., Lf.ILf. I Lf.ILf. ILf. 

SCHEMATIC DIAGRAMS 

I ,-, I ,-, 
I _ I _ 
I Ll.ILf. 
I I 

f n n ,-, dSm 

- ,. I t. n. Ct. ::;'v 
STEP REl 

\ Z  \5 

"f I rf I ,-, I rf I d"sA\ 
b- I - 1 - I - I pV d 

a f.l Lf.l Lf. l Lf.l mV e 
ISTEPI REL I I I DPI I I STEP RELj I I 52 1 52 : G7 I GB I G9 1 G10 : G11  I G12i G13 I G14 I G 15  I I 

51 52 
G1 I G2 I G3 I G4 I G5 I 1 I I 

7 8 5 10 I I  1 2  1::\ 14 I S  

,� pf pb P.,. PI'> PJ Pn p' pm 

; 7  28 'Z� So 31 3'2 �134 35 
"7 G8 &., GIO Gi l  1,;12 Gl3fGI4 G1'5 

!meric suffix identifies display field) 
J bscript identifies display segment) 

' 

1 6  17 1a I':' z.o 

P, PL.. p'l �z. F PIN NO 

CONNECTION 

D ISPLAY CONNECTION I 

Figure 8-S, A1A1 Display PCA (c:onl) 
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�i & � 5  {6>..-,r) "5Jrt� SCHEMATIC DIAGRAMS 
'•;;. 

AMPLITUDE DISPLAY 

I ,-, I ,-, I - 1 -
1 LI. ILf. 
I I 
I G14 I G1 5  I I 

8-8 

! I  l l  I I 

I \ 

1 n n ,-, dBm 

-,. o. n. n. pV 
mV 

STEP REL 

"'\ I 
1 1  l I 

"f I ,-, 1 ,-, I ,-, I d's� b- I - 1 - I - I V d  
. I.I LI. iLI. I LI.I �v· 

ISWPI ��L I I 
G1 

I 
G2 I G3 I G4 I GS I I I I 

PIN NO I z s � !'. 

CONNECTION F �� Pn
p 
pc. P, 

"' '1 

!!... pb 

MAN 

SGL 

AUTO 

A$YM 

• MAN 
b SGL 
c AUTO 

ASYM 
d ;  e 

G6 

8 "' 10 

I( p � e 

I I I  
11111 

/ \ 

EXT REF 

REJ ENTRY 
REMOTE 

UNCAL 
ADDR 

RFOFF SRQ 

I I 

I= 

l L rT n  
\ h  l 9  

12 

�I 

• EXT REF 
bREJ ENTRY 1 REMOTE • 
c UNCAL I ADDR b 
d RFOFF SRQc 

I 
G7 . I G8 

\ ;!.  14 1 5  I I':>  17 1 8  · �  

G e.  G� G4 G5 G" 67 G;8 

D ISPLAY CONNECTION INFORMATION 

8-5. A1A1 Display PCA (coni) 



'=t-l� i-5 Ceon+) 
Sid: ltfJ ..3 

>t-::'7--1 F I L 1 >!-"'-'-\ Fl L 2. 
KEY NC -t5V >i-ll--\ -t5V 

JIOZ. 

El E1 E3E"'I E5EI. r7 E8E9 OJ 
nn��u�� 

GND SCREWS 
DATA 

LATCHES DRIVER& 



'"=f!5 'a �  5 
C Con+) 

6" ll;t .R'b 3 

+SV +:lV 

G2. G3Gf G5 G&o G7 GB 
0 5 1  

FREQUENCY DISPLAY 

• CZ7 
UIS �0 LM3S5"- lOY 
z1.2. 

R B  
JIO� <\a.7J( 

F 1-l----4 Fill 
I' I-<�-< Fl L Z 

Rl3 

I • 1/8� 1 �0 r>�PlJTl : 1 cz.� £tr4 _ _,_.:,.Rv;I;;;S,....:;I"��--+-<� 1t:> I' CO NT Jr/CY OJ s.:;o , /18VV PANE.L A I : I'll)\/ 7ZOV R4 

LM393 
7 R /4 

I I 9�09K MOO INPUT ' Z 1/6 W 
1'0 OI.JTPUT 1'7o 

A'I.A4 

+5V 

NOTES: ( UNLES: 
I. ALL RESISTO' 

�LL R.E51STC 
2., AL.L CAPAC!\ 

(I>THESE PAI',Tc 

Rll 
IOK 1/BW 

c. lC. -vc;c, t A U17 Q 74l51Z3 �-...:.2=-J 6 CLR Q , 
3 

EXT-E RNAL MODULATION LEVEL INDICATOR 



1-'----'i FIL 1 
f'-'----1 FIL 2. 

+ C27 
UIS �0 LM365'- lOY 
Zl.2.. 

JIO!I 
I I M:)D lNPLrii : • cz.� .£-12.4 

10 I'�ONT r'J'; '<M 
'PANEL , A I : 'ZCV ZeN 
MOO lt.JPUT ' Z  

1D Olll'l'liT 
A'l.A4 

RS 
411.7,1( 

Ri5 1/811< l"o 

R7 
2K 1/BW 
,..,. 

F 1-'----f Fill 
Ff-''""---i F I L 2. 

Rl3 
IOK V8W 

.<;evoc 

SCHEMATIC DIAGRAMS • 

NOTES : ( UNLESS OTHERWISE 5PEC I FIEDJ 

I. ALL RESISTOR. VALUES ARE lt4 OHN\5. 
ALL RESISTORS AR.E II+WJ S % .  

z. Al..L CAPACITOR VALUES ARE IN I/IICROFAR,AO!> . 

(3> THESE PAI'-T5 ARE N01" USED OR LOAOE:D. 

+5V Rll IOK 1/BW 
�---'2=-j e. 

C2<1o+ 

JIO't. 
. 

f.!"------'-1"<: MLEYio<l. 

"' 

+5V g 
2 8 RIO 

+SY +SV �kv 30K 
' 7 I f1 

Ria 
LM393 \OK 

I/8W 7 R l4 
c RC 

A U!7 G! 74L5123 
B li 

CLR 
8 I I  

5 

12. NC. 

+5V 

____J 

I 

z 1  

s 

MLE:VHp 

r - - - I +SV I I Z.l 
EXToERNAL MODULATION LEVEL INDICATOR 

I I 1001'-- .J 
2. 9 10 

6060A-101 1 

Figure (coni) 
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�" 7 
a 

LO'vJ R.\Tt n-"1 OPTIOI-J 
AZA9 

fi21 �  

F='===li.� � 
'----����J=�V=4��====2-_:::���====�==�9!_R�-�--� 

V'2.7 
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8-10 



'-:::1-i� 15-LP 6id:.� � �HEMATIC DIAGRAMS 

U:!O 

U2t. 

60608-1617 
Figure 8-6. A2A 1 Synthesizer PCA 



':::\- ·� '&- {q ( l c1/, '3) 
CS,\..k l'f> :2... 

C7 
�70pF 100'1 

Jl07 
.49-LO!;G4" 

FROM MAIN 
vco A'ZAZ 

• DIGITAL• 

r- + 10---_ 

BUFFER AMPLIFIER I • DIVIDER• 

TRMODL 
FROM �T z7--------------------------------------------------------------------------J 
D�A BUS�------------------------------------------------------------� 

FROM SHT Z 



QUADRATURE SINGLE SIDEBAND 
PHASE SHIFTER MIXER 

3DB COUPLER 

U17 
IDOl N·CIVID£R 

I NO { 
INTERNAl: 

i CliNNECllON 

10"'1 
Cl'l l  

SCHEMATIC DIAGRAMS 

NOTES: UJN'-""'>::0 01\fERWI:>e. !;P&IF1W), 
� . ALL f<I:.::>15TANGE!> A� IH OHM�. 

C<O-t IOOpP TRIPLE 
100¥ MODULUS 
R46 PRE-
510 SCALER VW'I 

LINES ARE "TO BE 
CLJr WHEN. Uti 
K"\1 J:48 AND R4� 
ARE INST'AU..EO. 

I•PHASE . I OETEC�· 
I 

I 
I SHT 3 

AU.. g;e� I'!JTOR!) Af2:e. I;TW 
AU.. JtE."ei15"TO� A� '5%.. 

:Z. ALL CAPACITANCE.5 AIO:. IH MI�F�. 
ALL CAP!oCJTOI::S> AI<E. 50V. 

3. ALL CH0Ke5 ARE <0-TUI<N BeADS· 
'1-. ALL DIODEe> AI<E 1N4-KB. 
S. ALL IHOUCTOI< VALU� AJO:IOIN MIGI<OHENR:IIeS. 

(Q.. 5YMBOL5 DRAWN WITW 0\�HEO 1.1NE.� INDICATE 

COMPONENTS PRINTED ON CIRtUtT BOA.RO. 
"1• 1J.IE S1M80L'-e-' lNDlc.ATE� T'RAN!IMI55t0N UNES r:::F 

OTHER 1HAN sQ OHM .IMP£0.\NC£ WW t.H COWSTlTUTE' 
CIRC..UIT ELEfv1ENTS. �0 OHM iRAN5MI5510N ?ATI-1!5 
•Rt: NOT INOIC.A.iEO. 

I O .  PARTS IN !HAOEO AREA AR&' 

OPTIONAl.. ANO ARC NOT TO 
B£ IN�TALt..tiO � 

OJ> �AC:TORY SEt..�C'TitC 
CO....,PONEI\.IT • 

LAST USED 
C234-

CRZ1 
L7Z 

Q?;7 
(al6 

TP56 
UID6 

YO 
'(I 
l!.IO . 

li:EFE'�ENc:.E OE.51�NATION6 
HOT U5EO 
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SCHEMATIC DIAGRAMS 
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Figure 8-17. A2A9 Low-Rate FM PCA (Option -651) 
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OPTION swrn:1-1 5£.1TIN65 
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Figure 8·17. A2A9 Low-Rate FM PCA (Option ·651) 
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FLUKE 60608 OPERATOR I NFORMATION 

• 
•, 

REJECTED ENTRY CODES (Press the [STATUS] key to display codes) 

000 000 000 indicates no rejected entries. 

001 000 000 = FM Deviation not between 0 and 99.9 kHz 
(9.99 kHz with option-651) 

002 000 000 = FM Deviation Step not between 0 and 99.9 kHz 
(9.99 kHz with option-651 ) 

004 000 000 = AM Depth not between 0 and 99% 
0 1 0  000 000 = AM Depth Step not between 0 and 99% 
020 000 000 = I EEE-488 command syntax error 
040 000 000 = IEEE-488 input value out of range 
1 00 000 000 = Special function requires IEEE option 
200 000 000 = IEEE edit or step beyond allowed range 
000 001 000 = Frequency not between 10 kHz and 1050 MHZ 
000 004 000 = Frequency Step not between 0 and 1 050 MHz 
000 040 000 = Invalid memory location 
000 1 00 000 = Invalid data in memory 
000 200 000 = Special function not allowed 
000 000 001 = Output amplitude not between 1 0  nV and 2V 
000 000 002 = Insufficient resolution for units conversion 
000 000 004 = Units conversion to volts not allowed with reference in volts 
000 000 0 1 0  = Units conversion to dB not allowed with reference in volts 
000 000 020 = Amplitude Step not between 0 and 1 66 dB or 0 and 1999V 
000 000 040 = Units conversion of Amplitude Step not allowed 
000 000 1 00 = Amplitude 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 operation outside specified range. 

000 000 000 indicates no UNCAL conditions. 

001 000 000 = FM Dev < 1 00 H« ( < 1 0 Hz with option -651 ) 
002 000 000 = Excess FM Deviation for output freq < .4 MH« 

• 004 000 000 = Excess FM Deviation, main or reference PLL unlocked 
020 000 ooo = AM depth > 90% 

• 000 0 1 0  000 = Main or reference PLL unlocked 
000 000 001 = Level vernier below calibrated range 
000 000 002 = Peak (AM) amplitude > +13 dBm 

• 000 000 004 = Amplitude unleveled 
• 000 000 010 = Fixed-range level vernier at 0 
' 000 000 020 = Fixed-range level vernier at full scale 
• 000 000 040 = RPP tripped 

000 000 1 00 "' Level < -127 dBm 
000 000 200 "' Level correction disabled 

• 000 000 400 = RF off 

The two-digit code 
activated modes of 
field while the [SPCL] 
01 000201 indicates 
fixed-range are sel,ecte< 

Code Function 

00 
02 
03 
04 
07/08 
09 
1 0  
1 1  
1 2/13 
14 
1 5  Latch test 
1 6  Display Option 

aaa 

I 
AM/FM Tests 

MEMORY 

Instrument setti 
from I 



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, 
01 000201 indicates that relative amplitude, slow key-repeat-rate. and amplitude 
fixed-range are selected. 

Code Function 

00 Clears all special functions 
02 I nttiates self test 
03 Display check 
04 Key check 
07/08 Set/reset SAO 
09 Dtsplay SIW rev & instr I D  
1 0  Display IEEE-488 address 
1 1  Display self test results 
1 2! 1 3  Turn on/off Display 
14 I n itialize Memory 
1 5  Latch test 
16 Display Option Loading 

Code 

20/21 
30/31 
40 
so 
60 
70/71/72 
80 
81 
82 
83-86 
90/91 

Function 

Disable/enable relative freq. 
Disable/enable relative amp I 
Not used 
Not used 
Not used 
Medium/fast/slow key-rep-rate 
Enable amplitude correction 
Disable all level correction 
Disable attenuator correction 
Program alternate 24 d8 atten 
Disable/enable ampl fixed-roo 

SELF TEST RESULTS ( P ress the [SPCL] [ 1 ]  ( 1 ]  keys to display tne resultS) 

TM self test results are repo,ed in the four display fields as follows; 

aaa -bbb 

AM/FJ Tests � T!.ts 

Self Test incomplete 

CCC I 
Digital Tests 

000 000 000 000 indicates all  tests passed. 

MEMORY 

ddd I 
Ampl Tests 

Instrument settings may be stored in locations 01 through 50 and later recalled 
from Non-Volatile Memory. Locatton 98 contains the Instrument Preset State. 
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