
Thank you very much for your shopping on us, if you need any 
other manual, email me at ebay@micromanuals.com , I will do 
my best to help you.  
 
Please visit our website at www.micromanuals.com for more 
manuals. 
 
If you find any others selling the manual made by me, please 
email me also.  
 
Attention Please:  
The listing of this manual is to help those who need this 
manual to repair and maintain their equipment. 
 
If you want to buy this manual, you must agree that this 
manual is only charged for Labeling, Service (List Price), 
Shipping and Handling Fee; 
 
Thanks and enjoy reading.  
 
 
        MicroManuals or Micromanuals.COM on Ebay 
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- ~ O ~ O A / A N  
Synthesized Signal Generator 

and FM Modulation Meter Combination 
NSN 726625012225007 

The 6060A/AN combines the capabilities of one of the 
most successful general-purpose synthesized signal 
generators in the world, the Fluke 6060A, with the ability 
to measure FM deviation in one stand-alone unit. 
-. 
.lhe signal generator portion of this advanced unit has all 
of the features you would expect from Fluke's RF design 
engineers including frequency range from 10 kHz to 
520 MHz, + 13 dBm to -127 dBm output amplitude range 
and AM and FM modulations. 
The maximum FM deviation is 500 k& allowing the 
6060AlAN to be used on many more applications than just 
voice communications. 
The user-interactive front panel provides instant operator 
feedback and helps reduce entry errors. A convenient 
memory feature will save you time. Also included standard 
are IEEE-488 programmability and Reverse Power Protec- 
tion. Surrounding all these capabilities is excellent RF 
shielding. And it is easy to service. 

The FM Deviation measurement capability included in 
the 6060AlAN furnishes you with an effective means to 
measure the peak deviation (plus or minus) of a frequency 
modulated RF signal. Simply connect the signal of interest 
at h e  h n r  panei connector provided for this function, 
then select the function and range. The result is displayed 
at the front panel. 
The 6060AIAN is designed to fdl a wide range of appli- 
cations for designers, manufacturers and those who service 
RF equipment. It can be used as a general-purpose 
generator for testing land-mobile, aviation and tactical 
communication equipment. 
The 6060A/AN comes in standard full rack width 
and is priced to fit your budget. Contact your local 
Fluke representative for a demonstration today or call 
1-800-426-0361. 
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Deviation Meter: 
Frequency Input: 
30 MHz to 500 MHz. 
Input Signal Level: 
15 mV to 5Vrms. 
Input Impedance: 
50 ohms nominal. iT , DEViATiON METER a 
Measurement Ranges: 
Two ranges of 500 kHz and 
50.0 kHz full scale. 
Polarity: Selectable ? peak. 
Modulation Rate: 100 Hz to 8 kHz. 
Accuracy: 56% of full-scale range from 100 Hz to 8 kHz. 

General: 
Temperature: 

Operating: 0°C to 50°C (32°F to 122°F) 
Non-operating: -40°C to 70°C (-40°F to 158°F) 

Humidity Range : 
Operating: 0-95% non-condensing. 

Vibration: 
Non-operating: 5 Hz to 15 Hz at 0.06 in, 15 Hz to 25 Hz 
at 0.04 in, and 25 Hz to 55 Hz at 0.02 in. DA. 

Shock: 
Non-operating: Bench handling per MIL-T-28800C 
Class 5, Style E. 

Electromagnetic Compatibility: The radiated emissions 
induce < 1 pV of the Generator's output signal into a 1-inch 
diameter, two-turn loop, 1 inch from any surface as meas- 
ured into a 50-ohm receiver. 
Also complies with the following standards: 

CEO3 of MIL-STD-461B (Power and interconnecting 
leads), 0.015 MHz to 50 MHz 
RE02 of MIL-STD-461B (14 kHz to 10 GHz) 
FCC Part 15 ( j ) ,  class A 
CISPR 11 

Reverse Power Protection Level: Up to 50 watts from a 
50-ohm source, 0.01 MHz to 520 MHz. Will withstand up 
to 25V dc. Protection not provided when instrument is off. 
IEEE-488 Interface Functions (IEEE Std 488-1978): 
SH1, AHl,T5, TEO, L3, LEO, SR1, RLl, PPO, DC1, 
DT1, COY and El. 
Size: Width Height Depth 

43 cm 13.3 cm 55.3 cm 
17 in 5.25 in 21.8 in 

Power: 115V, 230Vac ?lo%, 47 Hz to 400 Hz, <lo0 watts. 
Weight: <18.2 kg (40 lbs). 
Calibration Interval: After calibration, the equipment 
shall meet each performance requirement within the toler- 
ance specified for a period of 9 months. 

Supplemental Characteristics: 
The following characteristics are provided to assist in the 
application of the instrument and to describe the typical 
performance that can be expected. 
Frequency Switching Speed: 4 5 0  ms to be within 
100 Hz of final frequency. 
Amplitude Switching Speed: (100 ms to be within 
0.1 dB of final amplitude. 
Amplitude Range: Programmable to +19 dBm and 
-147,4 dBm; usah!e to +!5 AEm. FLY-&-Rnge, se!ecred 
by Special Function, allows for more than 12 dB of vernier 
without switching the attenuator. 
AM Accuracy: t(20/0+4% of setting) for internal rates, 
for depths 90% or less and peak amplitude of + 13 dBm or 
less. 
AM Distortion: <l.5% THD to 30% AM, <3% to 70% 
Ah4,<5% to 90% AM at internal rates. 
Incidental FM: <0.3fm for internal rates and 30% AM. 
FM Accuracy: -t7% for rates from 0.3 to 20 kHz > 1 kHz 
deviation f, > 0.4 MHz. 
FM Distortion: 4 %  THD for rates of 0.3 kHz to 20 kHz, 
I kHz to 99.9 kHz deviation for f, > 5 MHz. 
Incidental AM: 4 %  AM at 1 kHz rate, for the maximum 
deviation or 50 kHz, whichever is less. 
Residual FM (rms in 0.3-kHz to 3-kHz Band): <15 Hz 
from 245 to 520 MHz; < 30 Hz elsewhere. 
Residual FM (rms in 0.05-kHz to 15-kHz Band): <30 Hz 
from 245 to 520 MHz; <60 Hz elsewhere. 
Noise (at 20 kHz offset): < - 113 dBc/Hz (except < - 107 
dBc/Hz below 245 MHz). 
Spurious: < -60 dBc for offsets greater than 10 kHz. 
Fixed frequency spurs are < - 60 dBc or < - 140 dBm, 
whichever is Iarger. 
External Modulation: Annunciators indicate when a 1V 
peak signal is applied, r 2%, over a 0.02-kHz to 100-kHz 
band. 
Deviation Meter Accuracy: +- 5% of reading + 1 count for 
rates between 100 Hz and 10 kHz. 
IEEE-488 Interface: All controls except the power switch 
and the internallexternal reference switch are remotely 
programmable via IEEE Std 488-1978. All status includ- 
ing option compliment are available remotely. The Storel 
Recall memory data may be transferred via an external 
controller. In talk only, the appropriate commands are 
generated when the front panel step-up and stepdown 
entries are made to conml another 6060A/AN, 6060B, 
6070A, or 6071A. (The 6070 and 6071A only have FRE- 
QUENCY STEP.) 
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CERTIFICATE of CALIBRATION 

MODEL 60btthJ 
SERIAL NO. 

i 

i DATE 3//3/~ 7 

John Fluke Mfg. Co., Inc. certifies that this instrument has been 
calibrated at an ambient temperature of 23°C- f 5°C using 
standards and instruments which are traceable to the National 
Bureau of Standards, or to nationally accepted measuring 
systems. The standards and instruments used in the calibration 
are supported by a calibration system which meets or exceeds the 
requirements of MIL-STD-45662A. The reference standards 
which support this calibration system are calibrated on a schedule 
which is adjusted to maintain traceability at the required accuracy 
level. NBS Test Report numbers are listed below: 

DC Resistance 236930 AC Voltage 237685 
DC Voltage 236962 RF Power 81 0375 
AC Capacitance 234735 RF Voltage 809880 
AC Current 2361 33 Temperature 23701 9 
AC Inductance 236930 

Les Huntley 
Metrology Assurance Manager 

Ron Valentine 
Product Assurance Manager, 
Instrumentation Division 

Form No. A638 Rev 11 10/86 
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C4AUGWERRATA IEFORHkTIOI 

ISSUE 10: 11 I /  87 

Th i s  change/errata  con ta ins  information necessary t o  ensure  t h e  accuracy of 
t h e  fo l lowing  manual. Enter t h e  c o r r e c t i o n s  i n  t h e  manual i f  e i t h e r  one of 
t h e  fol lowing cond i t i ons  e x i s t :  

1. The r e v i s i o n  l e t t e r  stamped on t h e  i n d i c a t e d  PCB is equal  t o  or 
higher  than t h a t  given wi th  each change. 

2. No r e v i s i o n  l e t t e r  is ind ica t ed  a t  t h e  beginning of t h e  change/errata .  

T i t l e :  6 06 0A/AN 
P r i n t  Date: Apri l  1985 
Rev.- Date: 1  - I/ 86 

C/E PAGE EFF'ECXIVITY 

Page No. P r i n t  Date 
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On pages 5-13 through 5-15, Table 5-6, make the following changes: 

I CHANGE: C29,38,201,2021 ................................. 1 4  
TO : C29,38,,202 .................................. 13 

I CHANGE: C30,37,49,1181 .................................. 1 4  
TO : I C30,37,49 1..................................13 

I CHANGE: C , 1 , 1 1  ................................. 1 3  
TO. : ................................ I ~51,113,114,1181 1 4  

DELETE: C1711 ....... 

ADD : C201 ;CAP CER, 68PK +-a, 100V 1362756 189536 1362756 11 
I I ................................ CHANGE: R2,159,201,209 1 4  

TO : R2,38,159,201,2091 .............................. 15 
CHANGE: ~7,44,94,148,152,154,169,170~=.-.-**-***********~8 
TO : R7,44,94,152,154,169,170 1 * * * * * * * * * * - * * * *  17 

CHANGE: R75~R~,MF,1.91K,+-1%,0.125W,1OOPPM1236~7~89536~~6877~1 
TO : R75)RES,MF,3.OgK,+-l%,O.I25W, 1OOPPM123515018953612351501 1 

CHANGE: R76,85 ;......................................I2 
TO : I I R76,85,911 ...................................... 1 3  
CHANGE: R891RES,MF,6.4gK,+-1%,0.125W, 1OOPPM129490O 191637 fCMF556491FI 1 
TO : R89 IRES, MR, 3.92K,+-1% ,O. 125W, 1 OOPPM f 24980 1 189536 1249801 1 1  

DELETE: R91 1.. ... 
CHANGE: R146,1501 .... 
TO : R148,1501 .... 

On page 5-17, replace Figure 5-6, with Figure 8-6 found on page 8-10. 

On page 8-14, Figure 8-6, change the value of C201, 
.FRW: 47PF 
TO : 6 8PF 

ERRATA 57 

On page 5-23, replace Figure 5-8, with Figure 8-8 found on page 8-16. 
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ERRATA 59  

On page 5-34, Table 5-16, make t h e  fo l l owing  d e l e t i o n s :  
DELETE: XU2,3,5 1 ...... 
DELETE: XU4,7 1 ....... 

ERRATA 510 

On page 5-13, Table  5-6, 
CHANGE: C1541CAP, C 3 R  1.8PF 151 2897 189536 151 2897 11 
TO : C 154 1 CAP, CER 6.8PF 151 2327 189536 151 2327 / 1 

On page 8-13, F igure  8-6, change f l a g  n o t e  11 t o  read:  

FACTORY SELECTED COMPONENT. SELECT VALUE BETWEEN 6.8 pf AND 22.0 pf .  

W E  52 - 25136 
R e v .  -G, A2A1 Syn thes i ze r  PCA (606 OA/AN-40 19) 

On page 5-13, Table  5-6, 
CHANGE: C54,71,91,127,1661CAP,TA,1OUF,+-20%,1OV1176214I ........... 15 
TO : I C71,91,127,166 1CAP,TA,lOUF,+-20%,1OV11762141 ........... 1 4  

I CHANGE: C58,82,107,150 1 CAP, TA, 39UF, +-20% ,6V 1 16391 5 1 ............I 4 
TO : C54,58,82,107,150/CAP,TA,3gUF,+-20%,6VI 1639151 ........... -15  

On page 8-11, F igure  8-6, i n  t h e  lower l e f t ,  change t h e  va lue  of C54, 
FRW : 10/ 1OV 
TO : 39/68 

-E 13 - 25481 
Rev. -H, A2A1 Synthes izer  PCA (6060A/AN-40 19) 

On page 5-14, Table  5-6, change t h e  FLUKE STOCK NUMER f o r  Q10,13,14, 
FROM: 477729 
TO : 7 83308 

On page 8-13, F igure  8-6, change Q10,  413 and 414 ,  
FROM: SD213 
TO : SD215 

W E  #4 - 25482 
Rev.-J, A2A1 Synthes izer  PCA (6060A/AN-4019) 

On page 5-15, Table  5-6, change t h e  FLUKE STOCK NUMER for U27,29, 
FROM: 507566 
TO : 80 2280 

 
MicroManuals 
 
 
 
 

                       
MicroManuals 

 
 
 
 
 
 
MicroManuals 
 
 
 
 
 
 
 
 
 
 

MicroManuals 



m E  #6 - 25483 
Rev. -E, A2A4 Out put PCB (6060UAN-4024) 

On page 5-22, Table 5-8, make the  following changes: 

Change the  FLUKE STOCK NO. for  U303, 
FROM: 722264 
TO : 802298 

Change the  ELUKE STOCK NO. for U403, 
FROM: 507566 
TO: 80 2280 

m E  7 1  - 25561 
Rev. -F, A2A4 Out put PCA (606 OA/AN-4024) 

On page 5-20, Table 5-8, 
ADD : L 1 17 I FERRITE BEAD 1321 182 i 89536 i 321 182 1 

On pages 5-23 and 8-16, Figures 5-8 and 8-8, add L117 as shown i n  Figure 5 .  

On page'8-17, Figure 8-8, add L117 as shown i n  Figure 6. 
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carrP,E #9 - 25586 
Rev. -L, A2A1 Synthesizer PCA (6060A/AN-40 19) 

On page 5-15, Table 5-6, make the fo l lowing.  changes: 

DELETE: R1061..... ....... 
CHANGE: R151 IRES, CF,2.2K1+/-5%, 0.25Wi343400i 80031 ICR251-4-5P2K21 1 
TO : R106,151 1RES,CFl2.2K,+/-55, 0.25W[343400~80031~~~251-4-5~2~2j2 

On page 8-13, Figure 8-6, change the value of R106, 
FROM : 2 .OK 
TO : 2.2K 

m B  #I0 - 25640 
Rev. -G, A2A4 Output PC3 (6060MAN-4024) 

On pages 5-22 and 5-23, Table 5-8, make the fo l lowing changes: 

CHANGE: R262,4241 .................................... 12 
TO : R2621 ........................................ 1 1  

ADD : R4241RES,CF, 11O,+/-55, 0/125~1740076189536 1740076I 1 

On page 8-18, Figure 8-8, change the value of  R424, 
FRCt4: 1604 
TO : 1104 
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U B  115 - 25974 
Rev. -Dl A4A1 Discr imina tor  PCA (6060A/AN-406 1) 

On page 5-34, Table  5-16, 
CHANGE: H1 [WASHER, SPRING, COPPER, 0.316 I D  1544239 189536 1544239 11 
TO : HI IWASHER, RELAY 1803247 1 89536 1803247 1 1 

CHdllGE 116 - 26115 
Rev.-M, A2A2 VCO PCA (60608-4018) 

On page 5-18, Table 5-7, make t h e  fo l l owing  changes: 

CHANGE: R5 , l l  :RES,CF,5.6, +/-55, 0 . 2 5 ~ I 4 4 1 6 1 8 i 8 0 0 3 1 1 ~ ~ 2 5 1 - 4 - 5 ~ 5 ~ 6  12 
TO : R5 IRES, CF, 8.2,  +/-55, 0.25W1442269180031 IC~251-4-5~8R2H 

ADD : R11 IRES, CF, 15, +/-5%, 0 . 2 5 ~  13487551 80031 (C~251-4-5~15Efi  

On page 8-15, F igure  8-7, change t h e  v a l u e s  of  R5 and R11 r e spec t ive ly ,  
FROM: 5.6 and 5.6 
TO : 8.2 and 15 

On pages 4D-2 and 4D-3, make t h e  fo l l owing  changes: 

Rep1 ace  t h e  paragraph preceeding 4D-3, with : 

To o rde r  a replacement module, use the p a r t  number shown i n  Table  
4D-1 and spec i fy  a Module Exhange part. The fo l l owing  paragraphs 
desc r ibe  the a v a i l a b l e  exchange modules and how t o  a d j u s t  t h e  
Generator ,  if necessary a f t e r  i n s t a l l a t i o n .  For removal i n s t r u c t i o n s  
r e f e r  t o  S e c t i o n  4B Access Procedures. 

I n  Table  4D-1, d e l e t e  t h e  f o l l w i n g :  
A1A2 Switch PCA (PIN 738591 

I n  t h e  first paragraph f o l l w i n g  4D-5, change the second sen tence  t o  
read :  

Th i s  EPROM r e p l a c e s  t h e  o l d  one i n s t a l l e d  on t h e  Con t ro l l e r  PCA, 
A2A7 (U23) . 

Replace t h e  second paragraph f o l l w i n g  4D-5, with : 

NOTE 

A plug-in coupl ing  capac i to r  i s  used t o  in te roonnec t  t h e  
VCO and t h e  Output PCAs, t h u s  e l i m i n a t i n g  t h e  need f o r  a 
s o l d e r i n g  i r o n  when r e p l a c i n g  t h i s  assembly. 
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-E 117 - 26233 
Rev.-P, A2A1 Syn thes i ze r  PCA (6060A/AN-4019) 

On page 5-16, Table  5-6, 
CHANGE: XU26,30-32,38[SOCKET, I C ,  20 PIN 1454421 109922IDILB2OP-108 15 
TO : XU3 8 !SOCKET, I C ,  20 PIN 1454421 109922 1 DILB2OP-108 1 1 

On page 5-9, Table  5-4, change t h e  FLUKE STOCK NO. and MANUFACTURERS 
PART NUMER f o r  H28, 

FROM: 772376 
TO : 800441 

CEABGE Pl9 - 26477 
Rev, -E, A4A1 Discr imina tor  PCA (6060A/AN-406 1) 

On page 5-34, Table  5-16, 
CHANGE: ~ 5 , 6  ~ INDUCTOR,O.~~UH,+ / - l a  , 2 6 4 ~ ~ ~ ) ~ H L ~ ~ ~ 1 3 2 0 9 2 9 1 2 4 7 5 9 1 ~ ~ 0  -47 11 

TO : L5 ,6  : INDUCTOR,  0 .47UH, + / - l a  ,264MHZ) SHLDED 1329664 (89536 1329664 I 1 

CHAMGE 120 - 26572 
Rev. -T, A2A1 Synthes izer  PCA (6060A/AN-40 19) 

On page 5-15, Table 5-6, 
CHANGE: R84~RES,MF,3.01K,+-1%,0.125~,100~~~1312645I91637 1 ~ ~ ~ 5 5 3 0 1 1 F I l  
TO : R84 1RES,MF,4.O2Kl+-1% ,0.125W, 1 0 0 ~ ~ ~ ! 2 3 5 3 2 5 ;  91637 1 ~ ~ ~ 5 5 4 0 2 1 ~  1 1 

On page 8-13, F igure  8-6, change t h e  va lue  of R84, 
FROM: 3.01K 
TO : 4.02K 

P21 - 26930 
Rev. -B, A2A7 C o n t r o l l e r  PCA (6060A/AN-4028) 

On page 5-21, Table  5-12, make t h e  fo l l owing  changes: 

CHANGE: U5 $44 1 I C ,  LSTTL, HEX INVERTER I 393058 101 295 ISN74LSO4N 12 
TO : U5 I I C ,  LSTTL, HEX INVERTER 1393058 101 295 ISN74LSO4NI 1 

ADD : U ~ ~ I I C , L S T T L , H E X  INVERTER WISCHMl' TRIG14831801012951SN74LS14N11 

On page 8-25, F igure  8-11, add two g a t e s  t o  t h e  microprocessor r e s e t  
c i r c u i t  a s  shown i n  F igure  10 and change U44, 

FRW: 74LS04 
TO : 7 4LS14 
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Customer Reply Form 

INSTRUMENT 

Model Number: -k' Serial Number: 42 '-1'7 Date Received: 

Thank you for the purchase of the 6060A. In an effort to sustain our highest quality standards please fill outthis reply form. We areanxious 
to revlew your comments. 

Workmanship 

Are there any surface areas which reflect damage or poor quality workmanship? (Circle one) Yes / No 

If Yes, please provide details: 

Performance 

Does the instrument perform to manual specifications in your applications? (Circle one) Yes 1 No 

If No, please provide details: 

Documentation 

(fold Do the operating instructions help you use the instrument? (Circle one) Yes / No 

If No, please provide details: 

Application 

For what primary use was your Instrument ordered? 

R&D Production Test 

Serv~ce Other: 

What products are manufactured or services provided at this location? 

Name Title 

Address 

Phone Mail Stop 

If you are dissatisfied with your instrument or accompanying material, please call Customer Sales Support 1-800-742-4678 
for ~mmediate attention. 

Form No. G708 10185 
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SYNTHESIZED RF SIGNAL GENERA TOR 

l nstruction Manual 

P/N 755421 

April 1985 Rev 1 1/86 
@I986 John Fluke Mfg Co., Inc. All rights resewed. Litho In U.S.A. 
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Section 1 

Introduction and Specifications 

1-1. INTRODijCTiON 
The 6060A/AN Synthesized Signal Generator (referred to as the Generator or 
instrument) is a fully-programmable, precision, synthesized signal generator. In 
addition, an FM deviation meter is included. 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 6060A/ AN Signal Generator, two Instruction 
Manuals, 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. 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 O°C to 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 CORDITHE 6060AlAN 
CASE CAN DEVELOP AN ELECTRICAL POTENTIAL ABOVE EARTH GROUND. 

CAUTION 

To avoid damage to the 6060A/AN, 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 FUSE 

115V ac, t lOc/ i .  47 H z  to 400 Hz  1.5 A M P  
230V ac, i l O c / r ,  47 H z  to 400 H7 .75 A M P  
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INTRODUCTION AND SPECIFICATIONS 

1-4. GENERATOR DESCRIPTION 

Fundamental features of the Generator are as follows: 

0.01-MHz t o  520-MHz output frequency range in 10-Hz steps 

+13-dBm to  -127-dBm level range in 0. I-dB steps 

AM and F M ,  internal or external 

Internal 400-Hz and 1000-Hz modulation oscillator 

F M  Deviation Meter 

Relative frequency and amplitude 

Volts 1 dBm conversion 

Store; recall memory 

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

Fluorescent display, 5 %-inches high, rack mountable (with optional kit) 

1-5. Controller Functions 
The Controller microprocessor controls all operator interface functions, performs 
background operations such as status checks, and updates (strobes) the front panel 
displays. Whether you are using local control with the front panel. o r  remote control with 
the IEEE-488 Interface. the microprocessor provides self test and diagnostic capability. 
Economical instrument performance is achieved by using software compensation 
EPROMs and accuracy-enhancement circuitry. 

1-6. LOCAL CONTROL 
The value of the basic 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 O N I O F F ,  R F  OUTPUT O N / O F F ,  
MODULATION O N I O F F ,  internallexternal frequency reference, and STATUS. 

1-7.  DISPLAY FIELD 
The programmed values of modulation, frequency, and amplitude are displayed in the 
three display fields. When in the deviation meter mode, the measured deviation, 
frequency, and detector status are displayed in the three display fields. 

1-8.  REMOTE-CONTROL PROGRAMMING 
The 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 o r  talk-only mode by selecting the appropriate Generator rear 
panel IEEE-488 switch settings. 
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INTRODUCTION AND SPECIFICATIONS 

All instrument controls can be remotely controlled except the POWER O N / O F F  and 
the rear panel R E F  INTI EXT switches. The IEEE-488 Interface provides additional 
commands not available with local control, such as data transfer and individual control 
of internal I/  0 control bits. 

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

1-9. Frequency 
The specified frequency range is 0.01 to  520 MHz. The frequency is synthesized from a 
1n-MU7 r ~ f ~ r ~ n r ~  9 n A  n r n r r ; A e c  Qn n n l t n ~ l t  r o r n 1 n l t ; n n  nf In U 7  n . 1 ~ 1 -  tho n-t;.-n C1-~nmlnmn., 
A V  L I L  L I L  I L . L L . ~ ~ L L L . L .  U'IV y~ v v ~ u r o  C I A ,  V U L ~ U C  ICOVIULIVII VI 1" ~ I L .  V V L I  LIIL CIILIIL I I L ~ U L I I L ~  

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 testingfilters and mixers. 
The output frequency stability and accuracy depends on  the reference, whether that 
reference is internal o r  external. 

1-1 0. Reference 
The internal frequency reference is a 10-MHz ambient crystal oscillator. With the rear 
panel R E F  INTI EXT switch set t o  INT, the Generator output frequency is synthesized 
from the internal 10-MHz crystal oscillator reference, and the internal oscillator 
(timebase) TTL signal is available at  the 10 MHz I N / O U T  connector. 

The Generator can be operated from an external 10-MHz timebase by setting the rear 
panel R E F  INTI EXT switch to EXT and applying a TTL timebase signal to the 10 MHz 
IN/  OUT connector. 

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

1-1 2. 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. AM depths of 0% to 99% are available in 1% steps. F M  deviation ranges of 10 kHz, 
100 kHz, and 500 kHz  are available in steps of 10 Hz, 100 Hz, and 1 kHz, respectively. 

1-1 3. Deviation Meter 
The deviation meter measures F M  deviation in two ranges of 500 kHz and 50 kHz. 
Deviation measurements can be made over a frequency range of 30 to 500 MHz and a 
level range of 15 mV to  5V rms. The frequency, displayed in the frequency field, can be 
varied while making deviation meter measurements. The measured deviation is 
displayed in the modulation field and the detector status (IfI peak) is displayed in the 
amplitude field. 
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INTRODUCTION AND SPECIFICATIONS 

1-1 4. OPTIONS AND ACCESSORIES 
The 6060A/ AN has no options. 

The following accessories are included with each Generator: 

Description Part Number 

Instruction Manual 75542 1 
Line Power Cord 284 174 

Quantity 

The following accessories are available for the Generator: 

Description Accessory No. 

Rack Mount Kit. Includes M05-205-600 (5 %-inch Y 600 1 
Rack Mount Ears) and MOO-280-610 (24-inch Rack Slides) 
IEEE-488 Shielded Cable, 1 meter Y 802 1 
IEEE-488 Shielded Cable, 2 meters Y 8022 
IEEE-488 Shielded Cable, 4 meters Y 8023 
Coaxial Cable, 50 ohms, 3 feet, BNC (m) both ends Y9111 
Coaxial Cable, 50 ohms, 6 feet, BNC (m) both ends Y9112 

1-1 5. RECOMMENDED TEST EQUIPMENT 
The test equipment recommended for the performance tests. calibration adjustments, 
and troubleshooting are listed in Table 4A-1. This equipment is assumed to be calibrated 
to  the manufacturer's specifications. If the recommended test equipment is not available, 
equivalent test equipment can be substituted. 

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

1-1 7. SIGNAL GENERATOR SPECIFICATIONS 
Unless otherwise noted, the following performance is guaranteed over the specified 
environmental and ac power line conditions I hour after turn-on. Table 1-1 lists the 
Generator specifications. 
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INTRODUCTION AND SPECIFICATIONS 

Table 1-1. Signal Generator Specifications 
- -- -- 

S p e c i f i c a t i o n s  app ly  1 hour a f t e r  tu rn -on  w i t h i n  o p e r a t i n g  temperature range. 

FREQUENCY (8-112 d i g i t  d i s p l a y )  

RANGE ....................... 0.01 MHz t o  520.0 MHz i n  two bands: 
0.01 MHz t o  244.99999 MHz 
245 MHz t o  520.00000 MHz 

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

.................... ACCURACY Same as r e f e r e n c e  (see REFERENCE). 

........ REFERENCE ( I n t e r n a l )  Accuracy w i t h i n  10  ppm o f  i n d i c a t e d  
f requency.  U n i t  opera tes  on  an i n t e r n a l  
f r e e - a i r  10-MHz c r y s t a l  o s c i l l a t o r .  a g i n g  
< fO.5 ppmlmonth. < 25 ppm f o r  
2s0c, +25'~. Frequency 
s t a b i l i t y  < ?O.Sppm/hour 1 hour a f t e r  
warm up. I n t e r n a l  r e f e r e n c e  s i g n a l  (10 MHz 
TTL) a v a i l a b l e  a t  r e a r  connector.  

( E x t e r n a l )  ........ Accepts 10-MHz TTL s i g n a l .  

AMPLITUDE (3-112 d i g i t  d i s p l a y )  

RANGE ( I n d i c a t e d )  ........... +13 ( + I 3  peak o n  AM) t o  -127 dam; 
(Au to rang ing  6-dB s t e p  a t t e n u a t o r ) .  

RESOLUTION .................. 0.1 dB (<  1% o r  1 nV i n  v o l t s ) .  

ACCURACY .................... f2.5 dB. 

SOURCE SWR .................. < 1.3 below -10 dam. 

SPECTRAL PURITY (CU mode o n l y )  

SPURIOUS .................... < -35 dBc 

NOTE 

dBc r e f e r s  t o  d e c i b e l s  r e l a t i v e  t o  
t h e  c a r r i e r  frequency. o r  i n  t h i s  
case. r e l a t i v e  t o  t h e  s i g n a l  l e v e l .  

................... HARMONICS < -30 dBc f rom 10  MHz t o  520 MHz. 
< -26 dBc f rom 0.01 MHz t o  1 0  MHz. 

RESIDUAL FM (peak i n  .... 0.05 kHz t o  15 kHz band) < 200 Hz. 

RESIDUAL AM ( i n  
0.05 kHz t o  15 kHz band) .... < -60 dBc. 

AMPLITUDE MODULATION ( t w o - d i g i t  d i s p l a y )  

DEPTH RANGE ................. OX t o  99% 

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

.................... ACCURACY f6X o f  s e t t i n g  f o r  i n t e r n a l  ra tes;  R F  
peak amp l i tude  o f  +13 dBm o r  less .  
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INTRODUCTION AND SPECIFICATIONS 

Table 1-1. Signal Generator Specifications (cont) 

.................. DISTORTION < 5% THD a t  50% AM f o r  1-kHz r a t e .  

....................... RATES 1 0  Hz t o  20 kHz. 

EXTERNAL INPUT LEVEL......... Less t h a n  10V peak-to-peak i n t o  600 ohms. 

FREQUENCY MODULATION ( t h r e e - d i g i  t d i s p l a y )  

............ DEVIATION RANGES 1 kHz t o  9.99 kHz, 1 0  kHz t o  99.9 kHz, and 
100 kHz t o  500 kHz. 

........... MAXIMUM DEVIATION 500 kHz a t  r a t e s  above 50 Hz. 50 kHz between 
f requenc ies  o f  0.1 MHz and 5 MHz and r a t e s  
above 50 Hz. 

RESOLUTION .................. Three d i g i t s .  

.................... A C C U R A C Y  +5X fo r  1-kHz r a t e  and > 1-kHz d e v i a t i o n .  

RATES........................ 0.05 kHz t o  100 kHz. 

EXTERNAL INPUT LEVEL......... Less t h a n  10V peak- to peak i n t o  600 ohms. 

MODULATION SOURCE 

INTERNAL .................... 0.4 kHz o r  1 kHz. +5X 

EXTERNAL .................... _+5V max.; 1V peak p r o v i d e s  i n d i c a t e d  
m o d u l a t i o n  index. Nominal i n p u t  impedance 
i s  600 ohms. 

....................... MODES Any combina t ion  o f  I n t e r n a l  AM. I n t e r n a l  
FM, E x t e r n a l  AM. and E x t e r n a l  FM. 
M o d u l a t i o n  may a l s o  be d isab led .  The nominal  
i n p u t  impedance w i t h  b o t h  E x t e r n a l  AM and 
E x t e r n a l  FM enab led  i s  560 ohms. 

DEVIATION METER 

FREQUENCY INPUT ............. 3 0  MHz t o  500 MHz. 

INPUT SIGNAL LEVEL .......... 15 mV t o  5V rms. 

INPUT IMPEDANCE ............. 50 ohms nominal .  

MEASUREMENT RANGES .......... Two ranges o f  500 kHz and 50.0 kHz f u l l  sca le.  

POLARITY .................... S e l e c t a b l e  +/-  peak. 

MODULATION RATE ............. 100 Hz t o  8 kHz. 

ACCURACY .................... *6% o f  f u l l - s c a l e  range f r o m  100 Hz 
t o  8 kHz. 

GENERAL 

TEMPERATURE O w r a t i n a  ....... OOc t o  5 0 ' ~  ( 3 2 ' ~  t o  

HUMIDITY RANGE 
O p e r a t i n g  .............. 0-95% non-condensing. 
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INTRODUCTION AND SPECIFICATIONS 

Table 1-1. Signal Generator Specifications (cont) 

VIBRATION .......... Non-operat ing 5 Hz t o  15 Hz a t  0.06 in, 15 Hz t o  25 Hz a t  
0.04 in, and 25 Hz t o  55 Hz a t  0.02 i n .  DA. 

SHOCK 
Non-operat ing .......... Bench h a n d l i n g  p e r  MIL T 28800C Class 5. 

S t y l e  E. 

ELECTROMAGNETIC ............... COMPATIBILITY The r a d i a t e d  emiss ions  induce < 1 uV 
o f  t h e  Genera to r ' s  o u t p u t  s i g n a l  i n t o  a 
1 - i n c h  diameter.  two- tu rn  Loop. 1 i n c h  f rom 
any s u r f a c e  as measured i n t o  a 50-ohm 
r e c e i v e r .  

A lso  compl ies w i t h  t h e  f o l l o w i n g  s tandards:  

CEO3 o f  MIL-STD-4610 (Power and i n t e r c o n n e c t i n g  ieaasi ,  O . O i 5  MHz 
t o  50 MHz 

RE02 of MIL-STD-4610 (14 kHz t o  1 0  GHz) 

FCC P a r t  15 ( j), c l a s s  A 

CISPR 11 

REVERSE POWER 
PROTECTION LEVEL ............ Up t o  50 w a t t s  f rom a 50-ohm source, 0.01 

MHz t o  520 MHz. W i l l  w i t h s t a n d  up t o  25V 
dc. P r o t e c t i o n  n o t  p r o v i d e d  when i n s t r u m e n t  
i s  o f f .  

IEEE-488 INTERFACE FUNCTIONS ......... (IEEE Std  488-1978) SHI, AH1, T5. TEO. U. LEO, SR1. RL1. PPO, 
DC1.  DTI. CO. and E l .  

SIZE ......................... Width ' He igh t  Depth 
43 cm 13.3 cm 55.3 cm 
17  i n  5.25 i n  21.8 i n  

POWER ....................... 115V, 230V ac 210%. 47 Hz t o  
400 Hz, < 100 wat ts .  

WEIGHT ...................... < 18.2 kg  (40 Lbs). 

CALIBRATION INTERVAL.... ..... A f t e r  c a l i b r a t i o n .  t h e  equipment s h a l l  
meet each performance r e q u i  rement w i t h i n  
t h e  t o l e r a n c e  s p e c i f i e d  f o r  a p e r i o d  o f  9 
months. 

SUPPLEMENTAL CHARACTERISTICS 

The f o l l o w i n g  c h a r a c t e r i s t i c s  a r e  p r o v i d e d  t o  a s s i s t  i n  t h e  a p p l i c a t i o n  o f  
t h e  i n s t r u m e n t  and t o  d e s c r i b e  t h e  t y p i c a l  performance t h a t  can be expected. 

FREQUENCY SWITCHING SPEED ... < 15Q ms t o  be w i t h i n  100 Hz o f  f i n a l  
f r e q w n c y .  

AMPLITUDE SWITCHING SPEED ... < 100 ms t o  be w i t h i n  0.1 dB o f  f i n a l  
amp1 i tude .  

AMPLITUDE RANGE ............. Programmable t o  +19 dBm and -147.4 dBm, 
usable t o  + I 5  dBm. F i  xed-Range, s e l e c t e d  by 
S p e c i a l  Funct ion, a l l o w s  f o r  more than  12  dB 
o f  v e r n i e r  w i t h o u t  s w i t c h i n g  t h e  a t t e n u a t o r .  

 
MicroManuals 
 
 
 
 

                       
MicroManuals 

 
 
 
 
 
 
MicroManuals 
 
 
 
 
 
 
 
 
 
 

MicroManuals 



Table 1-1. Signal Generator Specifications (cont) 

AM ACCURACY ................. L(Z% + 4% o f  s e t t i n g )  f o r  i n t e r n a l  rates, 
f o r  depths 90% o r  Less and peak amp l i tude  
o f  t 1 3  dBm o r  less.  

AM DISTORTION ................ < 1.5% THD t o  30% AM, < 3% t o  70% AM, < 5% 
t o  90% AM a t  i n t e r n a l  ra tes .  

INCIDENTAL FM ............... < 0.3fm f o r  i n t e r n a l  r a t e s  and 30% AM. 

FM ACCURACY ................. f7X f o r  r a t e s  from 0.3 t o  20 kHz > 1 kHz 
d e v i a t i o n  f o  > 0.4 MHZ. 

FM DISTORTION ............... < 1% THD f o r  r a t e s  o f  0.3 kHz t o  20 kHz, 1  
kHz t o  99.9 kHz d e v i a t i o n  f o r  f o  > 5 
MHz. 

INCIDENTAL AM ............... < 1% AM a t  1  kHz ra te .  f o r  t h e  maximum 
d e v i a t i o n  o r  50 kHz, whichever i s  Less. 

RESIDUAL FM (rms i n  
0.3-KHz t o  3-kHz Band)........< 15 Hz f rom 245 t o  520 MHz; < 30 Hz 

elsewhere. 

RESIDUAL FM (rms i n  
0.05-kHz t o  15-kHz Band)......< 30 Hz f rom 245 t o  520 MHz; < 60 Hz 

elsewhere. 

NOISE ( a t  20 kHz o f f s e t )  .... < -113 dBc/Hz (except  < -107 dBc/Hz below 
245 MHz). 

SPURIOUS .................... < -60 dBc f o r  o f f s e t s  g r e a t e r  than  10  kHz. 
F ixed  f requency spurs a r e  < -60 dBc o r  < -140 
dBm. whichever i s  Larger. 

EXTERNAL MODULATION ......... Annunciators  i n d i c a t e  when a 1 V  peak 
s i g n a l  i s  appl ied,  i 2 % ,  over  a 0.02-kHz 
t o  100-kHz band. 

DEVIATION METER ACCURACY .... f5X o f  r e a d i n g  fl count  f o r  r a t e s  
between 100 Hz and 10 kHz. 

IEEE-488 INTERFACE .......... A L L  c o n t r o l s  except  t h e  pouer s w i t c h  and 
t h e  i n t e r n a l / e x t e r n a l  r e f e r e n c e  s w i t c h  a r e  
remote ly  programmable v i a  IEEE Std  488-1978. 
A L L  s t a t u s  i n c l u d i n g  o p t i o n  compliment a r e  
a v a i l a b l e  remote ly .  The S t o r e / R e c a l l  memory 
d a t a  may be t r a n s f e r r e d  v i a  an e x t e r n a l  
c o n t r o l l e r .  I n  t a l k  on ly ,  t h e  a p p r o p r i a t e  
commands a r e  generated when t h e  f r o n t  pane l  
step-up and step-doun e n t r i e s  a r e  made t o  
c o n t r o l  ano ther  6060A/AN. 6060A, 6070A, o r  
6071A. (The 6070 and 6071A o n l y  have 
FREQUENCY STEP. ) 
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Section 2 

Installation and Operation 

"-I INTRODL'CTIOI? L- I .  

This section describes how to install and operate the Generator. This section contains 
information for 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. 

If reshipment of the Generator is Qecessary, 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 3 
inches of shock-absorbing material on all sides of the container. Do not use loose fill to 
pad the shipping container. Loose fil l  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 1 15V ac rms (+ 10%) with a 1.5A fuse, or 230V ac (k 
10%) with a 0.75A fuse. The line frequency must be between 50 and 400 Hz, inclusive. 
The power consumption of the instrument is <lo0 Watts. 

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 two line voltages is listed on a plate attached to the rear panel of 
the Generator. 
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INSTALLATION AND OPERATION 

Figure 2-1. FuseIFilterlLine Voltage Selection Assembly 

2-6. IEEE-488 Address 
The IEEE-488 address can be selected using the switches located next to the IEEE-488 
connector on the rear panel. Talk-only and listen-only modes can also be selected on this 
switch. 

2-7. RACK OR BENCH MOUNTING THE GENERATOR 

CAUTION 

Allow at least 3 inches of clearance behind and on each side of the Generator to 
ensure 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 
R E F  I N T / E X T  switch to EXT and connecting the external reference to the 10 MHz 
IN! OUT connector. 

CAUTION 

When operating on the internal reference, a 10-MHz TTL signal is present at the 
10 MHz IN/OUT connector on the rear panel. To meet the 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 TTL 
load. 

CAUTION 

Output spectral degradation occurs i f  the Generator is operated on internal 
reference with an external reference signal applied. 

The Generator may be placed directly on a work bench or mounted in a standard 
(24-inch deep) equipment rack. Use the Fluke Y6001 Rack Mount Kit for mounting the 
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INSTALLATION AND OPERATION 

Generator on an equipment rack. Instructionsfor installing the Generator with the Rack 
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-%-inch Rack Adapter, PIN M05-205-600 
24-inch Rack Slides, P/  N MOO-280-6 10 

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 you with the 
instrument and its different modes of operation. 

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

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

2-10. Generator Verses Meter Mode Operation 
The 6060A/ AN has two modes of operation: the generator mode and the meter mode. In 
the generator mode of operation the frequency, amplitude, and various modulation 
parameters may be programmed. The signal generated is available at the R F  OUTPUT 
connector. In the meter mode of operation, the FM deviation of the signal applied to the 
DEVIATION METER INPUT is measured. The R F  frequency of the signal being 
measured may be programmed. Operation of both modes is described throughout this 
manual. 

2-1 1. Local Versus 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 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 descriptions or information on commands that pertain only to remote 
operations. 

2-1 2. 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 while 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 placed in the Instrument Preset State [RCL] [9][8]. At power-on, the 
instrument begins generator mode operation; i.e., the deviation meter mode is off. The 
power-on values of the deviation meter are as follows: 

MeterMode off([SPCL][6][0]) 
Deviation Range 500 kHz 
Deviation Peak + PEAK 

In addition, the RF output is turned on at power-on. Table 2-3 lists the Instrument Preset 
State. Power-on instrument settings that relate to the IEEE-488 Interface are described 
in the REMOTE OPERATION paragraphs in this section. 
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INSTALLATION AND OPERATION 
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Figure 2-2. 6060A/AN Outside Dimensions 
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INSTALLATION AND OPERATION 

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

Table 2-1. Front Panel Controls, Indicators, and Connectors 

1 MODULATION 0 A t h r e e - d i g i t  d i s p l a y ,  w i t h  a s s o c i a t e d  i n d i c a t o r s  used t o  
DISPLAY d i s p l a y  t h e  AM depth,  FM d e v i a t i o n ,  sou rce  o f  m o d u l a t i o n  
FIELD s i g n a l ,  and m o d u l a t i o n  f r e q u e n c y .  I n  t h e  meter  mode, t h e  

measured FM d e v i a t i o n  i s  d i s p l a y e d  i n  t h i s  f i e l d .  

INT AM I n d i c a t e s  t h a t  t h e  i n t e r n a l  m o d u l a t i o n  o s c i l l a t o r  s i g n a l  
i s  a m p l i t u d e  m o d u l a t i n g  t h e  Genera to r .  

EXT AM I n d i c a t e s  t h a t  t h e  G e n e r a t o r  i s  a m p l i t u d e  m o d u l a t e d  by  t h e  
s i g n a l  connec ted  t o  t h e  MOD INPUT connec to r .  

INT FM I n d i c a t e s  t h a t  t h e  i n t e r n a l  m o d u l a t i o n  o s c i l l a t o r  s i g n a l  
i s  f r equency  m o d u l a t i n g  t h e  Genera to r .  

EXT FM I n d i c a t e s  t h a t  t h e  Genera to r  i s  f r e q u e n c y  m o d u l a t e d  by t h e  
s i g n a l  ' connected t o  t h e  MOD INPUT connec to r .  

STEP I n d i c a t e s  t h a t  t h e  STEP CAI o r  C v l  keys  ( S t e p  E n t r y )  
a f f e c t  t h e  c u r r e n t  M o d u l a t i o n  d i s p l a y  va lue .  

% I n d i c a t e s  t h a t  t h e  v a l u e  d i s p l a y e d  i s  t h e  AM Depth  i n  
p e r c e n t .  

kHz I n d i c a t e s  t h a t  t h e  v a l u e  d i s p l a y e d  i s  t h e  FM D e v i a t i o n  
DEV i n  kHz. I n  t h e  d e v i a t i o n  m e t e r  mode, t h e  v a l u e  d i s p l a y e d  

i s  t h e  FM d e v i a t i o n  i n  kHz o f  t h e  s i g n a l  connec ted  t o  t h e  
DEVIATION METER INPUT connec to r .  

400 Hz I n d i c a t e s  t h a t  t h e  i n t e r n a l  m o d u l a t i n g  f r equency  i s  400 Hz. 

1000 Hz I n d i c a t e s  t h a t  t h e  i n t e r n a l  m o d u l a t i n g  f r e q u e n c y  i s  1000 Hz. 

EXT H I  I n d i c a t e s  t h a t  t h e  e x t e r n a l  m o d u l a t i o n  s i g n a l  i s  more t h a n  
2% above the  nomi t i a l  1 V  peak r e q u i r e m e n t  f o r  c a l i b r a t e d  
o p e r a t i o n .  

EXT LO I n d i c a t e s  t h a t  t h e  e x t e r n a l  m o d u l a t i o n  s i g n a l  i s  more t h a n  
2% below t h e  n o n ~ i n a l  1 V  peak i n p u t  requ i remen t .  
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INSTALLATION AND OPERATION 

Table 2-1. Front Panel Controls, Indicators, and Connectors (cont) 

2 FREQUENCY 0 DISPLAY 

FIELD 

An 8  l / 2 - d i g i t  d i sp lay ,  w i t h  two i n d i c a t o r s  used t o  
d i s p l a y  the  ou tpu t  f requency o f  t h e  Generator and the  
i n p u t  f requency o f  the  d e v i a t i o n  meter. A lso  used t o  
d i s p l a y  the  s p e c i a l  f u n c t i o n  code, s t a t u s  e r r o r  codes, o r  
the  memory l o c a t i o n  be ing  s t o r e d  o r  reca l led ,  as w e l l  as 
r e l a t i v e  and a c t u a l  frequency, when 'REL' i s  l i t ,  and 
s t e p  frequency. 

I n d i c a t e s  t h a t  the STEP CW o r  [+I keys (Step E n t r y )  
a f f e c t  the ou tpu t  frequency. 

STEP 

REL I n d i c a t e s  t h a t  the d i s p l a y e d  f requency i s  r e l a t i v e  t o  a  
r e f e r e n c e  frequency. 

3 AMPLITUDE 0 DISPLAY 
A 3 1 / 2  d i g i t  d i sp lay ,  w i t h  s i g n  and s i x  i n d i c a t o r s ,  
,,c.oA + m  A ;  . - - I  .,<, 
UaFU L "  U I a p L U ,  

t h e  -,+-,,+ -,,I ; + . . A ,  - 4  el., c-,,,-+,., 
U U L p U L  olllpL l L V U C  U I  L 1 1 S  U F I I S I  U L U I  

i n t o  a  50-ohm Load. I n  t h e  d e v i a t i o n  meter mode, the  peak 
be ing  measured i s  d i s p l a y e d  i n  t h i s  f i e l d .  "P" i n d i c a t e s  
the  p o s i t i v e  peak and "-P" i n d i c a t e s  the nega t i ve  peak. 

FIELD 

STEP I n d i c a t e s  t h a t  the  STEP CW o r  [+I keys (Step E n t r y )  
a f f e c t  the ou tpu t  ampl i tude.  

REL I n d i c a t e s  t h a t  the d i s p l a y e d  amp l i tude  i s  r e l a t i v e  t o  a  
re fe rence  ampli  tude. 

I n d i c a t e s  t h a t  the ou tpu t  amp l i tude  i s  i n  d e c i b e l s  
r e l a t i v e  t o  1 m i l l i w a t t .  

I n d i c a t e s  t h a t  the ou tpu t  amp l i tude  i s  i n  v o l t s .  

I n d i c a t e s  t h a t  the o u t p u t  amp l i tude  i s  i n  m i c r o v o l t s .  

mV 

4 STATUS 0 DISPLAY 

FIELD 

I n d i c a t e s  t h a t  the  ou tpu t  amp l i tude  i s  i n  m i l l i v o l t s .  

The s t a t u s  d i s p l a y  f i e l d  i s  composed o f  seven i n d i c a t o r s  
used t o  denote the  c u r r e n t  s t a t u s  o f  t h e  Generator o r  
ins t rument  e n t r y .  

EXT REF I n d i c a t e s  t h a t  the r e a r  panel  REF s w i t c h  i s  i n  t h e  E X 1  
( e x t e r n a l )  p o s i t i o n .  

REJ ENTRY 

UNCAL 

Flashes when an i n v a l i d  e n t r y  i s  made. 

L i g h t s  when a  parameter e n t r y  i s  o u t s i d e  i t s  s p e c i f i e d  
range. Th is  i n d i c a t o r  f l a s h e s  when any o f  t h e  i n t e r n a l  
DAC's a re  over  o r  under- f low o r  when any abnormal 
o o e r a t i o n  i s  detected.  

RF OFF L i g h t s  when the  R F  OUTPUT i s  d isab led .  Th is  i n d i c a t o r  
f l a s h e s  when the  Reverse Power P r o t e c t o r  (RPP) c i r c u i t  
has t r i p p e d .  

REMOTE L i g h t s  when the  Generator i s  i n  the  remote (IEEE-488 
I n t e r f a c e )  mode o f  o p e r a t i o n .  

ADDR 

S RQ 

L i g h t s  when the Generator  i s  addressed t o  l i s t e n  o r  t a l k .  

L i g h t s  when the Generator has asser ted  t h e  IEEE-488 
SRQ s i g n a l .  
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Table 2-1. Front Panel Controls, Indicators, and Connectors (cont) 

Used t o  s e l e c t  type, source, and frequency o f  modulat ion.  
ONIOFF With the e x c e p t i o n  o f  t h e  C400110001 key, these keys 

opera te  as independent push-onlpush-of f  s u i t c h e s  f o r  
the  g i v e n  f u n c t i o n .  Any combinat ion i s  al lowed. 

INT AM Enables i n t e r n a l  amp l i tude  modu la t ion  a t  the frequency 
annunciated by the  '40011000' Hz i n d i c a t o r .  

INT F M  Enables i n t e r n a l  frequency modu la t ion  a t  the  frequency 
annunciated by the '400/1000' Hz i n d i c a t o r .  I n  the  
meter mode, t o g g l e s  the  d e v i a t i o n  peak between + and -. 

EXT AM Enables e x t e r n a l  amp l i tude  modu la t ion  u s i n g  the  s i g n a l  
a p p l i e d  t o  the MOD INPUT connector.  

EXT FM Enables e x t e r n a l  frequency modu la t ion  us ing  t h e  s i g n a l  
a p p l i e d  t o  the MOD INPUT connector.  

400/1000 A l t e r n a t e l y  s e t s  the  i n t e r n a l  modu la t ion  o s c i l l a t o r ' s  
f requency t o  400 o r  1000 Hz. The s e l e c t e d  f requency i s  
d i s p l a y e d  o n l y  when INT AM o r  INT FM i s  enabled. I n  the  
meter mode, t o g g l e s  the d e v i a t i o n  meter range between 
50 kHz and 500 kHz. 

@ FUNCTION With the  e x c e p t i o n  o f  t h e  [STEP] and CSPCLI keys, these 
keys opera te  as i n t e r l o c k e d  s u i t c h e s  t h a t  s e l e c t  the 
parameter t o  be en te red  o r  ed i ted .  For the CFREQI, 
CAMPLI, CAM], and C F M l  FUNCTION keys, the  b r i g h t  d i g i t  
appears i n  the corresponding d i s p l a y  o f  the  s e l e c t e d  
f u n c t i o n .  

FREQ 

AMPL 

AM 

SPCL 

STEP 

S e l e c t s  the  f requency parameter o f  the  Generator t o  be 
programmed by us ing  the  DATA, EDIT, o r  STEP e n t r y  keys. 

Se lec ts  the  amp l i tude  parameter  o f  the Generator t o  be 
programmed by u s i n g  t h e  DATA, EDIT, o r  STEP e n t r y  keys. 

S e l e c t s  the  amp l i tude  modu la t ion  (AM) parameter of the  
Generator t o  be programmed by u s i n g  t h e  DATA, EDIT, o r  
STEP e n t r y  keys. 

Se lec ts  the  frequency modu la t ion  (FM)  parameter o f  t h e  
Generator t o  be programmed by u s i n g  t h e  DATA, EDIT, o r  
STEP e n t r y  keys. 

Enables the  s p e c i a l  f u n c t i o n  mode. Spec ia l  f u n c t i o n s  a r e  
c a l l e d  up by a  t w o - d i g i t  code, which i s  e n t e r e d  by us ing  
the  DATA keys. Refer  t o  the  paragraphs on Spec ia l  
Func t ion  i n  t h i s  s e c t i o n  f o r  a  d e t a i l e d  d e s c r i p t i o n  and a  
l i s t  o f  the  s p e c i a l  func t ions .  

A f t e r  one o f  t h e  f o u r  parameter  f u n c t i o n s  has been 
s e l e c t e d  f o r  programming, p r e s s i n g  t h i s  key a l l o w s  you t o  
program a  step-wise change t o  t h a t  parameter. The s tep  
inc rease  o r  decrease i s  then  performed every  t ime  the  
STEP C+l o r  [+I key i s  pressed. 

@ DATA A 1 0 - d i g i t  ( p l u s  s i g n  and decimal  key) keypad used f o r  
e n t e r i n g  a  paramete r ' s  value, the  s p e c i a l  f u n c t i o n  code, 
o r  a  memory r e c a l  l l s t o r e  l o c a t i o n .  
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Table 2-1. Front Panel Controls, Indicators, and Connectors (cont) 

@ Memory 

ST0 Used w i t h  t h e  DATA keys t o  s t o r e  t h e  cu r ren t  ins t rument  
s t a t e  i n  a  memory Location. Memory Locat ions 01 through 
03 a r e  a v a i l a b l e .  

SEQ 

MHz 1 V 

dB(m) 

kHz lmV 

Used w i t h  t h e  DATA keys t o  r e c a l l  an inst rument  s t a t e  
from a  memory l o c a t i o n .  Memory Locat ions 01 through 03 a r e  
ava i  Lable f o r  opera to r -s to red  s ta tes ;  memory Loca t ion  9 8  
con ta ins  t h e  Inst rument  Preset S t a t e  (see Table 2-3). 

S e q u e n t i a l l y  r e c a l l s .  i n  i n c r e a s i n g  Loca t ion  order .  the  
ins t rument  s t a t e s  s t o r e d  i n  memory. While the  CSEQl key 
i s  pressed. successive memory Locat ions a re  d i s p l a y e d  
and r e c a l  led. 

These keys, w i t h  the e x c e p t i o n  of ECLR(LCL1, serve as the 
t e r m i n a t i n g  keys t roke  o f  a  . r r .~nc t ion  entry, thereby causing 
the  Generator t o  be programmed. The ampl i tude u n i t s  keys 
a r e  a l s o  used d u r i n g  Ampl i tude U n i t s  Conversion e n t r i e s .  

Used w i t h  the  CFREQI, C F M I ,  and CAMPLI f u n c t i o n  keys t o  
program the numer ica l  D A T A  e n t r i e s  i n  terms o f  megahertz 
( f requency o r  frequency modu la t ion )  o r  v o l t s  (amp l i tude) .  

Used w i t h  the  CAMPLI f u n c t i o n  key t o  program the  numer ica l  
DATA e n t r i e s  i n  terms o f  d e c i b e l s  per  m i l l i w a t t .  

Used w i t h  the C F R E Q I ,  C F M I ,  and CAMPLl f u n c t i o n  keys t o  
program the numer ica l  DATA i n  terms o f  k i l o h e r t z  
( f requency o r  frequency modu la t ion )  o r  m i l l i v o l t s  
(amp l i tude) .  

Used w i t h  the C A M 1  f u n c t i o n  key t o  program t h e  numer ica l  
DATA e n t r i e s  i n  terms o f  percentage AM depth. 

Used w i t h  the  C F R E Q I ,  C F M I ,  and CAMPLI f u n c t i o n  keys t o  
program the numer ica l  DATA i n  terms o f  h e r t z  ( f requency 
o r  frequency modu la t ion )  o r  m i c r o v o l t s  (amp l i tude) .  

When the  Generator i s  i n  Local  operat ion,  t h i s  key i s  
used t o  c l e a r  the  c u r r e n t  e n t r y  and r e t u r n s  the  Generator 
t o  the  p r e v i o u s  s t a t e .  When the ins t rument  i s  i n  remote 
operat ion,  t h i s  key i s  used t o  r e t u r n  l o c a l  c o n t r o l .  

These two keys work i n  c o n j u n c t i o n  w i t h  the STEP Func t ion  
key. These keys repea t  w h i l e  they remain pressed. 

[*I A f t e r  a  parameter i s  s e t  t o  the s tep  f u n c t i o n  mode, and 
t h e  'STEP' i n d i c a t o r  appears i n  the  d i s p l a y  f i e l d ,  t h i s  
key increments the parameter by the s t e p  v a l u e  p r e v i o u s l y  
programmed. 

A f t e r  a  parameter i s  s e t  t o  the s tep  f u n c t i o n  mode, and 
the  'STEP' i n d i c a t o r  appears i n  the d i s p l a y  f i e l d ,  t h i s  
key decrements the parameter by the  s tep  v a l u e  p r e v i o u s l y  
programmed. 
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Table 2-1. Front Panel Controls, Indicators, and Connectors (cont) 

I 1 
@ EDIT These keys a r e  used t o  p o s i t i o n  the b r i g h t  d i g i t  w i t h i n  a  

d i s p l a y  f i e l d  and t o  inc rease  o r  decrease the  b r i g h t  
d i g i t  va lue.  A L L  f o u r  keys repeat  w h i l e  they remain 
pressed. The f u n c t i o n  keys a r e  used t o  move the  b r i g h t  
d i g i t  t o  the d e s i r e d  d i s p l a y  f i e l d .  

I [+I Inc reases  the b r i g h t - d i g i t  va lue.  I 
I Cfl Moves the b r i g h t  d i g i t  one d i g i t  t o  the  l e f t .  I 
I [+I Decreases the  b r i g h t - d i g i t  va lue.  I 
I [+I Moves the b r i g h t  d i g i t  one d i g i t  t o  the  r i g h t .  I 

A push-and-hold key t h a t  d ispLays the  Uncal and Re jec t  
v E n t r y  s t a t u s  codes i n  the  MODULATION, FREQUENCY, and 

AMPLITUDE d i s p l a y  f i e l d s .  

@ ON/OFF A push-on/push-of f  key ( w i t h  a corresponding ' R F  O F F '  
i n d i c a t o r  i n  the  STATUS d i s p l a y  f i l e d )  t h a t  enables o r  
d i s a b l e s  the  ou tpu t  o f  the  Generator.  

A BNC connector  f o r  i n p u t  o f  a  1V-peak, e x t e r n a l  
modu la t ion  s i ~ n a l .  

I @ connector A s tandard  R F  connector a t  the ou tpu t  o f  the  Generator.  

@ PUUER A push-onfpush-of f  d e t e n t  s w i t c h  t h a t  a p p l i e s  l i n e  power 
t o  the  Generator.  

@ connector A BNC connector  f o r  i n p u t  o f  5 V  rms MAX s i g n a l  t o  be 
measured by the FM d e v i a t i o n  meter. 

2-1 3. Changing Output Parameters 
The four parameters of the Generator (i.e., frequency, amplitude, amplitude modulation 
(AM). and frequency modulation (FM)) may be changed by one of three methods: 

Function Entry (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. 

2-1 4. Function Entry 
Changing an  instrument parameter with the FUNCTION-DATA-UNIT entry method 
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.) 
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The command syntax for function entries is: 

Select Function - Enter Data - Select Unit 

1. 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 t o  internally program the Generator to the new state. 

Fur the and frequency functions, the data prograins tiie dispiayed 

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 o r  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 the6REJ 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 [CLR LCL] key o r  by selecting 
another function. 

2-1 5. Bright-Digit Edit Operation 
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 EDIT  keys are used 
with the four parameter FUNCTION keys to  position the bright digit in the desired 
display field and then increase or  decrease the bright-digit value. 

The command syntax for bright-digit edit entries is: 

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

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

2. Use the [ + I  o r  [$ ]  EDIT keys to  position the bright digit t o  the desired 
resolution, and use the [ f ]  or  [+] E D l T  keys to  increase or  decrease the value 
of the bright digit. 

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

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

Figure 2-4. Rear Panel Control, Connectors, and Switches 

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

1. A C  INPUT Permi ts  o p e r a t i o n  from 115 o r  230V ac. The number 
v i s i b l e  through the u indou  on  t h e  s e l e c t o r  c a r d  
i n d i c a t e s  the nominal l i n e  v o l t a g e  t o  which the Generator 
must be connected. The l i n e  v o l t a g e  i s  s e l e c t e d  by 
o r i e n t i n g  the  s e l e c t o r  c a r d  a p p r o p r i a t e l y .  A 1  112-ampere 
fuse  i s  r e q u i r e d  f o r  115V operat ion,  and a  3/4-ampere 
fuse  i s  r e q u i r e d  f o r  230V opera t ion .  

2. REF INT/EXT Permi ts  s e l e c t i o n  of t h e  Generator frequency re fe rence .  
When s e t  t o  INT, the Generator operates on t h e  i n t e r n a l  
re ference.  The i n t e r n a l  10-MHz re fe rence  s i g n a l  i s  
a v a i l a b l e  a t  t h e  10 MHz IN/OUT connector as a  TTL Level.  
When se t  t o  EXT, the Generator re fe rence  i s  t h e  10-MHz 
TTL s i g n a l  a p p l i e d  t o  the e x t e r n a l  10 MHz IN/OUT connector.  

3. 10  MHz 10  MHz IN/OUT connector  (BNC) p rov ides  a 10-MHz TTL s i g n a l  
INIOUT when the  Generator i s  o p e r a t i n g  on  the  i n t e r n a l  reference, 

o r  accepts a  10-Mlfz TTL s i g n a l  when o p e r a t i n g  on  e x t e r n a l  
re fe rence .  

4.  IEEE ALLous remote o p e r a t i o n  o f  t h e  Generator v i a  the 
CONNE CTOR IEEE-488 bus. 

5 .  IEEE ADDRESS Se lec ts  the Generator bus address. 
SWITCH 
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Table 2-3. Instrument Preset State 

FUNCTION SETTING 

Frequency . . . . . . . . . . . . . . . . . . . . . . . . . .  300.00000 MHz 
F r e q u e n c y s t e p . . . . . . . . . .  . . . . . . . . . . . . . .  1.00000MHz 
Ampl i tude . . . . . . . . . . . . . . . . . . . . . . . . . . .  -10.0 dBm 
Ampl i tude Step . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 dB 
M o d u l a t i o n R a t e  . . . . . . . . . . . . . . . . . . . . . . . . .  .lOOOHz 
AMDepth . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  30% 
AM Depth Step . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1% 
F M D e v i a t i o n  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  50kHz 
F M D e v i a t i o n S t e p  . . . . . . . . . . . . . . . . . . . . . . . . . .  1 kHz 
Modu la t ion  D isp lay  . . . . . . . . . . . . . . . . . . . . . . . .  AM Depth 
B r i g h t - D i g i t  L o c a t i o n  . . . . . . . . . . . . . . .  Frequency B r i g h t  D i g i t  
Frequency B r i g h t - D i g i t  P o s i t i o n  . . . . . . . . . . . . . . . . . .  1 MHz 
Ampli tude B r i g h t - D i g i t  P o s i t i o n  . . . . . . . . . . . . . . . . . .  1 dBm . . . . . . . . . . . . . . . . . . . . . . . .  AM B r i g h t - D i g i t  P o s i t i o n  1% 
FM B r i g h t - D i g i t  P o s i t i o n  . . . . . . . . . . . . . . . . . . . . . .  100 Hz 
Spec ia l  Funct ions . . . . . . . . . . . . . . . . . . . . .  20,30,70,80,90 
INTAM . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  O f f  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  EXTAM Of f  
I N T F M  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Of f  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  EXTFM O f f  
Step F u n c t i o n  . . . . . . . . . . . . . . . . . . . . . . .  Frequency Step 

2-1 6. 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) up or down with a single keystroke using the [+I or [+] keys. 

The command syntax for step entries is: 

Select Step Function - Enter Data - Select Units - Change Parameter 

1. Select the parameter to be changed step-wise using one of the FUNCTION 
keys. 

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 increased or decreased by the programmed 
step amount by using the [+I 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 [+I and [+] 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 Function 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. 

2-1 7. Status and Clear Entries 
The Status entry allows you to interrogate the Generator for an explanation if the 
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. 
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The [CLR LCL] key may be used to clear a partial DATA entry or clear the flashing 
'REJ ENTRY' indicator. 

2-18. RF Output On/Off 
The R F  OUTPUT [ O N O F F ]  key allows the operator to enable or disable the RF 
output of the Generator. This feature is useful in zeroing a power meter, finding the noise 
floor of a system, or determining the presence or source of an unknown signal. 

On power-up, the R F  output of the Generator is enabled. Pressing the R F  OUTPUT 
[ON! OFF] key disables the output of the Generator and causes the 'RF OFF'  indicator 
(in the STATUS display field) to light. 

2-19. Modulation On/Off and Rate 
The MODULATION ON/ O F F  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/ 10001 key). 

The [400i 10001 key toggles the internal modulation oscillator between 400 and 1000 Hz. 
The '400 Hz' and '1000 Hz' indicators are lit only when INT AM or F M  modulation is 
enabled. 

2-20. Deviation Meter 
In the meter mode, the deviation meter measures FM deviation for R F  frequencies 
between 30 and 500 MHz. Thereare two deviation ranges of 500 and 50 kHz full scale. 
Either the positive or negative peak deviation may be measured. The meter mode is 
enabled with the [SPCL] [6][1] key sequence. 

2-21. Memory 
Memory entry using the [STO] key allows you to  save up to  three complete front panel 
settings for later recall. 

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, ... 03). The two-digit code appears in 
the FREQUENCY display field as it is entered. 

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

Memory location 98 contains the Instrument Preset State, which 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 (03), the [SEQ] key starts over at 01. The [SEQ] key repeats while pressed. 
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2-22. 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 IEEE-488 address, enable relative and fixed-range features, and 
disable or enable special attenuation features. A complete list of the special functions 
available is presented in Table 2-4. 

Table 2-4. Special Functions 

SPECIAL FUNCTION OPERATION 

C l e a r s  a l l  c u r r e n t l y  s e t  s p e c i a l  f u n c t i o n s .  
I n i t i a t e s  s e l f  t e s t s .  
D i s p l a y  t e s t .  T h i s  t e s t  i s  d e s c r i b e d  i n  S e c t i o n  3. 
Key t e s t .  T h i s  t e s t  i s  d e s c r i b e d  i n  S e c t i o n  3. 
Set IEEE-488 SRP s i g n a l .  
Reset  IEEE-488 SRQ s i g n a l .  
D i s p l a y  i n s t r u m e n t  s o f t w a r e  r e v i s i o n  l e v e l .  
I n f o r m a t i o n  appears  i n  t h e  MODULATION and FREQUENCY 
d i s p l a y  f i e l d s  f o r  a p p r o x i m a t e l y  3 seconds o r  u n t i l  
a n o t h e r  key i s  pressed; 
D i s p l a y  IEEE-488 mode and a d d r e s s  i n  d e c i m a l  form. 
D i s p l a y  s e l f - t e s t  r e s u l t s .  Zeros  i n  t h e  d i s p l a y  
f i e l d s  i n d i c a t e  t h a t  t h e  s e l f - t e s t s  have passed. See 
S e c t i o n  4  f o r  d e t a i l s  o f  t h e  s e l f - t e s t  d i s p l a y .  
T u r n  on  d i s p l a y s .  
T u r n  o f f  a l l  d i s p l a y s .  A L L  o t h e r  f u n c t i o n s  s t i l l  
o p e r a t e .  
I n i t i a l i z e  memory L o c a t i o n s  t o  I n s t r u m e n t  P r e s e t  
S t a t e .  I S t o 1  appears  i n  t h e  FREQUENCY d i s p l a y  f i e l d  
f o r  3 seconds. I f  d u r i n g  t h i s  t ime, t h e  CSTOI key i s  
pressed, a l l  memory L o c a t i o n s  a r e  i n i t i a l i z e d .  
L a t c h  t e s t .  T h i s  t e s t  i s  d e s c r i b e d  i n  S e c t i o n  4. 
D i s a b l e  R e l a t i v e  Frequency. See r e f e r e n c e  page o n  
R e l a t i v e  F u n c t i o n .  
Enab le  R e l a t i v e  Frequency. See r e f e r e n c e  page o n  
R e l a t i v e  F u n c t i o n .  
D i s a b l e  R e l a t i v e  Amp l i t ude .  See r e f e r e n c e  page o n  
R e l a t i v e  F u n c t i o n .  
Enab le  R e l a t i v e  Amp l i t ude .  See r e f e r e n c e  page o n  
R e l a t i v e  F u n c t i o n .  
D i s a b l e  m e t e r  mode o p e r a t i o n .  
Enab le  m e t e r  mode o p e r a t i o n .  
Set r e p e a t  r a t e  f o r  EDIT and STEP k e y s  t o  medium. 
Set r e p e a t  r a t e  f o r  EDIT and STEP keys  t o  f a s t .  
Set r e p e a t  r a t e  f o r  EDIT and STEP k e y s  t o  s low. 
Enab le  A m p l i t u d e  c o r r e c t i o n .  Normal o p e r a t i o n .  
D i s a b l e  A m p l i t u d e  c o r r e c t i o n .  I f  L e v e l  a c c u r a c y  
i s  n o t  c r i t i c a l ,  l e v e l  c o r r e c t i o n  c i r c u i t r y  can b e  
d i s a b l e d  f o r  improved  programming speed. L e v e l  
accu racy  may be u p  t o  7 dB Low. 
D i s a b l e  a t t e n u a t o r  c o r r e c t i o n .  U s e f u l  as  a  
t r o u b l e s h o o t i n g  t o o l .  RF i n p u t  t o  a t t e n u a t o r  i s  
f l a t .  
Program a l t e r n a t e  24 dB a t t e n u a t i o n .  See S e c t i o n  4. 
Program a l t e r n a t e  24 dB a t t e n u a t i o n .  See S e c t i o n  4. 
Program a l t e r n a t e  24 dB a t t e n u a t i o n .  See S e c t i o n  4. 
Program a l t e r n a t e  24 dB a t t e n u a t i o n .  See S e c t i o n  4. 

90 D i s a b l e  A m p l i t u d e  F i x e d  Range. See r e f e r e n c e  
m a t e r i a l  o n  A m p l i t u d e  F i x e d  Range. 

91 Enab le  A m p l i t u d e  F i x e d  Range. See r e f e r e n c e  
m a t e r i a l  o n  A m p l i t u d e  F i x e d  Range. 
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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. 

2-23. 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. 

2-24. Amplitude and Frequency Entry 
The following information describes how to control the carrier frequency and amplitude 
by the FI-1NCTION-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 R F  OUTPUT [ON, OFF] must be enabled for the Generator to produce an output 
(see the reference material on R F  OUTPUT ON I O F F  Entry). 

Command Syntax 

Select Function -- Enter Data - Select Unit 

Summary 
COMMAND RANGE RESOLUTION NOTES 

Set Frequency 

Loca l :  C F R E Q ~  -- DATA -- CMHzlVl 0.01 t o  570 MHz 10 Hz 1,2,6 
[kHz lmV1 
CHz l uV l  

Remote: " F R "  -- fLoa t  -- "G7" 0.01 t o  570 MHz 10  Hz 1,3,6 
"MZ" 
"KZ"  
"HZ" 

S e t  Ampl i tude 

Loca l :  CAMPLI -- DATA -- [dB(m)l  -127 t o  + I 3  dBm 0.1 dBm 2.4,5,7 
CMHzIVI 0 . 1 u V t o I V  3 d i g i t s  
CkHz l m V 1  
[Hz l uV1 

Remote: "AP" -- f l o a t  -- "DB" -127 t o  +13 dBm 0.1 dBm 3.4.5.7 
" V "  0.1 uV t o  1V 3 d i g i t s  
"MV"  
"UV" 
"NV", 

Example 

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

Loca l :  CFREQI C11 C O I  C . 1  C71 CMHzlVl 
CAMPLI C - I  C71 C . 1  C51 CdB(rn)l 

Remote: "FRln.7MZ -AP-7.5DB" 

 
MicroManuals 
 
 
 
 

                       
MicroManuals 

 
 
 
 
 
 
MicroManuals 
 
 
 
 
 
 
 
 
 
 

MicroManuals 



INSTALLATION AND OPERATION 

Notes 

1. Frequency ranging occurs at 245 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 %V, GV, %V, ... 1 / 2 2 3 ~  with A M  off and %V, l/sV, 
I /  16V, ... 1 / 2 2 4 ~  with AM on. 

6. In the meter mode of operation, the allowed frequency range is 30 to  500 MHz. 

7. The amplitude is not programmable when in the meter mode of operation. 

Related Operations 

Amplitude Fixed Range 
Bright-Digit Edit Entry 
Relative Function 
Step Entry 

2-25. Amplitude Fixed Range 
The following information describes how to use the Fixed-Range special function. This 
special function fixes the current amplitude range (holds the currently selected step of the 
Step Attenuator). This function allows monotonic and nontransient level control over a 
limited range around those levels where the Step Attenuator normally autoranges. This 
level control may be accomplished with the Bright-Digit Edit Entry only. 

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

Command Syntax 

Select Fixed Range - Enable or  Disable 

Summary 

COMMAND 

E n a b l e  F i x e d  Range 

L o c a l :  CSPCLI 191 -- C11 

Remote: "SP" "9" -- "1" 

D i s a b l e  F i x e d  Range 

L o c a l :  CSPCLl C91 -- C01 

Remote: "Sp" "9" -- "0" 

NOTES 

7,3 
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Example 

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

L o c a l :  CAMPLI  C - 1  C 2 1  C 5 1  C M H z l V l  C S P C L I  C 9 1  C 1 1  

Remote: " A P . 2 5 V - S P 9 1 "  

Notes 

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 a m ~ l i t u d e  fixed range disabled, amplitude ran ing occurs at 1/2V, %V, 6 .  G V ,  ... 1 / 2 - 3 ~  with AM off and %V, %V,  I /  16V, ... 1/2 V w ~ t h  AM on. 

3. Amplitude fixed-range operation is not allowed when in the meter mode of 
operation. 

Related Operations 

Bright-Digit Edit Entry 
Relative Function 

2-26. 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 Funrtion - Select Unit 

Summary 

COMMAND 

Conver t  dBm t o  v o l t s  

L o c a l :  CAMPLI  -- [MHz I V I  
[ k H z  l m V 1  
[ H z  l u V 1  

Remote: "AP" -- "V" 
"MV" 
"UV" 
"NV" 

NOTE 

1,2 

12' 

Conver t  v o l t s  t o  dBm 

L o c a l :  CAMPLI  -- CdB(m)l 

Remote: "AP" -- "DB" 

Example 

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

L o c a l :  CAMPLI  C M H z l V l  

Remote: "APV" 
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Note 

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

2. Amplitude units conversion is not allowed when in the meter mode of 
operation. 

Related Operations 

Relative Function 

2-27. 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 R F  OUTPUT [ON/ OFF] must be enabled for the Generator to produce an output. 
(See the reference material on R F  OUTPUT O N / O F F  Entry.) 

Command Syntax 

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

Summary 

COMMAND NOTES 

E d i t  Frequency 

Local: CFREQI -- EDIT C + l / C ~ I  -- EDIT C+l/CSl 1,2 

Remote: "FB" - - f l o a t  "G7" - - " K F " f 1 o a t  384,s 
"MZ " 
"KZ" 
"HZ" 

E d i t  Amplitude 

Local: CAMPLI -- EDIT C + l / C ~ l  -- EDIT C+l/C3.3 j82,6 

Remote: "AB" -- f Loat "DB" -- "KA" f l o a t  3,4,5,6 
"V" 
"MV" 
"UV" 
"NV" 

E d i t  FN Deviat ion 

Local: C F M I  -- EDIT C+l/CSl -- EDIT C+I/C+l 182,6 

Remote: "DB" - - f l o a t  "G7" -- "KD1'fLoat 384,586 
"Mz " 
"KZ" 
"HZ " 

Edi t AM Depth 

Local:  CAM1 -- EDIT C+I/C31 - EDIT C+l/C+l 1 #2#6 

Renote: "m" - - f l o a t  "PC" - - " K P W f l 0 a t  38485t6 
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Example 1 

Edit the displayed amplitude of 9.7 dBm to 10.0 dBm. 

Local: Put the b r i g h t  d i g i t  i n  the amplitude d isp lay  by press ing 
CAMPLI. Select the Least s i g n i f i c a n t  d i g i t  i n  t h a t  d isp lay by 
pressing EDIT [+I u n t i l  the b r i g h t  d i g i t  i s  on t h a t  d i g i t .  
Increase the value o f  t h a t  d i g i t  by press ing EDIT [*I 3 times. 

Remote: "AB.lDB.KA3" 

Example 2 

Edit the displayed FM Deviztic?r! frnm 5.0 kHz to 3.0 kHz. 

Local: Put the b r i g h t  d i g i t  i n  the FM disp lay by press ing 
CFMl .  Select the 1-kHz d i g i t  by pressing the EDIT C.)3 
o r  EDIT CCI u n t i l  the b r i g h t  d i g i t  i s  on t h a t  d i g i t .  
Decrease the v a l w  of t h a t  d i g i t  by pressing EDIT C*.3 
t u i  ce. 

Remote: "DBlKZ .KD-2" 

Notes 

1. 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,KPW 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. 

6. Only frequency bright-digit operations are allowed when in the meter mode of 
operation. 

Related Operations 

Relative Function 
Amplitude Fixed Range 
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2-28. Deviation Meter Entry 
T o  enable the deviation meter mode enter [SPCL] [6] [ I ] .  T o  return to  the generator 
mode enter [SPCL] [6] LO]. While in the meter mode, the operation of the generator is 
limited to programming, editing, and stepping frequency. The frequency operation while 
in the meter mode is the same as described in paragraphs titled "Amplitude and 
Frequency Entry" in this section. In addition, the status entry and the following special 
functions are allowed: 00,02,03,04,07,08,09, 10, 1 I ,  12. 13, 14,15,20,2 1.60.6 1.70,7 1, 
72. Recall and sequence entries will turn the meter mode off. Other entries such as 
amplitude and modulation are ignored while in the meter mode. 

In the meter mode, the frequency is limited to between 30 MHz and 500 MHz. Therefore, 
when entering the meter mode, if the R F  frequency is greater than 500 MHz, 500 M H z  is 
programmed; and if the R F  frequency is less than 30 MHz, 30 MHz is programmed. 
Changes made to  the instrument parameters while in the meter mode will be retained 
when returning to  the generator mode. All other generator parameters will not be 
changed when returning to the generator mode. 

Command Syntax 

Select Meter Function - Select Code 

Summary 

COMMAND NOTES 

Meter mode o n / o f f  

Loca l :  CSPCLI C61 -- C11 o r  C01 I t 2  

Remote: "SP6" -- "1" o r  "0" 182 

Meter peak 

Loca l :  CINT FMI ( + I -  PEAK) 1,3 

Remote: "PK" "0" o r  "1" I t 4  

Meter range 

Loca l  : C400/10003 (5n0/ 50 kHz RANGES) 1,s 

Remote: "DR" "0" o r  "1" 186 

Notes 

1. The power-on values are: meter mode off, positive peak, and 500 kHz range. 
These power-on values are also programmed on [SPCL] [0][2] and on IEEE- 
488 clear commands ("CL", SDC,  and DCL). 

2. 0 selects meter mode off, 1 selects meter mode on. 

3. This entry toggles between the positive and negative peaks. This entry is only 
allowed when in the meter mode. The selected peak is displayed in the 
AMPLITUDE display as "P" or  "-P". 

4. 0 selects the positive peak, I selects the negative peak. The selected peak is 
displayed in the AMPLITUDE display as "P" or  "-P". 
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5. This entry toggles between the 500 kHz and 50 kHz ranges. This entry is only 
allowed when in the meter mode. 

6. 0 selects the 500 kHz range, 1 selects the 50.0 kHz range. 

The measured deviation will be displayed with three digits of resolution in the 
MODULATION display. Several special displays and their meanings are: 

Display Meaning 

123 Normal reading in 500 kHz range. 
12.3 Normal reading in 50 kHz range. 
OL Reading is over 5 10 kHz. 

OL Reading is over 51.0 kHz. 
- - - Reading is invaiid in 500 kHz range. 
- - - Reading is invalid in 50 kHz range. 

The reading may be invalid for three reasons. The 6060AlAN R F  frequency must be 
programmed to within 250 kHz of the UUT output frequency. If it is outside this range, 
the reading will be invalid. At power on, the reading is set to  invalid. The reading may 
also be invalid if the deviation meter hardware is not functioning properly. 

The IEEE-488 command "IF" can be used to  interrogate the deviation. The last 
measured deviation will be sent to the IEEE-488 interface. If the 6060A/ AN is currently 
in the generator mode, the last deviation measured will be sent. Readings are taken 
approximately every 105 msec when in the meter mode. The response will be as follows: 

Charact~r 
Number Values Description 

1 "+" or "-" Positive or negative peak 
2,3,4,5 nnn. or  nn.n Reading in 500 kHz or 50 kHz range 
6 "E" Start of exponent 
7 "+" Positive exponent 
839 

L631,, “ 6 7 7 ,  LL9., Normal, invalid, overrange reading 
10 (EOR) The end of record character 

Example 

"+123.E+3" (EOR)  Positive peak, deviation of 123 kHz. 
"-10.OE+9" (EOR) Negative peak, overrange in 50 kHz range. 

2-29. Memory Entry 
The following information describes how to  use the memory function to  store and recall 
front panel settings. The Generator has three memory locations for storing settings that 
are lost if the power is turned off. The deviation meter status and R F  on/  off status are not 
stored in memory locations. 

The sequence feature allows the operator to recall successive memory locations. 

Command Syntax 

Select Memory Function - Enter Memory Location 
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Summary 

COMMAND NOTES 

Store  

Loca l  : [ST01 -- Cnl Cn3 1,2,3,7 

Remote: "ST" -- i n t  1,4,7 

Reca 11 

Local :  [RCLl -- Cnl Cnl 1,2,3,8 

Remote: "RC" -- i n t  1,4,8 

Sequence 

Local :  CSEQI 

Dmrnn+e.. " C n "  
..*,,,".b. ".. 

Example 

Recall the Instrument Preset State (located in memory location 98). Change the 
frequency parameter to 302 MHz, then store the new front panel setting in memory 
location 02. 

Local:  CRCLI C93C8J EDIT [el C A I  CSTOI COlC21 

Remote: "RC98,KF2,STZ1' 

Notes 

1. The memory locations available for operator use are 01 through 03. 
Additionally, 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 needs to be 
specified. When the highest location is reached, the sequence starts over again at 
location 0 1 .  
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6. While [SEQ] is pressed, the next memory location number is displayed and the 
memory location is recalled. This key is repeating. 

7. The store operation is not allowed when in the meter mode of operation. 

8. A recall or  sequence operation will turn the meter mode off; i.e., return to 
generator mode. 

2-30. Modulation Entry 
The following information describes how to  preset the modulation index (AM depth o r  
F M  deviation), internal modulation rate (400 o r  1000 Hz), and how to select the 
modulation source (internal and/  or  external). 

The FUNCTION-DATA-UNIT method of selecting the modulation index is summarized 
iii the fo:lowiiig sjii,tax. The indices also be -using Bright-Digii 
Edit o r  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 

Summary 
COMMAND RANGE RESOLUTION NOTES 

Set AM Depth 

Local:  CAM1 -- DATA -- [ X I  0 t o  99% 1% 1,2,10 

Remote: "AM" -- f l o a t  -- "PC" 0 t o  99% 1% 1,3,10 

Set FM Dev ia t i on  

Local:  CFMI -- DATA -- [MHz I V I  1 .OD t o  9.99 k ~ z  0.01 k ~ z  1.4,ln 
C ~ H Z  I ~ V I  1n.o t o  99.9 k ~ z  0.10 k ~ z  
CHZ I UVI  no. t o  500.  HZ I -00 k ~ z  

Remote: "FM" -- f l o a t  -- "GZ" 1.00 t o  9.99 kHz 0.01 kHz 1,3,4,10 
"MZ " 10.0 t o  99.9 kHz 0.10 kHz 
"KZ" 100. t o  500. kHz 1 -00 kHz 
"HZ" 

Summary 
COMMAND NOTES 

Select Modulat ion Rate 

Local : C400/10001 

Remote: "MR" "0" o r  "1" 
Summary 

COMMAND 

Enable or  D isab le  Modulat ion 

Local : CINT AM1 
CINT FMI 
CEXT AM1 
CEXT FMI 

NOTES 

Remote: " A I "  "0" o r  "1" 
WFI" "0" or "1" 
"AE" "0" or "1" 

"0" or "1" 
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Example 

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

Loca l :  C F M I  C 5 1  [ k H z ]  CINT F M I  C 4 0 0 / 1 0 0 0 1  

Remote: "FN5KZ .MRO,FI lw 

Notes 

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

2. Uncalibrated if peak amplitude exceeds + 13 dBm. 

3. float equals floating-point number. 

4. Uncalibrated if FM is enabled and FM deviation is below 1 kHz or if the FM 
deviation is greater than 50 kHz and the RF frequency is less than or equal to 5 
MHz. 

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; " I "  selects 1000 Hz. 

7. These are ON 1 O F F  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 1 V peak input requirement. 

9. "0" turns the modulation source off; " I "  turns it on. 

10. Modulation entries are not allowed when in the meter mode of operation 

Related Operations 

Bright-Digit Edit Entry 
Step Entry 

2-31. 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 

The reference is set 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 
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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. 

Command Syntax 

Select Relative Function - Enable or  Disable 

Summary 

COMMAND NOTES 

Frequency 

L o c a l :  CSPCLI C21 -- C01 o r  C11 1 

R e m o t e :  "Sp" "2" -- "0" or "1" 1 

Amp1 i t u d e  

L o c a l :  CSPCLI C31 -- COI o r  C11 1 2  

Remote: "SP" "3" -- "0" o r  "1" 1,2 

Example 

Set the amplitude to  -15 dBpV; i.e., 15 d B  below I microvolt. 

L o c a l :  CAMPLI C11 Ckz l u ~ l  CSPCLI C31 C11 CAMPLI C - I  C11 C51 CdB(m)l 

Remote: "APlUV.SP31,AP-15DB" 

Notes 

1. 1 enables the relative function: 0 disables the relative function. 

2. Relative amplitude operation is not allowed when in the meter mode of 
operation. 

Related Operations 

Amplitude and Frequency Entry 
Bright-Digit Edit Entry 
Step Entry 
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2-32. RF OUTPUT ONIOFF Entry 
The following information describes how to enable the output of the Generator using the 
R F  OUTPUT [ONiOFF] key and the corresponding remote code. 

Command Syntax 

R F  Output On/  Off 

Summary 
COMMAND NOTES 

RF Output On 

Loca l :  RF OUTPUT CON/OFFl uhen ' R F  OFF' i s  on 1,2 

Remote: "R01" 1,2 

RF Output O f f  

Loca!: R F  OUTPVT CON/OFFI  uhen ' R F  OFF' i s  o f f  2 

Remote: "ROO" 2 

Notes 

1.  Turning the R F  Output on resets the R P P  circuitry if it has tripped. 

2. R F  output on/  off entries are not allowed when in the meter mode of operation. 

2-33. Special Function Entry 
The following information describes how to use the Special Function Entry in order to 
control 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), 1(n), and 6(n) 
class cause an action to be performed. Classes 2(n) through 5(n) and 7(n) through 9(n) 
cause an instrument state to change. These instrument states are stored in memory 
locations. 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 

COMMAND NOTES 

Loca l :  CSPCLI -- Cnl Cnl 

Remote: "SP" -- i n t  1 2  

Example 

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

Loca l :  CSPCLI C71 C21 

Remote: "SP72" 
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Notes 

1 .  int equals unsigned integer. 

2. The following special functions are not allowed when in the meter mode of 
operation: 30131, 80-86, 90191. 

Table 2-4 describes the special functions available with the Generator. 

Related Operations 

Fixed Range 
Relative Function 

2-34. Statiis aiid CIear Eiitry 
The 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 
[STATUS] key to  display the Uncalibrated or Rejected Entry Error Code Message. 
These messages provide detailed information on the nature of the uncalibrated or 
rejected entry 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. 

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. 

Table 2-5. UNCAL Error Codes 

CODE DESCRIPTION 

000 000 000 = I n d i c a t e s  no UNCAL c o n d i t i o n s  

001 000 000 = FM d e v i a t i o n  < 1 kHz 
002 000 000 = FM d e v i a t i o n  > 50 kHz and f r e q  <= 5 MHz 

*004 000 000  = Excess FM dev ia t ion ,  main o r  re fe rence  PLL unlocked 

*000 010 000 = Main o r  re fe rence  PLL unlocked 

000 000 001 = Leve l  v e r n i e r  below c a l i b r a t e d  range o r  Level  < -127 dBm 
000 000 002 = Peak (AM) amp l i tude  > +I3  dBm 

*000 000 004 = Ampl i tude u n l e v e l e d  
*OOO 000 010 = F i xed - range  L e v e l  v e r n j e r  a t  0 
*000 000 020 = Fixed-range Level  v e r n i e r  a t  f u l l  sca ie  
*000 000 040 = RPP t r i p p e d  

000 000 100  = Leve l  below -127 dBm 
000 000 200 = Leve l  c o r r e c t i o n  d i s a b l e d  

*000 000 400 = RF o u t p u t  o f f  
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Table 2-6. REJect ENTRY Codes 

CODE DESCRIPTION 

FM d e v i a t i o n  n o t  between 0 and 500 kHz 
FM d e v i a t i o n  Step n o t  between 0 and 500 kHz 
AM depth n o t  betueen 0 and 99% 
AM depth s tep  n o t  betueen 0 and 99% 
IEEE-488 command syntax e r r o r  
IEEE-488 i n p u t  va lue  out  o f  range 
IEEE-488 e d i t  o r  s tep  o p e r a t i o n  beyond a l lowed range 
En t ry  n o t  a l lowed w h i l e  i n  the meter mode 

000 001 000 = Frequency n o t  between 0.01 and 520 MHz o r  30 and 500 MHz 
i n  the  meter mode 

000 004 000 = Frequency s tep  n o t  between 0 and 520 MHz 
000 040 000 = I n v a l i d  memory L o c a t i o n  
000 100 000 = I n v a l i d  d a t a  i n  memory 
000 200 000 = Spec ia l  f u n c t i o n  n o t  a l lowed 

000 000 001 = Output amoli  tude n o t  between 10 nV and 2V 
000 000 002 = I n s u f f i i i c n t  r e s o l u t i o n  f o r  u n i t s  convers ion  
000 000 004 = U n i t s  convers ion  t o  v o l t s  n o t  a l lowed w i t h  re fe rence  i n  v o l t s  
000 000 010 = U n i t s  convers ion  t o  dB n o t  a l lowed w i t h  re fe rence  i n  v o l t s  
000 000 020 = Ampl i tude s t e p  n o t  between 0 and 166 dB o r  0 and 1999V 
000 000 040 = U n i t s  convers ion  on ampli  tude s tep  n o t  a l lowed 
000 000 100 = Ampli tude s tep  and c u r r e n t  amp l i tude  d i s p l a y  n o t  i n  same u n i t s  

Press the [STATUS] key while the 'REJ ENTRY'indication exists to  display the Reject 
Entry error codes. 

2-35. Step Entry 
The following information 
instrument parameter. The 
to produce an output. (See 

describes how to use the Step Entry function to  change an 
R F  OUTPUT [ON/ OFF] must be enabled for the Generator 
the reference material on R F  OUTPUT ON/ O F F  Entry.) 

Command Syntax 

Select Step Function - Enter Data - Select Units - Change Parameter 

Summary 

COMMAND RANGE RFSOLUTION NOTES 

Frequency 

Local: CFREQITSTEPI--DATA --CMHzIVl -- STEP [*l/C* 
[kHz l m V 1  
[Hz luV1 

0 t o  520 MHz 10 Hz 

Remote: "FS"   float--"^^" -- "F"" / "FD" 

"MZ"  
"KZ" 
"HZ" 

 
MicroManuals 
 
 
 
 

                       
MicroManuals 

 
 
 
 
 
 
MicroManuals 
 
 
 
 
 
 
 
 
 
 

MicroManuals 



INSTALLATION AND OPERATION 

Ampl i tude 

Loca l  : CAMPLI TSTEPI--DATA --[dB (rn) 1 -- STEP C+I/C+l 
[MHz I V l  
[kHz J m V l  
[Hz l u v l  

0 t o  166 dB 0.1 dB 
0 nV t o  999 V 3 d i g i t s  

Remote: "LS" --f loat--"DBW -- " L ~ * ~ / " L D ~ ~  
"V"  
"MV" 
"UV" 
"NV" 

O t o 1 6 6 d B  0 .1dB 1,2,3 
0 nV t o  999V 3 d i g i t s  1,2,3 

FM d e v i a t i o n  

Loca l :  CFMICSTEPI --DATA --CMHzIVl -- STEP C+l/C+l 
[kHz lmVi 
[Hz I u V I  

0 t o  500 kHz 3 d i g i t s  

Remote: "DS" --f l o a t - - " ~ 7 ' a  -- "DU"/"DD" 

"MZ" 
"KZ " 
"HZ" 

0 t o  500 kHz 3 d i g i t s  

AM depth 

Loca l :  CAMICSTEPI --DATA --[%I -- STEP C+l /C+l  
0 t o  99% 1% 

Remote: "PS" --f ~ , ~ ~ t - - ~ p ~ ~  -- "pUU/"pD" 
0 t o  99% 1 % 1,2,3 

Example 

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

Loca l :  CFREQI CSTEPI C11 C03 CMHzlVl C+l C+l CMSTEP 

Remote: "FSIOMZ, FD,FD,FD1' 

Notes 

I. float equals floating-point number. 

2. Entering the step size from IEEE-488 does not select the step function. For  
example, "FS1OMZ'~does not select the step function. "FD" or  "FU" must be 
used to select the frequency step function. The generic step upldown commands 
"SU" and "SD" may be used to  step the current step function. 

3. Only frequency step entries are allowed when in the meter mode of operation. 

Related Operations 

Relative Function 

2-36. REMOTE OPERATION (IEEE-488 INTERFACE) 
The following paragraphs describe how to  operate the Generator using the IEEE-488 
Interface. This interface 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 R E F  INTIEXT switch). The IEEE-488 Interface also provides 
additional programming features not accessible from the front panel. 
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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. 

The second part describes the implementation of the IEEE-488 interface and pro- 
gramming features that are accessible only from the IEEE-488 Interface. The second 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 av i lab le  for operation without a controller: 

Listen-only mode 
Talk-only mode 

In the listen-only mode, the Generator responds to all data messages on the IEEE-488 
bus. In the talk-only mode, the Generator sends commands on the IEEE-488 bus to  
program another 6060A I AN Generator (or a Fluke 6070A! 607 1 A, with some restric- 
tionor a Fluke 6060A). 

2-37. Setting Up the IEEE-488 Interface 
Figure 2-5 shows a 6060A, AN Signal Generator connected to  a Fluke 1722A via the 
IEEE-488 bus. Use the following procedure to set up the Generator for IEEE-488 
operation: 

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

NOTE 

When using an IEEE-488 cable wirh a metallic. hood, (he IEEE-488 Interface 
signal SHIELD (pin 12) can be disconnected.from instrument ground. To do 
this, use the left-most address s ~ ~ i t c h  (as v ie~ ,ed  from the rear panel). 

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

a. T o  control the Generator with a controller, set both the LISTEN ONLY 
and TALK ONLY switches to 0 (down). Set switches a1 through a5 to the 
desired address 0 through 30. For  examplc, for an  address of I ,  set switches 
a2, a3 a4, and a5 to 0 (down), and set switch a1 to 1 (up). 

b. For talk-only operation, set the TALK ONLY switch to 1 (up). 

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

3. Verify the address and mode: 

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. 
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CONTROLLER 6060AIAN 

I' 

- 
Figure 2-5. 6060AlAN Signal Generator Connected to a 1722A 

NOTE 

The address switches are continuously monitored except when in remote. The 
TALK ONL Yand LISTEN ONL Yswitches are only read when the Generator 
is powered on. 

2-38. Programming Commands 
After the address and mode have been set, the Generator can be programmed by an 
IEEE-488 controller or from another Generator. Tables 2-7 and 2-8 and the programming 
examples following them provide the basic information on how to program the 
Generator. 

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

Table 2-7 is an index for the IEEE-488 commands used in Table 2-8. This index 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. 

Table 2-7. Index of IEEE-488 Commands 

FUNCTION 

A m p l i t u d e  E n t r y  
B i n a r y  L e a r n  Commands 
C l e a r  Commands 
E d i t  E n t r y  
F r e q u e n c y  E n t r y  
l n t e r f  ace Mode Commands 
I n t e r r o g a t e  Commands 
Memory E n t r y  
M e t e r  E n t r y  
M o d u l a t i o n  E n t r y  
M o n i t o r  Commands 
RF ON/OFF E n t r y  
S p e c l a l  F u n c t i o n  E n t r y  
SRQ Commands 
S t e p  E n t r y  

T r  1 gge  r Commands 

COMMAND HEADERS 

AP, SP3x, RA, SPBx, SP9x 
L I ,  LM 
CB, CE, CL 
AB, DB, FB, PB, KB, KA, KD, KF, KP 
FR, SPZx, RF 
EM, RM, TM, VM, UM, @ 
ID, I€,, 11, 10, IR, IT, IU, I V  
RC, ST, SQ 
DR, PK, SP6x, XM 
AM, AE, AI, FM, FE, FI, MR, MF 
10, 08, OD, RE, RW, DW, WE, WW, XA, XB, XD, XR 
R 0 
SP 
IM, SM, XF 
FS, LS, PS, DS, SU, SD, FU, FD, LU, LD, PU, 
PD, DU, DD 
CT, TR 
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Table 2-8. IEEE-488 Commands 

( AMPLITUDE ENTRY 

COMMAND 

USE 

P r o g r a m  
A m p l i  t u d e  

C o n v e r t  
AmpLi t u d e  
U n i t s  

COMMENTS COMMAND 

R e l a t i v e  
A m p l i t u d e  

R e l a t i v e  
Arnpl i  t u d e  

L e v e l  
C o r r e c t i o n  

A m p l i t u d e  
F i x e d  Range 

HEADER 

A  P 

A  P  

S  P  

R A  

SP 

SP 

NUMERIC 

f l o a t  

n o n e  

BINARY LEARN COMMANDS 

SUFFIX 

3 0 1 3 1  

0 /  1 

80 
8 1 
8 2 

9 0 / 9 1  

V  
MV 
U V 
N V  
DB 

V  
MV 

S t o r e  a  
F r o n t  P a n e l  
S e t  u p  

Send a 
F r o n t  P a n e l  
S e t  u p  

F r o g r a m s  d i s p l a y e d  a m p l i t u d e  
i n  u r l i  t s  o f :  

v o l t s  
m i l  l i v o l t s  
m i c r o v o L t s  
n a n o v o l  t s  
dB o r  dBm 

Ctianges a m p l i  t u d e  u r i i  t s  t o :  
v o l t s  
v o l t s  

UV 
NV 
D B 

none 

none  

n o n e  

i n t  

i n t  

L  I 

LM 

v o l t s  
v o l t s  
dB c r  JBm 

D i s a h l e s / ~ n a b l e s  r e l a t i v e  
a r n p l i t u d ~  o p e r a t i o n  

A l t p r n a t e  p r o g r a m m i n g  command 
f o r  d i s a b l e l e n a b l e  r ~ l a t i v e  
a m p l i t u d e  opera ti or^. 

E ~ a b l c s  a l l  L e v e l  c o r r e c t i o n .  
D i s a b l e s  a l l  LcveL c o r r e c t i o n .  
D i s a b l e s  a t t e n u a t o r  c o r r ~ c t i o n .  

D i s a b l e s / e n a b l e s  a rnp l i  t u d e  
f i x ~ d - r a n g e  o p e r a t i o n .  

CLEAR COMMANDS 

s t r i n g  

none  

The G e n e r a t o r  s t o r e s  t i l e  
s t r i n g  i n t o  t h e  memory 
L o c a t i o n  s p e c i f i e d  by i n t .  
See t h e  Command D e s c r i p t i o n  
p a r a g r a p h  f o r  d e c o d i r i q  t h e  
L e a r n  s t r i n g .  

The G e n e r a t o r  r e s p o n d s  w i t h  
t h e  c o n t e n t s  o f  t h e  memory 
L o c a t i o n  s p e c i f i e d  b y  i n t .  
See t h e  Command D e s c r i p t i o n s  
p a r a g r a p h  f o r  d e c o d i n g  t h e  
l e a r n  s t r i n q .  

CLear  IEEE- 
488  O u t p u t  
B u f f e r  

C l e a r  e r r o r  

D e v i c e  
CLear  

CB 

CE 

C L  

n o n e  

none  

n o n e  

r i o n ~  

none  

r ione 

C l e a r s  IEEE-488  o u t p u t  
huf f e r .  

C l e a r s  t h e  IEEE-488  r ~ j e c t e d  
e n t r y  s t a t l l s .  

C l e a r s  t t i p  instrument s t a t e .  
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2-33 

Table 2-8. IEEE-488 Commands (cont) 

P o s i t i o n s  t h e  b r i g h t  d i g i t  i n  
t he  AMPLITUDE d i s p l a y  w i t h  
t h e  s t a t e d  r e s o l u t i o n .  For 
example, e n t e r  "ABlOMV" f o r  
a  10-mV r e s o l u t i o n .  

P o s i t i o n s  t h e  b r i g h t  d i g i t  i n  
t h e  FM d i s p l a y  w i t h  t h e  s t a t e d  
r e s o l u t i o n .  For example, e n t e r  
"DBIKZ" f o r  a  1 - k H z  r e s o l u t i o n .  

P o s i t i o n s  t h e  b r i g h t  d i g i t  i n  
t h e  FREQUENCY d i s p l a y  w i t h  
t h e  s t a t e d  r e s o l u t i o n .  For 
example, e n t e r  "FBlMZ" f o r  a  
?-MHz r e s o l u t i o n .  

P o s i t i o n s  t h e  b r i g h t  d i q i t  i n  
t h e  A M  d i s p l a y  w i t h  t l i e  s t a t e d  
r e s o l u t i o n .  For example, e n t e r  
"PBlPC" f o r  a  1% r e s o l u t i o n .  

E d i t s  t h e  c u r r e n t  b r i g h t  d i g i t  
by f L o a t  coun ts .  

Moves t h e  b r i g h t  d i g i t  t o  t h e  
AMPLITUDE d i s p l a y  and e d i t s  
a m p l i t u d e  by f l o a t  counts .  

Moves t h e  b r i g h t  d i g i t  t o  t h e  
F M  d i s p l a y  and e d i t s  fM by 
f l o a t  counts .  

Moves t h e  b r i g h t  d i g i t  t o  t h e  
FREQUENCY d i  s p l a y  and e d i t s  
f r p q u e n c y  by f l o a t  counts .  

Moves t h e  b r i g h t  d i g i t  t o  t h e  
AM d i s p l a y  and e d i t s  AM by 
f l o a t  coun ts .  

V 
MV 
U  V 
NV 
DR 

G Z  
M Z  
K Z 
tIZ 

G Z  
MZ 
KZ 
11 7 

PC 

none 

none 

- none 

none 

none 

f l o a t  

f l o a t  

f l o a t  

f l o a t  

f l o a t  

f l o a t  

f l o a t  

f l o a t  

f l o a t  

EDIT ENTRY 

P o s i t i o n  
ArnpLi t ude  
B r i g h t  D i g i t  

P o s i t i o n  
FM B r i g h t  
D i g i t  

P o s i t i o n  
Frequency 
B r i g h t  D i g i t  

P o s i t i o n  
A M  B r i g h t  
D i g i t  

E d i t  

E d i t  
A m p l i t u d e  

E d i t  FM 

E d i t  
Frequency 

E d i t  AM 

FREQUENCY ENTRY 

AB 

DB 

FB 

PB 

KB 

K  A 

K  D 

KF 

K  P 

Programs d i s p l a y e d  f r e q u e n c y  
i n  u n i t s  o f :  

g i g a h e r t z  
megaher tz  
k i l o h e r t z  
h e r t z  

D i s a b l e s / e n a b l e s  r e l a t i v e  
f r equency  o p e r a t i o n .  

A l t e r n a t e p r o g r a m m i n g  command 
f o r  d i s a b l e / e n a b l e  r e l a t i v e  
f r equency  o p e r a t i o n .  

Frequency 
Programming 

R e l a t i v e  
Frequency 

R e l a t i v e  
Frequency 

f l o a t  

20 /21 

O /  1 

FR 

SP 

R F  

INTtRFACE MODE COMMANDS 

G Z  
MZ 
K Z  
HZ 

none 

none 

none O/ 1  E r r o r M o d e  D isab les /enabLes  t h e  c l e a r  
e r r o r  mode. If d i s a b l e d ,  t h e  
IEEE-488 e r r o r  s t a t u s  i s  
c l e a r e d  o n l y  when i n t e r -  
r o g a t e d .  If enabled, t h e  
e r r o r  s t a t u s  i s  c l e a r e d  when 
a  new message i s  p rocessed .  

EM 
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Table 2 8. IEEE-488 Commands (cont) 

none 

none Record  Mode 

Record  
T e r m i n a t o r  
Mode 

Ou tpu t  
V a l i d  

S e l e c t s  t h e  LFlCR c h a r a c t e r  
as t t ie  r e c o r d  t o r m i r i a t o r .  
The r e c o r d  t e r m i n a t o r  i s  used 
on  i n p u t  i n  t h ~  r e c o r d  mode 
a r ~ d  i s  s e n t  f o l  l ow i r i q  a1 1  

D i s a b l e s l e n a b l e s  t h e  r e c o r d  
mode. I f  d i sab led ,  t h e  
message u n i t  i s  a  command. 
I f  enabled, a  message u n i t  
i s  a  r e c o r d .  The message u n i t  
i s  t h e  s m a l l e s t  g r o u p  o f  char- 
a c t e r s  t h a t  t he  Genera to r  
p rocesses .  

RM 

TM 

VM 

o u t p u t .  

norie D i s a b l  e s l e n a b l s s  t l i e  o u t p u t  I v a l i d  mode. I n  t h e  o u t p u t  
v a l i d  mode, t h e  G e n e r a t o r  Mode 

Mode 

w a i t s  t o  p r o c e s s  commands 
u q t i l  t h e  R F  o u t p u t  has 
b ~ c o m e  v a l i d .  

norie D i s a b l e s / e n a b L e s  t l i e  u n b u f f e r e d  
mode. I f  d i sab lpd ,  a L I  i n p u t  
i s  b u f f e r e d .  I f  enahled, o n l y  
orie message u r i i t  i s  b ~ i f f e r e d .  

"9" Modes I a 

INTERROGATE COMMAND 

rione 

I d e n t i f  i- 
c a t i o n  

The "a" command may be used 
as an a l t e r n a t e  method o f  
p rogramminq i n t e r f a c e  modes. 

The G e n e r a t o r  responds u i  t h  
i t s  model number, f o r  examr~le,  
"6060AIAN". 

D e v i a t i o n  
Read ing 

none I I n t e r r o g a t e s  t h e  FM d e v i a t i o n  
me te r  read ing .  See D e v i a t i o n  Me te r  
E n t r y  pa rag raphs  f o r  d e t a i l s .  

none none I i n t e r r o g a t e s  t h e  i n t e r f a c e  

I modes s e l e c t e d .  The Genera to r  
responds u i t h  an uns igned  
i n t e g e r .  

I 
none O p t i o n  

L o a d i  ng 

R e j e c t e d  
E n t r y  

none I 0  

I R 

I n t e r r o g a t e s  t h e  o p t i o n  Load- 
i n g .  The Genera to r  responds 
u i t h  t h e  message: 
"5.0.1 ". 

none I n t e r r o g a t e s  t t ie  r e j e c t e d  e n t r y  
e r r o r  codes. The G e n e r a t o r  
responds u i  t h  t h r e e  0 c t 3 1  
f i e l d s :  "AAAAA,BBBBB,, C C C C C " .  
See Tab le  2-6 f o r  a  L i s t  o f  
r e j e c t e d  e n t r y  e r r o r  codes. 

none I n t e r r o g a t e s  t h e  r e s u l t s  o f  
t h e  s e l f  t e s t s .  The 
G e n e r a t o r  responds u i  t h  t h e  
s e l f - t e s t  r e s u l t s .  See para-  
g r a p h  4D-20 f o r  s e l f - t e s t  

S e l f  Tes t  

( codes. 

I T  
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Table 2-8. IEEE-488 Commands (cont) 

UNCAL 

Sof t u a  r e  
V e r s i o n  

- - -~ - 

none 

none 

I U  

I V 

I n t e r r o g a t e s  t h e  u n c a l  i- 
b r a t e d  o u t p u t  e r r o r  codes. 
The G e n e r a t o r  reponds w i t h  
t h r e e  o c t a l  f i e l d s :  
"AAAAA,BBBBB, C C C C C " .  
See Tab le  2-5 f o r  a  l i s t  o f  
u n c a l  e r r o r  codes. 

I n t e r r o g a t e s  t h e  s o f t w a r e  ve r -  
s i o n .  The G e n e r a t o r  responds 
w i t h  t h e  s t a t u s  message: 
"Vxx.xU where x ' s  a r e  d e c i m a l  
d i g i t s  r e p r e s e n t i n g  t h e  
c u r r e n t  s o f t w a r e  r e v i  s i o n  
Leve l .  

MEMORY ENTRY 

none 

none 

R e c a l l  

S t o r e  

Sequence 

R C 

ST 

SQ 

METER ENTRY 

i n t  

i n t  

none 

Range 

Peak 

On/of  f 

nope 

none 

none 

O/ 1 

O/ 1  

6 0 / 6 1  

DR 

PK 

SP 

R e c a l l s  t h e  f r o n t  p a n e l  s e t u p  
s t o r e d  a t  t h e  memory l o c a t i o n  
s p e c i f i e d  by i n t .  

S t o r e s  t h e  c u r r e n t  f r o n t  p a n e l  
s e t u p  a t  t h e  memory l o c a t i o n  
s p e c i f i e d  by i n t .  

Sequences t o  ( r e c a l l s )  t h e  
n e x t  h i g h e r  memory L o c a t i o n .  

MODULATION ENTRY 

none 

none 

n ~ n e  

S e l e c t s  500 /50  kHz d e v i a t i o n  
range  f o r  me te r  mode 
o p e r a t i o n .  

S e l e c t s  p o s i t i v e / n e g a t i v e  peak 
f o r  me te r  mode o p e r a t i o n .  

D i s a b l e s / e n a b l e s  t h e  me te r  mode 
o o e r a t i o n .  

Programs A M  d e p t h  i n  p e r c e n t .  

D i s a b l e s / e n a b l e s  e x t e r n a l  AM 
m o d u l a t i o n .  

D i s a b l e s l e n a b l e s  i n t e r n a l  AM 
m o d u l a t i o n .  

Programs FM d e v i a t i o n  i n  u n i t s  
o f  : 

g i g a h e r t z  
megaher tz  
k i l o h e r t z  
h e r t z  

D i s a b l e s / e n a b l e s  e x t e r n a l  FM 
m o d u l a t i o n .  

D i s a b l e s / e n a b l e s  i n t e r n a l  FM 
m o d u l a t i o n .  

Program AM 

E x t e r n a l  AM 

I n t e r n a l  AM 

Program FM 

E x t e r n a l  FM 

I n t e r n a l  FM 

- 

AM 

AE 

A1 

FM 

FE 

F I  

f l o a t  

O/ 1  

O/ 1 

f l o a t  

O/ 1  

O /  1 

PC 

none 

none 

G Z 
M Z 
K  Z 
HZ 

none 

none 
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Table 2-8. IEEE-488 Commands (cont) 

Prograins m o d u l a t i o n  f r e q u e n c y  
t o  bO0 Hzt1000 Hz. 

Programs m o d u l a t i o n  f r e q u e n c y  
i n  u n i t s  o f :  

g i g a h e r t z  
megaher tz  
k i  L o h ~ r t z  
h e r t z  

none 

G Z 
M Z  
K Z 
t i  7. 

Program 
Mod F r e q  

Program 
Mod F r e q  

MONITOR COMMANDS 

MR 

M  F 

01 1 

f l o a t  

Responds w i t h  t h e  vaLue o f  t h e  
d e s i g n a t e d  ha rdware  b i t .  

I n p u t  B i t  

Ou tpu t  B i t  
I OB I O" 

none I B  

B I T  

B I T  
Des ig -  

na t  o r  

Sets  t h e  d e s i g n a t e d  hardware 

O u t p u t  Dac 

Read B y t e  

Read Word 

D e f i n e  
W r i t e  
Address  

W r i t e  B y t e  

W r i t e  Word 

Read 
A t t e n u a t i o n  

W r i t e  
A t t e n u a t i o n  

Set 
Frequency 
D i r e c t  

Read 
D e v i a t i o n  
Me te r  
D i r e c t  

OD 

RB 

R W 

DW 

WB 

WW 

X  A 

XB 

X  D 

XM 

i n t  

i n t  

i n t  

i n t  

i n t  

i n t  

none 

none 

f l o a t  

none 

I ~ e s i g - 1  
n a t o r  

DA C 
Des ig-  

n a t o r  

none 

none 

none 

none 

none 

none 

none 

GZ 
MZ 
K Z 
HZ 

none 

b i t  t o  0 o r  1 .  I 

Se ts  t h e  v a l u e  o f  t h e  d e s i g -  
n a t e d  ha rdware  D A C  t o  t h e  
v a l u e  s p e c i f i e d  by i n t .  

Reads t h e  v a l r ~ o  o f  t h e  ad- 
d r e s s e d  b y t e .  T t i ~  Genera to r  
responds w i t h  an uns igned  
i n t e g e r .  

Reads t h e  v a l u e  o f  t h e  ad- 
d r e s s e d  word. The Genera to r  
responds w i t h  an uns igned  
i n t e g e r .  

D e f i n e s  t h e  add ress  t o  be 
used by t h e  w r i t e  b y t e t w o r d  
commands. 

W r i t e s  i n t  i n t o  t h e  add ress  
s p e c i f i e d  w i t h  t h e  d e f i n ~  
w r i t e  add ress  cqmmand. 

W r i t e s  i n t  i n t o  t h e  add ress  
s p e c i f i e d  w i  tti t h e  d e f i n e  
w r i t e  add ress  command. 

Reads t h e  c u r r e n t  a t t e n u a t i o n .  
The G e n e r a t o r  responds w i t h  
an uns igned  i n t e g e r .  

Changes a t t e n u a t i o n  t o  6 dB 
t i m e s  t h e  uns igned  i n t e g e r .  
The i n t e g e r  can be 0 t o  23.  

Se ts  t h e  f  r e q ~ ~ e n c y  ha rdware  
d i r e c t l y  t o  t h e  s p e c i f i e d  
s y n t h e s i z e r  f requpncy.  

Reads t h e  c u r r e n t  d e v i a t i o n  
me te r  (A ID)  v a l u e .  The 
G e n e r a t o r  responds w i t h  an 
u n s i g n e d  i n t e g e r .  
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Table 2-8. IEEE-488 Commands (cont) 

R F  Ou tpu t  0 
-- 

RF ON/OFF ENTRY 

nonc " X R O "  p rograms a1 l a t t e n u a t i o n .  
"XR1" r e s t o r e s  a t t e n u a t i o n  t o  
i t s  p r e v i o u s  s t a t e .  

SPECIAL F U N C T I O N  

S p e c i a l  
F u n c t i o n s  

SRQ COMMANDS 

R F  Ou tpu t  

I n t e r r o g a t e  IM 
SRQ Mask 

Set SRQ 

L o c a l  
O p e r a t i o n  
A l e r t  Mode t 

R O  

T R Y  

C l e a r s  a l l  s p e c i a l  f u n c t i o n s  
I n i t i a t e s  s e l f  t e s t  
D i s p l a y  check 
Key check 
S e t l r e s e t  SRQ 
D i s p l a y s  S / W  r ev  and i n s t r  I D  
D i s p l a y s  IEEE-488 add ress  
D i s p l a y s  s e l f - t e s t  r e s u l t s  
Turns  d i s p l a y  o n / o f  f 
I n i t i a l i z e s  memory 
L a t c h  t e s t  
D i s a b L e s / e n a b l e s  r e l a t i v e  f r e q  
D i s a b l e s / e n a b l e s  r e l a t i v e  ampl 
D i s a b l e s l e n a b l e s  me te r  mode 
Medium key r e p e a t  r a t e  
Fas t  key r e p e a t  r a t e  
Slow key r e p e a t  r a t e  
Enab les  a l l  l e v e l  c o r r e c t i o n  
D i s a b l e s  a l l  l e v e l  c o r r e c t i o n  

O/ 1 

D i s a b l e s  a t t e r i u a t o r  c o r r e c t i o n  
Programs a l t e r n a t e  24dB a t t e n s  

none none + 

n o n ~  

I n t e r r o g a t e s  t h e  SRQ mask. The 
Genera to r  responds w i t h  t h e  
d e c i m a l  v a l u e  o f  t h e  SRQ mask. 

Tu rns  R F  o u t p u t  o f f / o n .  

~ -- 

The S R Q  mask i s  s e t  t o  i n t .  I 
D i s a b l e s / e n a b l e s  a  mode t o  s e t  
SRQ each t i m e  a  L o c a l  e n t r y  
i s  made. T h i s  SRQ i s  e n a b l e d  
by s e t t i n g  t h e  f r o n t  p a n e l  

STEP ENTRY I 
Program 
FREQ STEP 
S i z e  

Program 
AMPL STEP 
S i z e  

f l o a t  

f l o a t  

Programs f r e q u e n c y  s t e p  s i z e  
i n  u n i t s  o f :  

g i g a h e r t z  
megaher tz  
k i l o h e r t z  
h e r t z  

Frograms a m p l i t u d e  s t e p  s i z e  
i n  u n i t s  o f :  

v o l  t  s  
m i l  L i v o L t s  
m i c r o v o l t s  
nanovo l  t s  
dB o r  dBm 
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Table 2-8. IEEE-488 Commands (cont) 

Program 
AM STEP 
S i z e  I 

f l o a t  Programs FM s t e p  s i z e  i n  u n i t s  
o f :  

g i g a h e r t z  
megaher tz  
k i l o h e r t z  
h e r t z  

Program 
FM STEP 
S i z e  

S tep  Up/Down SUl SD 

S tep  UpIDown 
Frequency 

none 

none 1 none I Cha-iges t h e  c u r r e n t  s t e p  
I I f u n c t i o n  t o  f r e q u e n c y  and s t e p s  

f r e q u e n c y  up ldown one s tep .  
I I 

none 

A m p l i t u d e  

S teps  t h e  c u r r e n t l y  s e l e c t e d  
s t e p  f u n c t i o n  up ldown one 
s tep .  

none none Changes t h e  c u r  r e n t  s t e p  
f u n c t i o n  t o  a m p l i t u d e  and s t e p s  
a m p l i t u d e  up/down one s tep .  

S tep  UpIDown 
AM 

PUI PD none none Changes t h e  c u r r e n t  s t e p  
f u n c t i o n  t o  A M  and s t e p s  AM 
up ldown on r  s tep.  

S tep  Up/Doun I DUlDD Changes t h e  c u r r e n t  s t e p  
f u n c t i o n  t o  F M  and s t e p s  FM 
up/down one s tep .  

TRIGGER COMMANDS 

C o n f i g u r e  
T r i g g e r  

none C o n f i g u r e s  t h e  t r i g g e r .  Each 
t i m e  a t r i g g e r  command o r  a  
g r o u p  e x e c u t e  t r i g g e r  i n t e r -  
f a c e  message i s  rece i ved ,  t h e  
G e n e r a t o r  execu tes  t h e  
s t r i n g  o f  commands. The 
s t r i n g  r e c o r d  must end w i t h  
a  r e c o r d  t e r m i n a t o r .  

T r i g g e r  none none T r i g g e r  command. E q u i v a l e n t  
t o  t h e  g r o u p  e x e c u t e  i n t e r f a c e  
message. Upon p r o c e s s i n g  t h e  
t r i g g e r  command, t h e  G e n e r a t o r  
e x e c u t e s  t h e  s t r i n g ,  w h i c h  has 
been preprogrammed w i t h  t h e  
c o n f i g u r e  t r i g g e r  command. 

2-39. Programming Examples 
The following three examples show how to use the IEEE-488 bus and use a variety of 
controllers to program the Generator. In the first example, a Fluke 1722A Controller is 
used to program the Generator. In the second example, two Generators are configured to 
track each other in frequency. In the third example, a 1722A is used to program the 
Generator with the frequency step up controlled by the trigger command. 
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2-40. PROGRAMMING EXAMPLE 1 
Use the following procedure to program the Generator with a Fluke 1722A Instrument 
Controller to this state: 

Frequency 210 MHz 
Amplitude 6 dBm 
Modulation Freq. 1000 Hz 
FM 5 kHz 
Internal FM ON 
AM 15% 
External AM ON 

1. 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 
*L- :--*-..----A \. 
Lilt: I I I h L I  U I I I G I I L ~ .  

3. Enter the following program into the Controller: 
1 ! Fluke 1722A BASIC program t o  con t ro l  a6nbOAlAN. 
2 ! The Address o f  the 6fl60A/AN i s  2. 
3 AX = 2% 
10 ! Clear the 6nbOAlAN so tha t  i t  i s  i n  a known state. 
15 INIT WRT 0 
20 REMOTE @AX \ CLEAR @AX 
I n 0  ! SFT M E  6060AlAN. 
110 PRINT @AX, "FR21OMZ,AP6DB,MRl ,FMSKZ,FIl,AMISPC,AE1" 
999 END 

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

2-41. PROGRAMMING EXAMPLE 2 
The 6060A/AN Signal Generator can be connected to another 6060A/AN 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. 

1. Connect two 6060A/ AN Signal Generators together with an IEEE-488 cable. 

2. Set the rear panel address switch of the first Generator (talker) as follows: 

00 100000 

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

0 1000000 

4. Manually program the talker Generator as follows: 

FUNCTION VALUE KEY SEQUENCE 

Frequency 210 MHz 
Function Frequency 
Step 1.25 kHz 

[FREQI 121 [ 11 101 [MHz 1 Vl 
[FREQ] [STEP] 
[]I 1.1 [21 C51 [kHz mV1 

5. Manually program the listener Generator as follows: 

FUNCTION VALUE KEY SEQUENCE 
Frequency 195 MHz [FREQI 111 [91 [51 [MHz I V I  
Step Function Frequency [FREQ] [STEP] 
Frequency Step 1.25 kHz [ I ]  [.I [21[51 [kHz1 mV1 
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6. On the talker Generator, press the [f ] 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 step function feature for other-functions, change the step function 
on the Generators to the desired functions. 

2-42. PROGRAMMING EXAMPLE 3 
In the following example, the Generator is programmed by a Fluke 1722A Controller 
(via the IEEE-488 bus) to  the same state as that shown in Programming Example 1 .  
Additionally, the frequency step size is set to 1.25 kHz, and the trigger buffer is 
programmed to execute the step up command when the trigger command is received. The 
S R Q  mask of the Generator is set to generate an S R Q  when the R F  output has settled 
and the Generator is ready for more input from the bus. 

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

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

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

00000 1 1 1 

3. Enter the following program into the Controller: 
1 ! Fluke 1722A BASIC program t o  c o n t r o l  a 6060A/AN. 
2 ! The address o f  t h e  6060A/AN i s  7. 
3 AX = 7% 
10 ! Clear the  6060A/AN so t h a t  i t  i s  i n  a known s ta te .  
15 IN IT  PORT 0 
20 REMOTE @AX \ CLEAR @AX 
100 ! Set t h e  6060A/AN. 
110 PRINT @AX, "FR21OMZ~AP6DB~MRl,FMSKZ,FI1,AM15PC,AE1" 
120 ! Set t h e  f requency step, output  v a l i d  mode, 
121 ! and con f i gu re  t h e  t r i g q e r  b u f f e r .  
130 PRINT @AX, "FS1.25KZ ,VM1 ,CTSU1' 
1LO ! Set t h e  SRQ mask t o  enable "output  v a l i d "  SRQ 
150 PRINT @AX, "SM16" 
160 ! Wait f o r  above commands t o  f i n i s h  p rocess ing  
170 WAIT i n 0 0  \ sx = SPL (AX)  
180 ! T r i g g e r  t h e  f i r s t  s tep up 
190 TRIG @A% 
300 ! Wait f o r  SRQ 
310 ON SRQ GOT0 800 
320 WAIT FOR SRQ 
800 OFF SRQ 
810 ! Check t h e  s e r i a l  p o l l  response 
820 SX = SPLCAX) 
830 I F  (S! AND 64X+16X) <> 80% THEN PRINT sX;" Bad S e r i a l  P o l l  Response" 
840 ! T r i g a e r  t he  nex t  s tep up 
850 TRIG @AX 
860 ! Resume operat ion--  u a i t i n g  f o r  next  SRQ 
870 RESUMF 300 
999 END 

4. Run the program by typing on the Controller "RUN (RETURN ) ". 
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2-43. lnterface Functions 
The Generator implements a subset of interface functions defined by the IEEE Standard 
488-1978. Table 2-9 summarizes the interface functions implemented. This section 
describes the operation of the Generator in response to interface messages associated 
with each interface function. 

2-44. 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. 

2-45. LOCAL OPERATION 
The Generator powers up in the local mode. When in local mode, the following 
conditions are present: 

The front panel REM indicator is not lit. 

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

All device dependent messages are ignored. 

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

2-46. 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. 

Table 2-9. IEEE-488 Interface Function List 

FUNCTION 

SH1 
A H 1  
T5 
T EO 
L3 
LEO 
SR1 
RL1 
PPO 
D C 1  
D TI 
CO 
E I 

DESCRIPTION 

Complete source handshake c a p d b i l  i t y  
Complete a c c e p t o r  handshake c a p a b i L i  t y  
B a s i c  t a l k e r ,  T a l k  on ly ,  S e r i a l  p o l l ,  Unaddressed i f  MLA 
No ex tended  t a l k e r  c d p a b i l i t y  
B ~ s ~ c  l i s t e r ~ e r ,  L i b t e n  on ly ,  Unaddressed i f  MIA 
No ex tended  li s t e r ~ e r  c d p a b i l i t y  
Complete s e r v i c e  r e q u e s t  c a p a b i l i t y  
Conlplete remote1 l o c a l  c a p a b i l i t y  
No p a r a 1  l e L  p o l  1  c a p a b i l i t y  
Complete d e v i c e  c l e a r  c a p a b i l i t y  
Co~np le te  d e v i c e  t r i g g e r  c a p a b i l i t y  
No c o n t r o l l e r  c d p a b i l i t y  
Open C o l l e c t o r  d r i v e r s  
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Table 2-10. IEEE-488 Address Mode Message Descriptions 

DESCRIPTION 

When powered up, t h e  Genera to r  g e n e r a t e s  a  Power- 
On message (pon)  and c l e a r s  i t s  o u t p u t  b u f f e r .  The 
G e n e r a t o r  i s  n o t  add ressed  t o  t a l k  when t h e  power 
i s  t u r n e d  on. 

The G e n e r d t o r  i s  n o t  add ressed  t o  L i s t e n  uhen t h e  power 
i s  t u r n e d  on. 

The S e r v i c e  Request (SRQ) s i g n a l  i s  a lways  f a l s e  
uhen t h e  pouer  i s  t u r n e d  on. The power-on v a l u e  of  
t h e  SRP mask is i 92 .  

The G e n e r a t o r  i s  add ressed  t o  t a l k  upon r e c e i p t  o f  
t h e  MTA message. The f r o n t  p a n e l  'ADDR' i n d i c a t o r  i s  
L i t  w h i l e  t h e  G e n e r a t o r  i s  add ressed  t o  t a l k .  

The Genera to r  u n l i s t e n s  urien t h e  MTA message i s  r e c e i v e d .  

The G e n e r a t o r  u n t a l k s  when t h e  MLA message i s  r e c e i v e d .  I 
The G e n e r a t o r  i s  add ressed  t o  L i s t e n  when t h e  MLA 
message i s  r e c e i v e d .  The f r o n t  p a n e l  'ADDR' i n d i c a t o r  
o f  t h e  G e n e r a t o r  i s  L i t  w h i l e  t h e  G e n e r a t o r  i s  add ressed  
t o  l i s t e n .  

The G e n e r a t o r  sends d a t a  t o  t h e  IEEE-488 bus o n l y  when 
r e q u e s t e d  by d programming d a t a  message. Message f o r m a t s  
a r e  d e s c r i b e d  i n  t h e  Cornrnand D e s c r i p t i o n  pa rag raphs .  An 
End o f  Record  (EOR) c h a r d c t e r  i s  s e n t  w i t h  EOI a s s e r t e d  
f o l l o w i n g  a l l  o u t p u t s .  The EOR c h a r a c t e r  i s  e i t h e r  a  
c a r r i a g e  r e t u r n  o r  a  l i n e  feed, depend ing  o n  t h e  s e t t i n g  
o f  t h e  t e r m i n a t o r  mode. The p a r i i y  b i t  i s  a lways  zero .  
M u l t i p l e  o u t p u t  r e q u e s t s  a r e  b u f f e r e d  u n t i l  t h e  b u f f e r  
i s  f u l l .  P r o c e s s i n g  o f  p rogramming d a t a  messages i s  
s topped  u n t i l  t h e  b u f f e r  i s  no  Longer  f u l l .  The b u f f e r  
can be c l e a r e d  w i t h  t h e  C l e a r  B u f f e r  command ("CB"). The 
b u f f e r  i s  a l s o  c l e a r e d  o n  power u p  (pon), w i t h  a  C l e a r  
Command ("CL"), o r  w i t h  a  Dev i ce  C l e a r  i n t e r f a c e  message 
(DCL o r  SDC). 

Command syntax,  e r r o r  p rocess ing ,  and i n p u t  b u f f e r  
o v e r f l o w  a r e  d e s c r i b e d  i n  t h e  p a r a g r a p h s  o n  Command 
P rocess ing .  R e f e r  t o  T a b l e  2-8 f o r  a  L i s t  of  IEEE-488 
commands t h a t  a r e  r e c o g n i z e d  by t h e  Genera to r .  
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Table 2-10. IEEE-488 Address Mode Message Descriptions (cont) 

MESSAGE 

I F C  
I n t e r f a c e  C l e a r  

L i s t e n e r  
O p e r a t i o n  

OT A 
O the r  T a l k  Address  

DESCRIPTION 

T a l k e r  
O p e r a t i o n  

The G e n e r a t o r  u n l i s t e n s  and u n t a l k s  when t h e  I F C  message 
i s  r e c e i v e d .  

The Genera to r  u n t a l k s  and u n l i s t e n s  when t h e  IFC message 
i s  r e c e i v e d .  

T a l k e r  The G e n e r a t o r  un taLks  w t ~ e n  t h e  OTA message i s  r e c e i v e d .  
O p e r a t i o n  I 

SPE 
S e r i a l  P o l l  Enab le  I 
SPD 
S e r i a l  P o l l  D i s a b l e  I 

T a l k e r  
O p e r a t i o n  

TaL k e r  
O p e r a t i o n  

A f t e r  r e c e i v i n g  t h e  SPE messdge, t h e  G e n e r a t o r  responds 
w i t h  t h e  s e r i a l  p o l l  s t d t u s  by te ,  if addressed  t o  t a l k .  

UL A  
OnLi s t e n  Address 

L i s t e n e r  
O p e r a t i o n  

H SV 
l lequest  S e r v i c e  

S e r v i c e  
O p e r a t i o n  

D CL 
Dev i ce  C l e a r  

CLear 
O p e r a t i o n  

S e l e c t e d  D e v i c e  
C l e a r  

C l e a r  
O p e r a t i o n  

A f t e r  r e c e i v i n g  t h e  SPD message, t h e  G e n e r a t o r  resumes 
n o r m a l  t a l k  o p e r a t i o n .  

The Genera to r  u n l i s t e n s  uhen t h e  ULA message i s  
r e c e i v e d .  

The f r o n t  p a n e l  SRQ i n d i c a t o r  i s  L i t  when t h e  r s v  
message i s  sen t .  The G e n e r a t o r  may r e q u e s t  s e r v i c e  
f o r  s e v e r a l  reasons.  Each r e a s o n  t o r  s e r v i c e  r e q u e s t  
can be i n d i v i d u a l l y  masked w i t h  t h e  s e t  mask command 
("SM"). The s e r v i c e  r e q u e s t  mask can be i n t e r r o g a t e d  w i t h  
t h e  i n t e r r o g a t e  mask command (" IM").  

The DCL message i s  i g n o r e d  when i n  Loca l .  When t h e  DCL 
message i s  r e c e i v e d  ( d u r i n g  remo te  o p e r a t i o n )  t h e  
G e n e r a t o r  i s  c l e a r e d .  Any c h a r a c t e r s  i n  t h e  i n p u t  b u f f e r  
a r e  c l e a r e d  f o l l o w e d  by t h e  same o p e r a t i o n  as t h e  c l e a r  
command ("CL"). The o p e r a t i o n  o f  t h e  DCL message i s  
i d e n t i c a l  t o  t h e  o p e r a t i o n  o f  t h e  s e l e c t e d  d e v i c e  c L e a r  
(SDC) message. The c l e a r e d  s t a t e  o f  t h e  G e n e r a t o r  i s  
d e s c r i b e d  i n  t h e  pa rag raphs  o n  Power-On C o n d i t i o n s .  

The SDC message i s  i g n o r e d  d u r i n g  L o c a l  o p e r a t i o n .  
When t h e  SDC message i s  r e c e i v e d  ( d u r i n g  remo te  
o p e r a t i o n ) ,  t h e  G e n e r a t o r  i s  c l e a r e d .  Any c h a r a c t e r s  i n  
t h e  i n p u t  b u f f e r  a r e  c l e a r e d  foLLowed by t h e  same 
o p e r a t i o n  as t h e  c l e a r  command ("CL"). The o p e r a t i o n  o f  t h e  
SDC message i s  i d e n t i c a l  t o  t h e  o p e r a t i o n  o f  t h e  d e v i c e  
c l e a r  (DCL) message. The c l e a r e d  s t a t e  o f  t h e  G e n e r a t o r  
i s  d e s c r i b e d  i n  t h e  pa rag raphs  o n  P o w e r O n  C o n d i t i o n s .  

 
MicroManuals 
 
 
 
 

                       
MicroManuals 

 
 
 
 
 
 
MicroManuals 
 
 
 
 
 
 
 
 
 
 

MicroManuals 



INSTALLATION AND OPERATION 

Table 2-10. IEEE-488 Address Mode Message Descriptions (cont) 
f I 

I M E S S A G E  1 D E S C R I P T I O N  

GkT 
Group Execu te  
T r i y g e r  

T r i g g e r  
O p e r a t i o n  

U n d e f i n e d  IEEE-488 
Conn~ands 

The GET message i s  i g n o r e d  d u r i n g  L o c a l  o p e r a t i o n .  When 
t h e  GET message i s  r e c e i v e d  ( d u r i n g  remo te  o p e r a t i o n ) ,  
t h e  Genera to r  execu tes  a  command s t r i n g  t h a t  has been 
preproyrammed w i t h  t h e  C o n f i g u r e  T r i g g e r  command ( " C T " ) .  
The o p e r a t i o n  o f  t h e  GET message i s  i d e n t i c a l  t o  t h e  
o p e r a t i o n  of  t h e  T r i g g e r  ("TR") command. 

A l l  u n d e f i n e d  IEEE-488 commands a r e  acknowledged by t h e  
G e n e r a t o r  handshake sequence, b u t  no  a c t i o n  i s  taken. 

2-47. 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. 

2-48. 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 I 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. 

2-49. Talk-Only Mode 
Figure 2-6 shows two 6060AiANs connected together with the IEEE-488 Bus. 
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6060A /AN 6060A/AN 

IEEE-488 bus 

- 
Figure 2-6. 6060A/AN Connected to Another 6060AlAN Via the IEEE-488 Bus 

T o  select the talk-only mode, set the TALK ONLY address switch to 1 (up). If both the 
talk-only address switch and the listen-only address switch are set t o  I ,  the talk-only 
mode is selected. 

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

If the talk-only mode is selected, the Generator is always addressed to talk and the front 
panel A D D R  indicator is always lit. The Step Up ("SU") o r  Step Down ("SD") message 
is sent when the [+] S T E P  o r  [+] S T E P  front panel keys are pressed. This output is not 
buffered and if no listener is connected to the IEEE-488 Interface, no output will be sent. 
A carriage return followed by line feed (with the EOI signal true) is always sent as the end 
of record. 

2-50. Listen-Only Mode 
To select the listen-only mode, set the LISTEN ONLY address switch to 1 (up). If both 
the talk-only address switch and the listen-only address switch are set to 1,  the talk-only 
mode is selected. 

If the listen-only mode is selected, the Generator is always addressed to listen, and the 
front panel ADDR indicatoiis 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/ local, service request, device clear, and device 
trigger interface functions d o  not apply. 

2-51. 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: 

Spaces, tabs characters, and the parity bit are ignored. 
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The IEEE-488 commands for the Generator consist of the following three parts: 

Header 
Numeric 
Suffix 

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. 

2-52. 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. 

2-53. NUMERIC DATA SYNTAX 
There are four types of numeric data: Boolean, unsigned integer, floating point, and 
trigger string. The following paragraphs describe each of the four numeric data types. A 
syntax diagram is included for each type. 

1. 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. Hexadecimal digits may be the hexadecimal digits 
0 through F. 

hexdig I 
f 'l 

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 71 characters, not including the EOR. 
Commands in the string are not checked for validity until the trigger string is 
executed with the trigger command. 

EOR is the end of record character. This character is selectable with the 
terminator mode command. "TMO" selects the linefeed character. "TMI" 
selects the carriage return character. The IEEE-488 interface signal EOI 
asserted with any other character is also considered an end of record. 

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

1 -( EOR >- 
command c 

2-54. SUFFIX SYNTAX 
Suffixes are 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.  

2-55. 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 2-1 1. Suffix Types 

SUFFIX TYPE SUFFIX MI4EMONIC EQUIVALENT EXPONENT 

Frequency and FM G Z g i g a h e r t z  
MZ m e g a l ~ e r t z  
KZ k i l o h e r t z  
HZ h e r t z  

An~p L i t ude V v o l t s  
MV m i  1 L i v o l t s  
U  V m i c r o v o L t s  
NV nanovo l  t s  
D B  dBm o r  dB 

AM PC p e r c e n t  0 

DAC/BIT D e s i g n a t o r s  DAC and B I T  d e s i g n a t o r s  
n r e  tt.ln 21 n h a - r h a r a r t ~ r  - ,  ."- 
mnemonics t h a t  r e f e r  t o  
ha rdware  dacs and b i t s .  
R e f e r  t o  t h e  p a r a y r a p h s  
o n  M o n i t o r  Cornmands f o r  
a  comp le te  L i s t  o f  
d e s i g n a t o r s .  

L e a r n  S u f f i x  A Lea rn  s u f f i x  i s  a  
s t r i n g  o f  ASCI I  
c h a r a c t e r s  t h a t  c o n t a i n  
coded memory L o c a t i o n  
c o n t e n t s .  R e f e r  t o  t h e  
pa rag raphs  o n  B i n a r y  
L e a r n  Commands f o r  
d e c o d i n g  o f  t h e  Lea rn  
s t r i n g .  

2-56. BINARY LEARN COMMANDS 
Front panel setups are stored in the memory of the Generator in a packed binary format. 
The binary learn commands are used to  transfer this binary data between an IEEE-488 
controller and the Generator. These commands allow you to  minimize the amount of 
programming commands needed to program the entire instrument state. The binary 
learn commands are: 

"LM" Learn Memory 
"LI" Learn Interface 

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

"LM" Memory Location Code 

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

N O T E  

The ( E O R )  , end of record character, is sent ~ i t h  EOI asserted. "TMO" 
selects the linefeed character, and " T M l  "selects the carriage return character. 
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Example 

IEEE-488 Command: "LM98" 

Response: 

"BOAB AAAAPPJMAAA KAAAAAAAAB BOBKKAAAA APECEAABPEAA 
ABDAEEBBAGBLKKMPAC" (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 

Tine Generator stores the iearn string in the memory iocation 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: 

" L 1 9 9 B O A B A A A A P P J M A A A K A A A A A A A A B B O B K K A A A A A P  
ECEAABPEAAABDAEEBBAGBLKKMPAC" 

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 d for negative numbers. 

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

Example of Instruction 1: 

To convert hexadecimal number 1E: 

(Since the most significant digit is 1 ,  the number is not negative.) 
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To convert hexadecimal number FF9C: 

(Since the most significant digit is F, the number is negative.) 

Using Step d: 1 6 ~  = 65536, 65436 - 65536 = -100. The signed decimal equivalent to 
FF9C is -100. 

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 
L!T A. 

b. The actual displayed amplitude is -10.0 dBm. 

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

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

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

4. If the Relative Frequency mode is off, the data stored in thereference 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 plus one. 

Example: The FM number (in this figure) is 500, with a resolution of 100 Hz. 
The actual FM deviation is 50 kHz. 

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 01. 

NOTE 

The memory location code must be an unsigned integer, indicating the 
memory location to be learned. Mem0r.v location 99 refers to the current 
instrument settings. Memory location 98 refers to the Instrument Preset State, 
as listed in Table 2-3. 

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. 
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, 

C h a r a c t e r  P o s i t i o n  

C h a r a c t e r  

AM D e p t h  

CHAR. POS. 1 2  

19  

CHAR. 

HEX E Q I V .  

I N S T R U C T I O N  

1 

25 

42 

VALUE F i  

20 

CHAR. POS. 3 4 

2 

43 52 

CHAR. 

HEX EQIV .  

I N S T R U C T I O N  

21 26 

61 

VALUE 1111 

3 

28 27 

44 53 

B P E A A A B D A E E B B A G B L K K M P A C  

R e f e r e n c e  A m p l i t u d e  

22 

62 

CHAR. POS. 5 6 7 8 6 0  

4 

54 
1 

CHAR. 

HEX E Q I V .  

23 29 

63 45 

I N S T R U C T I O N  1 a n d  3 

Flgure 2-7. Learn Strlng Example 

5 

24 30 

A A A A A A B B O B K D A A A A A P E C E A A  

31 

47 55 64  46 

6 

32 

48 56 

7 

33 

4 9  57 

8 

34 

50 51 60 58 

9 

B O A B A A A A P P J M A A A K A A  

59 

35 37 36 

1 0  12  11 

38 

13 

39 

14 

40 41 

15 16 17 18  
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INSTALLATION AND OPERATION 

D i s p l a y e d  AmpLi t u d e  

CHAR. POS. 9 10 ' 11 12 59 

CHAR. 

HEX EQIV. 

INSTRUCTION 

VALUE 

RESOLUTION 

RESULT -10.0 dBm 

A m p l i t u d e  S t e p  

CHAR. POS. 13 14 15 16 58 

CHAR. 

HEX EQIV. 

INSTRUCTION 

VALUE 

RESOLUTION 

RESULT 

R e f e r e n c e  F requency  

CHAR. POS. 17 18 19 20 21 22 23 24 

CHAR. 

HEX EQIV. 

INSTRUCTION I 1 and  4 1 
Figure 2-7. Learn String Example (cont) 
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INSTALLATION AND OPERATION 

D i s p l a y e d  F r e q u e n c y  

CHAR. POS. 25 26 27 28 29 30 31 32 

CHAR. 

HEX EQIV. 

INSTRUCTION 

VALUE 

F requency  S t e p  

CHAR. POS. 33 34 35 36 37 38 39 40 

CHAR. 

HEX EQIV. 

INSTRUCTION 

VALUE 

FM D e v i a t i o n  

CHAR. POS. 41 42 43 44 57 

CHAR. 

HEX EQIV. 

INSTRUCTION 

VALUE 

RESOLUTION 

RESULT 

Figure 2-7. Learn String Example (cont) 
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I FM Step I 
I CHAR. POS. 45 46 47 48 64 I 

CHAR. 

HEX EQIV. 

INSTRUCTION 

VALUE 

RESOLUTION - 
RESULT 1 1 0 0 ' 1 ~  I 

Data Set #1  (miscelLaneous data)  

CHAR. POS. 49 50 51 52 

CHAR. '?PF 
HEX EQIV. h n r  

R F 
0 = O f f  
1 = On 

I 
E x t e r n a l  Mod Leve l  I I 
01 = EXT LO 
10 = EXT H I  
11 = I n v a l i d  
0 0  = V a l i d  

Not Used _] 
EXTERNAL FM- 
0 = o f f ,  1 = on 

INTERNAL FM 
0 = o f f ,  1 = on 

L R e l a t i u e  Ampl i tude 
( s p e c i a l  f u n c t i o n  
3x).  
0 = O f f ,  1  = On 

L R e l a t i v e  Frequency 

s p e c i a l  f u n c t i o n  2 x 1  
0 = o f f ,  1 = on 

- Step Func t i on  
001 = FREQ, 010 = AMPL, 
100 = MOD 

-Modulat ion Rate 
01 = 400 Hz, 10  = 1000 Hz 

I N T E R N A L  AM 
0 = o f f ,  1 = o n  

EXTERNAL AM- 
0 = o f f ,  1 = on 

Figure 2-7. Learn String Example (cont) 
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1 
Checksum 

CHAR. POS. 61 62 

CHAR. 

HEX EQIV. 99 
INSTRUCTION u 

Data Set #2 (m isce l laneous  da ta )  

CHAR. POS. 53 54 55 56 

CHAR. 

B r i g h t  T F r e q .  0001 = b r i g h t  1 s t  d i g i t  d i g i t  

0010 = 2nd d i g i t  
0010 = AMPL 0011 = 3 r d  d i g i t  
0011 = AM 0100 = 4 t h  d i g i t  

0101 = 5 t h  d i g i t  
0110 = 6 t h  d i g i t  

Key Repeat Rate 0111 = 7 t h  d i g i t  
( S p e c i a l  f u n c t i o n  7x) 
00 = MEDIUM Modu la t ion  a i s p l a y  
01 = FAST 0  = AM, 1  = FM 
10 = SLOW 

AM b r i g h t  d i g i t  
ANPL b r i g h t  d i g i t  0 = 1 s t  d i g i t ,  1  = 2nd d i g i t  
00 = 1  s t  d i g i t  
01 = 2nd d i g i t  FM b r i g h t  d i g i t  
11 = 3 r d  d i g i t  00 = 1 s t  d i g i t  

01 = 2nd d i g i t  
10  = 3 r d  d i g i t  

Ampl i tude S p e c i a l  Func t ions  I 
CHAR. POS. 6 3 

CHAR. 

HEX EQIV. @ 
BINARY EQIV. I*I 
Ampli tude  Ampl i tude F ixed  Range 
C o r r e c t i o n  ( S p e c i a l  F u n c t i o n  9x) 

( S p e c i a l  F u n c t i o n  8 x 1  00 = F i x e d  Range o f f  
00 = A L L  C o r r e c t i o n  on 01 = F i x e d  Range on 
01 = A t tenua to r  C o r r e c t i o n  o f f  
10 = A L L  C o r r e c t i o n  o f f  

Figure 2-7. Learn String Example (cont) 
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Table 2-12. Learn Character to Hexadecimal Conversion 

2-57. CLEAR COMMANDS 
The following IEEE-488 clear commands are recognized by the Generator: 

"CB" Clear IEEE-488 input buffer 
"CE" Clear IEEE-488 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 "CLWclear Generator command, 
or by the S D C  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 "CLWclear 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 S D C  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, R01 ,  CE, CB, RMO, TMO, EMO, VMO. 
UMO, SM192, SP08, XFO, DWO, DRO, PKO, CT" (EOR) . 

2-58. 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 R F  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. 

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). 
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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. When 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 
ex the settixg of the record made.) When t i ir i i~b off, messages are read from the 
IEEE-488 interface to the input buffer of the Generator at the fastest rate. In this mode, 
the input buffer may contain up to 80 characters. 

The valid mode selects when messages are processed by the Generator microprocessor. 
When turned on, processing of a new message is begun only after the R F  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 = 1 
Record Mode = 2 
Valid Mode = 4 
Unbuffered Mode = 8 
Error Mode = 16 

For example, to select the record mode and valid mode, the command is "@" 6. 

Interface Mode Example 

In this example, the R F  output of the 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 its command to make a measurement. 

Table 2-13. Interface Mode Commands 

COMMAND 

"EM" 
"RMU 
IOTMU 

"UM" 
1 0 " ~ "  

DESCRIPTION 

E r r o r  Mode 
Record  Mode 
S e l e c t  T e r m i n a t o r  
Unbuf f e r e d  Mode 
V a l  i d  Mode 

COMMAND STATUS 

I = on, 0 = o f f  
I = on, 0 = o f f  
1 = CR, 0 = LF 
I = on, 0 = o f f  
I = on, 0 = o f f  
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A Fluke 1722A program might look something like: 

PRINT @I, "CL,TM1,RM1,VMI,UM1" ! i n i t i a l i z e  t h e  606DA/AN, s e l e c t  modes 
PRINT @ I ,  "FR100MZ,AP-25DB" ! p r o g r a m  t h e  6060A/AN 
PRINT 32, "?" ! t r i g g e r  t h e  v o l t m e t e r  
INPUT @ 2 ,  R$ ! g e t  t h e  r e a d i n g  

The entire record is transferred into the Generator before processing begins. In this 
example, processing begins when the record terminator C R  is received. The following 
character ( L F  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 
L F  character until its output has settled. 

NOTE 

A record is a string of characters separated bj' ( E O R  ) . A message is the 
smallest group o f  characters that the Generator can process u,!lenprogrammed 
from the IEEE-488 interface. 

NOTE 

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

2-59. INTERROGATE COMMANDS 
Interrogate commands allow the status of the Generator t o  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 I D  
"11" Interface Mode Status 
"10" Option 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 "6060A/AN" ( E O R )  . 

The "11" command interrogates the current selection of interface modes. A 5-digit integer 
followed by the ( € O R  ) character is the sum of the modes that are selected as follows: 

Terminator Mode = 1 
Record Mode = 2 
Valid Mode = 4 
Unbuffered Mode = 8 
Error Mode = 16 

The "10"command interrogates the Generator for its option complement. The returned 
record contains 3 integers, separated by commas, that indicates configuration of options. 
The 6060A/ AN has no  options and the string returned will always be "5,0,lV. 
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The "IR" command interrogates the Generator for rejected entry error status. (See 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, the "CL" command, and the clear interface messages DCL and SDC. 

The "1T"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 "1V"command interrogates the Generator for its current software revision level. The 
returned record is similar to the following: 

This means that the software revision level is Version 1.0. 

2-60. 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 3 types of monitor commands: Input/ Output, Read/ Write, and Hardware 
Control. Table 2-15 lists the Input/Output types of monitor commands. Table 2-16 lists 
the Read/ Write types of monitor commands. Table 2-17 lists the Hardware Control 
types of monitor commands. 

Table 2-14. Self-Test Error Codes 
1 

MOD FR EQ AMPL 
aaa -bbb ccc ddd 

aaa = Modulat ion ( A M  and FM) t e s t  r e s u l t s  - = I f  displayed. i n d i c a t e s  t h e  s e l f  t e s t  d i d  n o t  complete 
bbb = Frequency t e s t  r e s u l t s  
ccc = D i g i t a l  t e s t  r e s u l t s  
ddd = Ampli tude t e s t  r e s u l t s  
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Table 2-15. Input/Output Monitor Commands 

COMMAND NAME COMMAND VALUE DESIGNATOR NAME L O C A T I O N  

Read I n p u t  B i t  "IB" "DR" 
"DV" 
"EX" 
"HS" 
"IE" 
"L F" 
"MH" 
"ML" 
"NV" 
"RO" 
"RP" 
"RT" 
"SR" 
"TQ" 
"UK" 
"UV" 
"XA"  
"XB" 

Set Output B i t  "OB" 0 o r  1 "CL" 
"CV"  

' "EA" 
"E F" 
"FEU 
"FP" 
"HO" 
"HT" 
" I A "  
" IF"  
"LP" 
"MA" 
"MB" 
"MF" 
"MG" 
"MS" 
"MT" 
"NE" 
"PK" 
"PU" 
"RG" 
" R I "  
"RR" 
"SE" 
"SH" 
"TO" 
"TR" 
"TS" 
"XO" 
"YA"  
"YB" 
"Y  C" 

Set Output DAC "OD" ( i n t e g e r  va lue)  ( D A C  
0-255 "AM" 
0-127 "AT" 

0-1023 "FM" 
0-7 "FR"  
0-1023 "KN" 
0-1023 "KV" 
0-4095 "LEU 
0-255 "TC" 

d r  L 
datava 1 h 
ex re f  1 
hsopt 1 
i e i n l  
l r f  m 
mlevhi  
m l e v l o  
n v i n l  
r o p t  1 
~ P P L  
r p t  r p l  
sh re f  1 
t rseq 1 
unlok 
un!v! 
ex t ra -a  
ex t ra -b  

c l r  
conver th 
extam 
ex t fm 
fmen 
f ron t -pane l  
haocth 
h e t  
intam 
i n t f m  
mid 
rmuxO 
rmuxl 
mf4OO 1 
module-gate 
t rmod 1 
meteronh 
nven 
pospeakl 
pu lse  
rng50kh 
r i n h  
r p r s t  
shen 
shet  
t b o u t  
t r i g h  
tbsyn  
xoenl 
ex t ra -a  
e x t  ra-b 
ex t ra -c  

Loca t ion )  
AM dac n.a. 
a t t e n u a t o r  A2A7. U27-5. 6. 9. 

12. I S .  16. 19  
FM dac A2A4. U403-6 through 13 
FM range A2A1. U19-12.15.16 
kn dac A2A1. U27-4 through 13 
kv dac A2A1 . U29-4 through 13 
l e v e l  dac A2A4, U303-4 through 15 
temp.comp.dac n.a. 
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Table 2-16. Read/Write Monitor Commands 

2-61. 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 

NOTES 

1  
1  
2 
2 
,- > 

COMMAND NAME 

Read b y t e  
Read word 
D e f i n e  w r i t e  ddd ress  
Wri t e  b y t e  
W r i t e  wo rd  

Table 2-1 7. Hardware Control Monitor Commands 

Notes 

1 .  The G e n e r a t o r  responds t o  t hese  commands w i t h  t h e  v a l u e  o f  t h e  b y t e  
o r  u o r d  i n  t h e  memory L o c a t i o n  addressed.  The memory L o c a t i o n  must 
be an uns igned  i n t e g e r .  The v a l u e  r e t u r n e d  i s  f o l l o w e d  by an <€OR>. 
I f  t t ~ e  rilemory L o c a t i o n  i s  s p e c i f i e d  i n  hexddecimal,  t h e n  t h e  v a l u e  
i s  r e t u r n e d  i n  hexadeci , r ia l  p receded  by an " X u .  

2. The D e f i n e  W r i t e  Address corr~rriarrd s p e c i f i e s  t h e  w r i t e  add ress  used 
w i t h  t h e  W r i t e  B y t e  and W r i t e  Word coir~nidrids. Wtieri t h e  W r i t e  B y t e  and 
W r i t e  Word coirii~~drrds a r e  used, t h e  s p e c i f i e d  d a t a  w i l l  be  w r i t t e n  t o  
t h a t  w r i t e  address .  

COMMAND SYNTAX 

"RB" i ~ ~ e r i ~ ~ r y  L o c a t i o n  
" R W "  ~rlerllory L o c a t i o n  
"DW" menlory l o c a t i o n  
"WB" v a l u e  
" W W "  v a l u e  

NOTES 

1  
1 
2 
3 
4 

COMMAND NAME 

Head a t t e n u a t i  ur i  
Set a t t e n u a t i o n  
Set s y n t h e s i z e r  f r equency  
Resd D e v i a t i o n  Me te r  AID 
R F  o n l o f t  

Nores 

1. The c u r r e n t  s e t t i n g s  o f  t h e  A t t e n u a t o r  can  be r e a d  o r  se t .  The 
a t t e n u a t i o n  i s  a  riumber f rom 0 t o  23 where t h e  number s p e c i f i e s  t h e  
m u l t i p l e  of  6-dB a t t e n u a t i o n .  Ze ro  i n d i c a t e s  no a t t e n u a t i o n ,  and 23 i s  
t h e  maximum a t t e n u a t i o r l .  Only t h e  a t t e n u a t o r s  a r e  changed u i t h  t h e  
"XB" command. The v a l u e  o f  t h e  a t t e n u a t i o n  w i l l  be  o u t p u t  o n  t h e  "XA" 
command as  an u n s i g n e d  i n t e g e r  t o 1  lowed by <€OR>. 

2 .  The "XD" comrliand can be used t o  program t h e  Genera to r  t o  t h e  s p e c i f i e d  
f r equency .  Only  t h e  s y n t h e s i ~ e r  c i r c u i t s  o n  t h e  S y n t h e s i z e r  PCA a r e  
programmed. No o f f s e t  i s  added, no f i l t e r s  a r e  programmed, no VCO 
compensa t i on  i s  c a l c u l a t e d ,  and n o  L e v e l  c o r r e c t i o n  i s  c a l c u l a t e d .  

3 .  The "XM" comr~idnd reads  t h e  AID c h i p  on  t h e  A I D  PCA (A4A2, U1) 
d i r e c t l y .  The i n t e g e r  r e t u r n e d  i s  t h e  A/D r e s u l t  w i t h  50-Hz o r  
500-Hz r e s o l u t i o n  i n  t h e  50.0-kHz and 500-kHz ranges, r e s p e c t i v e l y .  
One AID r e s u l t  i s  r e t u r n e d  (i.e., no  a v e r a g i n g  i s  pe r fo rmed) .  

4 .  "XRO" programs a l l  a t t e n u a t i o n ,  and " X R I "  r e s t o r e s  t h e  a t t e n u a t o r  t o  
i t s  p r e v i o u s  s t a t e .  

COMMAND SYNTAX 

"X A "  
"XB" i n t e g e r  
" X D "  f l o a t i n g  p o i n t  d e c i m a l  "MZ" 
u X ~ l o  
, t X R "  "0" or "I" 
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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 seria; 
poll response is the sum of those values for reasons that are currently true, independent of 
the setting of the S R Q  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 S R Q  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 enabledldisabled as follows: 

"XFO" = Aiert Mode off, "XFI" = Alert Mode on. 

2-62. 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. 

The trigger commands are as follows: 

"CT" Configure Trigger 
"TR" Execute Trigger Buffer 

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

The trigger command causes execution of the trigger buffer, which has been pre- 
programmed with the configure trigger command "CT". The trigger buffer can also be 
executed by sending the IEEE-488 group execute trigger interface message (GET). 
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Table 

REASON 

Ready 

R e j e c t e d  E n t r y  

U n c a l i b r a t e d  

Pouer on  

Ou tpu t  v a l i d  

Not  Used 

RQ S  

F r o n t  pane l  

2-1 8. SRQ Mask and Status Values 

IEEE-488 r e j e c t e d  
e n t r y ;  e r r o r  code i s  
n o t  zero .  

TRUE 

I n p u t  b u f f e r  i s  empty 
and no commands a r e  
b e i n g  processed.  

R F  o u t p u t  i s  n o t  
c a l i b r a t e d .  ( F r o n t  
p a n e l  'UNCAL' i n d i -  
c a t o r  i s  L i t . )  

FALSE 

I n p u t  b u f f e r  i s  n o t  
e111pty o r  commands a r e  
b e i n g  processed.  

I IEEE-488 r e j e c t e d  
e n t r y  e r r o r ;  code i s  

RF o u t p u t  i s  
c a l i b r a t e d .  ( F r o n t  
p a n e l  'UNCAL' i n d i -  
c a t o r  i s  n o t  L i t . )  

I n s t  rument has I S p e c i a l  f u n c t i o n  08. 
powered up. I 
RF o u t p u t  i s  s e t t l e d .  I RF o u t p u t  i s  n o t  

s e t t l e d .  

SRQ mask ANDed u i t h  
c u r r e n t l y  s e t  v a l u e s  
i s  n o t  zero .  

Reason f o r  S R Q  goes 
away o r  s e r i a l  p o l l  
i s  per formed.  

S p e c i a l  t u n c t i o n  07. S p e c i a l  f u n c t i o n  08. 

2-63. Command Processing 
The following paragraphs describe how IEEE-488 commands are processed by the 
Generator. Command processing is a term for how commands are executed and how 
errors are handled. 

2-64. 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 INTERFACE MODE COMMANDS 
paragraphs. 

2-65. ERROR HANDLING 
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 "1R"command. The error status is cleared with one of the following commands: 

"CE" Clear Error Command 
"CL" Clear Command 
DCL or S D C  Clear Interface Messages 

The error status is also cleared on power-up. 

The SRQ mask can be set to assert SRQ when an error is detected. The S R Q  is 
unasserted when the error status is cleared. 
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INSTALLATION AND OPERATION 

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. 

2-66. 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. 

2-67. TRANSFER OF COMMANDS TO GENERATOR 
The maximum rate of transfer is 0.4 to 0.5 ms per character. With most IEEE-488 
controllers, all characters sent with a single output or print statement are transferred 
together at the maximum rate. The total time to transfer commands to the Generator is 
obtained by multiplying the number of characters by the rate of transfer. 

2-68. COMMAND-PARSING TlME 
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. 

2-69. SOFTWARE PROGRAMMING TlME 
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. 

2-70. INSTRUMENT-SETTLING TlME 
Commands that d o  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 2-1 9. Command-Parsing Time 

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

COMMAND COMPONENT 

Header 
Boo lear i  Numer ic  
Uns ig , ied  I n t e g e r  Numeric 
F l o a t  i n g - P o i n t  Numeric 
T r i g g e r - S t r i n g  Nurneric 
S u f f i r  
L e a r n - I n t e r f a c e  S u f f i x  

TIME 

2  111s 
1  ms 
2 ms + 1  ms p e r  c h d r d c t e r  
2  ms + 1  ms p e r  c h a r a c t e r  
10 ms + 0.5 ms p e r  c h a r a c t e r  
1 t o  1.5 ms 
35 ms 

2-71. TIMING OPTIMIZATION 
Timing depends upon the interface modes selected. Read the paragraphs on 
INTERFACE MODE COMMANDS for a complete description of the interface modes. 

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

NOTES 

1, 2, 3, 4  
1, 2, 4 ,  5 
1, 2, 4 ,  5  
2, 4 
4 

2, 

6 ,  5 
2  

FUNCTION 

Frequerlcy 
Anipli t i rde  i n  V o l t s  
Ampl i  t l ~ d e  i n  den1 
AM Depth 
FM D e v i a t i o n  
M o d u l a t i o n  Frequency 
E n d b l e l D i s a b L e  AM 
E n a b l e / D i  s a b l e  FM 
R e c a l l  98  
R F  O u t b u t  On 
R F  Ou tpu t  O f f  

The parsing of the command and programming the new instrument state are performed 
one message unit at a time. The record mode selects a command or a record as the 

Notes 

1. May t a k e  up t o  5  rns Longer  i f  t h e  r e l a t i v e  mode i s  enab led.  

2.  Can save 10 ms i f  aLL l e v e l  c o r r e c t i o n  i s  d i s a b l e d  w i t h  s p e c i a l  
f u n c t i o n  81. 

3 .  Add 20 ms when f r e q u e n c y  changes f ro r r~  g r e a t e r  t h a n  o r  equa l  t o  245 
MHz t o  Less t h a n  265 MHz. S u b t r a c t  20 ms f r o m  f requency  ha rdware  
s e t t l i n g  t i m e  i n  t h i s  case. 

. E d i t s  and s t e p s  may t a k e  u p  t o  5  ms Longer  t h a n  t h e  programming 
f u n c t i o n  d i r e c t l y .  

5. Add 5 ms when t h e  A t t e n u a t o r  s e t t i n g s  change. 

6. R e c a l l s  v a r y  c o n s i d e r a b l y  depend ing  o n  t h e  s t o r e d  data .  Maximum i s  
a p p r o x i m a t e l y  250 ms. 

TIME ( i n  rns) 

5  5  
50 
90 
4 5 
3 0  
25 
5  5  
2 5 
185 
4 5 
3 0 
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INSTALLATION AND OPERATION 

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 waits for the 
output to settle only between records. 

2-72. Power-on Conditions 
The power-on conditions of the Generator are listed in Table 2-21. 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 State 

INSTRUMENT 
P A R A M E T E R  STATE NOTES 

Memory L o c a t i o n  p d r a n ~ e t e r s  98 1 
RF o r i l o f  f on  
L a s t  memory l o c a t i o n  0 2 
R e m o t e l l o c a l  s t a t e  l o c a l  
I E E E  o u t p u t  b u f f e r  c l e a r e d  
I E E E  i n p u t  b u f f e r  c l e a r e d  
V a l i d  mode o f f  
Record  t e r m i n a t o r  L F 
U n b u f f e r e d  mode o f f  
Record  made o f f  
S R Q  mask 192 
T r i g g e r  i o n f  i g u r a t i o n  c l e a r e d  
SRQ i n t e r f a c e  s i g n a l  u n a s s e r t r d  
D e v i a t i o n  me te r  mode o f f  
D e v i a t i o n  me te r  peak p o s i t i v e  
D e v i a t i o g i  me te r  range 500 kHz  

Notes  

1. The c o n t e n t s  o f  Inenlory l o c a t i o n  98 ( I n s t r u m e n t  P r e s e t  S t a t e )  i s  
L i s t e d  i n  T a b l e  2-3. 

2 The L a s t  memory l o c a t i o n  i s  used f o r  sequence o p e r d t i o n s .  
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Section 3 

Theory of Operation 

3-1. INTRODUCTION 
This section of the manua! 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 four 
major modules of the Generator. The Functional Description covers the main 
instrument 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 four 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, IEEE-488 
Interface, and assorted external connectors. The deviation meter section includes the 
discriminator and the A/  D circuits. 

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 of frequency, modulation, and 
amplitude. The Controller (which is not shielded) is also located here. The Controller 
controls the operation of the Generator. 

3-5. Rear Section 
The rear section includes the power supply, the cooling fan, the IEEE-488 Interface, and 
various external connectors. 
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THEORY OF OPERATION 

The power supply is a linear design providing two +15V, -15V, +5V, +37V, + 18V, and 6V 
ac to  the Generator. All the power supplies are series-pass regulated except the 6V ac 
filament supply and the +18V supply, which provides power to the Attenuatorl Reverse 
Power Protection (RPP) relays. A fuse/filter/ line-voltage selector allows the Generator 
to operate from different supply voltages. 

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

3-6. Deviation Meter Section 
The deviation meter section consists of two circuit boards. The discriminator is mounted 
in an R F  tight module. The A; D board plugs into the discriminator and interfaces to the 
Controller. The input to the deviation meter is a front panel BNC connector. 

3-7. FUNCTIONAL DESCRIPTION 
The following paragraphs describe the key output parameters of the Generator: level, 
nmp!itude mrrdu!atinn, frequency, 2nd frequency m~dt?!ation. The deviaticn rr?eter is. --A- 

briefly described. 

3-8. 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. The 
data is stored in the Output and Attenuator calibration EPROMs,which are located on 
the Controller assembly. The correction data is based on measurements of each assembly 
during calibration of the Generator at the factory. The Attenuator data is the same for all 
Generators. 

This microprocessor level correction data is applied only to the vernier level DAC; i t  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. 

3-9. Amplitude Modulation 
The output of the level DAC is the ALC loop control voltage. The Generator output 
signal is amplitude modulated by varying this control voltage with the modulating signal. 
A 1V peak modulating signal from the internal modulation oscillator or from the 
external MOD INPUT connector is applied to the AM DAC, a multiplying D-to-A 
converter. The multiplying factor of this DAC, corresponding to the programmed 
percentage of modulation, is factored by the Controller. 

The modulation signal from the AM DAC is summed with a fixed dc reference voltage. 
The composite signal (dc 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 multiplying factor also 
includes the level correction information stored in the calibration EPROMs. 
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THEORY OF OPERATION 

The operation of the ALC loop causes the amplitude of the R F  signal to conform to this 
varying control voltage, thus amplitude modulating the Generator output. 

3-10. Frequency 
The 0.01-MHz to 520-MHz frequency coverage is divided into the following two bands: 

Low band: 0.01 MHz to 245 MHz 
Mid band: 245 MHz to 520 MHz 

The mid band is derived directly from a voltage-controlled oscillator (VCO) followed by 
a binary divider that is part of the main phase-locked loop (PLL). The low band is 
derived by heterodyning the direct VCO frequency with a fixed 800-MHz signal. 

This PLL synthesizes the 245-MHz to 525-MHz band using a modified N-divider loop 
with a single-sideband mixer (SSB) in the feedback path. The reference frequency for the 
ioop is 0.2 MHz, which wouid normaiiy provide 0.2-MHz steps in a conventionai 
N-divider loop. However, this Generator provides 0.01-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-2000. 

Since the main PLL bandwidth yaries with the programmed frequency (due to N 
multiplication changing and variations in the VCO tuning coefficient), the Controller 
uses compensation 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 are controlled, thus ensuring accurate, wideband FM. 

3-1 1. 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 F M  with a high-pass filter characteristic, or 
phase modulation with a low-pass filter characteristic. The filter characteristic cutoff 
frequencies are approximately 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 2. Deviation Meter 
The Deviation Meter is a heterodyne receiver with an IF frequency of 1.5 MHz. The 
Generator output is transferred from the attenuator RF output to  the Deviation meter 
local oscillator input or Generator R F  OUTPUT by a relay. The charge-count 
discriminator is preceded by a high-gain limiter amplifier. The recovered audio is filtered 
and peak detected. The DC voltage output of the peak detector is converted to digital 
information with an analog-to-digital converter (A/D) .  The output of the A I D  
interfaces to the Controller. 
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3-1 3. 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 RAMS, 2K-bytes off-chip RAM 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. 

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. 

3-14. User Interface 
The Generator software is implemented with a simple operating system that allcws 
several tasks to  operate in a round-robin fashion on an equal priority basis. Input and 
output to  the front panel and to the IEEE-488 Interface, however. execute at a higher 
priority and are handled as interrupt routines. 

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

Service task 
Key task 
IEEE-488 task 

The service task checks the status signals. The key task and IEEE-488 task process 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. 

3-1 5. 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 Attenuatc: assembly comes with a matched 
calibration EPROM. The assemblies may be replaced under the Module Exchange 
Program, with only minor adjustments needed after the replacements are installed. 

3-16. 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-mvolts, where 

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

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

Table 4D-14 lists the Attenuator sections programmed for various displayed levels. 
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3-1 7. 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: 

1. 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 t o  allow the Attenuators t o  settle, the new Attenuator and 
LEVEL. DAC settings are programmed. 

3-1 8. 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. 

3-1 9. Reverse Power Protector 
The Reverse Power Protection (RPP), part of A2A5, protects the Generator from 
damaging voltages applied to  the R F  OUTPUT connector. The status line RPTRPL 
indicates whether the R P P  circuitry has tripped. If the R P P  trips, the R F  output is 
programmed off, and the R F  O F F  indicator flashes. The R P P  circuitry is reset when the 
operator turns the R F  OUTPUT on. This causes the Controller to reset the R P P  by 
toggling RPRSTL, and programming the R F  on. 

3-20. Frequency Reference Control 
Programming of the frequency reference control bits depends on the setting of the 
INTi EXT reference switch. 

3-21. 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 520 MHz. The filter and band control bits are programmed in two bands and are 
determined by the output frequency (Fo). For each band, a synthesizer frequency is 
determined. 

The programming data of the KV and K N  DACs is calculated from the synthesizer 
frequency and the instrument-specific VCO Calibration EPROM data. The KV DAC 
settings on the low band is one half the settings on the mid band; this compensates for the 
effective doubling of the FM deviation that occurs on low band. The low band is derived 
by heterodyning the direct signal from the VCO (800.01 to 1044.99999) with a fixed 800 
MHz signal. 

3-22. Modulation On/Off 
The four modulation modes are: 

Internal AM 
External AM 
Internal FM 
External FM 
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The modulation modes can be programmed separately or in any combination. The AM 
depth and FM deviation DACs are always programmed whether or not modulation is 
enabled. When enabling or disabling modulation, only the modulation control bits are 
programmed. Table 4D-16, Modulation ON, O F F  Control. lists the control states for 
each modulation choice. 

3-23. Modulation Frequency 
The two internal modulation frequencies of 400 Hz and 1000 Hz are programmed with a 
single control bit, MF400L. Table 4D-17, Modulation Frequency Control, lists the 
MF400L control states. 

3-24. Amplitude Modulation 
The Generator allows amplitude modulation depth programming from 0 to 99% with 1 % 
resolution. When the combination of signal amplitude and programmed AM depth 
exceeds +I3  dBm peak, the UNCAL indicator lights to warn you that the output level is 
no longer guaranteed. Amplitude modulation depth is programmed using the &bit AM 
DAC, with a setting of 200 ori iiie A M  DAC, coiie~ijoiidiiig to !00% A M  modula t i~ r ,  ~f 
the output frequency. 

3-25. Frequency Modulation 
Frequency modulation (FM)  is programmable with three digits of resolution in the two 
and one-half decade ranges. Table 4D-12, FM Ranges, lists the three ranges. 

3-26. FM Deviation 
The FM DAC is a 10-bit DAC programmed to the FM deviation in Hz divided by the 
resolution. Table 4D-13 lists the settings of the FM DAC. 

3-27. Deviation Meter 
The deviation meter hardware is configured by programming three control signals: peak. 
range, and meter mode. The FM deviation readings consist of I0 bits of A i D output and 
two status signals: ready and valid. Table 4D-18, Deviation Meter Control, lists the 
values of the programming and status bits. 

The deviation meter readings are initiated by sending a trigger pulse to the discriminator 
circuit. This is done by setting the TRIGH signal to a TTL High for approximately 10 ms. 
Next, the software waits 80 ms for the sample and hold circuit to acquire a sample. Then 
the A /  D chip is triggered and the 10-bit result is read when the data ready signal becomes 
a TTL Low. The 10-bit A I D  result represents the deviation with 100-Hz or I-kHz 
resolution in the 50-kHz or 500-kHz range respectively. The 32 A,'D results are averaged 
for each reading displayed on the front panel. 

3-28. Self Test 
At power-on, the Generator automatically self tests its digital and analog circuits. If the 
Generator fails any self test, the test results are automatically displayed as error codes. 
Several special functions are available for additional tests. (See the Service Special 
Functions paragraph in Section 4.) Also, the Generator microprocessor continuously 
monitors two status signals, UNLVL (unleveled) and UNLOK (unlocked). 

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

Self tests 1 through 5 are digital checks that test the general functionality of the 
Controller assembly. Self tests 6 through 9 use the two status signals UNLVL and 
UNLOK to test the general functionality of the R F  circuitry. 
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During the self-test sequence all attenuators are programmed ON (maximum attenua- 
tion) to prevent unwanted signals at the output. In addition, the Generator is 
programmed to the internal frequency reference because the self tests fail if no reference 
is supplied. 

The self-test error codes and descriptions are listed in Section 4D. The different 
Generator self tests are briefly described below: 

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

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 Interface is verified by the microprocessor writing data to 
the IEEE-488 chip and then reading it back to see if the response is the 
one expected. The operator is given a report only if the test fails. 

Test 5. The low-pass filters on the Output assembly are tested by setting the 
frequency at the top of each of the two 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 6. The synthesizer 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 synthesizer frequency 
below 225 MHz and then to a frequency above 550 MHz, and is checked 
to see that the instrument becomes unlocked. Finally, all frequency 
reference circuitry is turned off and checked to see that the Generator 
becomes unlocked. 

Test 7. 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 8. Frequency modulation is verified by programming internal FM on and 
programming the range and DAC to full scale. The unlocked indicator 
should be in the locked state. 

Test 9. 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 INT AM on with strong amplitude 
modulation. 
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3-29. Service Special Functions 
There are two special function self tests for the front panel indicators and keys. These 
special function self tests are described in the following: 

1. The front panel displays are checked at 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. 
Then, 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 I LCL] key. 

3-30. Status Signals 
The status of the rear panel REF EXT/ INT reference switch is continuously monitored 
with the EXREFL bit. The state of this bit is used by the Controller to display the 
EXTREF indicator on the front panel and to program the reference source. 

The R F  output of the Generator is considered calibrated whenever the UNCAL 
indicator is oif. The UNCAL indicator is lit, but not flashing, whenever the calibrated 
limit of the Generator is exceeded. However, the R F  output is still considered usable. 

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

RPTRPL = 0 indicates that the Attenuator Reverse Power Protection (RPP) 
circuitry has tripped. If this occurs, the R F  output is programmed 
off to provide additional protection to the instrument. The R F  
O F F  and UNCAL indicators flash to indicate that R P P  has 
tripped. 

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

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

3-31. DETAILED CIRCUIT DESCRIPTIONS 
This section contains the detailed circuit descriptions for the following assemblies: 

Al  Front Section 

A l A l Display Assembly 
A 1 A2 Switch Assembly 

A2 Module Section 

A2A I Synthesizer Assembly 
A2A2 VCO Assembly 
A2A4 Output Assembly 
A2A5 Attenuatorl R P P  Assembly 
A2A7 Controller Assembly 
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A3 Rear Section 

A3A1 Power Supply Assembly 
A3A3A1 IEEE-488 Assembly 

A4 Deviation Meter Section 

A4A I Discriminator Assembly 
A4A2 A; D Assembly 

3-32. FRONT SECTION, A1 
The Generator front section, A I ,  consists of the Display PCA AIAI,  the Switch PCA 
A 1 A2, and the elastomeric switches mounted in a sheet metal housing. The front section 
also includes the display lens, the POWER ONIOFF switch, the MOD INPUT 
- - - -  - - * - -  - - A  61. n E X I  A T T n h T  hACTlZD I'hlP1 IT rnnnprt~r.  C V I I I I C L L U I .  QIIU ~ ~ l e  U L  v I n  I I v I L  b I \  L i T l  I rvlllrrr. 

3-33. Display PCA, A1A1 
The Display PCA A I A I provides a readout of the programmed modulation, frequency, 
amplitude parameters, and status information. This displayed information and the 
bright digit are controlled by the Controller, A2A7, under the direction of the instrument 
software. The display is comprised of two vacuum fluorescent displays and their 
associated control circuitry. The two displays are refreshed as four groups of eight 
display fields (usually adigit) each. The four groups share the digit (grid) strobes but have 
individual segment (anode) strobes. 

3-34. DATA COMMUNICATIONS 
Display data is sent through a byte-wide bidirectional data bus from the Controller 
A2A7 and is latched by U 1 through U 5  on the display board. Latch-select signals DIGL, 
SEGIL, 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. 

3-35. DISPLAY FILAMENT VOLTAGE 
The 6.OV ac filament voltage for the display is derived from a center-tapped winding on 
the power supply transformer, T I .  The ac filament voltage is biased at +6.2V above 
ground by circuitry on the power supply board A3A1, to provide a cutoff potential for 
the displays. 

3-36. 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. 

3-37. SWITCHBOARD INTERFACE 
The digit strobe data latched by U I is buffered by open collector inverters U 13 and U 15, 
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 U14. 

3-38. DISPLAY BLANKING 
Monostable U 1 I and NOR gate U 12 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 1 1  low, thus clearing latches U2 through U5. To restore the display, press 
[SPCLI [11[21. 
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3-39. MODULATION-LEVEL INDICATOR 
The external modulation-level indicator warns the operator when the modulation signal 
is not set to 1 V peak (f 2% typically). The external modulation signal is compared in the 
dual-comparator, U16, with internal references of 0.98 and 1.02V. Two status bits, 
MLEVLO and MLEVHl ,  are at the output of the 0.5-second dual one-shot, U17. If 
either of these reference voltages are exceeded, the two status bits are sensed by the 
Generator Controller that controls the EXT HI and EXT LO indicators in the 
MODULATION display field. 

3-40. Switch PCB, A1A2 
All the front panel control keys, except the POWER O N i O F F  switch. consist of an 
elastomeric membrane sandwiched between the Switch PCB A1 A2 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 elastomeric membrane 
connects a set of contact pads. The Controller software senses which ron and column of 
the matrix are connected when a key is pressed. 

3-41. MODULE SECTION, A2 
The module section consists of a cast module frame with gasketed covers and includes the 
following electrical assemblies: 

A2A 1, Synthesizer 
A2A2, VCO 
A2A4, Output 
A2A5, Attenuatorl R P P  
A2A7, Controller 

3-42. Synthesizer PCA, A2A1 
The Synthesizer PCA provides frequency control and modulation of the Generator's 
output.  The Synthesizer assembly is located on the top side of the module section A2. 
Together with VCO A2A2 and an optional 10-MHz external reference frequency, the 
Synthesizer assembly simultaneously generates a high-band signal that spans 490 to 1050 
M H z  and a mid-band signal that spans 245 to  525 MHz. The maximum programmed 
VCO frequency is 1044.99999 MHz, which corresponds to 244.99999 MHz in the low 
band. 

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

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

10-M Hz Reference 
Main PLL 
F M  Processing 
800140 MHz PLL 
Sub-synthesizer 

3-43. 10-MHZ REFERENCE 
The 10-MHz Reference circuitry allows internal o r  external signals t o  function as the 
Generator reference. The Generator reference is normally the internal 10-MHz crystal 
oscillator. The internal 10-MHz crystal oscillator (X.O.) is a crystal, Y 1, and an FET 
transistor 426 .  The frequency is adjusted by C153. The oscillator signal from 4 2 6  is 
buffered by 427 ,  converted to TTL by U54, and sent to multiplexer U55A. When the 
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internal oscillator is disabled, the input (U54 pin 13) is pulled up at the same time the bias 
current for 4 2 6  is disabled. The A section of this multiplexer decides whether the internal 
10-MHz X.O. or the external reference is selected for the Generator reference. 

The output of multiplexer U55 is sent to the 800140-MHz loop phase detector and the 
main loop phase detector via divide-by-50, U58. Multiplexer U55B sends the signal to the 
rear panel if the REF INT: EXT switch is set to INT. 

The rear panel 10 MHz IN,'OUT connector serves two functions: 

I. When the rear panel REF INTI EXT switch is set to INT, the 10-MHz reference 
signal from the X.O. is the Generator's reference. 

2. When the rear p!ne! R E F  INTI EXT switch is set to EXT, an external 10-MH7 
TTL signal applled to this connector becomes the Generator reference. 

3-44. 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 A2A1. 

The key signals to the main PLL are the 0.2-MHz reference signal from the 10-MHz 
Reference circuit, the 245-MHz to-525-MHz signal from the binary divider, and the 
10-kHz to 20-kHz signal from the sub-synthesizer circuit. The fractional division 
technique provides 10-kHz frequency resolution. 

The SSB mixer, in conjunction with the sub-synthesizer, provides additional 2.5-Hz 
resolution on the mid band. This corresponds to 5-Hz resolution on the low band, 
although only 10-Hz resolution is displayed. 

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 the VCO PCA, 
A2A2 paragraph in this section. 

3-45. Binary Divider and Single-Sideband Mixer 
The 490-MHz to 1050-MHz signal from the VCO via 5107 is coupled to the binary 
divider, U 1 .  Regulator Q 1 provides +5V for the divider. One output of U1 is coupled to 
the Output PCA, A2A4 through 5104. The other output is amplified by 4 2  and 4 3 .  This 
signal is split into two quadrature (90" phase difference) signals by 3-dB coupler, U6. 

This signal, and two other audio quadrature signals from U10, are summed in the 
double-balanced mixers U7 and U8 to produce two double-sideband suppressed-carrier 
signals. Because of the phase relationship of the outputs of the mixers, the summing of 
the two composite signals (in resistor 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 525 MHz in 10-kHz steps, is amplified 
by U9 and applied to the N-Divider where it is divided down to 0.2 MHz. 
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3-46. N-Divider 
The main components of the N-Divider are: 

Triple-Modulus Prescaler (divide by 20 : 2 1 122) U 18, U 19, and U20 
N-Divider Custom Gate Array U 17 
Divide by 5 U 14 

The triple-modulus prescaler, Figure 3-1, consists of adivide by 101 11 (U20), divide by 2 
(U 18A), synchronizing flip-flop (U 18B), and quad NOR gates (U 19). If all the inputs (E I ,  
E2, E3, E4, and E5) to the 101 11  divider are low, the prescaler divides by 1 1, 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 E l  and E3 are low, the modulus of the 101 1 1 divider is controlled by the output 
of the following divide-by-2 ( U  18A). 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-TT!> 
converter. U18B synchronizes the changing of the modulus with the clocking of ! I : <  

subsequent stages. The N-divider gate array is clocked by the composite prescaler output 
U 18A. 

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. 

The N-Divider gate-array contains two 5-bit binary up 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 21 (or 22, TRMODL = low). The mode line 
stays low for 3 I-A counts, where A is the programmed number. The mode line goes high, 
and the prescaler divides by 20 (or 21, TRMODL = low) for 31-N counts. 

The total division for the triple-modulus prescaler and N-Divider gate-array is: 

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

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 I-MHz N-divider gate-array output. 

The programmed number ranges between 0 and 99, corresponding to 10-kHz steps at the 
mid-band output frequency. The flip-flops in the rate multiplier get set up on count 29; 
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 prescaler 
divides by P+1 at a rate equal to the rate multiplier programming. 
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INSTALLATION AND OPERATION 

It might be noted that a 201 21 dual-modulus prescaler does not allow division from 245 
to  525 without holes. For example, 252 is 0 frames of 20 and 12 frames of 21. 
Consequently, there is no place to slip in the rate-multiplier pulses. It is not possible t o  
divide by 253. 
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Figure 3-2. N-Divider Operation 
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Figure 3-3. N-Dlvider Timing Diagram 
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By using a triple-modulus prescaler, these problems are sohed. Continuing with the 
previous example, 252 is 12 frames of 21 and 0 frames of 22. The deleter functions b~ 
allowing the prescaler to divide by 22 at a rate equal to the rate-multiplier frequency. 
Thus, 253 is 1 1 frames of 21 and 1 frame of 22. A software algorithm determines whether 
to operate in the 20'21 mode (TRMODL = I )  or 21,122 mode (TRMODL =0). 

The frequency at the output of the N-divider gate array, U 17, is (Fo 2 - Fs - Fd) N, where 
F o  is the VCO output frequency, Fs is the sub-synthesizer frequency. and Fd is the 
fractional-division frequency. The frequency at the output of the N-divider gate arra) is 
divided again by 5 in U14. This frequency is 0.2 MHz. the same as the reference 
frequency. There is a corresponding divide-by-5 in the reference path, so the net effect is 
that the output frequency of the N-divider gate array. U 17, is 1 MHz. 7 he purpose of the 
divide-by-5 is to increase the allowable FM deviation at low rates. 

3-47. Phase Detector 
The 0.2-MHz reference signal from divide-by-50 U58, and the 0.2-M Hz signal from the 
last stage of the N-divider. U 1 4 .  are connected to a digital phase-frequency detector 
(U43, U44. U45, 1147). 

If the phase of the clock input of U44A, from the N-divider leads the phase of the clock 
input of U43A, from the reference, the Q output of U44A is set high. When a positive 
edge clocks U43A, its Q output goes high and immediately clears U44A and U43A via 
U45. The width of the U44A Q output pulse is proportional to the phase difference 
between the N-divider and reference clocks. If the phase difference between the N-divider 
and reference clocks is lagging, the width of the U43A Q output pulse is proportional to 
the phase difference. 

A conventional digital phase-frequency detector has a range of + 2 pi radians. By 
addition of another section, consisting of U43B, U44B, U45, and U47B, the range is 
increased to +4 pi, -2 pi radians. 

As the phase difference approaches 2 pi radians, the pulse width at the Q output of U44A 
approaches 100%. This pulse-width output, delayed through gates U45B and an R C  
network (R117, C137) causes the Q output of extension flip-flop U44B to go high. This 
causes one-shot U47B to clear flip-flop U44A through the OR function of U45A, which 
then causes the main phase detector, U44A and U43A, to reset back by 2 pi radians. The 
extension flip-flop, U44B, controls an extension down-pump, consisting of current 
source U67B, level shifter 444, and diodes CR28 and CR29. When the main phase 
detector is reset, this provides a current equivalent to 2 pi radians. As the phase difference 
changes more in the same direction, the range extends an additional 2 pi radians. As the 
phase returns back from the extended region, the pulse width from flip-flop U43A begins 
to increase. This allows a control flip-flop, U43B, to  become active and to clear the 
extension flip-flop and preset main flip-flop U44A. This presets the main phase detector 
to 2 pi radians at the same time the extension flip-flop is cleared. The extension flip-flop, 
U44B, and control flip-flop, U43B, are synchronized with the clock input to the main 
phase detector flip-flop, U44A. 

If the N-divider output frequency is greater than the reference frequency. the le\.el at 
TP38 is high. When the output of the level shifter Q16 is above ground, CR 12 is turned 
off. This allows current from U76A, a matched pnp transistor. to flow through CR13 
into the integrator, decreasing the voltage at the integrator output (U48 Pin 6). which 
then lowers the frequency of the VCO until the reference and the N-divider output are the 
same frequency. 
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Similarly, if the 3-divider output frequency is below the reference. then TP39 is low, and 
the voltage at the output of level shifter 4 1 7  is below ground, turning off CR15 and 
allowing current from 439  to flow through CR 14 out of the integrator. This raises the 
voltage at the output of the integrator. which raises the VCO frequency. 

R107 prokides an offset current to the integrator to bias the phase detector at 
approximately -pi radians; consequently, the down-pump is normally always on. This 
allows a total phase detector range of * 3 pi radians. If the up-pump comes on, indicating 
phase detector excursions greater than f pi, the pulses are detected by the one-shot. 
U47A. that produces the UNLOK status which is then sensed by the Controller. This is 
ignored while FM modulating. 

For flat FM response, it is necessary for the PLL bandwidth to be constant at all VCO 
freuuencies. 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, 418,  and U67A. 
When F M  modulating at high deviations and low-rates, the up, down and offset pumps 
are used. The pump currents are balanced to minimize fm distortion. 439 ,440 ,  and 4 4 1  
mirrors the current from 438. Dual pnp U67 provides the down-pump current and 
down-pump offset current. 

3-48. Loop Amplifier 
The loop amplifier-integrator consists of operational amplifier U48, C 1 18 and R9 1 .  
Capacitors C 12 1 and CI 19 filter the 0.2-MHz reference. The output of the integrator is 
connected to a multi-pole LC filter (R92, C 123, C99, C 124, C 126, C 125, C237, L49, L50, 
L51 and R93) which attenuates the delete rate (10 and 20 kHz) and the reference 
0.2-M Hz spurs. 

Diodes CR9 and CR 10 stabilize the loop during switching. The filter is buffered by the 
Darlington emitter-follower 420,  which is biased at 10 mA by 421.  Additional lead/ lag 
compensation is provided by R99, R 10 1 ,  and C 13 1 .  Proper termination for the filter is 
provided by R93 and 422.  The voltage for the loop amplifier is regulated to 
approximately +30V by Q 15. 

Amplifier U49 is a precision clamp that keeps the VCO frequency above a minimum 
value for oscillation, and below a maximum above which the N-divider would not divide 
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. 

3-49. FM PROCESSING 
To  provide F M  accuracy, the F M  signal FMV from the Output board is first processed 
by the KV DAC (U28 and U29) to compensate for the VCO tuning coefficient. The KV 
DAC setting is proportional to 1 / Kv, where Kv is the tuning coefficient. This correction 
is stored in the VCO Calibration EPROM on the Controller board. For output 
frequencies below 245 MHz, the KV DAC setting is halved to account for the effective 
frequency doubling that occurs on this bands. 
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Range switching is provided by resistors R77. R78. and R79, and FETs Q10, Q1 1, and 
Q 12. Comparator U42 converts TTL levels to  OV (on) and -15V (off), the levels 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 J 103 is for frequencies 
outside the loop bandwidth. U41 D 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 C117. FET 
4 1 3  allows the FM to be turned off. The audio signal is also processed by integrator 
U41A. R85. R86, and C115. The audio signal is ac coupled into the phase-detector 
integrator via R89, R90, C116, and FET Q14. (Resistor R90 adjusts the low frequency 
FM gain.) This integrator causes the phase modulation produced at the Phase Detector 
to appear as FM. 

3-50. 800140 MHZ P i i  
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 011 the 
Output PCA. It also provides a 40-MHz signal to the sub-synthesizer clock generator. 

The 800-MHz VCO is connected to the divide-by-four, U61, followed by a divide-by- 
five, U62 and U63, providing 40 MHz to  the sub-synthesizer clock generator through 
selector U64. When the Generator is not in the low band, the 800-Hz oscillator and the 
first divide-by-four are disabled by turning off 4 2 8  (HET). 

The 40-MHz oscillator, consisting of U64, L66, and CR24, is selected by U64. The 40-Hz 
balanced ECL signal from U64 drives the two-phase clock generator. A self-biased gate, 
U65, converts ECL to TTL. U66 divides the 40-M Hz 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 C18 1 ,  C 185, C 186, and C20 1 integrate the phase 
detector pulses to produce a dc control voltage for the 800-MHz VCO and the 40-MHz 
VCO. 

3-51. 800-MHz VCO 
The 800-MHz VCO is a low noise, limited range, voltage-controlled oscillator for the 
800-MHz PLL. The basic oscillator uses two active devices operating as negative 
resistance elements, coupled symmetrically to  a resonator made up of a varactor and an 
adjustable capacitor. Each device is followed by an amplifier and isolation pad. This 
provides two coherent outputs of +5 dBm to the PLL and 0 dBm to the output A2A4 
assembly. 

The oscillator transistors 4 3 2  and Q35 are biased at 13 mA by R182 and R191. The 
voltage at the collectors of 4 3 2  and Q35 is typically +2.5V. The two 6-dB amplifiers 4 3 3  
and 4 3 7  are biased so that the voltage at their emitters is about +0.3V, and the voltage at 
their bases is about + I  V. 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 R 186, R 187, R 189, R 197. 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 PI08 at the 0-dBm level. The 
other VCO signal is connected to the divider U61 to  provide the feedback for the PLL. 
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3-52. SUB-SYNTHESIZER 
The sub-synthesizer consists of the clock generator, U34,35,Q4, Q5, the gate-array, U33, 
the divide by 1000. U 15, and U 16. and the low-pass filter Ll  1 and L17. Internal to the 
sub-synthesizer gate-array, U33. are a divide-by-two, a 3-'/2 decade-rate multiplier. and 
associated latches. 

The balanced 40-MHz ECL clock signal is converted to TTL in 4 4  and Q5, and 
converted to a two-phase 20-MHz clock in U34, U35. 

An enable output of each section allows multiple sections to be cascaded. The input 
frequency to the rate-multiplier is 20-MHz. The output frequency can be programmed 
from 0 to 19.995 MHz in 5-kHz steps. This signal is ORed with the other phase of the 
20-MHz clock to produce 20 MHz to 39.995 MHz at U33 pin I. This is divided by two in 
the gate-array, by ten in U 15, and again by I00 in U 16 to produce I0 kHzto  19.9975 kHz 
ir? 2.5-Hz steps: Only 5-Hz steps are used internally, corresponding to 10-Hz steps at the 
output. This TTL signal at T P  I I is filtered by L11, L17, and C41, C42, C48, C50, and 
C5 I .  Op amp U 10 forms an active quadraturegenerator, and the output pins 14 and 8 are 
offset by 90". These two signals are the 10-kHz to 20-kHz inputs for the Main PLL 
single-sideband mixer. 

3-53. 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 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 + 18V. The basic oscillator circuit uses two active devices operating as 
negative resistance elements. Coupled symmetrically to a resonator, each active device is 
followed by a 6-dB amplifier and a 15-dB isolator pad that provides two coherent but 
isolated signals at about 0 dBm. 

One signal is sent to the Output A2A4 assembly, and the other to the Synthesizer A2A1 
assembly. To suppress harmonics, two tuned trap filters are placed between the negative 
resistance devices and amplifiers Q2 and 4 4 .  

The oscillator transistors Q I and 4 3  are biased at 13 mA. The voltage at the collectors of 
Q I and 4 3  are typically set at +6V. The two 6-dB amplifiers 4 2  and Q4 are biased so that 
the voltage at their emitters, is about +0.3V and at their bases about +IV, with the 
collectors at about +6.5V. 

The PLL control voltage from the Synthesizer assembly A2A1 at P102 provides the 
tuning voltage for varactors CR I and CR2. This voltage also controls varactors CR3 and 
CR4 with resistors R6, R4, R18, R19, and R20. These varactors, in conjunction with 
their lead inductance and C1 and C32, make up a shunt trap filter at twice the VCO 
frequency to suppress the in-band second harmonic at both VCO outputs to typically less 
than - 10 dBc. 

The output attenuators consisting of R13. R14, R15, R27, R28, and R29 provide the 
isolation between the two VCO outputs at PI03 and P104. C23 and C30, in series with the 
printed board inductors. form out-of-band trap filters for approximately 1.4 GHz. These 
filters further suppress the out-of-band harmonics. 

C23 couples 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 
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plug-in capacitor, A2CI. 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. 

3-54. Output PCA, A2A4 
The Output PCA accepts R F  signals from the Synthesizer and the VCO circuits and 
command signals from the Controller. The output circuit provides a 0.01-MHz to 
520-MHz R F  signal to the Attenuator. 

The Output assembly reduces harmonic distortion components in the R F  signal. 
controls R F  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 t o  provide internal AM and FM,  and provides a digital interconnect path between 
the Controller and Synthesizer. 

3-55. RF PATH 
The R F  path begins with the two R F  signals from the VCO and the Synthesizer 
assemblies. The S P D T  bandswitch circuit selects between the 800-MHz to 1045-MHz 
signal at PI06  and the 245-MHz to 525-MHz signal at P107. The selected signal is 
applied to buffer amplifier QlOl and 4102. 

The 245-MHz to 525-MHz signal directly generates the 245-MHz to  525-MHz mid-band 
output signal. The 800-MHz to  1045-MHz signal generates the 0.01-MHz to  245-MHz 
low-band output signal by mixing with an 800-MHz L O  signal. 

The buffer amplifier Q 10 1 and Q 102 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 R F  output signal. 

The first section of the circuit is a printed 1100-MHz low-pass filter. The second section is 
switched into the R F  path via PIN diodes CRI06 through C R l l O  by asserting M l D L  
when the Generator is operated in the mid band (245 to  525 MHz). PIN diodes CR114 
through C R  1 16 select capacitors Cl19,  C 12 1, and C 123 whenever HAOCTH is asserted 
to change the section cutoff frequency from 5 12 to  350 MHz. The third section provides 
harmonic filtering for the R F  signal, 800 to 1045 MHz, used to  generate the low band. 

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

4209,  Q211, QZ.13, and associated components follow the modulator in the signal path 
and form a three-stage, 20-dB gain, 245-MHz to 1050-MHz amplifier. This amplifier 
drives a 3-dB power splitter that consists of resistors R253 through R255 and associated 
printed transmission lines. 

One power splitter output drives the leveiing-loop detector diode CR202. The other 
output goes to the HET band switch that includes PIN diodes CR203 through CR210 
and biasing components. In the 245-MHz to  525-MHz position, the signal passes 
through diodes CR204 through CR209 to  the output amplifier 4215.  This low-distortion 
output amplifier has 6-dB gain and output capability of 15 dBm. 

 
MicroManuals 
 
 
 
 

                       
MicroManuals 

 
 
 
 
 
 
MicroManuals 
 
 
 
 
 
 
 
 
 
 

MicroManuals 



THEORY OF OPERATION 

For low-band operation (0.01 MHz to 245 MHz), the signal from the power splitter is 
routed through CR203 to an adjustable attenuator, R224 through R229, and then to the 
R F  port of U201 (a double-balanced mixer). The signal frequency at the mixer R F  port 
varies from 800.01 MHz to 1045 MHz. The 800-MHz local oscillator (LO) signal for the 
mixer comes from the Synthesizer assembly through PI08 and is amplified by 4207. This 
fixed-tuned amplifier has 13 dB of gain and provides a 10-dBm signal at the mixer LO 
port. 

The mixer 0.01-MHz to 245-MHz output signal is passed through a diplexing low-pass 
filter (C2 19 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 4202, Q204, Q206 and associated components. 

The IF  amplifier gain increases with frequency and is nominally 35 dB at 0.01 MHz and 
37 dB at 245 MHz. This gain characteristic compensates for the increasing loss with 
frequency of :he mixe; 2nd :he diplexing !ow---cc gilt-r. Tho n ~ n t n x ~ t  nf the IF- ~ m n l ; f ; ~ r  

)IUD> I I I L C L  I & L C  V U I ~ U I  "1 C k L r  I I  U A ~ L ~ ~ L A A ~ &  

passes through a 245-MHz low-pass filter (C216, C2 17, C218 and printed inductors) and 
PIN diode CR210 to the output amplifier. The +15V power supply for the LO and I F  
amplifiers is switched off by 4301 when the instrument is operating in the 245-MHz to 
525-MHz band to avoid introducing spurious products into the instrument output. 

3-56. 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 dc voltage, which is a non-linear function 
of the applied R F  voltage. Therefore, temperature compensation and linearization are 
necessary. The detector diode signal is low-pass filtered by L217 and C253, and is offset 
by the voltage across temperature-compensating diode CR126. 4104, Q105 and 
associated components form a current source circuit that provides bias current for 
CR 126 and CR202. 

The offset detector diode voltage at U I0 I B pin 3 is linearized by amplifier U I01 B and its 
associated feedback components. Potentiometer R144 provides detector linearity 
adjustment. Thus, the voltage at UlOlB pin 1 is proportional to the R F  voltage at 
detector diode CR202. 

This voltage is divided and applied to the loop integrator amplifier at U 10 1 A pin 6. This 
amplifier drives the modulator through emitter-follower Q 103 and through the action of 
the ALC loop, maintaining the voltage level at U IOIA pin 6 equal to that on pin 5. The 
voltage at pin 5 is a function of the leveling loop control voltage applied to R140. R140, 
R 141, CR127, and CR128 form an additional detector linearizing network that is active 
for low R F  levels. Amplitude modulation is achieved by summing an appropriately 
scaled modulation signal with the dc leveling loop control voltage applied to R140. 

The amplitude modulator consists of PIN diodes CRI 17 through CR 120, resistors R 121, 
R 122, and capacitors C137 and C138. Attenuation through the modulator is a function 
of bias current through the PIN diodes. This current is provided by the modulator 
linearizer circuit (R123 through R129. R148, R149, C139 through C143, and CR121). 

Modulator attenuation is thus approximately proportional to the modulator control 
voltage at the emitter of 4103. Proportionality is required to maintain constant leveling 
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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  U3 10A and associated components form an unleveled indicator circuit. The 
comparator senses the modulator control voltage at the emitter of Q103. 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 leieling 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 
(UIVLVLL) goes low. The Controller senses this low and causes the front panel UNCAL 
indicator to  flash and displays an unleveled status if interrogated. 

3-57. LEVEL CONTROL 
The instrument output level is set by the level-control circuit. Inputs to  this audio signal 
processing circuit are the internal and external modulation signals. a dc reference 
voltage, and the digital control commands. The circuit output is the h e l i n g  loop control 
voltage that provides vernier level control of the Generator output.  Digitally encoded 
level, modulation depth, and temperature-compensation information are pro\ ided b\ 
the Controller. 

Selection of the internal or  external modulating signal, o r  no  modulation, is made b) 
analog switches U401 C. U40 I D ,  and op  amp U402B. The selected, buffered modulation 
signal at U402B pin 1 is applied to  pin 4 of U301, a dual 8-bit DAC.  U301. with Li302D. 
acts as a digitally programmed variable attenuator and is labeled AM DAC. 

Binary AM depth control information from the Controller is applied to  D A C  L1301. The 
output at U302D pin 14 is the modulation signal scaled to  the programmed AM depth. 
This ac signal is summed by op  amp  1J302B with a dc  reference voltage provided by 
CR403. The output at U302B pin 7 is called the I+AM signal. This signal provides the 
desired AM depth when scaled by the LVL D A C  and applied to  the leveling loop. AM 
depth adjustment is provided by potentiometer R421. 

The  instrument R F  output amplitude is temperature compensated in a frequencl- 
dependent manner as follows: The  I+AM signal is applied t o  pin 18 of dual 8-bit D A C  
U30 I ,  the D A C  B reference input. The D A C  output,  at U405D pin 14, is the I +AM signal 
attenuated by an R F  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 l + A M  signal attenuated by an  R F  frequency and temperature- 
dependent factor, and is applied to  summing op  amp U302C. The ]+AM signal is also 
applied t o  this summing amplifier. Thus, the voltage at U302C pin 8 is the temperature- 
compensated and scaled I +AM signal. 

This signal is applied to  the reference input of Level D A C  U303. This 12-bit DAC. with 
o p  amp  U302.4, latches U304, U305, and controls the Output assembl) R F  output 
amplitude. The D A C  output voltage, at U302A pin 1 ,  is the temperature-compensated 
I+AM signal multiplied b! a factor proportional to  the 12-bit level control number 
provided by the Controller. This voltage is the leveling loop control ~ o l t a g e .  The 
Generator R F  output  level adjustment is provided by potentiometer R3  1 1, and D A C  
offset voltage adjustment is provided by potentiometer R309. 
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3-58. MODULATION OSCILLATOR 
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 latch U308, 
selects either 400-Hz or 1-kHz operation, and is selected by switching resistors with 
JFETs 4401 and Q403. 

The amplitude of oscillation is controlled by an ALC loop that varies the resistance on 
U405B pin 6 to ground. This resistance, comprised of R412 and the drain resistance of 
4402, is nominally 2 kilohms. The oscillator signal amplitude is sensed by rectifier 
CR40I. The average current through CR401 is made equal to the reference current in 
D A r L I.., --..I:c:,- I T A M  A r n . T o ~  n~; . ,o+-nmt io L., -n+o-+;n-ntn,- w A la 

I \, u y  I r r r L S l  a L u r - a r l l p l l l l L l  u - V J ~ .  L L V L I  UUJUJLIIILLIL IJ JLL u y  ~ULLIILIULIILLLI 1 x - r ~  / .  
Temperature compensation is provided by R4 17, R4 18, and CR402. 

3-59. 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 U403. This DAC provides fine control of 
the FM deviation. (The coarse control FM circuitry is part of the Synthesizer assembly.) 
The output of the DAC, at U405C pin 8, is the modulation signal multiplied by a factor 
proportional to the &bit FM deviation control provided by the Controller. 

3-60. Attenuator/RPP PCA, A2A5 
The Attenuatori R P P  A2A5 consists of an Attenuator! R P P  PCA, A2A5A4, in a metal 
housing mounted on the top side of the A2 module section to form a shielded enclosure. 
The Relay Driver PCA, A2A5A5, is included in this assembly. 

The Attenuator assembly controlled by the microprocessor provides coarse control of 
the Generator output level. The high-level signal from the Output 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 R F  OUTPUT connector. 

Compensation data for the Attenuator in each Generator is stored in the Attenuator 
calibration EPROM located on the Controller PCA, A2A7. The instrument program 
uses this data to correct for the combined deviations of the attenuator sections in use. For 
more details on level correction, refer to the Amplitude Control paragraph in this 
section. 

The Attenuator 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 
section, a 12-dB section, 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 
R F  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 U31 on the Controller PCA A2A7 and transistor drivers on the A2A5A5 Relay 
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Driver PCA. For calibration and troubleshooting purposes, special functions 83 through 
86 allow the direct selection of four of the five 24-dB attenuators. The other 24-dB 
attenuator is selected by programming the appropriate level (-12 dBm). 

Coupling capacitors C6 and C7 protect against dc or low-frequency power. The diode 
limiter, consisting of CR2 through CR9, provides protection against medium R F  power 
levels and short-term (fast acting) protection against high R F  power levels. Long-term 
(latched) protection is provided by relay K8 whenever the reverse R F  power exceeds a 
preset level. 

R F  power detected by CRI is compared with the preset voltage in one section of 
comparator U 1 .  When the detected voltage exceeds the set value, the output of U I pin 1 
goes positive, turning on Q1 and 4 2 .  This actuates K8 to the protect position. In the 
protect position, the output connector is shorted to ground and the Generator output is 
disconnected from the output connector. 

CR 15 and R6 form a latching network such that K8 remains in the protect position until 
the Generator R F  Output is reset by an R F  ON entry. The output of the comparator is 
buffered and sent as RPTRPL to interrupt the Controller signal that annunciates the 
R P P  trip condition by flashing the UNCAL and R F  O F F  indicators. 

3-61. 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 I /  0 circuitry 
Reset circuit 
Status and control latches 

3-62. MICROPROCESSOR 
The heart of the Controller assembly is U 1, a TMS9995 1618 bit microprocessor. The 
digital system clock signal is generated by an oscillator comprised of gates from U5 and 
crystal U4 1 .  When enabled, bidirectional buffer U4 provides additional drive current for 
data bus operation; when it is disabled, it isolates the microprocessor from the system 
data bus. Buffers U33, U34, and U 10 provide extra drive current to the microprocessor 
address and control signals. 

3-63. ATTENUATOR CONTROL INTERFACE 
The attenuator control signals are latched by U27. Darlington drivers U30 and U31 
control the Relay Driver A2A5A5 PCA. 

3-64. 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 
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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 R F  emissions from the Generator, 
low-pass filters comprised of the following components are used on the following signals: 

SIGNALS COMPONENTS 

Signal CLRL R6 and C5 1 
Latch select SEG 1 L R7 and C53 
Latch select SEG2L RE and C54 
Latch select SEG3L R9 and C55 
Latch select SEG9L R I0 and C56 
Latch select DIGL R 1 1 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. 

3-65. IEEE-488 INTERFACE 
Tri-state bidirectional buffer U2 buffers the data bus to the 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 assembly is connected to the 
level-four interrupt on the microprocessor. R 1 and C22 form a low-pass filter to suppress 
digital emissions from the Generator. 

3-66. MEMORY 
The microprocessor uses a 2K-byte RAM (U25) to store program variables. A 32K- and 
a 16K-byte EPROM (U21 and U22) contain the microprocessor instructions and 
constant data. Three 2K-byte Calibration EPROMs (U23, U24, U26) contain calibration 
data for the VCO, Output, and Attenuatorl R P P  assemblies, respectively. Decoders U20 
and U 14 decode the individual chip selects for the memory ICs. 

3-67. MODULE I/O 
Control data is transferred to the R F  circuitry (located in the Module Section, A2) 
through a byte-wide unidirectional data bus. This data is retained on the R F  circuit 
boards in latches. Select lines BSELOL, BSELI L, and address lines BAB2 through BABO 
are decoded into individual latch enables on the various R F  circuit boards. Tri-state 
buffers U 15 and U 16 on the data and address lines provide extra drive current and allow 
these signals to float when inactive. 

Flip-flop U42 gates the module 110 select pulse from U8 with the system clock to delay 
the leading edges of BSELOL and BSELIL to provide adequate latch setup times. D 
-flip-flop U9 latches address lines BAB2 through BABO to provide adequate latch hold 
times. 

3-68. 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 +5V supply drops below 
+5v. 

At power-up, R5 and C4 provide a slow-rising reset signal to the microprocessor, and the 
output of U7 is ignored. When the +5V supply is up, a reference voltage 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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3-69. STATUS AND CONTROL 
Tri-state buffers U11 and U40 read the three hardware fault-detector status signals, 
UNLVL, UNLOKL and RPTRPL, and the status of the R E F  INTI EXT switch. Control 
and buffer enable signals are latched by U 17. 

3-70. REAR SECTION, A3 
The rear panel section consists of fuseifilter line-voltage selector switch A3FL1, 
transformer A3T1, Power Supply PCA A3A I .  fan A3B1, and IEEE-488 PCA '43A3A 1 .  
The line-selector switch accommodates two line voltages, 1 15 '230 volts, selected by the 
orientation of a pullout PCB. 

The transformer A3T1. with its two primary windings, accepts these two voltages and 
produces the necessary five secondary voltages. The Power Supply PCA A3A 1 rectifies, 
filters, and regulates these secondary voltages to produce the dc voltages required by the 
Generator. The dc fan A3B1 is connected to the unregulated +5V supply. 

3-71. Power Supply PCA, A3A1 
The bridge rectifiers in the power supply are used in either a bridge or full-wave 
center-tapped configuration with capacitor input filters. Table 3-1 lists the rectifier 
configurations as well as the component designations for the various supplies. 

The two +15V, the -15V, and the +5V supplies use conventional three-terminal IC 
regulators with internal current-limiting and temperature protection. All three 15V 
regulators have reverse voltage protection diodes CR3, CR4, and CR8. 

The +37V regulator voltage is adjustable via R3. A 6.2V supply is developed from the 
+37V supply through resistor R4 and zener diode CR7 and is applied to  the center tap of 
the 6V ac filament supply. This provides grid bias for the front panel displays. All 
regulators (except +37V) have their common reference terminals brought out to an 
external ground point on module A2 to reduce power supply ripple (P2). 

Triac U6 is a voltage surge protector that protects against line voltage surges as well as 
overvoltage in case of a wrong setting of the selector switch. 

Switch SI is the R E F  INT: EXT reference selection switch and is not functionally part of 
the power supply. 

3-72. IEEE-488 PCA, A3A3A1 
The IEEE-488 Interface consists of the IEEE-488 printed circuit assembly (A3A3AI) 
mounted in a metal frame on the Generator rear panel. It interfaces directly with the 
Controller assembly A2A7. 

The IEEE-488 Interface uses an NEC pPD7210 TalkerlListener 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 IEEE-488 bus. 

The presence of the IEEE-488 Interface is detected by the microprocessor when the 
board is plugged into the Controller board. The signal IEINL, normally at +5V, is pulled 
to circuit ground when the board is installed. 

Tri-state buffer U6 provides the status of the IEEE-488 rear panel address switches when 
the Generator is interrogated. These switches determine the IEEE-488 bus address and 
talk-only (to) or listen-only (lo) modes. When opened, the switch just to  the left of the 
IEEE-488 bus connector disconnects the bus shield ground from the system ground. 
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THEORY OF OPERATION 

Table 3-1. Power Supply Rectifier Configuration 

3-73. DEVIATION METER SECTION, A4 
The deviation meter assembly (A4) consists of two circuit boards: the A/  D PCA (A4A2) 
and the Discriminator PCA (A4A 1) attached to a frame (A4A3). This assembly plugs 
into the Controller PCA (AZA7j. 

3-74. Discriminator PCA, A4A1 
The R F  input signal from front panel connector 53 is attenuated by 24 dB and high-pass 
filtered at 20 MHz before reaching the R F  input of the mixer, U6. The generator supplies 
the local oscillator signal for the mixer. Under normal operation (generator mode) the 
generator R F  signal is routed from the Attenuatorl R P P  (A2A5-J2) through A4A1-J 1 to 
relay K I and back to the front panel (A 1-J 1) R F  OUTPUT. In the deviation meter mode, 
the generator R F  signal is routed from the Attenuator through relay KI to a 6-dB pad, 
then to the LO input of the mixer, U6. The relay is controlled by Q8 from the latch 
(U3-15) on the A / D  board. 

The I F  output of the mixer, at 1.5 MHz, is amplified by Q9 (approximately 10 dB), 
filtered by C32, L7, C33 and limited by U5. When the discriminator is off, U5 is also 
turned off by 4 8 .  The output of the limiter is again filtered by CI ,  C2, C3, LI ,  L2 and 
amplified by U 1, an ECL line receiver. The output of U 1 is coupled to  the bases of the the 
current switching transistors 4 3 , 4 4 .  The collectors of Q3,Q4 are clamped to  one diode 
drop above ground in the positive direction by CR3, CR4 and one diode drop below the 
voltage on Zener CRIO by CRI ,  CR2 in the negative direction. Q5, 4 6  are constant 
current sources. The collectors of 4 3 ,  4 4  swing IOV + 2 Vbe. The current through C9, 
C 10 is proportional to the voltage swing, capacitance and frequency. CR6-9 are current 
steering diodes. 

CAP 

C11 
C2 
C 2 
C 5  
C 8 
C1 

C O I I F I G .  

B r i d g e  
C1/FW 
CT/ F W  
C T / F W  
CTIFW 
B r i d g e  

SUPPLY 

t 5 7  
+ 1 5  
+ I  5 
-1 5 
+  5  
+ I  8 

Op amp U7A converts this current to  a voltage which is proportional to frequency and 
hence deviation. Voltage zeroing loop, U7B, keeps the dc voltage at U7A pin 7 at zero 
volts and acts as a 20-Hz high-pass filter. This allows the IF frequency to  vary up to  k 
0.25 MHz without affecting performance. The dc voltage at the output of the voltage 
zeroing loop, U7B pin 1, is monitored by window detector U3A,B. If the dc voltage is 
outside the limits which represent approximately + 0.25 MHz, a signal is sent hack to the 
Controller. OFFSET R29 adjusts the dc voltage to  zero and FM GAIN adjusts the 
full-scale deviation. This stage is also part of a 50 kHz Bessel low-pass filter. The next 
stage, U2A, is a selectable XI0 amplifier. The XI0 mode is the 50-kHz range. The range 
command from the latch (U3-6) is level shifted to + 10V (on), -15V (off) by comparator 
U3C, and this controls the gate of Q1. The gain in the XI0 mode (50 kHz Range) is 
adjusted by R3 (50 k H z  GAIN). U2B is a selectable + unity gain amplifier which selects 
f Peak. When 4 2  is on, - Peak is selected. U3C converts the TTL signal from the latch 
(A4A2 U3-9) to the voltage required by the FET. R32 (+ PEAK) adjusts the gain 
balance. The remaining poles of the Bessel filter are determined by 22,  C52, C53 and 
u 2 c .  

RECT. 

CR6 
CH2 
CI<2 
C R ~  
CR5 
CHI 

FIL 

REGULATOR 

A I A l  U4 " U5 " U1 " U2 
A3 U5 

6V dc w i t h  c e n t e r - t a p  b i d s e d  d t  6.2V d ~ .  

REMARKS 

At11 u s t d b l e  
F I  xed 
F i x e d  
t i  xed 
F i x e d  
UnreguLdted r r l d y  supply 
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THEORY OF OPERATION 

The audio voltage is high-passed by C23, R25. Comparator U4, in conjunction with C27, 
is a positive peak detector. Transistor 47 resets the capacitor after the analog-to-digital 
converter takes a sample. U2D buffers the dc voltage. 

3-75. A/D PCA, A4A2 
The dc voltage from U2D is converted to a 10-bit word on the A /  D PCA by U 1 ,  a 
successive-approximation A I D  converter. This board provides power and digital 
control for the Discriminator PCA. U5 sends status bits back to the Controller. 
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Some semiconductors and custom IC's can be 
damaged by electrostatic discharge during 
handling. This notice explains how you can 
minimize the chances of destroying such devices 
by: 
1. Knowing that there is a problem. 
2. Learning the guidelines for handling them. 
3. Using the procedures, and packaging and 

U t I bench iecnniques inai are recommended. 

The Static Sensitive (S.S.) devices are identified in the Fluke technical manual parts list with the symbol 

(3 
The following practices should be followed to minimize damage to S.S. devices. 

MINIMIZE HANDLING 

3. DISCHARGE PERSONAL STATIC BEFORE 
HANDLING DEVICES. USE A HIGH RESIS- 
TANCE GROUNDING WRIST STRAP. 

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

Page 1 of 2 
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5. USE STATIC SHIELDING CONTAINERS FOR 
HANDLING AND TRANSPORT 

6. DO NOT SLIDE S.S. DEVICES OVER 
ANY SURFACE 

7. AVOID PLASTIC, VINYL AND STYROFOAM@ 
IN WORK AREA 

- 

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. 

11. ONLY GROUNDED TIP SOLDERING 
IRONS SHOULD BE USED. 

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

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

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

* D w  Chemlcal 

Page 2 of 2 
J0089D-07U8604lSE EN Litho in U.S.A. 

Rev. 1 MAR 86 
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Section 4 
Maintenance 

4-1. INTRODUCTION 
This section of the manual presents warranty information and service methods. 
Performance test procedures are presented in Section 4A, access procedures in 4B, 
calibration adjustment procedures in Section 4C, and troubleshooting and repair 
information in Section 4D. 

Each Signal Generator is warranted for a period of one year following delivery to the 
original purchaser. The warranty is located in front of Section 1 of this manual. 

4-2. SERVICE METHODS 
The Signal Generator is designed to be easily and economically serviced. You may return 
your instrument to Fluke for service, or you may service it yourself, and repair it, if 
necessary, by module 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 4D for 
information on identifying the faulty module. With a modest amount of technical 
knowledge and test equipment, you can identify the faulty module and replace it using the 
Module Exchange Program. This method takes only a day or two to restore the 
Generator to proper working order. Very little or no calibration is required depending on 
the module replaced. 

Module exchange is used if it is necessary to completely recalibrate any of the three 
modules in your Generator that have an associated calibration EPROM. 

4-5. Parts Replacement 
Parts replacement requires more equipment and service capability but usually offers the 
best economy and quickest turnaround. It involves part replacement at the customer's 
facility. 

Most faults are detected by the built-in self tests or the UNCAL status circuits. By noting 
the self-test error code and, interrogating the UNCAL status code, the service technician 
learns where the problem is. By applying normal signal tracing and troubleshooting 
procedures (see Troubleshooting in Section 4D of the manual), the fault can be quickly 
identified. 
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MAINTENANCE 

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 AttenuatorIRPP (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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Section 4A 

Performance Tests 

a-I. !NTRnnucTIoN 
Using the instrument specifications as the performance standard, the information in the 
following paragraphs describes the performance tests for the key parameters of the 
Signal Generator. 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 1 hour before starting the performance tests. 

4A-2. TEST EQUIPMENT 
Table 4A-1 gives a list of the recommended test equipment for the performance tests, 
adjustment procedures, and for troubleshooting the Generator. Figure 4A-1 shows a 
Two-Turn Loop. 

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

Table 4A-1. Recommended Test Equipment 

INSTRUMENT NAME 

DVM 

DMM 

Wideband A m p l i f i e r  

RF-Spectrum Analyzer 

Osci L Loscope 

FET Probe 

RF Vo l tmete r  

I F rr ~ C ( U C I I L ~  C0uiI tei  

Modu la t ion  Analyzer  

D i s t o r t i o n  Analyzer 

I Power Meter 

Sensor 

Low-Level Sensor 

SWR B r i d g e  

At tenuator ,  60 dB 

I At tenvdtor ,  6 dB 

1 LF Synthesized 
S i g n a l  Generator 

HF Synthesized 
S igna l  Generator 

Frequency Standard 

Test Cable 

I Adapter, Coax 

Adapter, Serv ice 

Two-Turn Loop 

Type-N Termina t ion  

Coaxia l  Cable, 50 ohm 

Coaxia l  Cable, 50 ohm 

MINIMUM REQUIREMENT I MANUFACTURER 
DESIGNATION 

5 112-Dig i t ,  0.3% DC-20 kHz ( JF 8840A-09 1 
3 1 /2 -D ig i t ,  1% D C  and 1 kHz I J f 80208 I 
> 25-dB gain, 0.4 t o  1050 MHz 
NF < 9 dB. 

DC-900 MHz I TEK 6201 I 

HP 8447D-010 

0.01 t o  1.5 GHz, 30-Hz BW 

Four- t race 300 MHz, 5 mVlDiv 

TEK 7L14/w 
Mainf fame 

TEK 2465-11 

0.01 t o  700 MHz, 0.01 t o  3V 
t / -  10% 

1 t o  10% rng, +/-ldB, 0.4 and 
1 kHz I 339B 

H I  R F  801 

I n p u t :  0.4 t?  1050 MHz, 0 t o  
t 2 0  dBrn 
AM: 10 t o  90%, + / -  1%, 
FM: 0.1 t o  100 kHz dev +I- 1% 

I n s t r u m e n t a t i o n  accuracy < +/-I% HP 4358 I 

HP 8901A 

-30 t o  20 dBm; SWR < 1.2 f o r  
0.4 t o  1 MHz, < 1.1 f o r  1 t o  
1050 MHz 

10 MHz t o  1000 MHz I ~i l t r o n  62NF5O I 

HP 8482A 

-67 t o  -20 dBm; SWR < 1.4 f o r  
10  t o  30 MHz (1.15 f o r  30 t o  
1050 MHz 

0.4 t o  1050 MHz SWR (1 .I I Nards 777c I 

HP 8484A 

0.5 t o  1050 MHz SWR (1.1 I Narda 777C I 
10 kHz t o  520 MHz, 10  Hz steps, 
500 kHz FM I J F  6060A'AN I 
10 Hz t o  11 MHz, 10  Hz steps, 
1V pk, Spurs and Harm < -50dB 

House Standard, 10  MHz 

Dual p i n  t o  BNC 

JF 6011A 

50-ohm, Type-N(m) t o  BNC(f) 

50-ohm, Module o u t p u t  t o  SMA 

3 f t ,  BNC b o t h  ends 1 Y9111 I 

J F  Y9308 

J F 744177 

For Leakage t e s t  (See F i g u r e  
4A-1 .) 

50-ohm 

6 ft, BNC b o t h  ends I Y9112 I 

Homebui l t  

JF Y9317 

A D T  
r , ,  8 , . 
A, P, T,4 
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MAINTENANCE 
PERFORMANCE TESTS 

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

NOTES I 

INSTRUMENT NAME 

Sc rewdr i ve r ,  e l e c r r i  c  

Power Supply, Vd r i dbLe  

1. A = Ad jus tment ;  P  = Per formdnce T e ~ t ;  T = T r o u b l e s h o o t i n g .  I 
2. H e l p e r  I n s t r u m e n t s .  I 

MINIMUM REQUIREMENT 

Set t o  7 inch-pounds t o r q u e  

0  t o  30V dc 

3 .  Tuo-Turn, l - l n c h  d id r l j e te r  Loop mdde o f  f l 8  enamel w i r e  s o l d e r e d  t o  
a  B N C  connec to r .  F i g u r e  4A-1 shows a  t w o - t u r n  Loop. 

/ The HP8902A!?????A Me?sur i r !g R e c e i v e r  mdy he u ~ e d  i n  p!;lce of t h e  7 .  

widcbdnd  a m p l i f i e r ,  60-dO A t t c n u d t o r ,  HPUYOlA, and t h e  
HP435Bl 8482A18484A f o r  t h e  a1 t e r n a t e  p e r f  o rn~ance  t e s t .  

MANUFACTURER 
DESIGNATION 

J ergens-  
CL65001 CLTSO 

5 .  SWR v e r i f i e d  and a c t u a l  a t t e n u a t i o n  c a l i b r a t e d  t o  + / -  0.2 dB by t h e  
o p e r a t o r  a t  a p p l i c d t i o n  f r e q u e n c i e s .  

NOTES 
(1) 

A, T 

T 

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. The self tests include 
turning on all 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 the Self Test Description paragraph in Section 4D for the 
interpretation of the test failure codes. 

If the Generator passes the self test, the instrument is programmed to the 
Instrument Preset state [RCL] [9][8]. 

The IEEE-488 Interface is programmed to local control. 

4A-4. SYNTHESIS TEST 
Using a Frequency Counter that operates on acommon reference with the Generator, the 
Generator output frequency is measured at several programmed frequencies. 
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MAINTENANCE 
PERFORMANCE TESTS 

REQUIREMENT 

The Generator's measured and programmed frequencies agree within + one count. 

TEST EQUIPMENT 

Frequency Counter 

REMARKS 

Failing this test indicates that the Synthesizer A2A1 assembly needs repair and/or 
recalibration. 

PROCEDURE 

a. Connect the UUT 10 MHz IN/OUT to the Frequency Counter 10-MHz 
reference input, and connect the UUT R F  OUTPUT to the Counter input. 

b. Set the UUT REF INT/EXT Switch to IN r'. 

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

d. Program the UUT frequency to 100.00000 MHz. 

e. Program the UUT frequency step to 1 1.1 1 1 1 1 MHz. 

f. As the frequency is stepped from 100.00000 MHz, 11 1.11 11 1 MHz, etc., to 
199.99999 MHz, verify that the Counter reading agrees with the UUT frequency * one count. 

g. Program the UUT frequency step to 100 MHz. 

h. As the frequency is stepped from 199.99999 to 499.99999 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, the step 
attenuator is set for zero attenuation, then each attenuator section is individually 
programmed, and the output level accuracy and attenuator section errors are computed. 

TEST EQUIPMENT 

Power Meter with a Sensor 

REQUIREMENT 

The output level accuracy, the attenuator section errors, and the sum of the attenuator 
section errors at each test frequency are less than + 2.5 dB. 

REMARKS 

Failing this performance test indicates that the Output (A2A4) and/or the Attenuatorl 
RPP A2A5 assemblies need to be replaced. To determine which assembly is at fault, use 
Section 4D in this manual for Troubleshooting procedures. 

The test frequencies of this procedure provide reasonable confidence in 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 R F  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. 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 + 2.5 dB. 

g. For attenuator sections 1 through 7, subtract the measured power for section 
zero from the sum of the measured power for that section and the nominal 
attenuation for that sectibn, e.g., (-MO+M1+6) for section 1. The eight section 
errors and their sum must not exceed f 2.5 dB. 

Figure 4A-2 shows the parameters of the high-level accuracy test. 

Figure 4A-2. High-Level Accuracy 1 est Conditions 

OUTPUT POUER 

PROGRAM MEASURED 

(aBm) (dBm) 

+ 1 2  MO 

+ 6 M l  

0 M2 

-1 2 M3 

-12  CSPCLI C81C31 M4 

-12  CSPCLI C8 lC41  MS 

-12  CSPCLI C81C51 M6 

-1 2 LSPCLI C8 lC61  M7 

ATTENUATION L I M I T  
(dB) 

22.5 dB 

I #  

I 

8 ,  

0 I 

4 I 

I I 

Sum o f  
E r r o r s  

C 

ERROR 
(dB) 

MO-12 

MI -6  

M2-0 

M3-12 

. M4-12 

M5-12 

M6-12 

M7-12 

SECTION 

0 

1 

2 

2 2 . 5  dB 

SECTION 
ERROR 
(dB) 

MO-12 

-MO+M1+6 

-HO+M2+12 

-MO+M3+24 

-MO+M4+24 

-MO+M5+24 

-MO+M6+24 

-MO+M7+24 

NOMINAL 

0 

6 

1 2  

2 4  
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MAINTENANCE 
PERFORMANCE TESTS 

NOTE 

To test Attenuator sections 4 through 7, program the Signal Generator to -12 
dBm, and key in [SPCL][8B] through respectively. 

h. Repeat steps d through g with the UUT programmed to each of the following 
frequencies: 

120,244,245,350, and 520 MHz. 

To illustrate the procedure, Figure 4A-3 shows the measured power and the 
error calculations. 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. Therefore, the 
unit passes. 

4A-6. MID-LEVEL ACCURACY TEST 
h 1 n s o  n  A f 3A t- /;L A R m  ot f rnnr~onn;or  n f  13n 3AA 3A< l<n 
I I L ~  ~ b v b !  abbulabj ;a vblllieu, I IVX -L-r c v  -uu uulu a C  l l r y u u l l r x r a  a&", L-r-r, &-ray ad", 
and 520 MHz, using the Power Meter with a Low-Level Sensor. 

REQUIREMENT 

Amplitude accuracy is k2.5 dB from + 13 to -127dBm. 

TEST EQUIPMENT 

Power Meter with a Low-Level Sensor 

REMARKS 

This test, in conjunction with the High-Level Accuracy Test and the Low-Level 
Accuracy Test, verifies the overall level performance of the UUT. 

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

Flgure 4A-3. Hlgh-Level Accuracy Test Condltlons 

ATTENUATION 

SECTION NOMINAL 

0 0 

1 6 

2 12 

3 24 

4 24 

5 24 

6 24 

7 24 

WTPUT POWER 

PROGRAM MEASURED 

(dBm) (dBrn) 

+12 +12.2 

+ 6 +05.9 

0 -00.2 

-1 2 -12.1 

-12 CSPCLlC8lC31 -11 - 8  

-1 2 CSPCLI i 8 1  C41 -1 2.0 

-1 2 CSPCLI C81 C51 -1 2.3 

-1 2 CSPCLI C81 C61 -1 1.9 

Sum o f  E r r o r s  

I 

= -1.0 

ERROR 
(dB) 

+0.2 

-0.1 

-0.2 

-0.1 

+0.2 

+0.0 

-0.3 

+0.1 

SECTION 
ERROR 
(dB) 

+12.2-12.0 

-12.2+5.9+6 

-12.2-0.2+12 

-12.2-12.1+24 

-12.2-11.8+24 

-12.2-1 2.0+24 

-1 2.2-1 2.3+24 

-12.2-1 1.9+24 

LIMIT 
(dB) 

= 4 . 2  

= +0.3 

= -0.4 

= -0.3 

= +O.O 

= -0.2 

= -0.5 

= -0.1 
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MAINTENANCE 
PERFORMANCE TESTS 

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 the Power Meter with a Low-Level Sensor to the UUT R F  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 + 2.5 dB. 

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

g. Repeat steps d to f for frequencies of 244,245,350, and 520 MHz. 

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 120,244,245,350, and 
520 MHz, by using the Spectrum Analyzer as an indicator. 

REQUIREMENT 

Amplitude accuracy is k2.5 dB from +13 to -127 dBm. 

TEST EQUIPMENT 

Wideband Amplifier 
60-dB Attenuator 
R F  Spectrum Analyzer 
Power Meter with a Low-Level Sensor 

REMARKS 

This test, in conjunction with the Mid-Level and High-Level Accuracy Tests, verifies the 
overall level performance of the UUT. 

Failing this test, but passing the High-Level Accuracy Test, probably indicates a leak- 
around problem in the UUT Attenuator. Service tip: 

Check for a broken feed-through filter or improper mechanical assembly, i.e., 
loose screws and/ or damaged or misplaced gaskets. 

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

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 R F  OUTPUT. 
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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 R F  OUTPUT through the 60-dB Attenuator and the Wideband 
Amplifier to the input of the R F  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 1 kHz 
and a vertical display of 1 dB/Div. Adjust the reference level so that the 
response is at a convenient reference point on the display, e.g., 2 dB below top 
scale. This signal response corresponds to a level of (P-A) dBm, where A is the 
value of the 60-dB Attenuator. 

h. Program the UUT to a level of -127 dBm, remove the 60-dB Attenur .or, 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 k 2.5 dB. 

i. Repeat steps c through h for frequencies of 244, 245, 350, and 520 MHz. 

4A-8. ALTERNATE-LEVEL ACCURACY TEST 
The Measuring Receiver is used to verify the UUT level accuracy from + 1 1 dBm to -127 
dBm, and at various amplitude and frequency settings that test all level ranges of the 
UUT on all R F  bands. 

REQUIREMENTS 

Amplitude accuracy is k2.5 dB from +13 dBm to -127 dBm. 

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 that the A2A4 Output 
and/ or A2A5 Attenuatorl RPP needs to be replaced. 

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

It is convenient to use the UUT R F  ON/OFF control when zeroing the power meter 
function of the Measuring Receiver. 

TEST EQUIPMENT 

Measuring Receiver 

 
MicroManuals 
 
 
 
 

                       
MicroManuals 

 
 
 
 
 
 
MicroManuals 
 
 
 
 
 
 
 
 
 
 

MicroManuals 



MAINTENANCE 
PERFORMANCE TESTS 

PROCEDURE 

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

b. Set the UUT REF INTI EXT switch to INT 

c. Program the UUT to [RCL] [9][8], then program the UUT to 0.4 MHz, +11 
dBm and program the Amplitude Step to 6 dB. 

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

e. Verify that the level measured with the Measuring Receiver agrees with the 
UUT programmed level to within k2.5 dB, as the UUT level is stepped down 
from + I  1 dbm to -127 dBm in six dB steps at each of the following frequencies: 

2.5, 120, 244, 245, 350, and 520 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 pV reference established at each 
frequency from the UUT. 

REQUIREMENT 

The radiated emissions induce less than 1 pV of the Generator's output signal into a 
1-inch diameter, two-turn loop, 1 inch away from any surface of the Generator as 
measured into a 50-ohm receiver. 

TEST EQUIPMENT 

Wideband Amplifier 
R F  Spectrum Analyzer 
Two-T~l.rn Loop 
Type-N Termination 
A screen room may be required, depending on the R F  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 R F  OUTPUT to the Wideband Amplifier input, and connect 
the Amplifier output to the Spectrum Analyzer input. Use well shielded cables 
to avoid leakage that could affect the measurement. 

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

c. Program the UUT to -107 dBm. 

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. 
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e. Disconnect the Amplifier from the 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 -1O7dBm (1 pV), as indicated by the 
Spectrum Analyzer by moving the two-turn loop over the UUT surface at a 
distance of 1 inch. 

i. Repeat steps c through h at 50, 150,250,375, and 520 MHz. 

4A-10. ALTERNATE OUTPUT LEAKAGE TEST 
R F  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 1 pV into a 1-inch diameter two-turn 
loop, 1 inch away from any surface of the Generator as measured into a 50-ohm receiver. 

REMARKS 

This test is an alternative to the Output Leakage test. 

Failing this test indicates a problem feed-through filter or improper mechanical assembly 
(i.e., loose screws, and/ or damaged or misplaced gaskets). 

The Measuring Receiver is used to measure the UUT leakage relative to a 1 pV reference 
established at each frequency. 

TEST EQUIPMENT 

Measuring Receiver 
Two-Turn Loop 
Type-N Termination 
A screen room may be required, depending on the R F  environment. 

PROCEDURE 

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

b. Set the UUT REF INTIEXT switch to INT 

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

d. Program the UUT to -107 dBm. 

e. Connect the Measuring Receiver sensor to the UUT R F  OUTPUT. 

f. Set the Measuring Receiver to make relative level measurements to the -107 
dBm signal applied. 
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g. Disconnect the sensor from the UUT, and terminate the UUT R F  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 (1 pV) 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 50 MHz, 50 MHz, and 520 MHz. 

4A-11. SWRTESTS 
These tests use a VSWR bridge and a Spectrum Analyzer to  verify SWR of the UUT. 

REQUIREMENTS 

The output VSWR is less than 1.3: 1 for output levels <-lo dBm. 

TEST EQUIPMENT REQUIRED 

SWR bridge (Wiltron 62N50 or equivalent) 
High-Frequency Spectrum Analyzer 
HFSSG (Fluke 6060A/ AN 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 <-lo dBm. 

PROCEDURE 

a. Connect the HFSSG to the VSWR Bridge R F  IN. 

b. Connect the Spectrum Analyzer to the VSWR Bridge R F  OUT. 

c. Connect the UUT to the VSWR Device Under Test. 

d. Program UUT to 1 MHz, -10 dBm. 

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 0 dBm. 

g. Step HFSSG from 10 MHz to 520 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. 
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j. Note Spectrum Analyzer level. 

k. The difference between the levels in steps i and g should be greater than 18 dB. 

4A-12. HARMONIC AND SPURIOUS TEST 
Using a Spectrum Analyzer, the level of the harmonic and spurious signals is compared 
to the desired signal at various programmed frequencies. 

REQUIREMENTS 

R F  harmonics <-30 dBc for R F  frequencies > 10 MHz, <-26 dBc for R F  frequencies < 
10 MHz; spurious (non-harmonic) <-35 dBc. 

TEST EQUIPMENT 

RF Spectrum Analyzer 

PROCEDURE 

a. Connect the UUT R F  OUTPUT to the Spectrum Analyzer input. 

b. Program the UUT to [RCL] [9][8]. Then program the Generator to + I  3 dBm. 

c. Program the UUT to 0.01 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 26 dB below the fundamental signal. 

f. Repeat step c for UUT frequencies of 50 MHz, 240 MHz, 300 MHz and, 520 
MHz. Verify that all the harmonics are more than 30 dB below the fundamental 
signal. 

g. Program the UUT to 185 MHz. 

h. Verify the spur at 245 MHz is < -35 dBc. 

i. Program the UUT to 244 MHz. 

j. Verify the spur at 312 MHz is < -35 dBc. 

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

1. Set the Spectrum Analyzer controls for the appropriate reference level, center 
frequency, span, and resolution to display the UUT signal and spur frequencies 
with appropriate noise floor and signal resolution for the following steps. 

1. Verify the spurs at the offsets of 10 kHz, 15 kHz, and 20 kHz are< -35 dBc. 

2. Verify the spurs at the offsets of 0.2 MHz and 10 MHz are < -35 dBc. 

3. Verify the spurs at 60, 120, 180 Hz are < -35 dBc. 
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4. Program the UUT level to 1 dBm. 

5 .  Verify the spurs at 10 MHz, 20 MHz, and 30,40,80,120,200 MHz are< -35 
dBc. 

6. Verify the spurs at 800 MHz and 1044.99 MHz are < -35 dRc. 

4A-13. 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 that the associated circuitry needs repair and/ or 
recalibration. 

Where residual noise affects the accuracy of the measurements by the Modulation 
Analyzer, apply correction methods provided by the Modulation Analyzer manufacturer. 

The UUT settings in this procedure are chosen to provide confidence in 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. 

Table 4A-2. Modulation Tests Requirements 

HEQUIREMENTS 
PARAMETER 

MOD FREQ 

AM ACCURACY 

AM DISTORTION 

RESIDUAL AM 

FM ACCURACY 

RESIDUAL FM 

.- 

SPEC1 FICATION 

< +/- 5% a t  0.4 o r  1 kHz 

D i s p l a y  accura te  t o  w i t h i n  +/-6% f o r  i n t e r n a l  r a t e s  and 
depths o f  99X o r  Less, and peak amp l i tudes  o f  + I 3  dbm o r  
less .  

< 5% THD f o r  50% AM a t  I-kHz ra te .  

< 0.1% rms (-60dBc) in a 0.05-kHz t o  15-kHz bandwidth. 

< +/- 5% f o r  1 kHz-rate and > 1 kHz d e v i a t i o n .  

< 200 Hz peak i n  a 0.05 kHz t o  15 kHz band. 
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TEST EQUIPMENT 

Modulation Analyzer 
Distortion Analyzer 
Frequency Counter 
Low-Frequency Synthesized Signal Generator (LFSSG) 
DVM 

PROCEDURE 

1. Internal 'Modulation Oscillator Frequency Test 

a. Connect the UUT R F  OUTPUT to the Modulation Analyzer input. 

b. Connect the Modulation Analyzer modulation output to the Frequency 
Ceunter i~put .  

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 
I-kHz rate and a level of +I dBm. 

e. Verify that the Counter reads between 950 and 1.050 kHz. 

f. Program the UUT to a modulation frequency of 400 Hz. 

g. Verify that the Counter reads between 380 Hz and 420 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% and 96%. 

c. Program the UUT to a modulation frequency of I kHz. 

d. Verify that the mean AM depth is between 84% and 96%. 

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 of 0.4 MHz, 1 dBm level, and EXT AM 
at 50% AM depth. 
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c. Program the LFSSG for 1 kHz at 0.7071V 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 THD of the 1-kHz modulation 
signal. 

f. Verify that the mean AM depth (+PEAK plus -PEAK)/2, is between 44.0% 
and 56.0%. 

E. Verify that the THD is less than 5%. " 

Table 4A-3. A M  Test Conditions 

F R E Q U E N C Y  
(MHz)  

0.4 

244.9 

245 

350 

520 

Table 4A-4. A M  Depth Range 

L E V E L  
( d0n1) 

1 

7 

1 

7 

1 

7 

1 

7 

1 

7 

PROGRAMMED 
D E P T H  ( % I  

3 0 
50 
90 

AM 
( % I  

30 
7 0 
90 
3 0 
7 0 
90 
50 
90 
50 
90 
5 0 
90 
5 0 
90 
5 0 
90 
50 
90 
50 
90 
50 
90 

M E A N  AM D E P T H ( % )  
M I N .  MAX. 

2 4 36 
44  56 
84 96 

M A X I M U M  
THC)(%) 

- 
5 - 
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h. Program the remaining combinations of R F  frequency, level, and AM 
depth listed in Table 4A-3. For each combination, verify that the mean AM 
depth is between the allowed limits and that the THD is less than the 
allowed limit. The allowed limit depends on programmed depth, as shown 
in Table 4A-4. 

i. Disconnect the LFSSG from the UUT. 

4. Residual AM Test 

a. Program the UUT to 100 MHz, +7 dBm, and no modulation. 

b. Program the Modulation Analyzer to measure rms (or average) AM in a 
0.05-kHz to 15-kHz bandwidth. 

c. Verify that the residual AM is less than 0.1% rms (or 0.09% average). 

5. FM Accuracy 

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 Analyzer to measure peak FM in a 0.3-kHz to 
3-kHz bandwidth. 

c. Program the UUT frequency to 245 MHz, 7 dBm, 99.9 kHz deviation, and 
EXT FM. 

d. Set the LFSSG to 1.0 kHz and adjust its level so the DVM reads 707.1 mV 
rms. 

e. Verify that the Modulation Analyzer reading is between 95 kHz and 105 
kHz, as the UUT frequency is stepped up to 520 MHz in 25-MHz steps. 
(Tip: use the instrument FREQ STEP feature.) 

f. Program the UUT to 9.99-kHz deviation. 

g. Verify that the Modulation Analyzer reading is between 9.5 kHz and 10.5 
kHz. 

h. Program the UUT to 400-kHz deviation. 

i. Verify that the Modulation Analyzer reading is between 380 and 420 kHz. 
Note: The recommended Modulation Analyzer will indicate an error at 
exactly 420-kHz deviation, or greater. 
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j. Disconnect the LFSSG from the UUT 

NOTE 

It may be necessary to compensate for residual noise effects using the 
procedure presented in the Modulation Analyzer manual. 

6. Residual FM Test 

a. Program the UUT for a frequency of 4 MHz and no modulation. 

b. Program the Modulation Analyzer to measure peak FM in a 0.05-kHz to 
i 5-kHz bandwidth. 

c. Verify that the Modulation Analyzer reading is less than 200-Hz peak at the 
following UUT frequencies: 

10, 50, 100,200,244,250,385,450, and 520 MHz 

4A-14. DEVIATION METER TEST 
A R F  signal generator is frequency modulated and checked with a modulation analyzer. 
These readings are compared with the deviation readings from the UUT. 

REQUIREMENT 

The accuracy is better than _f 6% of full-scale range.for rates between 100 Hz and 8 kHz. 
The minimum sensitivity is greater than 15 mV rms over the frequency range of 30 to 500 
MHz. 

TEST EQUIPMENT 

Low-Frequency Synthesized Signal Generator (LFSSG) 
High-Frequency Synthesized Signal Generator (HFSSG - 6060A/ AN or equivalent) 
Modulation Analyzer 

PROCEDURE 

1. Connect the output of the LFSSG to the HFSSG MOD INPUT connector. 

2. Connect the HFSSG R F  OUTPUT to the Modulation Analyzer input (use a 6 
dB pad at the Modulation Analyzer R F  input) and the UUT DEVIATION 
METER INPUT. 

3. Connect the HFSSG REF OUT to the UUT REF IN. Set UUT to EXT REF. 

4. Program the HFSSG frequency to 500 MHz, 7 dBm, 400-kHz deviation, and 
EXT FM. 
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5. Program the LFSSG to 1 kHz, 383 mV rms TERM. 

6. Program the Modulation Analyzer to measure + peak FM in a 0.02-kHz to > 
20-kHz bandwidth. 

7. Program the UUT for Meter Mode ([SPCL] [6][1]) and program the Frequency 
to 500 MHz. UUT should be in 500-kHz range, + Peak. 

8. Note the deviation readings in both + and - peak modes on the Modulation 
Analyzer and on the UUT. They should be within + 30 kHz of each other. 

9. Repeat step 7 for LFSSG set to 0.1 kHz and 8 kHz. 

10. Program LFSSG to 1 kHz. Adjust the level so that the Modulation Analyzer 
reads 400-kHz deviation in + peak. Set UUT to + PEAK. 

11. Program the HFSSG to 500-kHz deviation. (The Modulation Analyzer will 
indicate an error.) UUT should read between 470 and "OL" kHz. If the UUT 
reads "OL" adjust FM deviation on HFSSG so that the UUT reads 500 kHz. 
HFSSG FM deviation should be greater than 470 kHz. 

12. Program the HFSSG to 40-kHz Deviation. Set the UUT to the 50-kHz range by 
pressing "500/50 KHz  RANGES" [400/ 10001. 

13. Program LFSSG to 0.1, 1, 8 kHz and note deviation readings in both + and - 
peak modes on the Modulation Analyzer and the UUT. The readings should be 
within + 3 kHz of each other. 

14. Program the LFSSG to 1 kHz and note the Modulation Analyzer reading in + 
Peak. 

15. Disconnect the Modulation Analyzer and 6 dB pad. 

16. Program the HFSSG Amplitude to 15 mV rms. The UUT reading in + PEAK 
should be within +3 kHz of the reading in step 14. 

17. Reconnect the Modulation Analyzer to the HFSSG R F  Output. (The UUT 
DEVIATION METER INPUT should still be connected.) 

18. Program the HFSSG and UUT to 30 MHz, 7 dBm. Note the Modulation 
Analyzer reading in + Peak. 

19. Disconnect the Modulation Analyzer 

20. Program the HFSSG to 15 mV rms. >-he reading should be within k 3  kHz of 
the reading in step 17. 
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Section 4B 

Access Procedures 

48-1. INTRODUCTION 
The information in this section describes the general access procedures for the following 
major module assemblies. 

Front Section Assembly, A1 
Rear Section Assembly, A3 
Meter Module Assembly, A4 
Synthesizer Board, A2A 1 
Controller Board, A2A7 
Output Board, A2A4 
Attenuatorl RPP Assembly, A2A5. 
VCO Board, A2A2 

Access to other assemblies is straightforward; 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 4D. 

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 are straight when replacing the boards and that the PCA pulls are not 
pinched between the module and the module cover. 

46-4. Removing the Front Section Assembly, A1 

1. Disconnect the MOD INPUT wire W 1 at the module connector located at the 
front of the Attenuator module. 

2. Disconnect the front panel display ribbon cable at the controller 

3. Disconnect the two SMA connectors and one SMB connector from the meter 
module assembly. 
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4. Remove the SMA connector at the Attenuatorl R P P  assembly 

5. Remove the two screws that hold the R F  OUTPUT connector to the module. 

6. 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. 

7. Remove the five flathead screws from each front panel handle. 

48-5. Removing the Rear Section Assembly, A3 

1. Disconnect the Synthesizer, Controller, and Attenuator power cable at the 
power supply. 

2. Remove the IEEE-488 Interface assembly from the back of the instrument rear 
panel. 

3. Remove the inside part of the 10-MHz INIOUT BNC connector. 

4. Remove the decals for both rear panel handles. Removing the decals ruins 
them; replace them with new decals to maintain a proper instrument 
appearance. The part number for the decal is listed in Section 5. 

5. Remove the five flathead screws from each handle and pull the rear panel 
assembly out from the Signal Generator. 

6. If you need to completely detach the rear panel assembly from the Generator, 
unfasten the front panel power switch. 

48-6. Removing the Synthesizer Board, A2A1 

1. 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. 

48-7. Removing the Output Board, A2A4 

1. Remove the number 6 screws holding the bottom module (Al)  cover. (The 
number 10 screws are adjustment-access 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. 

48-8. Removing the AttenuatorIRPP A2A5 Assembly 

1. Disconnect the SMA connector at the Attenuator that leads to the Meter 
Module Assembly. 
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2. Disconnect the control harness from the Relay Driver PCA. 

3. Remove the number 6 screws holding the assembly to the main module. Note: It 
is not necessary to remove the screws holding the Relay Driver PCA. 

48-9. Removing the VCO Board, A2A1 

1. Remove the number 6 screws holding the bottom module (A2) cover. (The 
number 10 screws are adjustment-access screws and need not be removed.) 
Remove the cover. 

2. Remove the plug-in capacitor that couples the Output board to the VCO. 

3. Remove the number 6 screws holding the board, and remove the board. The 
screws with the washers mest he p!aced next to the vlractors. 

48-10. Removing the Controller Board, A2A7 

1. Remove the Meter Module Assembly (A4) as described in 4B-12. 

2. Remove the connectors attached to the display, Attenuator, and power supply. 

3. Remove the IEEE assembly. 

4. Remove the number 6 screws holding the board, and remove the board. 

48-1 1. Removing the Meter Module Assembly, A4 

1. Remove the 2 SMA and 1 SMB connectors on the Meter Module Assembly. 

2. Remove the four number 6 screws holding the Meter Module Assembly to the 
main module. Note: It is not necessary to remove the Meter Module (A4) cover. 

3. Remove the three number 6 screws holding the A/ D PCA (A4A2) to the riiain 
module. 

4. Pull the assembly straight up, being careful not to damage the connector. (Set 
the assembly aside, if the controller is to be removed). 

48-1 2. Removing the Discriminator Board, A4A1 

1. Remove the Meter Module Assembly, A4, as described in 4B-12. 

2. Remove the nuts holding the 2 SMA and SMB connectors to the meter module. 

3. Remove the number 6 screws holding the Meter Module cover. (The number 10 
screws are adjustment-access screws and need not be removed). 

4. Remove the number 6 screws holding the board, and remove the board. 

48-1 3. Removing the AID Board, A4A2 

1. Remove the Meter Module Assembly as described in 4B-12. 

2. Remove the number 6 screws holding the board, and remove the board. 
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Section 4C 

Cali bration Adjustments 

AC-I. !N?Rnnr_rc?!nN 
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, Deviation 
Meter and Attenuatorl R P P  assemblies are covered in this section. 

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 for avoiding damage to the 
equipment. Please take them seriously. 

WARNING 

BECAUSE SOME SERVICE PROCEDURES DESCRIBED HERE ARE DONE 
WlTH 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 Circuit Assembly. 

4C-3. POWER SUPPLY, A3A1, ADJUSTMENT 
This procedure covers the +37V adjustment, R3, on the Power Supply assembly, A3A1. 
This is the only adjustment on the Power Supply PCB. 
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MAINTENANCE 
CALIBRATION ADJUSTMENTS 

TEST EQUIPMENT 

DMM 

REMARKS 

This adjustment is accessible through a hole in the bottom lip of the rear panel. 

See Figure 4C-1 for the location of the power supply test points. 

PROCEDURE 

R3 is adjusted for +37V as measured at TP5. 

1. 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 moduie piaie. 

2. Program the UUT io [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: 

T P  Voltage Limits 

NOTE 

The voltage at TPI depends on the line voltage. The limits shown are for a line 
voltage exactly equal to the line voltage selector setting, i.e., 115 or 230 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 R16, the external modulation level indicator. 

TEST EQUIPMENT 

DVM 

REMARKS 

This adjustment is independent of other adjustments and assumes proper circuit 
operation. 

Adjustment R16 is located below TPl  on the rear of the Display PCA, just above the 
POWER switch. 
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MAINTENANCE 
CALIBRATION ADJUSTMENTS 
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MAINTENANCE 
CALIBRATION ADJUSTMENTS 

PROCEDURE 

Adjust R16 for 0.98V at TPI  

1. Gain access to the rear of the Display PCA by removing the top instrument 
cover. 

2. Connect the DVM to measure the dc voltage at TPI  relative to the chassis. 

3. Adjust R16 for +0.9800 + .0005V dc. 

4C-5. OUTPUT ASSEMBLY, A2A4, ADJUSTMENT 
This procedure covers all of the adjustments on the A2A4 Output PCA, as follows: 

1. R309, LEVEL DAC offset 

2. R419, modulation oscillator level 

3. R 144, linearizer detector offset 

4. R421, AM depth 

5. R3 1 1, R F  level 

6. R227, Het level 

These adjustments, as well as TP7, are accessible by removing the seven number 10 access 
screws in the module cover. Refer to Figure 4C-2 to  identify the access screw 
corresponding to a particular adjustment. 

Any adjustment can be made independently unless it is noted that it interacts with 
another adjustment. Interdependent adjustments must be done in the sequence 
presented. If more than one adjustment is necessary, do them in the sequence presented. 

1. Level DAC Offset Adjustment 

TEST EQUIPMENT 

DVM 

REMARKS 

This adjustment is normally required only when U302 or any associated components are 
replaced or when the adjustment has been changed or has shifted. 

CAUTION 

This adjustment directly affects the output level and should not be changed 
indiscriminately. 
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MAINTENANCE 
CALIBRATION ADJUSTMENTS 

L Figure 4C-2. Module Plate, Bottom View 
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MAINTENANCE 
CALIBRATION ADJUSTMENTS 

PROCEDURE 

The LEVEL DAC Offset, R309, is adjusted for 0 + 0.5 mV at TP7 with the R F  OUTPUT 
turned OFF. 

a. Gain access by removing the bottom instrument cover and removing the access 
screws for TP7 and R309. 

b. Program the UUT to [RCL] [9][8], and program the RF OUTPUT to OFF. 

c. Connect the DVM to measure the voltage between TP7 and the power 
distribution connection point on the module plate. 

d. Adjust R309 for an indication of +O mV+ 0.5 mV. 

e. Program the UUT R F  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 1-volt peak external modulation signal, as measured with the Modulation 
Analyzer. 

a. Gain access to the access screws for R419 by removing the bottom instrument 
cover and the access screws for R419. 

b. Connect the output of the LFSSG to the UUT MOD IN connector and the 
DVM using a BNC tee. 

c. Program the UUT to [RCL] [9][8], then program the UUT to 350 MHz, 7 dBm, 
and EXT AM at 90% AM depth. 

d. Program the LFSSG for 1 kHz and a voltage of 0.7071V rms, as measured by 
the DVM. 

e. Connect the UUT R F  OUTPUT connector to the Modulation Analyzer R F  
input. 
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MAINTENANCE 
CALIBRAT ION ADJUSTMENTS 

f. Program the Modulation Analyzer to measure + Peak AM in a 0.3-kHz to  
15-kHz bandwidth. 

g. Note the measured AM depth reading with the Modulation Analyzer. 

h. Turn off the UUT EXT AM control and turn on the INT AM control. 

i. Program the UUT for 1000-Hz modulation frequency. 

j. Adjust R419 for an AM depth equal to that noted in step g. 

k. Turn off the UUT INT AM control. 

1. Replace the access screw. 

3. Detector Offset Adjustment 

This adjustment sets the detector offset voltage. 

TEST EQUIPMENT 

Power Meter and Sensor 

REMARKS 

The UUT must be operated at room temperature for at least one hour, with the module 
plate cover in place, before continuing with this adjustment procedure. 

This adjustment is normally required only when components in the detector or detector 
linearizer circuits have been replaced or when the adjustment has been changed or has 
shifted. If the Detector Offset is adjusted, perform the AM Depth Adjustment. 

CAUTION 

This adjustment directly affects the output level and should not be adjusted 
indiscriminately. 

PROCEDURE 

The detector offset adjustment, R144, 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. 
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MAINTENANCE 
CALIBRATION ADJUSTMENTS 

f. Connect the Power Sensor to the UUT R F  OUTPUT connector. 

g. Program the UUT to +I2 dBm. 

h. Note the Power Meter reading. 

i. Program the UUT for -8 dBm, using the EDIT keys. 

j. Adjust the detector offset adjustment, R144, for a Power Meter reading 20 dB 
k0.1 dB below the reading obtained in step h. 

k. Repeat steps g through j until the difference between the power measurements is 
20 f 0.1 dBm. This adjustment should require no more than three iterations. 

Program the UUT to +12 dBm, using the EDIT keys. Note the Power Meter 
reading. 

1. Program the UUT for +2 dBm using the EDIT keys. Verify that the Power 
Meter reading is 10 dB f .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 UUT must be operated at room temperature for at least one hour, with the module 
plate covers in place, before continuing with this adjustment procedure. 

CAUTION 

This adjustment directly affects the output level and should not be changed 
indiscriminately. 

This adjustment is normally required only when components in the AM signal- 
processing circuits have been replaced, or if the adjustment has been changed or has 
shifted. If 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 Analyzer when the UUT is programmed to  90% AM. 

a. Remove the AM depth adjustment access screw from the bottom module plate 
cover. 
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MAINTENANCE 
CALIBRATION ADJUSTMENTS 

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 MHz, + 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. 

e. Connect the UUT R F  OUTPUT connector to the Modulation Analyzer input. 

f. Program the Modulation Analyzer to measure AM + Peak in a 0.05-kHz to 
15-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. R F  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 Attenuatorl RPP, A2A5, has been replaced. 

The AM depth adjustment is made. 

The LEVEL DAC or any associated components are replaced. 

The R F  level adjustment has been inadvertently changed or shifted. 

CAUTION 

This adjustment directly affects the output level and should not be changed 
indiscriminately. 

PROCEDURE 

With the UUT programmed to +9 dBm, a d j u ~ t  the RF level adjustment, R311, 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 R F  Level Adjustment access screw from the bottom module plate 
cover. 
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MAINTENANCE 
CALIBRATION ADJUSTMENTS 

d. Connect the Power Sensor to the UUT R F  connector. 

e. Adjust the R F  level adjustment, R311, for a reading of exactly +9 dBm on the 
Power Meter. 

f. Replace the R F  level adjustment access screw. 

6. HET Level Adjustment 

TEST EQUIPMENT 

Power Meter and Sensor 

REMARKS 

The ?JUT must be ~peri?ted at TOOII? t e~perz ture  fer at !east m e  hour, with the module 
plate covers in place, before continuing with this adjustment procedure. 

This adjustment is normally required only when components in the het band circuits 
have been replaced or when the adjustment has been changed or has shifted. 

CAUTION 

This adjustment directly affects the output level and should not be adjusted 
indiscriminately. 

PROCEDURE 

With the UUT programmed to +9 dBm, adjust the het level adjustment, R227, for equal 
output power at 100 MHz and 350 MHz. 

a. Program the UUT to [RCL] [9][8], then program the UUT to 350 MHz and +9 
dBm. 

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 R F  OUTPUT connector. Note the 
Power Meter reading. 

e. Program the UUT to 100 MHz. 

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, A2A1 

1. C153 10-MHz Adjustment 
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MAINTENANCE 
CALIBRATION ADJUSTMENTS 

2. R82 FM Cal Adjustment 

R90 Low-Rate Deviation Adjustment 

R87 FM Flatness Adjustment 

R220 Lower FM Distortion Adjustment 

R206 Upper FM Distortion Adjustment 

The following only need adjustment if the associated circuits are repaired. 

3. L49 10-kHz Notch Filter Adjustment 

L50 20-kHz Notch Filter Adjustment 

4. RIG4 VCO Upper C!arr?p P.dj~stmer?t 

5. C206 800-MHz Oscillator Adjustment 

Each of the following adjustment procedures is independent; that is, they can be done 
individually or in any sequence. Figure 4C-3 shows the top view of the module plate. 

1. Reference Frequency Adjustment, C 153 

TEST EQUIPMENT 

Frequency Standard 
Oscilloscope 

REMARKS 

The accuracy of this adjustment depends on that of the Frequency Standard. 

PROCEDURE 

The UUT reference waveform is viewed on the Oscilloscope while triggering on the 
Frequency Standard. The 10-MHz adjustment, C153, is adjusted for a stationary 
display. 

a. Remove the instrument .top cover and the 10-MHz adjustment access screw 
from the module plate cover. 

b. Connect the UUT rear panel 10 MHz IN/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/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 timebase for 0.1 
ps/ div. 

f. Adjust C153 for a drift of less than one cycle per second. 
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MAINTENANCE 
CALIBRATION ADJUSTMENTS 

2. FM Adjustments, R82, R90, R87, R220, R206 

TEST EQUIPMENT 

Modulation Analyzer 
LFSSG 
DVM 
Oscilloscope 

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 0.2 to 10 kHz. 
The Upper and Lower FM Distortion adjustments minimize the distortion at low rates 
and high deviations. 

PROCEDURE 

The FM deviation of the UUT, as measured with the Modulation Analyzer, is adjusted to 
agree with the programmed deviation at 10-kHz, 0.2 and 0.5-kHz rates by adjusting R82, 
R90, and R87, respectively. The distortion at 400-kHz deviation and 40-Hz rate is 
minimized visually on an Oscilloscope by adjusting R220 and R206. 

a. Remove the instrument cover and the FM CAL, FM flatness, Low-Rate 
Deviation, and Upper and Lower FM Distortion 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 R F  OUTPUT to the Modulation Analyzer input. 

d. Connect t!,. Modulation Analyzer Modulation Output to the Oscilloscope. 

e. Program the Modulation Analyzer to measure FM + peak. Set all filters off. 

f. Program the UUT to the [RCL] [9][8]. Then program the UUT to 385.5 MHz, 7 
dBm, EXT FM, 99.9-kHz deviation. 

g. Program the LFSSG to 10 kHz and 0.7071V rms, as measured by the DVM. 

h. Adjust R82 for 100.0 kHz, as measured by the Modulation Analyzer. 

i. Program the LFSSG to 0.2 kHz and 0.7071V rms, as measured by the DVM. 

j. Adjust R90, the low-rate deviation for 100.0 kHz, as measured on the 
Modulation Analyzer. 

k. Program the LFSSG to 0.5 kHz and adjust R87 for 100.0 kHz, as measured on 
the Modulation Analyzer. 

1. Repeat steps g through k until the deviation flatness is 100.0 kHz f 0.3 kHz. 
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MAINTENANCE 
CALIBRATION ADJUSTMENTS 

m. Turn the UUT EXT FM off, and note the Modulation Analyzer peak deviation 
(noise) reading. 

n. Turn the UUT EXT FM on. 

o. Program the LFSSG to 10 kHz and 0.7071V rms, as measured by the DVM. 

p. 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 m. 

q. Program the LFSSG to 40 Hz and 0.7071V rms, as measured by the DVM. 

r. Program the UUT to 400-KHz deviation. 

s. Adjust R220 and R206 to minimize the distortion (glitches) appearing on the 
waveform. 

3. L49 10-kHz and L50 20-kHz Notch Filter Adjustments 

TEST EQUIPMENT 

R F  Spectrum Analyzer 
LFSSG 

REMARKS 

These adjustments are normally not required unless L49, L50, C 123, C99, C124, C 126 or 
C125 are replaced, or unless the Generator has been subjected to severe usage. 

PROCEDURE 

The 10-kHz and 20-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 10 kHz and 0.2V rms, terminated. 

d. Connect the UUT R F  OUTPUT to the R F  Spectrum Analyzer input. 

e. Program the UUT to 300 MHz and +13 dBm. 

f. Adjust the R F  Spectrum Analyzer to display the signal centered on the display. 

g. Set the span to 10 kHz/division and 1-kHz bandwidth. The 10-kHz sidebands 
should be visible. 

h. Adjust L49 to minimize the 10-kHz sidebands. 

i. Program the LFSSG to 20 kHz. 

j. Adjust L50 to minimize the 20-kHz sidebands. 
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4. VCO Upper Clamp Adjustment, R104 

TEST EQUIPMENT 

Frequency Counter 

REMARKS 

This adjustment is normally required when the VCO is replaced or when the Generator 
has been subjected to severe usage. 

PROCEDURE 

The UUT PLL loop is disabled to cause the VCO frequency to be at the upper limit of its 
range, then RiU4 is adjusted for 530 MHz. 

a. Remove the instrument and module plate top covers. 

b. Connect UUT R F  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 TP14 to ground to cause the VCO to go to the upper 
frequency limit. 

e. Adjust R104 for 530 MHz f 1 MHz. 

5. 800-MHz Oscillator Adjustment, C206 

TEST EQUIPMENT 

Frequency Counter 
DMM 

REMARKS 

This adjustment is normally not required unless components in the 800-MHz oscillator 
are replaced or the Generator has been subjected to severe usage. 

PROCEDURE 

The PLL control voltage operating point is adjusted to 16V while the loop is phase 
locked. 

a. Remove the instrument and the module plate top covers. 

b. Program the UUT to [RCL] [9][8]; then program 200 MHz. 

c. Connect the DMM to measure voltage between TP53 and the chassis. 

d. Adjust C206 for 16.OV + 0.5V. 
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4C-7. DEVIATION METER ASSEMBLY, A4A1 ADJUSTMENT 
Figure 4C-4 shows the top view of the deviation meter plate. 

TEST EQUIPMENT 

DVM 
HFSSG 
Modulation Analyzer 

REMARKS 

T L -  A T\P Al7l7CCT n G O  
I uc AUL ur r D L  I , R J O ,  adjiisis ihe analog-to-digital coiiveiiei io zero coiiiiis with 
zero volts applied. The FM GAIN adjustment, R30, calibrates at 400-kHz deviation. The 
XI0 GAIN adjust, R31, sets full-scale at 50-kHz deviation. The OFFSET, R29, sets the 
DC to zero volts. The f peak select balance is adjusted by + PEAK, R32. 

w 

FI 
R58 

TP2 R32 

0 El R31 

R29 

o TPI 

Table 4C-4. Deviation Meter Module, Top View 
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PROCEDURE 

The FM deviation of the HFSSG is measured with the Modulation Analyzer and the 
UUT, and adjustments are made to equalize the two. 

1. Connect the HFSSG to UUT DEVIATION METER INPUT and Modulation 
Analyzer R F  input. Use a 6 dB pad at the Modulation Analyzer R F  input. Set 
the UUT to Meter Mode ([SPCL] [6][1]) at 500 MHz. 

2. Program the HFSSG to 500 MHz, 7 dBm, 400-kHz deviation. 

3. Program the Modulation Analyzer to measure FM + peak in a 0.02-kHz to > 
20-kHz bandwidth. 

4. Short TP2 to ground. Adjust R58 (ADC OFFSET) so that the front panel 
display reads 1 kHz. Adjust R58 so that the display changes trom i to 0 kHz. 

5. Connect the DVM to TPI.  Adjust R29 (OFFSET) for OV + 100 mV at TPI.  
Disconnect DVM. 

6. Program the HFSSG to INT FM, I-kHz deviation. 

7. Adjust R30 (FM GAIN) for the same deviation reading on the Modulation 
Analyzer and UUT. 

8. Program the HFSSG to 50.0-kHz deviation. Set the UUT to the 50-kHz Range 
(press "500/ 50 KHz RANGES" [400/ 10001). 

9. Adjust R3 1 (50 KHz  GAIN) for the same deviation reading on the Modulation 
Analyzer and the UUT. 

10. Set the Modulation Analyzer and the UUT to measure FM - peak (press "+ 
PEAK" [INT FM]). 

11. Adjust R32 (+ PEAK) for the same deviation reading on the Modulation 
Analyzer and the UUT. 
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Section 4D 

Troubleshooting and Repair 

4D-1. INTRODUCTION 
Usually, you can repair the Generator most easily 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 methods of repair. 

After any module repair or replacement, you should do the Performance Tests to verify 
the performance of the Generator. Signal Generator problems are generally caused by 
operator error, out-of-spec performance, or catastrophic failure. The correction strategy 
is different in each case. 

The Generator detects and indicates most operator errors. Some errors, however, are not 
detected and 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 in Section 2 of this manual for more 
information on operation of the Generator. 

Out-of-spec performance is usually corrected by performin2 the appropriate adjustment 
procedure(s). Use the Performance Tests to determine which parameters need adjustment. 
Refer to the paragraphs on adjustment in this section for more information. 

If a 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 by using the Module Exchange Program, or a 
replacement module may be taken 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. If you need 
help in identifying the problem module, 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. 
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MAINTENANCE 
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After you verify that the replacement module corrects the problem, return the defective 
module, using the shipping container; include the prepaid return shipping papers and 
label. 

NOTE 

The Attenuator, Output, and VCO assemblies are individually calibrated, and 
the correction data are stored in the associated calibration EPROMS. 

CAUTION 

If the Attenuator, Output, or VCO assemblies need calibration or if any non-field 
replaceable part needs repair, order a replacement through the Module 
Exchange Program. 

To order a replacement module, use the part number shown in Table 4D-1 and specify a 
Module Exchange part. To order any new assembly, use the appropriate part number as 
listed in Section 5. The following paragraphs describe the available exchange modules, 
how to install them, and how to adjust the Generator, if necessary, after installation. 

4D-3. Power Supply PCA, A3A1 
The Power Supply PCA comes complete with the 5V regulator, AlU3, 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 you should verify the 
power supply voltages, using the last step of the Power Supply Adjustment procedure in 
this section. 

4D-4. Synthesizer PCA, A2A1 
After the new Synthesizer PCA has been installed, perform the FM CAL, VCO 
CLAMP, and 10-MHz adjustments, as described in the Synthesizer Adjustment 
procedure in Section 4C of this manual. 

Table 4D-1. Module Exchange Assemblies 

AlA1 Display PCA (P/N 738609) 
A1A2 Switch PCA (P/N 738591) 
A2Al Synthesizer PCA (P/N 774513) 
A2A2 VCO PCA (P/N 792705) 
A2A4 Output PCA (P/N 774521) 
A2A5A4 Attenuator/RPP Assembly (P/N 752667) 
A2A5A5 Relay Driver/RPP PCA (P/N 752816) 
A2A7 Con t ro l l e r  PCA (P/N 774539) 
A3A1 Power Supply PCA (P/N 744052) 
A3A3 IEEE-488 I n t e r f a c e  Assembly (P/N 774562) 
A4A1 Discr iminator  PCA (P/N 774554) 
A4A2 A / D  PCA (P/N 774547) 
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40-5. VCO PCA, A2A2 
The VCO assembly comes with its associated VCO Calibration EPROM. This EPROM 
replaces the old one installed on the Controller PCA, A2A7. After installing the new 
VCO assembly, you should do the FM CAL and VCO CLAMP adjustments. These 
adjustments are presented under the Synthesizer Adjustment procedure. 

A plug-in coupling capacitor is used to interconnect the VCO and Output PCAs, thus 
eliminating the need for a soldering iron when replacing this assembly. 

4D-6. Output PCA, A2A4 
The Output assembly comes with its associated Output Calibration EPROM. This 
EPROM replaces the old one installed on the Controller PCA. After installing the new 
Output assembly, perform the level DAC offset, the R F  level adjustment procedure, the 
het level adjustment procedure, and the FM CAL adjustment procedure. These 
procedures are found in the Calibration Adjustment section of this manual. 

A plug-in coupling capacitor is used to interconnect the VCO and Output PCAs, 
eliminating the need for a soldering iron when replacing this assembly. 

4D-7. Controller PCA, A2A7 
The Controller assembly comes without the three calibration EPROMs. Therefore, it is 
necessary to move these EPROMs from the old Controller to the new Controller. 
Remember to set the option status switch. No adjustments are required. 

4D-8. Display PCA, A1A1 
After installing a new Display PCA, the Modulation Indicator adjustment should be 
done. The procedure is presented under the Display Adjustment Procedure. 

4D-9. Attenuator/RPP Assembly, A2AS 
The Attenuator/RPP comes complete with the housing, Attenu;.tor/RPP PCA 
(A2A5A4), Relay DriverIRPP PCA (A2A5A5), and the matching Attenuator 
Calibration EPROM. The Attenuator comes ready to install. The matching EPROM 
replaces the Attenuator calibration EPROM on the Controller PCA (A2A7). After you 
install the new Attenuator assembly, perform the R F  level adjustment procedure on the 
Output PCA (A2A4), as explained in the Calibration Adjustments section of this 
manual. The Realy DriverlRPP PCA (A2A5A5) can be ordered separately through 
module exchange. 

4D-10. 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. 

40-1 1. Discriminator PCA, A4A1 
After installation, perform the adjustments specified for the A4A1 Discriminator PCA 
in the Calibration Adjustments section of this manual. 

4D-12. A/D PCA, A4A2 
No adjustments are needed after installation. 
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40-13. PARTS REPLACEMENT 
After reading the information presented in Section 3 (the Theory of Operation and 
troubleshooting information), an experienced technician should be able to isolate the 
defective component and replace it. The Schematics are presented in Section 8. (Section 
6 contains the Schematics for the options.) 

You can replace most parts by using standard methods. The parts requiring special 
attention are the chip components located on the A2A2 VCO PCA. You should replace 
the chip components by 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 - 37D1 or similar wire solder). 

4D-14. TROUBLESHOOTING 
To isolate a fault, it is important to note the conditions under which the symptoms are 
observed and if the symptoms change with different states of the instrument, such as: 
different R F  bands or levels, only when FM is on. only under remote control, etc. 

Ti ;he 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. 

If the front panel appears to function properly, but the R F  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 R F  output to be incorrect. If a digital problem is suspected, first check the power 
supply, then go to the Digital and Control troubleshooting paragraphs. 

4D-15. Service Special Functions 
There are several special functions that assist in the maintenance of the instrument. 

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 the [CLR LCL] key exits this check. If no keys are pressed, the test 
times out after approximately 8 seconds. 

Special Function 15, Latch Test 

Special function 15 initiates 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 
(10101010 binary) to each 8-bit latch, and displays "Latch AA". Pressing the 
EDIT [ ] key changes the bit pattern to (01010101 binary), and "Latch 55" is 
displayed. Pressing the EDIT [ ] key changes the pattern back to 10101010. 
Pressing any other key causes the instrument to exit the test. 
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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 attenuators are normally used only when low levels are 
programmed too low to be verified with a power meter bxi i ig  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 A241 L, 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. 

Special functions 83 through 86 also turn off relative amplitude, amplitude- 
fixed range, and all modulation; these special functions also turn the R F  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 Owput PCA. These two fault detectors are constantly 
monitored by the Controller, and if asserted, cause a flashing UNCAL indication. The 
detectors are also used during the self test to check the general health of the Generator. 

It is very important to interrogate and note the UNCAL code if there is an UNCAL 
indication. 

If the unit has an 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, 
an 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. 

For a more complete analysis of the symptoms, it is a good idea to check for a different 
UNCAL code when other R F  bands, levels, or functions (FM or AM) are selected. For 
example, if the code indicates that UNLOK is asserted only with F M  on, and not with 
FM off, it may be indicating an overmodulation condition. See Table 1-1. Signal 
Generator Specifications, for the F M  limitations. 

4D-17. Self-Test Description 
The self test is started whenever the Generator is turned on. The self test may also be 
started by pressing [SPCL] [0][2]. If the Generator fails any of the self tests, the self-test 
failure report is displayed until any key is pressed. You can also press [SPCL] [1][1] to 
display the self-test report. The report is presented in four fields, as shown in Table 4D-2. 

A minus sign in the Frequency Display indicates that the self test was aborted by a front 
panel entry. 
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Table 4D-2. Self-Test Display Field 

M O D U L A T I O N  F R E Q U E N C Y  A M P L I T U D E  ------------- ...................................... ----------------- 
I A I A I A I  I - I B I B I B I C I C I C  I I I I I D I D I D 1  ------------- ...................................... ----------------- 

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 you with a better 
understanding of the results and how the results relate to other symptoms. A successful 
self test is reported with all zeros. 

During the se!f test, the step attenuator is programmed to maximum attenuatinn and the 
internal frequency reference is selected. 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 FIELD 
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, are set for each modulation frequency. During the FM test, a normal FM 
deviation is set, which should produce a locked condition. Table 4D-3 shows the AAA 
Field AM and FM tests. 

Table 4D-3. AAA Field AM and FM Test 

40-19. 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. 

AAA 
!CODE) 

001 
00 2 
00 4 
01 0 
020 

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 an 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. 

FREQ 
( M H z )  

5 20 
5 20 
5 20 
520 
2 80 

LEVEL 
(DBM)  

10.7 
16 
10.7 
16 
-1 0 

AM 
( X )  

30 
127 
30 
127 
n/ a 

MOD FREQ 
( H Z )  

400 
40 0 
1000 
1000 
40 0 

KV 
D A C  

n/ a 
n/ a 
n/a 
n /a  
Normal 

FM 
DAC 

n/ a 
n/ a 
n/ a 
n/ a 
1023 

FM 
RANGE 

n/ a 
n/ a 
n/ a 
n/ a 
4 

EXPECTED 
RESULT 

Leveled 
Unleveled 
Leveled 
Unleveled 
Locked 
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Table 4D-4. BBB Field Test Results 

EBB SYNTH. FREQ. XOENL EXPECTED MAX. 
WAIT 

(CODE) (MHz BIT RESULT (MS) 

001 245 120 0 Locked 
00 2 5 20 5 0 Unlocked 
00 4 520 95 0 Locked 
01 0 225 120 0 Unlocked 
020 3 85 120 0 Locked 
040 5 50 120 0 Unlocked 
100 3 85 120 1 Unlocked 
200 3 85 2 00 0 Locked 

40-20. CCC FIELD 
CCC is the result of the digital tests. The IEEE-488 is verified by writing data to the 
IEEE-488 chip, A3A3U1, and then by reading it back and checking for the expected 
response. 

The Generator RAM is verified by writing data to each memory location and checking 
that the same datacan be read back. Both the off-chip RAM (U25) and the on-chip RAM 
(U1) are tested in this manner. The RAM test is only done during the power-on self test. 
The data in each of the three calibration EPROMs (VCO (U23), Output (U24), and 
Attenuator (U26)) are summed and compared with a checksum. 

The data in each word of the two program EPROMs (U21, U22) 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. 

Table 4D-5. CCC Field Test Results 

C C C  (CODE) DIGITAL TEST 

001 IEEE-488 t e s t  
004 RAM t e s t  
01 0 Attenuator c a l i b r a t i o n  EPROM checksum 
020 Output c a t i b r a t i o n  EPROM checksum 
040 Synthesizer c a l i b r a t i o n  EPROM checksum 
100 Lover program EPROM checksum 
200 Upper program EPROM checksum 

4D-21. DDD FIELD 
DDD is the result of the Output filter tests. During these tests, the level is programmed to 
+13.0 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-het bands and checking for a leveled condition. Then, the frequency is 
set above the cutoff frequencies of two of the filters, and the output is checked for an 
unleveled condition. Table 4D-6 shows the DDD field Results. 

Table 40-6. DDD Field Test Results 
D D D  

(CODE)  

001 
002 
004 
020 
040 

FREQ 
( M H z )  

349.99999 
520 .OOOOO 
244.99999 
490 .OOOOO 
224 .OOOOO 

M I D L  
~~~~~ 

0 
0 
1 
0 
1 

H A 0  CTH 

1 
0 
1 
1 
0 

E X P E C T E D  
RESULT 

Leveled 
leve led  
Leveled 
unleveled 
un leve led  
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40-22. Check Output Signal 
Check the Generator output signal with a Spectrum Analyzer or a Counter at various 
frequencies on each of the three R F  bands and at the state where an UNCAL condition 
exists. If the frequency is incorrect or erratic, check the power supply first. If the power 
supply functions properly, go to the Synthesizer troubleshooting paragraphs. Table 
4D-7 shows the band, filter, and frequency programming data for the output frequency 
(at the source). 

Table 4D-7. Band, Filter, and Frequency Programming Data 

0.01- 244.99999 MHz 1 1 0 1 (800 + Fo)/ 2 
245 - 349.99999 MHz 0 F o  
350 - 520.00000 H Z  1 1 1 1 1 0 1 F o  

OUTPUT FREQUENCY (Fo) 

I 1 I I I 

1 = T T L  H i g h  
I 0 = iii ioij 

You can also use the Spectrum Analyzer to verify that the modulation functions are 
working. If a modulation problem exists, check the power supply, then go to the 
appropriate AM or F M  troubleshooting paragraphs. 

I I I 1 1 

M I D L  

If the frequency is stable and correct, but the output level is abnormal, the problem is 
most likely in the Output PCA. Check the power supply, then go to the Level 
Troubleshooting paragraphs in this section of the manual. 

When you have a clear knowledge of the symptoms and the conditions under which the 
UUTfails, 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. 

HAOCTH 

WARNING 
DO NOT INTERRUPT THE PROTECTIVE GROUNDING CONNECTION. TO DO 
SO WOULD CREATEA 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 PERFORMED WITH 
POWER APPLIED TO THE SIGNAL GENERATOR AND WITH PROTECTIVE 
COVERS REMOVED, TESTING SHOULD BE PERFORMED ONLY BY TRAINED 
SERVICE PERSONNEL WHO UNDERSTAND THE HAZARDS INVOLVED. 

HETL 

CAUTION 

To prevent damage to the Generator, turn off the instrument before removing any 
PCAs. 

SHETH 

40-23. Check Power Supply Voltages 

SYNTH. FREQ (F,) 

CAUTION 

To prevent damage to the Generator, turn off the instrument before disconnecting 
any power distribution cables. 
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Check all power supply voltages. Table 4D-8 gives the expected dc and ripple voltages at 
key test points. If one supply voltage is unusually low, this could indicate an abnormal 
load on that supply due to a fault. To isolate the fault, check the abnormal voltage before 
and after disconnecting (one at a time) the power cables to the Controller, Synthesizer, 
Attenuator, and the cable from the Controller to the front panel. 

Table 4D-8. Power Supply Characteristics 

Table 4D-8 lists the typical dc and ripple voltages (relative to ground connection on the 
module plate) at the key test ~ o i n t s  of the Power Supply PCA, A3A1. These 
characteristics apply for [RCL] [9][8]. 

SUPPLY 

+3 7 

+15 Syn - 
+I5 Out 

-1 5 

+5 

+18 

The unregulated dc and ripple voltages are those expected with a line voltage of 115V ac 
at 60 Hz. The dc voltages are expected values, as measured with a digital voltmeter with 
respect to the power supply ground connection on the module plate. 

The ripple voltages are expected values, as measured with an  oscilloscope with respect to 
the power supply ground connection on the module plate, and are the peak-to-peak 
values of the 120-Hz waveform. 

UNREGULATED VOLTAGES 

@TP V dc RippLe(Vpp) 

9 47 0.5 

7 2 2 0.5 

8- -23 0.2 

10 9 1 

1 18 2.5 

The characteristics of the unregulated +18V-relay supply depend directly on the line 
voltage and the load (the state of the instrument). For example, at 115V ac: 

REGULATED VOLTAGES 

@TP V dc Ripple(mVpp) 

5 36.9 t o  37.1 2 

1 1  14.5 t o  15.7 0.5 

3 I1 I* II 

2 -14.5 t o  -15.7 " 

4 4.75 t o  5.25 1 

None None None 

At 50 MHz and 13 dBm, Vdc is typically 20V with 0.25V (peak-to-peak) ripple. 

At 50 MHz and R F  off, Vdc is typically 20.9V with OV ripple. 

4D-24. 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 are receiving the correct voltages from the power supply. 

The most obvious symptom of failure in the Controller assembly is a blank front panel. A 
properly operating front panel indicates that most of the Controller circuitry is 
functional. If the front panel is totally blank or unresponsive to any keystrokes, the 
microprocessor kernel should be checked first. See the paragraphs entitled Micro- 
processor Kernel in this section. 
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If the front panel is operating correctly but the R F  output is incorrect, determine if the 
fault is on the Controller side of connector P101. The control to most of the audio and 
R F  analog circuitry passes through PlOl via buffers U 15 and U 16 on the Controller 
PCA, A2A7. 

4D-25. Control Activity 
This can be checked by verifying data activity on the data and address lines of P101. The 
meter module can be removed to examine the Controller. Program the bright digit for 
100-Hz resolution in the FREQUENCY display. While pressing the EDIT $$B ] key, 
observe with an oscilloscope the activity on P101. Pressing one of the EDIT keys sends 
bursts of frequency and level control data through the buffers. 

Although it is difficult to determine if the data (BDO-7) and address (BABO-2) signals on 
PlOl 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 U15 (pin l), 
and U16 (pins 1 and 19) of the Controller, A2A7. If the buffer control signals are active, 
check the buffer inputs that correspond to the inactive outputs. If the inputs show 
activity, replace the buffer and again check the signals. If, however, the inputs to the 
buffers are also inactive, trace the signals back and determine the fault location. 

If all data and address signals show activity and their timing roughly corresponds to the 
select signals BSELOL and BSEL1 L, assume for now that ?he Controller is sending the 
correct data and continue on. 

4D-26. Latch Control 
Use the [SPCL] [1][5] keys to  check each available latch on the R F  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 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 
program the DACs directly or read and write data to any desired location. 

4D-27. Microprocessor Kernel 
Connect an oscilloscope probe to the external-clock input of A2A7 Ul pin 2. There 
should be a symmetrical 10-MHz square wave with an adequate TTL logic level. If the 
signal deviates from this description, refer to Section 3, Theory of Operation, for 
assistance in troubleshooting the clock-oscillator circuit. 

4D-28. Power Reset 
Connect an oscilloscope probe to the RESET input (pin 22) of U1. 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 U1. If you suspect a 
problem with the reset circuit, refer to Section 3, Theory of Operation, and troubleshoot 
the reset circuitry. 

4D-29. Microprocessor Inputs 
Input pins to m, CRUIN (pin 13), INTl (pin IS), E D  (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. 
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4D-30. 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, or 
temporarily bend out pin 14 of U1 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-31. 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 (A0 to A15), and 
bus control (CLKOUT, DBINL, WEL, MEML) signals with an oscilloscope. 

Suspect inactive signals or signals that enter invalid logic states. Also compare the driver . . 
inputs and ~ i i tp i l ts  of biiffz~eb ~ i g i i a l ~ .  A ~oiiibifi~tioii ~f observaiion and experience is 
helpful here. An ohmmeter or a pulse generator may be useful in further investigating 
suspected signals. 

40-32. Address Decoder 
Several levels of address decoding are used to select all the memory and I /  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-33. Display and Controls 
If the display shows signs of activity, but has missing or bright digits or segments, the 
problem is most likely in U18 on the A2A7 Controller or  on one of the data latches or  
drivers on the A l A l  Display PCA. If the display is blank and the Controller is 
operational, check the various power supplies and the display blanking circuitry on the 
Display PCA. 

Two special-function service tests are available to test the front panel indicators and 
keys. Press the [SPCL] [0][3] keys to check the front panel displays. The test checks the 
front panel displays by lighting all segments. You can abort this test by pressing any key 
on the Generator. 

The [SPCL] [0][4] keys allow all normally open keys to be checked. As you press each 
key, 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. Exit this test by pressing 
[CLR I LCL]. 

40-34. SYNTHESIZER TROUBLESHOOTING 

NOTE 
All frequencies mentioned are synthesized; hence, they are exact (coherent 
with the 10-MHz reference), unless noted as approximate. 

If the Generator level is inaccurate or if 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. If the unlocked condition exists with R E F  INTI EXT set to 
INT, be sure no signal is applied to the 10-MHz IN/ OUT connector. An external signal 
applied (while operating on internal reference) can cause the main loop to unlock. 
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Table 4D-9. Address Codes for the Front Panel Keys 

KEY CODE 

CEXTAMI 
f EXTFMI 
CINTAMI 
CINTFMI 
C400110001 
C F REQI 
CAMPLI 
CAM1 
C FMI 
CSPCLI 
[STEP] 
C71 
C41 
C11 
COI 
CSTOI 
C 8 1  
C51 
C21 
c .I 
C R C L I  
C 9 1  
C61 
C31 
c - I  
CSEQI 
[MHz 1 V3 
C kHz 1 V l  
CHz 1 uV3 
STEPCvl  
CdB(m)l  
CX 3 
CCLR ( L C L I  
STEPCV 
EDIT[+] 
EDIT[+] 
EDIT[+] 
EDITCSI  
CSTATUSI 
RFCONI OFF1 

1 
2 
4 
5 
6 
9 

1 0  
11 
1 2  
1 3  
1 4  
1 5  
1 6  
1 7  
1 8  
19 
2 0 
2 1 
2 2 
2 3  
24. 
2 5  
2 6  
2 7  
2 8 
2 9 
3 0 
3 1 
3 2  
3 3 
3 4 
3 5 

( E x i t  Test)  
3 7 
3 8 
4 0  
41 
43  
4 5 
46 

Next, check to see if the Generator frequency is stuck high or low. A good way to do this 
is to check the dc 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 table shows the range of the signal and the expected value for a 
typical instrument state. The values in the TYPICAL column are for the UUT 
programmed to 160.11999 MHz, INT FM on at 1 kHz, and 99.9-kHz deviation. 
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Table 4D-10. Synthesizer PCA Test Points 

SIGNAL 
TYPE 

R F 

GROUND 
R F 

GROUND 
T TL 

TTL 

GROUND 
T TL 
T TL 
I IL  
R F 
AUDIO 
GROUND 
T TL 

TTL 

GROUND 
TTL 

GROUND 
AUDIO 

AUDIO 

D C 
TTL 
GROUND 
D C 
TTL 
T TL 
D C 
D C 
GROUND 
D C 
D C 
GROUND 
TTL 

T TL 
TTL 
GROUND 
T TL 
D C 

TTL 
R F 
INPUT 

RANGE I TYPICAL I 
245 t o  522.5 MHz 

245 t o  522.5 MHz 

10 t o  19.995 kHz 

1 t o  1.9995 MHz 

0.2 MHz (AL) 
0.01 t o  1 MHz 
i~ t o  26 MHZ 

245 t o  525 MHz 
0 t o  0.7V rms 

20 MHz, 12.5 ns 
(AH) 
20 MHz, 12.5 ns 
(AH) 

10 t o  19.995 MHz 

0 t o  0.8V rms 

0 t o  0.8V rms 

30 +/- 0.5V 
200 kHz 

-1 t o  -6v 
200 kHz 2.5 us(AH) 
200 kHz 10 ns CALI 
2 t o  22V 
2 t o  22V 

Low = unlocked 
h igh  = Locked 
10 MHz 20 ns (AL) 
10 MHz 

10 MHz 10 ns (AL) 
6.0 +/- 2V 
16 +/- 2v 
10 MHz 
800 MHz 

480.059995 MHz; 
-7 dBm 

480.059995 MHz; 
+4 dBm 

1 19.995 kHz I 
1.9995 MHz I 

0.2 MHz 
40 kHz 

24 MHz 
480.04 MHz; -17 dBm 
0.68V rms 

20 MHz 

20 MHz 

19.995 MHz 

0.15V rms I 
0.15V rms 

30V dc 
200 kHz 

-2.3V dc 
200 kHz 2.5 us 
200 kHz 10 ns 

16.8V dc 
16.3V dc 

16.3V dc 
15.1V dc 

TTL h igh  

10 MHz, 20 nS 
10 MHz 

10 MHz, 1 0  nS 

16V dc 
10 MHz 
800 MHz; -10 dBm 

FUNCTION 

A L L  frequency d i g i t s  

A L L  frequency d i g i t s  

10-K, 1-K, loo-, 
and 10-Hz d i g i t s  
10-K, 1-K, loo-, 
and 10-Hz d i g i t s  

1-MHz and Lower d i g i t  

Aii frequency d i g i t s  
A L L  frequency d i g i t s  
FM Dev ia t i on  

10-K, 1-K, 100- 
and 10-Hz d i g i t s  

FM Deviation, 
and Frequency 

FM Deviation, 
and Frequency 

200-kHz Reference 

Frequency 

Frequency 
Frequency 

Frequency 
Frequency 

Above 245 MHz 
Below 245 MHz 

Below 245 MHz 
To t e s t  Lou- 

oass f i l t e r s  

NOTE: AH = a c t i v e  h igh  
AL = a c t i v e  Lou 
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4D-35. Reference Circuitry Check 
There should be a 10-MHz square wave at TP50. If there is no signal here, check U55 pin 
10. If there is a signal at this point, the problem is in the multiplexer circuitry U55 or latch 
U32. If there is no signal at U55 pin 10, the problem is in the internal 10-MHz crystal 
oscillator. The voltage at the junction of R148 and R149 should be a TTL low 
(approximately 0.2V). If the voltage is a TTL high (approximately 3.8V), there is a 
problem with the latch, U32, or in the interface to the microprocessor. If the 10-MHz 
circuitry checks out, there should be a 0.2-MHz signal (20% duty cycle) at TP35. 

Table 4D-11 shows the relationship between various reference frequency configurations 
and the control of the reference circuitry. 

40-36. 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 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, and you 
can proceed to the next paragraph in this section. If you cannot change the frequency, the 
problem is either the VCO, the UHF binary divider U1, or the circuitry between TP41 
and TP44. 

Check the signal at TPl .  It should be the same as the output frequency. The level after the 
buffer amplifier, Q3,Q4, at TP3 (use R F  test cable) should be approximately +3 dBm. 
The signal at TP17 should be a signal-sideband signal with the lower-sideband 
component (the desired signal) at about -20 dBm. If the only signal is the carrier 
frequency (same frequency as TP3), check the quadrature generator and the sub- 
synthesizer circuitry. The signal out of the triple-modulus pre-scalar should be 
approximately 16 MHz (with the output frequency set to approximately 320 MHz). The 
output of the N-Divider, TP14, should be approximately 0.2 MHz. 

As the UUT frequency is programmed, the frequency at TP14 should change, since the 
divide ratio is being changed. If the frequency is not 0.2 MHz and/ or it doesn't change, 
the problem is probably with the N-Divider gate array U17, divider U14, or the interface 
to the microprocessor. 

Table 40-1 1. Frequency Reference Control 

INT/EXT REF 

INT IEXT  

I N T  
EXT 

B I T  

RMUXlH RMUXOH RINH EOENL SHENL 

0  0  0 0  1 
1 0 1 1 1 

1 = TTL High 
0 = TTL Low 
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If both the reference (at TP35) and the N-Divider signals at the phase detector are 0.2 
MHz, the loop should lock when the operator removes the variable power supply. If the 
loop does not lock, check the KNV voltage at TP37. With the Signal Generator 
programmed to 320 MHz, TP37 should be approximately 1.0 to 2.OV. If this voltage is 
not correct, check the DAC U27, latches U26 and U30, and op amp U28. This voltage 
should also change as the operator changes the Generator frequency. 

If the KN DAC appears to function, the problem is with the phase detector. Reconnect 
the variable power supply as before, and adjust the voltage for approximately a 0.2-MHz 
signal at U44 pin 3. With this frequency slightly above 0.2 MHz, TP38 should be high and 
TP39 should be low. 

With this frequency slightly below 0.2 MHz, TP38 should be low and TP39 should be 
high. The only remaining circuitry is the loop amp U48 and the current source, U46,Q18, 
and Q19. 

If the loop is locked, but the 1-MHz, 10-MHz, or 100-MHz digit cannot be programmed, 
the problem is either the N-divider or the interface to the microprocessor. If the 100-kHz 
or IO-kHz digit is inoperative or the frequencyjumps as the 1-MHz digit is programmed, 
the problem is likely the triple-modulus prescalar. If the lower order (1-kHz, 100-Hz, 
IO-Hz) digits cannot be programmed, the problem is the sub-synthesizer or single- 
sideband mixer. 

4D-37. Sub-synthesizer and HET (800 MHz), 40-MHz Loop 
The frequency at TP24 and TP25 should be 20 MHz. The frequency at U64 pins 14 and 
15 should be 40 MHz. If the 40-MHz signal is present, but not the 20-MHz signal, the 
problem is most likely with 44 ,  Q5, U35, or U34. If the 40-MHz signal is in error, the 
problem is in the 40-MHz loop. 

Check the frequency at the 40-MHz VCO, U64 pin 3. It should be40 MHz. If it is not, lift 
the op-amp end of R169, and connect it to avariable 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 1 I is ECL low 
(approximately 3.2V). 

The output of TTL buffer U65 pin 8 should be approximately 40 MHz. The output of the 
divide-by-4, U66, should be approximately 10 MHz. Once again, if the frequency is 
greater than 10 MHz, pulses should exist at TP52, and the output of op amp U60 pin 6 
should be low. If the frequency is below 10 MHz, pulses should exist at TP49, and the op 
amp should be high (approximately 24V). The loop should lock when the operator 
reconnects R169. 

If the T P  checks are all right and the 800-MHz oscillator is not locked when in the het 
band, the problem is either with the 800-MHz VCO, the divide-by-4 (U61), the divide-by- 
5 (U62, U63), or the logic that controls the switched +5V. 

Program the UUT to 320 MHz. The frequency at TP27 (the output of the sub-synthesizer 
gate array U33) should be 10 MHz if the input signals are correct. The frequency at TP12 
should be 1 MHz, and T P  1 1 should be 10 kHz. There should be a 10-kHz sine wave at the 
hot end of R33. The signals at the output of the active quadrature generator, UlO 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 1000 kHz for a 1-kHz change in the programmed 
frequency and 100 kHz for a 100-Hz change, etc. 
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40-38. FM Circuitry 
The INTI EXT FM selection is done on the A2A4 Output PCA. The controls are listed in 
Table 4D- 16. 

Program the UUT to 500 MHz, INT FM, 99.9-kHz deviation, and 1-kHz modulation 
frequency. There should be a 2V p-p 1-kHz sine wave at TP22. Program 50-kHz 
deviation, and the level should drop to 1V p-p. Reprogram the deviation to 99.9 kHz. 
The level of the output of the KV DAC, U28 pin 7 will be approximately 1.5V p-p 
depending on the FM correction value (KV) in the EPROM. 

The signals at TP32 and TP33 should be approximately the same, depending on how R87 
is set. The output.oEthe audio integrator should be about 1 V 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 500-kHz deviation, and the voltage should be five times the 
99.9-kHz value. 

m 
I abies 4D-i2 and 4D-i3 provide FTvi range and Fivf DAC ( i O  bits) control infoiiiiaiioii. 

4D'-39. LEVEL TROUBLESHOOTING 
If the Generator level is inaccurate or an unleveled condition exists, the A2A4 Output 
assembly or the A2A5 Attenuatorl RPP assembly is probably at fault. If an unleveled 
condition exists, the problem is in the circuitry ahead of the detector. Go to the 
paragraph in this section entitled Unleveled Condition. 

If there is no unleveled condition, the problem is probably in the circuitry following the 
ALC Loop, which includes the Attenuatorl RPP, the heterodyne circuit, and the output 
amplifier, 4215. 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 Attenuatorl RPP is 
at fault. 

4D-40. OUTPUT ASSEMBLY TEST POINT SIGNAL INFORMATION 
Table 4D-14 presents the nominal characteristics of the signals at the various test points 
on the Output PCA. The table shows the range of the signal, as well as the expected value 
for the Instrument Preset State [RCL] [9][8]. 

Table 4D-12. FM Range 

Table 4D-13. FM DAC Control 

FM DEVIATION 
(kHz) 

0  - 9.99 
10.0 - 99.9 
100 - 500 

FMRN 

1 
2 
4 

FM DEVIATION 
(kHz) 

0  - 9.99 
10.0 - 99.9 
100 - 500 

F M O - 9  
( B i t s )  

FM Deviat ion / 10 
FM Deviat ion / 100 
FM Deviat ion / 500 
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Table 4D-14. Output PCA Points 

TtST 
PO I N - I  

SIGNAL 
TYPE 

TPI 

TPL 

T P3 

RANGE 

R F 

R F 

K F 

T P l l  

245 t o  1050 Mllz 
-18 t o  -32 d01n 

245 t o  1050 Mllz 
-10 t o  -25 dB10 

245 t o  1050 Mt iz  
-13 t o  -28 dB111 

245 co 1050 MHz 
-1 3  t o  -33 c1B11i 

800 MHz 
- 6  JUfn 

-7  t o  14V dc nomir id l  

dc+dud io  0  t o  r1.70V rnis 

TYPICAL FOR 
RCL 38  

300 MHL 
-27  dun1 

300 MHL 
-20 dBn~ 

500 MIIL 
-22 dtlin 

500 MI IL '  
-22 LIDIII 

No s l g r ~ d L  

3.1V dc 

1.2V d~ 

0.63V dc 

400 HL 
0.71V rms 

OV 

SIGNAL 
DESCRIPTION 

Ou tpu t  o f  m i d h i g h  
band5w i t c h .  

Output  o f  b u f f e r  
a n ~ p L i f  i e r .  

Output  o f  s w i t c h e d  
Low-pass f  i t  t e r s .  

Power-spLi  t t e r  
o u t p u t .  

Het  m l x r r  LO 
s i  y n a I  

ModuLdtor c o n t r o l  
v o l  taye.  

L e v e l  l n g  Loop 
c o n t r o l  voL tage. 

D e t e c t o r  d ~ o d e  
voL tage. 

M o d u l a t i o n  Osc- 
11 L d t o r  o u t p u t .  

FM n ~ o d u l d t i o n  
s i g n a l  t o  
S y n t h e s i z e r .  

43-41.  ATTENUATOR/RPP LEVEL CONTROL 
Table 4D- 15 lists the Attenuatorl R P P  assembly A2A5 sections that are inserted in the 
R F  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 PCA. Note that the section is inserted in the R F  output path 
when there is no power applied to the relay. 

If the level problem exists above +7 dBm, the through path (0 dB attenuation) of the 
Attenuator may be faulty. 

4D-42. Attenuator Check 
Attenuator problems are most likely to be relay contact problems. 

To isolate the faulty attenuator section, connect a power meter to the R F  OUTPUT 
connector, and check the nominal levels per Table4D-16 at both 0.4-MHz and 520-MHz 
frequency. 

The through-path operation of the AttenuatorIRPP can be roughly checked by 
removing the instrument and module bottom covers. Program the frequency to 1 MHz 
and the level to + 13 dBm. Measure (with a high-impedance probe and an R F  voltmeter or 
an oscilloscope) the level at P102 of the A2A4 Output assembly with a power meter 
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connected to the R F  OUTPUT connector. If the voltmeter measures a nominal 1V rms, 
but the power meter does not read +13 dBm, then the signal is not getting through the 
Attenuator module, and the Attenuatorl 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 AttenuatorIRPP or the Output assembly. Such a check is 
made by removing the Attenuatorl RPP assembly, attaching an adapter (6060A-4234; 
PIN 744177) 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 520 MHz within typically 0.2 dB 
and should agree with the programmed level within 2 dB. 

Table 4D-15. Attenuator Level Control 

Table 4D-16. Attenuator Levels 
- 

PROG LEVEL 
OBSERVED LEVEL 

ATTWUATOR SPECIAL FUNCTION (NOMINAL) 

6dB t6dBm -- t6dBm 
12dB OdBm - OdBm 
24dB (number 1 )  -1 2dBm -- -1 2dBm 
2 4 d B (  " 2) -1 2dBm 83 -1 2dBm 
2448 ( " 3)  -1 2dBm 84 -1 2dBm 
2 4 d B (  " 4) -1 2dBm 85 -1 2dBm 
2 4 d B (  " 5) -1 2dBm 86 -1 2dBm 

AMPLITUDE RANGE I N  DBM ATTENUATOR SECTIONS INSERTED INDICATED BY X  

AM O f f  

7.0 19.0 
1.0 6.9 

-5.0 0.9 
-11.0 -5.1 
-17.0 -11.1 
-23.1 -17.1 
-29.1 -23.2 
-35.1 -29.2 
-41.1 -35.2 
-47.1 -41 -2 
-53.2 -47.2 
-59.2 -53.3 
-65.2 -59.3 
-71.2 -65.3 
-77.2 -71.3 
-83.3 -77.3 
-89.3 -83.4 
-95.3 -89.4 

-101.3 -95.4 
-107.4 -101.4 
-113.4 -107.5 
-119.4 -113.5 
-125.4 -119.5 
-147.0-125.5 

AM On 

1.0 9.0 
-5.0 0.9 

-11.0 -5.1 
-17.0 -11.1 
-23.1 -17.1 
-29.1 -23.2 
-35.1 -29.2 
-41.1 -35.2 
-47.1 -41.2 
-53.2 -47.2 
-59.2 -53.3 
-65.2 -59.3 
-71.2 -65.3 
-77.2 -71.3 
-83.3 -77.3 
-89.3 -83.4 
-95.3 -89.4 

-101.3 -95.4 
-107.4 -101.4 
-113.4 -107.5 
-119.4 -113.5 
-125.4 -119.5 
-131.4 -125.5 
-147.0-131.5 

A245L 

X  
X  
X  
X  

A244L 

X  
X  
X  
X  
X  
X  
X  
X  

A6DBL 

X  

X  

X  

X  

X  

X  

X  

X  

X  

X  

X  

X  

Al2DBL 

X  
X  

X  
X  

X  
X  

X  
X  

X  
X  

X  
X  

A241L 

X  
X  
X  

A242L A243L 

X  
X  
X  
X  
X  
X  
X  
X  
X  
X  
X  
X  

X  

; I  : 
X  
X  
X  
X  
X  
X  
X  
X  
X  
X  
X  
X  
X  

X 
l( 
X 

X 

X 
X 

X X  
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If the problem has been isolated to the Output assembly and there are no self-test errors 
or flashing UNCALcondition, the problem is probably in the circuits following the ALC 
loop. If the problem is only in the het band (frequency < 245 MHz), check the het band 
switcl ~ n d  cr-+rols. the he! band circuits (mixer, filter, and amplifier), and the local 
oscillator signal (800 MHz, nominal -10 dBm at TP5). If the problem is at all frequencies, 
check the output amp, Q215, and the Hetlfunction switch and controls. 

4D-43. Unleveled Condition 
If there are self-test failures and/ or unleveled indications, the problem is probably in, or  
prior to, the ALC loop. If the problem is isolated to  a specific frequency band (or bands) 
and other bands work properly, check signal inputs and controls to the various filters 
that precede the modulator. See Table 4D-7 Band, Filter, and Frequency Data for band 
definition. If all frequency bands are affected, the leveling ALC loop or associated 
controls and inputs are probably at fault. 

-- 
1Y6 (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 dc 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 
voltage here should be approximately 1.6V dc. With the R F  off, the voltage at TP7 
should be OV dc. 

When the problem is isolated to a specific area, use the schematic, Theory of Operation, 
Test Point Chart, and normal troubleshooting techniques to isolate the fault. 

4D-44. RPP Check 
When checking the A2A5.42 Attenuatorl R P P  Control PCA, use the three dual-pin test 
points to aid in the troubleshooting of the assembly. The R P P  can be tripped (to the 
protect position) by momentarily shorting the two points of T P l .  It can be reset by 
momentarily shorting TP2. Shorting TP3 reduces the level required to trip the 
Attenuatorl RPP, so it trips on the Generator's own output. This provides a convenient 
way to verify the operation of the entire trip circuitry, although at a reduced trip level. 

To check the trip function with TP3 shorted, it is best to program the Generator to an 
output level of + 10 dBm; then, program it for fixed amplitude range ([SPCL] [9][1]). This 
allows the level to be ~aried from a low value up to the maximum value without any 
transients that might otherwise trip the RPP. Then, starting at a low level, such as -10 
dBm (with the R P P  reset), increase (EDIT) the UUT level in I-dB steps until the R P P  
trips. R P P  trip normally occurs between +I0 and +15 dBm. 

4D-45. AM TROUBLESHOOTING 
The following paragraphs provide information that helps the operator to  trace an AM 
problem to a specific circuit on the Output assembly. 

4D-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 1V peak (2V p-p), ]-kHz signal source to 
the external MOD INPUT of the UUT and measuring AM depth. Use a modulation 
analyzer. Program the UUT to external AM and then to internal AM at 1-kHz internal 
modulation rate. The measured AM should agree with the programmed depth within a 
few percent. 

Tables 4D- 17 and 4D-18 provide control information for modulation and modulation- 
frequency selection. 
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Table 4D-17. Modulation ON/OFF Control 

INT AM EXT AM INTAML EXTAML 
- 

O f f  O f f  1 1 
O f f  O n  1 0 
O n  O f f  0 1 
O n  O n  0 0 

INT  FM EXT FM INTFML EXTFML FMEN H 

O f f  O f f  1 1 0 
O f f  O n  1 0 1 
O n  O f f  J 1 1 
O n  O n  0 0 1 

1 = TTL High 
0 = TTL Lou 

Table 4D-18. Modulation Frequency Control 

If the internal AM does not agree, but the external AM is OK, the Modulation Oscillator 
is probably at fault. If the external AM is bad, but the internal AM is OK, then the 
problem is somewhere between the external MOD INPUT and the AM DAC. 

FREQUENCY 

400  Hz 
1 kHz 

If both the external and internal AM fail, the problem is probably being caused by either 
the modulation signal-processing circuit or the leveling loop. To determine which circuit 
is faulty, perform the following test. 

MF400L 

0 
1 

4D-47. ALC Loop Control Voltage 

1 = TTL High 
0 = TTL Lou 

PROCEDURE 

1 .  Connect a 1V peak (2V p-p), 1-kHz signal source to the external MOD INPUT. 

2. Program the UUT for 350 MHz, 7 dBm, 71% AM depth, and EXT AM ON. 

3. Measure the ac and the dc voltage at TP7. The rms voltage should be nominally 
50% of the dc voltage. 

4. Program the UUT for 35% AM depth. The rms voltage should be nominally 
25% of the dc voltage. 
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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 the programmed AM depth is changed, either the AM DAC 
or its control is at fault. The AM DAC (A2A4U301) is an 8-bit DAC and is set to twice 
the programmed AM depth, e.g., 180 for 90% AM. 

If the UUT passes this test, then the ALC loop control 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. 

48-48. Detector Linearity 

PROCEDURE 

i .  instaii the piate covers and iet the UUT warm up at room temperature for one 
hour. 

2. Program the UUT for 350 MHz, 12 dBm, modulation OFF. 

3.  Program [SPCL] [8][1] and [SPCL] [9][1] to disable level correction and enable 
amplitude fixed range. 

4. Measure power with a power meter at the UUT R F  OUTPUT. Note the 
reading. 

, 

5. Program the UUT for 2 dBm using the EDIT keys. The measured power should 
be 10 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] [O][O]. 

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, the 
modulator, or the modulator-linearizer circuit. 

4D-49. DEVIATION METER TROUBLESHOOTING 
Set the UUT to the Meter Mode (SPCL [6][1]) at 300 MHz. Connect an external 
generator to the Deviation Meter Input. Program the external generator to 300 MHz, 
FM 500-kHz deviation, internal I-kHz rate, and +I3  dBm. The display should indicate 
approximately 500-kHz deviation. 

Remove U 3  and U4 on the Discriminator PCA, A4A1. Connect a power supply set to 10 
volts to P 1 pin 4. The display should indicate approximately 500 kHz. If the reading is in 
error, the problem is on the A / D  PCA, A4A2. Replace U3 and U4. 

4D-50. AID 
Continuous chip selects should appear at U2 pin 5. If the signal is inactive, the problem is 
on the Controller PCA, A2A7. Look for activity at U 1 pin 12, U I pin 19, and U I pin 20. 
If any of these signals are inactive, replace U2 and/ or  U4. Look for activity at U 1 pin 18. 
If the signal is inactive, replace U 1. 
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4D-51. Discriminator 
There should be a 1.5-MHz signal at U5 pin 4. If there is no signal present, check the 
mixer U6, relay Kl (and its associated control signal), and cables connecting to the meter 
module. There should also be a 1.5-MHz square wave at U1 pin 9. Check limiter IC U5. 
There should be a 1.5-MHz square wave (ECL levels) at U1 pins 14 and 15. Check limiter 
IC U1. Check the collectors of 4 3  and 44.  There should be a 1.5-MHz trapezoidal signal 
from approximately 0.7 to -10.5 volts. The output of U7A pin 7 should be OV dc. The 
voltage on U7B pin 1 should be between approximately + 5 volts. Troubleshoot 4 3  
through 4 6  and U7. The demodulated 1-kHz FM, at approximately 20 volts p-p, should 
appear at U2 pins 1,7, and 14. The gates of Q1 and 4 2  should be approximately -1 5 volts. 
Due to the nature of the sampling, it is not possible to measure the dc voltage at U2 pin 8. 
However, if the audio signal at U4 pin 3 is correct, check the peak detector U4,47, and 
U2D. There should be approximately a 1-kHz TTL signal at P1 pin 6 that controls the 
peak-detector sampling. 

Set the UUT Meter Mode range to 50 kHz. Set the external generator to 50-kHz FM 
deviation. if the dispiay does not indicate 50 kEz, check U ~ A ,  Qi and associated 
circuitry. The gate voltage on Q1 should be approximately + 10 volts. Set the UUT Meter 
Mode to - Peak. If the reading is significantly different from 50 kHz, check U2B, 42 ,  and 
associated circuitry. 

Table 40-19 Deviation Meter Control 

BIT NAME DESCRIPTION 0 VALUE 1 VALUE 

POSPEAKL Meter Peak + peak - peak 
RNG50KH Meter Range 500 kHz 50 kHz 
METERONH Meter o n l o f f  o f f  on 

DRL AID Reading Ready ready n o t  ready 
DATAVALH Sample V a l i d  no t  v a l i d  v a l i d  

1 = TTL High 
0 = TTL Low 
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Section 5 

List of Replaceable Parts 

TABLE OF CONTENTS 

ASSEMBLY NAME TABLE 
NO . PAGE 

6060A/ AN Final Assembly . . . . . . . . . . . . . . . . . . . . . . .  5- 1 5-4 
A1 Front Section . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5-2 5-7 
A2 Module Section .............................. 5-3 5-8 
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A 1 A l Display PCA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5-5 5-1 1 
A2A 1 Synthesizer PCA ........................... 5 -6 5-13 
A2A2VCOPCA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5-7 5-18 
A2A4 Output PCA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5-8 5-20 
A2A5 AttenuatorIRPP Assembly .................. 5-9 5-24 
A2A5A4 Attenuatorl R P P  PCA ................... 5-10 5-25 
A2A5A5 Relay Driver/ R P P  PCA . . . . . . . . . . . . . . . . . .  5-1 1 5-26 
A2A7 Controller PCA . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5-12 5-27 
A3A 1 Power Supply PCA ........................ 5-13 5-29 
A3A3A1 IEEE-488 Interface PCA . . . . . . . . . . . . . . . . .  5-14 5-3 1 
A4 Meter Module Assembly ....................... 5-15 5-32 
A4A 1 Discriminator PCA ........................ 5-16 5-34 
A4A2 Analog/ Digital PCA ....................... 5-17 5-36 

FIGURE 
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LlST OF REPLACEABLE PARTS 

5-1. INTRODUCTION 
This section contains an illustrated parts breakdown of the instrument. Components are 
listed alphanumerically by assembly. Both electrical and mechanical components are 
listed by reference designation. Each listed part is shown in an accompanying 
illustration. 

NOTE 

For module exchange PINS, see Table 40-1  

5-2. PARTS LlST INFORMATION 
Parts lists include the following information: 

1. 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 necessary to support one to five instruments for a period of 2 years. 
This list presumes an availability of common electronic parts at the maintenance 
site. For maintenance for 1 year or  more at an isolated site, it is recommended 
that at least one of each assembly in the instrument be stocked. In the case of 
optional subassemblies, plug-ins, etc., that are not always part of the 
instrument, or  are deviations from the basic instrument model, the REC QTY 
column lists the recommended quantity of spares 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 FLUKE STOCK 
NUMBER. In the event the part ordered has been replaced by a new or improved part, 
the replacement 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: 

1. Quantity 

2. FLUKE Stock Number 

3. Description 

4. Reference Designation 

5. Printed Circuit Board Part Number and Revision Letter 

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 of 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 through the Fluke Replacement Parts 
Catalog, which is available upon request. 

CAUTION 
* 

Indicated devices are subject to damage by static discharge. 
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TABLE 5 - 1 .  6 0 6 0 A / A N  F I N A L  ASSEMPLY 
(SEE F IGURE 5 - - 1 . )  

N 
MANUFACTIIRCRS R 0 
PART NURRER TOT S T 

--OR GENEFiLC TYI'E-- QTY -Q -E  .................... --- -- -- 
1 
1 

REFERENCE 
DESIGNATOR 
A- >NUMERICS- 

FLUKE 
STOCK 
--,,Q-- 

MFRS 
SPLY 
CODE- - - )  S ---------- D E P C f i I P T I Q N  --- 

FROdT SECTION 
MODULE SECTION 
REAP SECTION 
SCREW,HACH.FHUP,S.STL,J-32X1/4 
SCREW, ilACH.F'HF' SEdS.  STL  . 6 - - 3 1 1 1 / 2  
SCREW.MACH,FHP.;TL.IO-32X1/4 
SCKEW,MACH.rHf,S.STL,S-32x318 
SCHEW.dRCH.F'HP,ilAG S - - S T L , 6 - 3 1 X 9 / 3 2  
UASHER. F L A T .  STEEL,  $ A ,  0 . 0 3 1  THK 
SCREW, nncli, r t i v  a - 3 2 x 3 1 ~ 1  
SCXEW, MACH. F'HF' 6 - 3 2 X 1 / 4  
SClif:U. HACt l .  F't1F' 4 - 4 0 x 1  1 4  

H 1 4  
H 1 5  
H 16 
H 1 7  
H I 8  
MP 1 
MP 1 
MP 3 
MF' 4 
MP 5 
MP 6 
UF' 7 
UP 8 
MP 9 
nr t o  
MP 1 1  
n P  1 1  
n p  1 3  
MF' 1 4  
MP 1 5  
MF' 1 6  
hF' 1 7  
h P  1 8  
MF' 1 9  
nP 2 0  
MP 2 1  

SCK 'EW,MACIH,~~~~F 4 - 4 0 X 3 / ( 1  
S C R C W , M h C H , P H f ' . 6 - 3 ? X M  
TOP COVER 
BOTTOM COVER 
FOOT S INGLE HAII .  TYPE (DARK UMBER) 
NAMEPLATE, SEK I A L  -REAR PANEL-  
DECAL. FRONT COilNEK 
S I D E  T R I M  1 8 '  
DECAL. REAR-CORNER 
COVER. OIJTPUT, P L A l E D  9 0 0  
COYER, SYNTHESIZEK,  PLATED 
COVER, RE rER fiODIIl-E. F'I.,IrED 
GASKET,SI i IEI .DING, MONEL. UESI i  
SI.IIFF'ING BOX 
S) i IPF ' I t IG  END CAPS 
CAP. ACC, COAX, BNC 
D E S I C X A N T  
C t i A S S I S  S I D E  
CARL€ r I E  
CAUI E CI n n P  
CABLE T I E ,  4 '  
CAb1.E. ETHYL. CCLL.UI.0ST 
HRACKET. POWER S W I T C H  
PUSHHUTTON.LG R L C r .  GKEEN C I  
COVER P L A T E .  I E E E  
I C E E  MTG B k K T  

INSTRUCTION MANUAL, 60hOA/AN 
1C.NMOS.GF'I I :  IALKER/LISTCNEI;'/CNTI:Lh' 

* I C .  2K X 8 EPROM 
CABLE,SEMI-RIGID,W1,(DISCR/TYPE-N) 
CADI E ASSLUBl.Y,  CL1NTftOL.I Eli--POWER 
C O R D . L I N E . 5 - 1 5 / I E C ,  (NOT SHOWN) 
CABLE, S E M I - R I G I D .  W17 (ATTEN/DISCFO 
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Figure 5-1. 6060AlAN Final Assembly 
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Figure 5-1. 6060A/AN Final Assembly (cont) 
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iDt i l L r i l l l l l i \  
A i l < l l n l  h l ~ i  , i 1 i k > l  h l l  1111'4 

S [ l . l  U MA1 t 1 , l ' t i f '  S f  MS \ r L  . 4 -  1fi l / . '  
; ~ h t w  IAIII.IIII s t n i , s r ~ . 4  4 o x 3 / 1 h  
S l I l ~ K k 1 , t  6 l l L l  k b l t ~ , d . l ~ J ~ ~ 1 . 1 k ,  7 F I N  
COI\NL h hliol  v f  1 
b h i J i l l  I O N t l  L M  
OLt f i i  F h u r l  l PAN1 L 
DI. r &I I t r l s  
I I N S  1 ~ l : f l A r  
1  1 lhN t  h 1lANl)l.k , t h lJN I ' > .  -'', 1NI.H 
I l l i t , [  k t .  I , h l  Ill1 11 111 . I l AT1 1, 

HF 20 VIIAII INI.  INLI I ILAI  [[IN R . +  .CILIII'LI~ 
nr  3 7  s t t 1 1 1 n .  I J I ~ I . I A Y  
r tF  39 CUI'II 1 l l h . 1  ( I A X , A ~ A ( ~ I  r r l n )  
nr 40 CLAMP 
x I S W I I I I I ,   iff^ I I I N I ~ I I I I I v I  ~ I ~ S I ~ I ~ I ~ ~ I I '  
f 2 A W I l l l 1 , l  I  P I I k h  1 l l i . l I r l l i  I I V t  I I ?< . \ ! l l f i l  h l L .  
s 7 <;UI 11 11 F 11,111 I [INII~II I I ~ I  I I ~ : ; I I I ~ I  I S I L  
W  7 , A t< (  k i , s \  r M1,l~ IN1  I l l  I I ~ I I P I I  

W 16 1 , a b l  t. A.\.<v MI 11 IS I N t  111 U l t ,  t ~ l , l l l ~ l  1,NL 

i l l -  A 5  
Sr i .Y  
~ L I D E  

N 
R 0 

1 U I  S T  
P T Y  - Q  - E  
. . . . . . . . . .. 

1  
1  
4  

1 0  
20 

1  
I 
I 
1  

1  
I 
1  
1  
1  
I 
t  
I 
1  
I 

Figure 5-2. A1 Front Section 
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TABLE 5-3. A? tlODULE SECTION 
< . I t  l l l l l t \ l  . 5 3 

l b l  I I l<l C I I  I I I I l l 1  

1,l '. I l,ld,$ I(l1, .i I 1 ll K 
(4 ;N l l r l l  1 I1 , , .\ t ) l > I  1\11 111114 N l  I 

n I SYNIIII.SI:II\ i ~ i i  / :~.'oII 
G -' ~ C , I N  v r U .  (IUUKIII)- F L A  /',<'.?I I 

A 4 r (11111 111 l ' t n  :!'l.,l <. 
A Z + ArTENUATOR/RPP ASSEUHLY ?5- ' />6  7 

t C:oN I RCII L t h' t'l A n 7 7 1'4.'.'4 

C I l (,I , I  I I \ ,  I 0UOI ' l  , + .,:. *,I,V t I I L  5.'FIL,.5S 

I I  1 1  XI ~ ,EW,M,~ I I , I ' I + I  >.I fi) , A  11 ,:, ~ - A I  ,'4 I , :I,., 3 .5 

11 1.' w n s l ! t I . . I l n r , s l t r l  $ ~ , O . i , 7 l  t l t r  I 1 0 2 7 0  
I !  I 3  S I  Ikt W , n R l  1 1 . 1  Ill , I IA i ,  S A l l  , < .  3 2 X V / 3 . '  /?-'>.?A 
t i  I1 X[ l>l W . r l f i ~ 1 4  t Hf , S T 1  , I ( >  3..'Xl 1 2 1  t l Y 4 1  

II I!, !$I +,I IJ, ~1;4r t i  1 HI n!, , s I I :, ',. A ' ,  I C ,  ' ) A # , .  t >  

li I U NLI I , l A l  , I  X I  .I (I( K , 5 1  1 , t 0 3. !,',Y.'.< / 

nt v A r DI. , I-.( 18 I 111 I .,41 / 3 C  

nl I o L ~ Y ~ I  r , s t 1 1 1  I IIINL , ~ I I P : I  I ni :,I(, I II.L III (41 ,  / . ' { ~ z ~ t , ' l  

nl 1 I I A I ~ I  I I I L  ,C,NI I I ~ I , , A U I I A V , O . I ~ : ' I I I  4 c  !>,,I1 

n t  I 2 ~ ~ I , I I  III ,I*L o . t c i o ' w , o . ! '  f i l a  1 ;:,,1;<1 

W L  I I?I~II L nss r   no^ I ~ I I  I I I  , f i u i ) ~ ~ ~  I / ',f,\4:! 

w 1 0  L.~I,I L n::st n h l  r . SYNII~I  SI  i f  ( I t lw t  1% / . l L l ! > : ' t  

NOTE 1. ASSEMBLY INCLUDES ASSOCIATED CALIBRATED EPROM 

h l t  1 1 3  
I I't>>.l3 
1 I O? ! O  

Figure 5-3. A2 Module Section 
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TFIHI E  5 4 .  A3  REAh S k C I  I O N  
( S i L  I I G U k E  5 - 4 . )  

h T t  I t > I  N t  L  
DES I L N A l O R  
A ) N U H t h l C i  - . - . - . . 

A 1 
8 1 

t I  LIKL 
STOCK 

NO 

6 5 7 8 1 5  
7 0 6 5 9 8  
1 7 2 3 9 9  
1 0 9 3 3 0  
7 7 3 1  1 9  
3 0 6 3 0 8  
2 9 2 1  0 5  
4 8 5 4 I 7  
5 5 8 8 6 6  
2 7 2 5 9 1  
7 7 2 3 7 6  
1 7 6 7 4 3  
1 1 0 3 5 3  
1 7 8 5 3 3  
5 7 1 9 6 8  
1 1 0 3 8 I  
1  1 0 8 4 1  

Mt HS 
SF'L Y  
CODE 

MANLll AL I LlMLhS 
FACT NUMZEh 

CIH G t  N I  h l L .  T Y P t  ) S - -  U ~ ~ I H L P I I L I N  
- -  - 

POUEh SUPPLY PCA 
F A N . 1 2 V D C . 3 4 C F H . 3 . 1 5 ' S Q  
SOLDER I U L ,  :6 
F U S E , 1 / 4  X 1 - 1 / 4 , F A S T , I . 5 A . Z 5 O V  
F I I  1 E R . I  1 N t . P A h l . t ' l : I  1 1 3 V  
NUT, EI.AST. XTOI', t1I.X. S T L ,  8 - - 3 2  
STHEUSCAP,  SCKT. STL , 8 - - 3 ? X 3 / 8  
UAXHEk,THLDR,NYLON.#3 . -  - 

~ ~ 1 . 1  O C K , S . S I L , ~ - ~ O  
SLREU.HACH.PHP S E H S . S I L . 6 - 3 L X 5 / 8  
SCREW, HACII. STI.. PHI'. 8 - - 3 2 x 2 - 1  / 2  
UASHEh.FLAT.S S T L E L . 0 8 . 0 . 0 3 2  THY 
UASl IER,FLAT.  F I B E k ,  : 8 , 0 . 0 6 3  It1K 
SCREU, HACtI.  PHF' SEHS, S11.. 6 - - 3 2 X 1 / 4  
U~SHER,SPRING.SII..0.138X8.28IX0.020 
U A S t l E R . S l 1 L D R . F I B E h ~ 6  
N( IT ,E I  AS l .STClP, I . l tX .Sr I .  . 6 - 3 2  
UASWEh,FLAT,ALUU,O.(?5 I D . 0 . 0 6 2  THK 
SCREW 
WASHER 

UP 21  
n p  22 
MP 2 3  
HP 2 4  
H P  2 5  
MF' 26 
HP 27 
MP 2 8  
HF' 2 9  
UP 3 8  

FANEL.  REAR --. .,, m .*.." .,.. - 
LUKML K D K M L h L I  

C.(lhNER HAN1)I.E. FKUNT 5 . 2 5  I N C H  
I N S l l I  I ART. TCANS, S I L I C O N E .  POUI h 
INSUL f AC I ,  IKANS.  S I L  ICIJNE. T O - 3  
S1 I I V  f 111 YOL . S H R I N K , .  1 8 7  . 0 9 3 I D , B I  ACK 
I hANSb OhHEC COVER. F A I N T E D  
CABLE l l L , 4 ' L . 0 . 1 O O ' W . 0 . 7 5  D I A  
(AH1 t .  ETHYL LELLOI  OSE. TYFE 1 / 2  6R 
CAB1 C I IE.ANCtlOR, ADHSV, 0 .  ( ? ? ' T I E  
HEAT D I S .  l h A N S L X I O C , S N G L  1 0 3 , A L U H  
THANSFOhHEK. POUEH 
I C . V O L T  h E G . F I X E D . t 1 5  V O L I S . 1 . 5  AMFS 

r IC .VO1 T  K E G . F I X E D , + S  VDLTS.3  AHf ' .TO-3 
1C.VOl.T R E G , b I X E D .  1 9  V O L l S . 1 . 5  AMFS 

a I C . V O L T  HEG.AD.I,I . 2  TO 3 7  V. 1 . 5  AMFS 
I C , B I F O L A K  
Wlht,FVL.C,L2AWG.HTIN,BLK 
UIRE,PVC.C,2?AUG,B1IN,YEL 
WICE,FVC,C,2?AWG,BllN,LT L h N  
CABLE ASSY , h F  . REF I N / O U T  
IIIIF,N~SS, I 1 N I  I 1 1  I f C  

NOTE 1= REFERED TO THROUGHOUT THE MANUAL AS A3U1 

NOTE ?= PART OF A361 
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Figure 5-4. A3 Rear Section 
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) L l ~ l  \ I  lK1b I I O N  
. . . . . .  

(,A1 , l , q , 4 .  / l l U ,  9 : ' i ,%,\dV 
, C A I ' ,  1 6 .  1011f . + 20%. I OV 

C A P ,  L E H ,  0 .  001 l JF  . I  2 0 % .  I UOV.  X /R 
D I S k I  AY VACl lUt !  F I  L I i IHLS l  t N 1  I fiLldil l.NL Y 
DISPLCIY  VAC.LlLlM F l  l l O R k S O t N I  AM1 L I I I I D E  
f ' I N . S I N L I  t ,I Wi!.O.O.'!, SQ 
F I N , S l N L L k , P W H , O . O 5 t l  D I A  
R i . S . C F .  I O O K .  t-'!::.O.l:,W 
K E S . C F , 6 ? 0 , 1 - 5 % . 0 . ~ ' 5 W  
HE!;, H I - ,  9 . 0 9 K ,  t - - l % . O .  I .!')U, 1 0 0 1  l h 
f i E S , M F , 3 1 . 6 K . r  1 % , 3 . 1 ? 5 W , 1 0 0 P P M  
R L S ,  nf ,8. d 6 K ,  + 1  2 ,  0 .  I:?\W, l 0 O f ' P n  
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NOTE I= 4LSO INCLUDES XZf AND XZ29 
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6060A/AN-1619 

Figure 5-6. A2A1 Synthesizer PCA 
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THE FOLLOUING COtlPONENTS ARE NOH-FIELD REPLACEABLE: 
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THE FOLLOUING COHPONESTS ARE NON-FIELD REPLACEABLE 
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Figure 5-8. A2A4 Output PCA 
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LIST OF REPLACEABLE PARTS 

REFERENCE 
DESIGNATOR 
A-)NUMERICS---) S ---------- 

FLUKE MFRS MANUFACTURERS R O 
STOCN SPLY PART NUMBER TOT S T 

DESCRIPTION---------------- --NO-- CODE- --OR GENERIC TYPE-- D T Y  -0 -F 

ATTENUATOR/RFP PCA 752667 89536 752667 
RELAY DRIVER/RPP PCA 752816 89536 752816 
FILTER,RF,EYELET STYLE.?OOOPF,RL 5?9495 89536 529495 
SCREU h-3?X3/4 376023 05'576 37A93? 

-- " 
SLFFU 6 ?&X3/? 3 3415E r'7";3A 3344'-$1 
SThNDLll i 4>.ittc~cs f.19c> if ,  4.#.itir,-j 
HOUSING.PLATED.ATTENUATOR,RELAYVERSN 747017 89536 717017 

• IC, 2K X 8 EFROM 454603 01295 TMS2516JL 
CABLE ASSEMBLY, ATTENUATOR 752725 89536 752735 

l R C I  

Figure 5-9. A2A5 Altenuator/RPP Assembly 
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LIST OF REPLACEABLE PARTS 

REFERENCE 
DESIGNATOR 
A -  )NUHEHICS- - - )  - . - . . . - . - - - - - . - - 

R 2 .  3 ,  8 ,  
R 9 .  I t .  I ? ,  
R 1 7 .  1 8 .  2 0 ,  
R 2 1  

D IODE,S I .SCHOTTKY RARRlER,SMALL S I G N L  
D I O D E . S I . B V =  7 0 . 0 V , 5 0 0  MU 
UASHER,SPRNG.COPPER,O.316 I D  
CONN,COAX. SMA. RCC. PUB OR BLK l fD  
CONN.SOCKET.SPRING T Y P E , . 0 6 9 0 D . . 1 4 3 L  
RELAY,RRMAlURE.?  FORM C.36 .5VDC 
CONN.SOCKET.PUR.0 .049  DIAMETER 
RES.MF,402.+-0.5X,0.125U.50PPH 

FLUKE 
STOCK 
--NO-- 
------ 
5 I  4 0 5 9  
5 1 9 3 6 3  
7 3 2 8 8 3  
5 3 5 1 9 5  
4 5 4 1 8 1  
5 4 4 2 3 9  
5 1 2 0 8 7  

HFRS MANUFACTURERS 
SPLY PART NUMBER 
CODE- --OR GENERIC TYPE-- 

N 
R 0 

TOT S T 
QTY -a -E  
- - - - - - - 

3 

1 2  
8 
8 

ALL  COMPONENTS NON F I E L D  REPLACEABLE 

n w \ 

. 
Om, ' f Z  0 -7 0% 0 0 s  OP, 0 0.. 0- 

'. 
ALL CO-.-OUCUTs - 
0.4 D*SC..O L"*e* 
r r ~ ~ r r - o  ~1.-( --9 501. 

6060A-1647 
I 

Figure 5-10. A2A5A4 AttenuatorIRPP PCA 
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T A R L F  5 - 1 1 .  A?ASA5 F:EI.AY Db:IVER/RFF' CI  

(SEE FIGURE 5 - 1  1 . )  

5111 K I  I .SINLI F , f ' u t < , ~  [ i f \  . ( 1 4 : ~  . ( I ~ Y  I 1r4 
1.1111K1 , t . I L l k N  
INI)III 1111~ .  ~I?IIII, t .  I o:.. 1 4  ntl: .:,III 161 n 
INVI IL  l L l l \ ,  4 ?  1111, I r -,L, ; ' t a . ' >  R l l l ,  .Sl-11 Dt II 
PWIj I<l I :IY 1 ) f i l V l  i . . 'T ' f ' l  I ' L IN IKL l l  l 1 t i  
II<ANXII r o k , ~ ~  .F'NI-'. . r n , v  I SIL.NAI 
I t < A N S I  S l ( l h ,  X I ,  N I ' N .  S h A l  1 ::I LN641 
h E S , ( . F  , 5 1 0 ,  I i%,O.:">W 

4 t l  <4 ,3 t l  
1 NV 71'4 
1N7'>1 
3 t l t  Y t l t l  
.5:'4--Ac. l Y l l  

ALL COMPONENTS ARE NON-FIELD REPLACEABLE 

Figure 5-1 1. A2A5AS Relay Driver/RPP Controller PCA 
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N 
h 0 

I U I  S T 
W I Y  Q L 
- - -  . 

1  
.' 6 

I I l l K t  
5 1rl l : l i  

NO. 
. .. 

4  I ( z 0 0 6  
oYC14Y:' 
t b Y h 4 9 ?  
: > ' 9 6 4 v 2  

S  D l S I I $ I l  I l l l N  
. . .  . 

cnr . A L  , 4  . + : , o  2 0 %  I (.v 
I A t '  P o l  YtS,d . : ' : l l l~ ,  * 1 0 % , > 0 v  

I A f  , I{,,  $ 8 .  4  / I l l  , I  2 0 ; : ,  .$',U 
1.Al  , 1 A . I d I I I . I  . 1 U % , 2 O V  
C A I  , I  I f i ,  . ' O F 1  , i 1 0 % .  1 0 0 0 V .  /!,I 

C S O ,  ',,!, 5 I 1 ,  
C 59  
C  :,0 

( . A t  , ~ t I , . : ' 0 0 0 F F ,  t 1 0 0  O X .  1 0 0 0 V .  L S L l  

F ' IN,31P41,LE,I-UB,G.d2L, J Q  
t l f A D l . H . 2  h 1 l W . O .  l O O C l l i , K I  A N L . 2 6  F'IN 
C I I I l K t  ! ~ r l J k N  
J N I ~ L I C I ~ ~ .  4 .  7 ~ t { .  + /  1 0 % .  1 1  n t c /  . s t c l  DFD 
F W U .  ( I I N I C C I I  L E R  
S O [ K f . T , S T N G I  I .I W k . F i l f <  . 0 4 2 - 1 - - . 0 4 9  t ' J N  
R E S , L F . ~ F J O , I  4 % , 0 . 2 5 W  
R t S , l f  . 4 . 7 K . *  - 5 % . O . ? ' i W  
h E > . ( . k  . [ ' O K .  1 - 5 2 . 0 . L ' 5 W  

R IC ,  ILSI I L  ,111 T I  IILIS r r i u s ~  V K  w / ~ . - s T  LILI~ 
1 C . I  S I  l L , l - l t K  I N V E h I E R  

* IT,[ onr n r , n l o t i ,  D o n 1  . I  o i WH, t ~  FIN IIIV . 1 C . I  X I  I I  , I C T F ' L E  J I l 4 l ' L l l  N A N D  L A l E  
* I C , I S I T I . . H t X  D  F / t  , + l D G  T F i L . W / i : L E A K  

I C , I I r I  . W U A D  .' I N k L I I  (lli G A T E  
1 C . I  S 1 T L . l I C I A I  D I h r ? N S F ' A h f . N T  L A I C 1 1 1  .S 

S N 1 4 1  S 1  1 2 N  
D l 1  B 4 0 F  I O U  
3 1 6  A L J Y I )  

XI1  I  
XI1 1, Y ,  1 4 ,  
XU 2 0 ,  5 0 .  3 1 ,  
XLI 3!>, I t , ,  3t1, 
XLI 4 2  
XI1 1 1 .  1;' 
X(I  2 5  
Y 4 1  

S I I I  K F  I ,  1 1 . , 4 0  F I N  
S l l l K l l , l C , 1 ( 1  F ' l N  

1.'4 A(. I V D  . ., .r..O.lJY 
Y'iOH1 0 0 2 C I  

NOTE 

U 2 3  EPROM PART OF A 2 A 2  
U 2 4  EPROM PART OF A 2 6 4  
U26 EPROM PART OF A2AS 
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u rrn 

Figure 5-12. A2A7 Controller PCA 
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LIST OF REPLACEABLE PARTS 

I r l  I I I\I N1.I 
D t  S I l .Nr l  l O h  
A > N l l n l  h f1 .h  j S  Ill XI 1, 1  I I I IIN 

- .  . . . 

C  1  CAI . n1 , ,'.'ootlr , +3o  I o x .  .cc>v 
C  2 ,  5  CAP. AI ,100OL)UF. I J U  ? O i ,  3 5 V  
C 3 .  6 .  I ?  CAP. CER, 0. 1 l l l .  t - 2 0 % .  5 0 V .  X lli 
C  4 ,  7. 1 5 .  CAP. l A , d . 8 U F , t  -:OX, 3 5 V  
C 2 0  
C 8  CAP. Al . 15000UF . I 3 0  1  OX. 3 5 V  - - . . 
C 9 .  2 1 .  1 2  CAP,  T A , ? . ? U F . t  2OZ.2OV 
C I 0  C A P , T A , ? ? U F , t - 2 O % , l 5 V  
C 1 1  CAf . A l  . 4  7 O l l F  . + 3 O - - 2 0 % .  MOV 
C  1 3 ,  1 4  CAF'. TA,  4 .  711F. 1 ?OX. 5UV 
C 15  1 9  CAf',F'OL Y k  S . O . ? 2 L I I ~ ,  t - - 1 0 % .  IOOV 

1 ,  3 6 DIOUk T 1 , F E C I  H h l D L t  bV -0OV 1U 1  OA 
3 ,  4 ,  8  D I O D L . S I ,  I 0 0  P I V ,  l .O AMP 
5 DIODF S I .  45F I V .  7 .5A.  DLIAI SCH(1ITKY 
6  r T H Y R I S T O R . S I ,  T R I A C .  VBO:.?OOV, t1 .06  
9 .  1 0  S ZENER, IINCOMF'. 6 2 . O L .  5 % .  :'OnA, ?.OW 

4  2 S C ~ L W ,  HAI.~I. I'HF' s t .ns ,  ST[. . 4 - 4 o x 1 / 4  
4 3  N 1 l I , n A C H , H E X . S 1 1 . . 4 - 4 0  

1  H I A I J I R , ~  f i O U , O . l ! , 6 1 T R . I 2  t  I N  
lH t&DEh,1  R O W , 0 , 1 5 6 C I N , 5  k 1 N  

3 6  P I N .  S I N L I  t .f'WiJ 0 . 0 2 5  SQ 

HANll I  A L I I I k t  ITS 
FAR1 N l l f i B t K  

( I t i  I.I.Nl t i1 L I Y t  1  

/ l ', .1 5 4  
6 1 4 V V 0  
t l l  31 - O!,O--W!)kI OONFH 
1 Y 6 D 6 8 \ X 0 0 3 5 k A 1  

h 1 0 ,  1 3  k E S , C t  , 2 2 0 ,  + - 5 X . 0 . 2 5 W  3 4 3 6 2 6  8 0 0 3 1  (.h '151-4 - 5 P 2 2 0 E  
R 1 1  RF.S,CF, 1 ,  t - - 5 % , 0 . ? 5 W  3 5  /A65 8 0 0 3 1  CR151. 4 - - S F 1  C 
R 1 3  RES,  CF.  0 . 5 1 .  t - 5 Z .  0.25W 3 8 1 9 5 4  €10031 CK251 - 4  5F'OhSE 
S 1  S U I l C H , S L I D E , O P D T  4 5 2 8 6 2  8 9 5 3 6  4 5 2 8 6 2  
TF' ! -  1 1  l E S l  F'OINT 5 1 3 8 8 9  0 2 6 6 0  6 2 3 9 5  
VR 7 r ZENf.k. I lNCl lMP, 6 . 2 V .  5 % .  20 .0HA.  0.4W 3 2 5 8 1 1  0 7 9 1 0  1 N 7 5 3 A  

NOTE 
U1 , 2 . 4 , 5  L I S T E D  I N  TABLE 5-4 ( A 3 )  
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CIRCUIT 2 

COM R 1 0  ' ~ g  Cg 

6060A-1631 

Figure 5-13. A3A1 Power Supply PCA 
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TAI11.E 5 - 1 4 .  P3/131?1 1ECE.- 
( S E E  F I G U K E  ' 5 . 1 4 . )  

S DLSC f < t l  1  I O N  
. . 

C A I  , P O L  r I  i , ~ . ? : ? I I F ,  t. ~ O Z , ! ~ O V  

(:OIJ~JE c r o R  
i't lOKf., (I I L l h N  

SLICY,t T  
h E S , f k  I K ,  I bZ .0 .25W 
S W L I T t i  

+ I C . 1  STT I  . lI(.TI I t t t  4 f l t l  8 0 S  IhANS1:VR 
I T . I S 1 I I  ,L lCTAi .  D ~ I I A N S I A I \ ~ . N I  LAlCHE:' 

I I ( . . I L I ~ I  .(I(.II. i ~ u ~  T ~ N S L V R  W / J - X I  our 
I T ,  ' i l k  . L ' l l h b  2 I N f U l  AND L A l f  
S O i K E r .  11:. 4 0  C ' I N  
I * f .S .N t  I i ' i F . 1 0  F I N , ' ?  t r t  S , i O K . t - 2 %  

MI R S  
SF LY 
CODE 

f lTg>. l / ,  
0 4  71 3 
0 1 2 9 5  
0 1  295 
0 1 2 9 5  
OVY?? 
8 0 0 3 1  

QTY Q E 
. - . - - . . 

Y 
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Figure 5-14. A3A3A1 IEEE-488 Interface PCA 
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T A B L E  5-.t 5 .  A 4  H C l  C f i  HLIIIIILE ASSEHIlLY 
( S E E  F IGURE 5 - 1 5 . )  

REFERENCE FLUKE HFRS HANUFACTURERS R 0 
DESIGNATOR STOCK SPLY PART NUMBER TOT S T 
~-)NUHERICI---) s ----------DESCRIPTION---------------- --NO-- CODE- --OR GENERIC TYPE-- PTY -P -E  

6060A/AN-5002 
90 f12  

Figure 5-15. A4 Meter Module Assembly 
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N 
R 0 

TOT S T 
PTY - 9  -E - - - - - - - 

I 
I 
I 

2 0  

FLUKE n r f i ~  MRNUKACTUliEfiS 
STOCK SPLY F'ART NUHDER 
--NO---- CUI)L- -.--OK GLNl :k IC  TYPE-- 
- - - - - - - . - - - - - . . - - - - - - .- - - - - - - .. - - - 

CAP,CER,270PF,+-5%,IO0V,COG 
CAP.CER,l000FF,+-5%,50V.C0G 
CAP. CER, 220OPF.  +.-20%. I OOV. X7 f i  

CAP CLR I 2 O P F  +-2Z IOOV rnr. 

C A P ; ~ ' O L Y C A , ~ U F .  + - l 0 % . 5 0 ~  
CAF',Ck.h', IOOPF , t - 2 % .  IOOV, CLlG 
CAP.CEH.750F'F , I - 5 % , 5 0 V .  CUL 
CAF',A1., 2.2UF, +.-?O%,SOV 
ELECTRO, M I N . L O  L E A K ,  4 . 7 i l F .  3 5 V  
C A P , C E R , 2 7 0 0 F ' F , i - ~ 2 O Z . l 0 O V , X 7 N  
CAP, CER, 5 6 P F ;  + - 2 Z .  I SOV, COG 

* D I O D E . S I . B V =  7 5 . 0 V . I 0 = l 5 0 H A , 5 0 0  nu 
DIODE.SI.SI :HOTTKY BARRIET\',SHALI. S l G N L  

+ ZENEH.UNCOMP, IO.OV, 5 % .  1 2 . 5 n ~ .  0 . 4 ~  
* L E D , ~ ~ E D . P C ~  . ':LINT.I.UM INT-I . a n c n  

WASHER.SF'HNG.L.~)F' I : 'ER,O.~~ 6 I D  
scREu,nncl j , r l tro,s.n1. ,  6 .  3 1 x 9 / 3 2  
CONN. COAX. S k A ( H ) ,  F'U8 UH F'ANEL 
CONN.COAX.SMh(M),PWli  Ofi PANLI. 
R E L A Y . A R H A I U ~ ~ E . ~  F n f i n  C , ~ ~ . S V D C  
INI)UCTOR, I .5UIt ,  t/-!i%, I I 8  HttZ.  SItI.I)FD 
INDUCiOR,  2. 7 UH. I / - - I  0 % .  VAHHZ, SNI UED 

I N D U C I O h .  0 . 4 7  U I i  + /  - 1 0 %  2 6 4 n l l Z .  SHL DED 

BRACKET, S n A  ( C H E H - E I C H )  

IRANSISTOR.SI;N-DHOS ~ ~ 1 . 1 0 - 7 3  
I T H A N S I S T O f i . S I  ,PNP. H I - S W D  SWITCH 
+ T R b N S I S I O k , S I . N P N , S M A L L  S I G N A L  " 

TKANSISTUR.SI.F'NF.SHALL SIGNAL 

* 1 C . E C L . T R I P L E  L I N E  RECEIVER 
I C , O P  AMP,QUAD J F E T  I N P U T . 1 4  F I N  D I P  
IC.COUPAKATOh.QUAD.14 P I N  D I P  
IC.COHPAfiATOR.8 P I N  D I P  
IC ,BPLR,FH I F  A M P L I F I E R - L I M  6 DETECT 
MIXER.DOUHLE HALANCED.1 - 5 0 0  MHZ 

R 1C.OP AMP.DUAL.JFCT I N P U T . 8  P I N  D I P  
S O C K E T , I C . l 6  P I N  
S O C K E T , I C , l 4  P I N  
S O C K E T , I C , 8  P I N  
R E S , N E T , S I P , 8  P I N . 7  R E S . 5 l O . i - 2 %  
RES,NET.CERH.CUSTOM 
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Figure 5-16. A4A1 Discriminator PCA 
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T n D l  I- 5 - 1 7 .  A 4 A 2  A N ~ + l . ( l L / D I L l 1 1 + 1  F'CO 
( S E I I  F I L I J R F  1 ) - 1 7 . )  

N 
REFERENCE FLUKE UFHS UANIIFACTUliCES R 0 
DESIGNA  OR STOCK SPLY PART NUMBEK T O T  s T 
A- )NUUERICS- - ->  S ----------DESCRIPTION--------.--.--.------ --NO-- CODE- --OK GENERIC TYPE-- QTY -Q -E ---------------- --------------------------------------- ------ ----- .................... --- -- -- 
C 1 8  C A P , C E H , 2 0 0 0 P F , + 1 0 0 - 0 2 .  1OOOV.Z5U 1 0 5 5 6 9  71 5 9 0  DA1 4 0 -  1 3 9 C H  
C 2 -  5 C b P ,  POLYES. 0 .  1 U F ,  t - 1  OX, 5 0 V  6 9 6 4 8 4  8 9 5 3 6  5 9 5 4 8 4  4 
C J .  7 CAP,TA,1OUF.+-2OZ,?OV 3 3 0 6 h 2  5 6 2 8 9  t9hD101XOO3OKAI  
J t SOCET. S I P ,  1 S - P O S S I I I O N  4471.3' 8 9 5 3 6  4 0 7 1 0 3  

SI'ACCR 28137;' ttu'i36 1no3-7;' 
SOCKET,SINGLE,f'WB,FOR . 0 4 2 - . 0 4 9  P I N  5 4 4 0 5 6  8 9 5 3 0  5 4 1 3 5 6  
RES.t lF .137.+-12.0 .125W.100FFM 3 3 5 3 1  8 9 1 6 3 7  C t lF551  3 7 0 F  

r I C . ~ I P O L A R . ~ ~  e i ~  n/o W/UPS INTERFACE 7 7 2 9 3 9  8 9 5 3 6  7 7 2 9 3 9  
I C , L S T T L , J - 8  L I N E  DCDR W/ENABLE 4 0 7 5 8 5  0 1 3 9 5  S N 7 4 L S 1 3 8 N  

r I C .  LSTTL .OCTAL D FIF. +EDG TRG. W.'CI.EfiR 4 5 4 8 9 2  0 1 2 9 5  SN74LS17'3N 
r IC .LSTTL.L7UAD 2 INPUT NOk GATE 3 9 3 0 4 1  0 1 2 9 5  SN74LSO'N 
r I C .  1 S T T L .  HEX BUFFEF U/NOk CNABLE 4 8 3 8 0 0  0 1 2 9 5  TN74LS:o :N 

S O T K E r . I C . 2 0  F I N  4 5 4 4 3 1  0 9 9 2 2  D I L H 3 O r - 1 0 8  

Figure 5-1 7. A4A2 Anaiog/Digital PCA 
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Section 6 

Options 

6-1. INTRODUCTION 
The 6060A/ AN does not have any options. 
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Section 7 

General Information 

7-1. This section of the manual contains generalired 
user information as well as supplemental information to 
the List of Replaceable Parts contained in Section 5. 

REV. 5 11 185 
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List of Abbreviations and Symbols 

I A or amp 

ac 

af 

a/d 

assy 

AWG 

B 

bcd 

OC 

cap 
CCW 

cer 

cermet 

ckt 

cm 

cmrr 

comp 

1 eoni 

crt 

CW 

d/a 

dac 

dB 

dmm 

dvm 

elect 

ext 

F 

OF 

FET 

ff 

f req 

FSN 

9 
G 

gd 
Ge 

GHz 

gmv 

grid 

H 

hd 

ampere 

alternating current 

aud~o frequency 

analog-to-d~g~tal 

assembly 

amerlcan wlre gauge 

be1 

b~nary coded dec~mal 

Cels~us 

capacitor 

counterclockw~se 

ceramlc 

ceramlc to rnetal(sea1) 

clrcult 

centlrneter 

common mode rejection ratlo 

composlt~on 

coni~nue 

cathode-ray tube 

clockwise 

d~g~tal-to-analog 

d~g~tal-to-analog converter 

dec~bel 

d~rect current 

d ~ g ~ t a l  mult~meter 

d ~ g ~ t a l  voltmeter 

electrolytic 

external 

farad 

Fahrenhe~t 

F~eld-effect translstor 

fllp-flop 

frequency 

federal stock number 

gram 

glga ( lo9)  
guard 

germanium 

g~gahertz 

guaranteed mlnlmurn value 

ground 

henry 

heavy duty 

hf 

Hz 

IC 

if 

in 

intl 

110 

k 

kHz 

k n  

kV 

If 

LED 

LSB 

LSD 

M 

m 

mA 

max 

rnf 

MHz 

min 

mm 

ms 

MSB 

MSD 

MTBF 

MTTR 

mV 

mv 

M n  

n 

na 

NC 

(-) or neg 

NO 

ns 

opnl amp1 

P 

para 

PC b 

PF 

Pn 

h ~ g h  frequency 

hertz 

Integrated c~rcul t  

lntermed~ate frequency 

~nch(es) 

tnternal 

~nput/output 

k ~ l o  (10') 

k~lohertz 

k~lohm(s) 

k~lovolt(s) 

low frequency 

I~ght-em~tt~ng d~ode  

least s~gnl f~cant  b ~ t  

least s ~ g n ~ f ~ c a n t  d ~ g ~ t  

mega ( lo6)  

m l l l ~  (10- ) 

m~l!~Zmpeie(sj 

rnaxlrnum 

metal f ~ l m  

megahertz 

rnlnlrnum 

mlll~meter 

m~l l~second 

most slgnlflcant b ~ t  

most slgnlflcant d lg~ t  

mean tlrne between fa~lures 

mean tlme to repalr 

m~l l~vol t (s)  

mult~v~brator 

rnegohm(s) 

nano 

not applicable 

normally closed 

negatlve 

normally open 

nanosecond 

operational arnpllf~er 

PIC0 (lo-") 

paragraph 

pr~nted clrcult board 

plcof arad 

Dart number 

(-) or pos 

Pot 

P-P 

PPm 
PROM 

psi 

RAM 

rf 

rms 

ROM 

s or sec 

scope 

SH 

Si 

serno 

sr 
7- I a 

tb 

tc 

tcxo 

t P 
u or v 
uhf 

US or ps 

uut 

v 
v 

var 

VCO 

vhf 

vlf 

W 

WW 

xfmr 

xstr 

xtal 

xtlo 

n 
P 

posltlve 

potentlometer 

peak-to-peak 

parts per rn~ l l~on  

programrnablle read-only 

memory 

pound-force per square Inch 

random-access memory 

rad~o  frequency 

root mean square 

read-only memory 

second ( t~me)  

osc~lloscope 

sh~eld 

slllcon 

ser~al number 

sh~f t  reglster 
*-...- ~ a ~ ~ ~ a t u i i i  8 

terrn~nal board 

t-r-perature coeff~clent or 

temperature cornpensatlng 

temperature compensated 

crystal osc~llator 

test po~nt  

mlcro (10- ) 

ultra h ~ g h  frequency 

rnlcrosecond(s) (10 - ) 

unit under test 

volt 

voltage 

var~able 

voltage controlled osc~llator 

very h ~ g h  frequency 

very low frequency 

watt(s) 

wlre wound 

transformer 

translstor 

crystal 

crystal oscillator 

ohrn(s) 

micro ( lo - )  
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Federal Supply Codes for Manufacturers 

002 13 
Nytronics Cornp Group Inc 
Subsidiary of Nytronlcs Inc 
Formerly Sage Electronlcs 
Rochi ,:er New York 

02660 
Bunker Ramo Corp Conn Div 
Formerly Amphenol-Borg 
Electric Corp 
Broadvlew, llllnois 

04946 
Standard Wlre & Cable 
Los Angeles. Californla 

06751 
Components Inc Semcor DIV 
Phoenlx. Arlzona 

05082 
Replaced by 94988 

06860 
Gould Automotive Div 
City of Industry, Californla 00327 

Welwyn International Inc 
Westlake Ohlo 

02799 
Areo Capacitors. Inc 
Chatsworth. Callfornla 

05236 
Jonathan Mfg Co 
Fullerton. California 

06961 
Vernitron Corp Plezo 
Electrlc Div 
Formerly Clevite Corp Plezo 
Electric DIV 
Bedford Ohio 

00656 
Aerovox Corp 
New Bedford, Massachusetts 

03508 
General Electrlc Co 
Semlconductor Products 
Syracuse. New York 

05245 
Components Corp now 
Corcom. Inc 
Chlcago, llllnois 00686 

Film Capacitors. Inc 
Passalc. New Jersey 

06980 
Elmac DIV 
Var~an Associates 
San Carlos. California 

03614 
Replaced by 71400 05277 

Westlnghouse Electric Corp 
Semiconductor Div 
Youngwood. Pennsylvania 

00779 
AMP Inc 
Harrisburg. Pennsylvania 

03651 
Replaced by 44655 

07047 
The Ross Milton Co 
South Hampton Pennsylvania 

03797 
Eldema Div 
Genisco Technology Corp 
Compton, California 

05278 
Replaced by 43543 01121 

Allen-Bradley Co 
Mllwaukee, Wisconsin 07115 

Replaced by 14674 
05279 
Southwest Machlne & 
Plastlc Co 
Glendora. California 

01281 
TRW Electronic Comp 
Semiconductor Operations 
Lawndale, Californla 

03877 
Transistron Electronlc Corp 
Wakefleld, Massachusetts 

071 38 
Westinghouse Electric Corp 
Electronic Tube Div 
Horsehead New York 

05397 
Union Carbide Corp 
Materials Systems Div 
New York, New York 

03888 
KDI Pyrofilm Corp 
Whippany New Jersey 

0 1295 
Texas Instruments. Inc 
Semiconductor Group 
Dallas, Texas 

07233 
TRW Electronic Components 
Cinch Graphlc 
Clty of Industry California 

0391 1 
Clairex Electronics DIV 
Clalrex Corp 
Mt Vernon. New York 

05571 
Use 56289 
Sprague Electrlc Co 
Paciflc DIV 
Los Angeles. California 

01 537 
Motorola Communications 8 
Electronlcs Inc 
Franklln Park lllhnois 

07256 
Slllcon Transistor Corp 
DIV of BBF Group Inc 
Chelmsford. Massachusetts 

03980 
Muirhead Inc 
Mountainside New Jersey 

04009 
Arrow Hart Inc 
Hartford, Connecticut 

05574 
Vlking lndustrles 
Chatsworth, Callfornla 

01 686 
RCL Electronics Inc 
Manchester New Hampshire 

07261 
Aumet Corp 
Culver Clty, Callfornla 05704 

Replaced by 16258 01 730 
Replaced by 73586 37263 

Fairchild Semlconductor 
DIV of Fairchlld Camera 

04062 
Replaced by 72136 

05820 
Wakefleld Englneerlng Inc 
Wakefield. Massachusetts 

01884 
Use 56289 
Sprague Electrlc Co 
Dearborn Electronic Div 
Lockwood. Florida 

& lnstrurnent Corp 
Mountaln View Californla 04202 

Replaced by 81312 06001 
General Electric Co 07344 

Bircher Co Inc 
Rochester New York 

04217 
Essex International Inc 
Wire & Cable DIV 
Anaheim. Callfornia 

Electronlc Capacitor & 
Battery Products Dept 
Columb~a. South Carol~na 

021 14 
Ferroxcube Corp 
Saugerties. New York 07597 

Burndy Corp 
Tapelcable Div 
Rochester. New York 

06136 
Replaced by 63743 02131 

General lnstrurnent Corp 
Harris ASW Div 
Westwood Malne 

04221 
Aemco, DIV of 
Midtex Inc 
Mankato, Minnesota 

06383 
Panduit Corp 
Tlnley Park llllnois 

07792 
Lerma Engineering Corp 
Northampton, Massachusetts 02395 

Rason Mfg Co 
Brooklyn. New York 

04222 
AVX Ceramics Div 
AVX Corp 
Myrtle Beach, Florlda 

06473 
Bunker Ramo Corp. 
Amphenol SAMS DIV 
Chatsworth. Californla 

07910 
Teledyne Semlconductor 
Formerly Continental Device 
Hawthorne. Callfornia 

02533 
Snelgrove. C R Co . Ltd 
Don Mllls. Ontarlo. Canada 
M3B 1M2 

04423 
Telonlc lndustrles 
Laguna Beach. Californla 

06555 
Beede Electrical Instrument Co 
Penacook New Hampshire 

07933 
Use 49956 
Raytheon Co 
Semiconductor Div HQ 
Mountain Vlew Callfornla 

02606 
Fenwal Labs 
Div of Travenal Labs 
Morton Grove. lllinols 

04645 
Replaced by 75376 06739 

Electron Corp 
Littleton Colorado 04713 

Motorola Inc Semiconductor 
Products 
Phoenix. Ar~zona 

08225 
lndustro Transistor Corp 
Long Island City New York 

06743 
Clev~te Corp 
Cleveland Ohlo 
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Federal Supply Codes for Manufacturers (cont) 

11 726 
Qual~dyne Corp 
Santa Clara. Cal~forn~a 

13606 
Use 56289 
Sprague Electr~c Co 
Trans~stor DIV 
Concord New Hampsh~re 

16299 
Corn~ng Glass 
Flectronlc Components DIV 
Rale~gh North Carollna 

16332 
Replaced by 28478 

16473 
Cambr~dge Sc ien t~ f~c  Ind 
Div of Chemed Corporation 
Cambridge Maryland 

16742 
Paramount Plastlcs 
Fabricators Inc 
Downey Californ~a 

16758 
Delco Electron~cs 
DIV of General Motors Corp 
Kokorno lnd~ana 

1 iuu1 
Replaced by 71468 

17069 
C~rcui t  Structures Lab 
Burbank Californla 

17338 
High Pressure Eng Co Inc 
Oklahoma Clty Oklahoma 

17545 
Atlantic Semlconductors Inc 
Asbury Park New Jersey 

08261 
Spectra S t r~p  Corp 
Garden Grove California 

08530 
Rel~ance M ~ c a  Corp 
Brooklyn. New York 

12014 
Chlcago Rivet 8 Mach~ne Co  
Bellwood, l l l~nols 13839 

Replaced by 23732 
08806 
General Electr~c Co 
Min~ature Lamp Products Dept 

I Cleveland Ohlo 

1204il 
Nat~onal Sem~conductor Corp 
Danburry. Connecticut 

14099 
Semtech Corp 
Newbury Park Callfornla 

12060 
D~odes, Inc 
Chatsworth. Callforn~a 

08863 
Nylomat~c Corp 
Norr~sville Pennsylvanla 

14140 
Edlson Electrontc DIV 
Mc Gray-Eo~son Co 
Manchester. New Hampshire 12136 

Ph~ladelphla Handle Co 
Camden, New Jersey 

08988 
Us? 53085 
Skott~e Electronlcs Inc 
Archbald Pennsylvania 

14193 
Cal-R-lnc formerly 
Calltornla Reslstor Corp 
Santa Mon~ca  Ca l~ fo rn~a  

12300 
Potter-Brumf~eld DIV 
AMF Canada LTD 
Guelph. Ontario. Canada 

09214 
G E Co Semi-Conductor 
Products Dept 
Power Semi-Conductor 
Products OPN Sec 
Auburn New York 

14298 
Amer~can Components Inc 
an lns~lco Co 
Conshohocken, Pennsylvanla 

12323 
Pres~n Co . Inc 
Shelton. Connect~cut 

14655 
Cornell-Dublier Electron~cs 
Dlvlsion of Federal Paclflc 
Electr~c Co Govt Control Dept 
Newark New Jersey 

09353 
C and K Components 
Watertown Massachusetts 

12327 
Freeway Corp ;ormerly 
Freeway Washer 8 Stamp~ng Co 
Cleveland. Ohlo 

09423 
S c ~ e n t ~ f ~ c  Components Inc 
Santa Barbara. Californla 

12443 
The Budd Co Polychem Products 
Plastlc Products Div 

14752 
Electro Cube Inc 
San Gabr~el California 

1 09922 
Burndy Corp 
Norwalk. Connect~cut 

Br~dgeport. Pennsylvania 
14869 
Replaced by 96853 

17856 
S~ l l con~x  Inc 
Santa Clara Cal~fornia 

12615 
U S Terminals Inc 
C~ncinnatl. Ohlo 09969 

Dale Electron~cs Inc 
Yankton, S. Dakota 

14936 
General lnstrument Corp 
S e m ~  Conductor Products Group 
H~cksv~ l le  New York 

17870 
Replaced by 14140 12617 

Hamlln Inc 
Lake Mills, Wlscons~n 10059 

Barker Eng~neer~ng Corp 
Formerly Amerace, Amerace 
ESNA Corp 
Kentlworth, New Jersey 

18178 
Vactec Inc 
Maryland He~ghts M~ssouri 

15636 
Elec-Trol Inc 
Saugus Cal~forn~a 

12697 
Clarostat Mfg Co 
Dover, New Hampsh~re 18324 

Signet~cs Corp 
Sunnyvale, Cal~forn~a 

15801 
Fenwal Electronlcs Inc 
DIV of Ktdde Walter and Co . Inc 
Fram~ngham. Massachusetts 

11236 
CTS of Berne 
Berne, Indiana 

12749 
James Electronlcs 
Chlcago llllnols 18612 

V~shay Reslstor Products DIV 
V~shay Intertechnology Inc 
Malvern, Pennsylvania 

12856 
Mtcrometals 
S~erra Madre, Caltforn~a 

1581 8 
Teledyne Semlconductors 
formerly Amelco Semtconductor 
Mounta~n View Callfornla 

11 237 
CTS Keene Inc 
Paso Robles, Ca l~ fo rn~a  

18736 
Voltronlcs Corp 
Hanover. New Jersey 

11 358 
CBS Electronic DIV 
Columb~a Broadcast~ng System 
Newburyport Mtnnesota 

12954 
D~ckson Electronlcs Corp 
Scottsdale, Arlzona 

15849 
L~ t ton  Systems Inc Useco DIV 
formerly Useco Inc 
Van Nuys Caltfornia 

18927 
GTE Sylvanla Inc 
Preclston Materlal Group 
Parts D ~ v ~ s ~ o n  
T~tusv~l le  Pennsylvanla 

12969 
Un~trode Corp 
Watertown. Massachusetts 

11 403 
Best Products Co 
Ch~cago l l l~nois 

15898 
lnternatlonal Business 
Mach~nes Corp 
Essex Junct~on, Vermont 

13103 
Thermalloy Co , Inc 
Dallas. Texas 

11503 
Keystone Columbia Inc 
Warren. Mlchlgan 

19451 
Per~ne Mach~nery 8 Supply Co 
Seattle, Wash~ngton 15909 

Replaced by 14140 13327 
Solitron Dev~ces Inc 
Tappan, New York 

11532 
Teledyne Relays 
Hawthorne. Cal~fornia 

19701 
Electro-M~dland Corp 
Mepco-Electra Inc 
M~neral Wells. Texas 

16258 
Space-Lok Inc 
Burbank Calltornla 13511 

Amphenol Cadre Dtv 
Bunker-Ramo Corp 
Los Gatos. Cal~forn~a 

11711 
General Instrument Corp 
Rectif~er Dlvls~on 
H~cksv~l le  New York 

20584 
Enochs Mfg Inc 
lnd~anapol~s Indiana 

 
MicroManuals 
 
 
 
 

                       
MicroManuals 

 
 
 
 
 
 
MicroManuals 
 
 
 
 
 
 
 
 
 
 

MicroManuals 



Federal Supply Codes for Manufacturers (cont) 

20891 
Self-organizing Systems. Inc 
Dallas. Texas 

28480 
Hewlett Packard Co 
Corporate HO 
Palo Alto, California 

43543 
Nytronics Inc 
Transformer Co Div 
Geneva. New York 

70903 
Belden Corp 
Geneva, llllnois 

21604 
Bucheye Stamping Co 
Columbus. Ohio 

71 002 
Birnback Radio Co Inc 
Creeport, New York 

44655 
Ohm~te Mfg Co 
Skokie, lllinois 

28520 
Heyman Mfg. Co 
Kenilworth. New Jersey 

21845 
Solitron Devices Inc 
Transistor Division 
Riverla Beach Florida 

71400 
Bussmann Mfg 
Div of McGraw-Edison Co 
Saint Louis Missouri 

29083 
Monsanto. Co , Inc 
Santa Clara. California 

49671 
RCA Corp. 
New York. New York 

71450 
CTS Corp 
Elkhart, Indiana 

22767 
ITT Semiconductors 
Palo Alto. California 

29604 
Stackpole Components Co 
Raleigh, North Carolina 

49956 
Raytheon Company 
Lexington. Massachusetts 

23050 
Product Comp. Corp. 
Mount Vernon. New York 

301 48 
AB Enterprise Inc 
Ahoskie. North Carolina 

50088 
Mostek Corp 
Carrollton. Texas 

71468 
ITT Cannon Electric Inc 
Santa Ana, Cal~fornia 

30323 
lllinois Tool W0rKS. Inc 

50579 
Litronix Inc 
Cupertino California 

71482 
Clare. C P B Co 
Chicago, I l l~nois 

23732 
Tracor Inc 
Rockvllle, Maryland Chicago Illinois 

23880 
Stanford Appl~ed Engrng 
Santa Clara, California 

31091 
Optimax Inc 
Colmar, Pennsylvania 

51 605 
Scientific Components Inc 
Linden, New Jersey 

71590 
Centrelab Electronics 
Div of Globe Union Inc 
Milwaukee. Wisconsin 

23936 
Pamotor D i v ,  Wm J Purdy Co 

32539 
Mura Corp. 
Great Neck. New York 

53021 
Sangamo Electric Co 
Springfield, lllinois 

71 707 
Coto Coil Co Inc 
Providence. Rhode Island 

Burlingame, California 

24248 
Replaced by 94222 

32767 
Griffith Plastic Corp 
Burlingame. California 

54294 
Cutler-Hammer Inc formerly 
Shallcross, A Cutter-Hammer Co 
Selma. North Carolina 

71744 
Chicago Miniature Lamp Works 
Chicago, Illinois 24355 

Analog Devices Inc 
Norwood, Massachusetts 

32879 
Advanced Mechanical 
Components 
Northridge California 

55026 
Simpson Electric Co 
Div of Am Gage and Mach. Co. 

71785 
TRW Electronics Components 
Cinch Connector Operations Div 
Elk Grove Village 
Chtcago, Illinois 

24655 
General Radio 
Concord, Massachusetts 

Elgin, Illinois 
32897 
Erie Technological Products 
Frequency Control Div 
Carllsle Pennsylvania 

Inc 56289 
Sprague Electric Co 
North Adams, Massachusetts 

24759 
Lenox Fugle Electronics Inc 
South Plainfield, New Jersey 

72005 
Wilber B Driver Co 
Newark, New Jersey 

32997 
Bourns Inc 
Trimpot Products Division 
Riverside. California 

58474 
Superior Electric Co. 
Bristol. Connecticut 

72092 
Replaced by 06980 

25088 
Siemen C0'3 
lsilen New Jersey 

60399 
Torin Corp formerly 
Torr~ngton Mfg Co 
Torrington, Connecticut 

721 36 
Electro Motive Mfg Co 
Will~amantic. Connecticut 

25403 
Amperex Electronic Corp 
Semiconductor B 
Micro-Circu~ts DIV 
Slatersv~lle. Rhode Island 

33173 
General Electric CO 
Products Dept. 
Owensboro. Kentucky 72259 

Nytronics Inc. 
Pelham Manor. New Jersey 

63743 
Ward Leonard Electric Co . Inc 
Mount Vernon, New York 

34333 
Sillcon General 
Westminister California 

27014 
National Semiconductor Corp 
Santa Clara, California 

7261 9 
D~alight Div 
Amperex Electronic Corp 
Brooklyn. New York 

64834 
West Mfg Co 
San Francisco. California 

34335 
Advanced Micro Devices 
Sunnyvale. California 

27264 
Molex Products 
Downers Grove, lllinois 65092 

Weston Instruments Inc. 
Newark, New Jersey 

72653 
G.C. Electronics 
Div of Hydrometals. Inc 
Brooklyn. New York 

34802 
Electromotive Inc 
Kenilworth New Jersey 

2821 3 
Minnesota Mining & Mfg Co 

66150 
Winslow Tele-Tron~cs Inc. 

Consumer Products Div 
St Paul, Minnesota 72665 

Replaced by 90303 
72794 
Dzus Fastener Co . Inc 
West Islip, New York 

37942 
P R Mallory & Co , Inc 
lndlanapolis Indiana 

Eaton Town. New Jersey 
70485 
Atlant~c India Rubber Works 
Chlcago, Illinois 

28425 
Serv-,-Link formerly 
Bohannan Industries 
Fort Worth Texas 

42498 
National Radio 
Melrose. Massachusetts 70563 

Amperite Company 
Union City New Jersey 

72928 
Gulton Ind Inc 
Gudeman Div 
Chicago. Illinois 

28478 
Deltrol Controls Div 
Deltrol Corporat~on 
Milwaukee Wisconsin 
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Federal Supply Codes for Manufacturers (cont) 

72982 
Erte Tech Products Inc 
Erle. Pennsylvanla 

75382 
Kulka Electrlc Corp 
Mount Vernon. New York 

80583 
Hammarlund Mfg Co., Inc 
Red Bank. New Jersey 

83594 
Burroughs Corp 
Electronlc Components DIV 
Plalnfleld, New Jersey 

731 38 
Bechman lnstrurnent Inc. 
Hellpot Dlvlslon 
Fullerton. Callfornla 

7591 5 
Llttlefuse Inc. 
Des Plalnes, llllnols 

80640 
Arnold Stevens. Inc. 
South Boston. Massachusetts 

83740 
Unlon Carblde Corp 
Battery Products DIV 
formerly Consumer Products DIV 
New York, New York 

76854 
Oak lndustrles Inc. 
Sw~tch DIV 
Crystal Lake, Illinois 

81 073 
Grayhlll. Inc 
La Grange, llllnols 

73293 
Hughes Alrcraft Co 
Electron Dynamlcs DIV 
Torrance Callfornla 

84171 
Arco Electronlcs 
Great Neck New York 

81312 
Winchester Electronlcs 
DIV of Lltton lndustrles Inc 
Oakvllle. Connectlcut 

77342 
AMF Inc. 
Potter 8 Brumfleld DIV. 
Princeton, lndlana 

73445 
Amperex Electronlc Corp 
H~cksv~l le  New York 

8441 1 
TRW Electronlc Components 
TRW Capacitors 
Ogallala, Nebraska 

81 483 
Therm-0-DISC Inc 
Mansfleld, Ohlo 

77638 
General lnstrurnent Corp 
Rectlfler Dlvlslon 
Brooklyn, New York 

73559 
Carllng Electrlc Inc 
West Hartford. Connectlcut 8461 3 

Fuse lndlcator Corp 
Rockvllle. Maryland 

81 483 
lnternatlonal Rectlf~er Corp 
Los Angeles. Callfornla 

73586 
Clrcle F lndustrles 
Trenton. New Jersey 

77969 
Rubbercraft Corp, of CA. LTD 
Torrance. Callfornla 

84682 
Essex lnternatlonal Inc 
lndustrlal Wlre DIV 
Peabody Massachusetts 

81 590 
Korry Mfg. Co 
Seattle. Washlngton 

73734 
Federal Screw Products, Inc 
Chlcago, llllnols 

78189 
Shakeproof 
DIV of llllnols Tool Works Inc 
Elgln, llllnols 

81741 
Chlcago Lock Co 
Chlcago, llllnols 

86577 
Preclslon Metal Products 
of Malden Inc 
Stoneham Massachusetts 

73743 
Flscher Speclal Mfg Co 
Clnctnnatl Ohlo 78277 

Slgma Instruments. Inc. 
South Bralntree. Massachusetts 

82305 
Palmer Electronlcs Corp 
South Gate. Calltornla 

73899 
JFD Electronlcs Co 
Components Corp 
Brooklyn. New York 

86684 
Radlo Corp, of Amerlca 
Electronlc Components DIV 
Harrison, New Jersey 

78488 
Stackpole Carbon Co 
Salnt Marys. Pennsylvanla 

82389 
Swltchcraft Inc 
Chlcago, llllnols 73949 

GuardIan Electrlc Mfg. Co. 
Chtcago, llllnols 

86928 
Seastrom Mfg Co . lnc 
Glendale, Callfornla 

78553 
Eaton Corp Engineered 
Fastener DIV 
Tlnnerrnan Plant 
Clevel~nd, Ohlo 

82415 
North Amerlcan Phllllps 
Controls Corp 
Frederick. Maryland 

74199 
Quan Nlchols Co 
Chlcago. llllnols 

87034 
lllumlnated Products Inc 
Subsldlary of Oak lndustrles Inc 
Anahlem. Calltornla 79136 

Waldes Kohlnoor Inc 
Long Island Clty. New York 

82872 
Roanwell Corp 
New York. New York 

74217 
Radlo Swltch Corp 
Marlboro. New Jersey 

8821 9 
Gould Inc 
lndustrlal DIV 
Trenton. New Jersey 

79497 
Western Rubber Company 
Goshen, lndlana 

82877 
Rotron Inc 
Woodstock, New York 

74276 
S1gna:lte Div 
General lnstrument Corp 
Neptune. New Jersey 

88245 
Lltton Systems Inc 
Useco DIV 
Van Nuys. Callfornla 

79963 
Zlerlck Mfg. Corp. 
Mt. Klsko, New York 

82879 
ITT Royal Electrlc DIV 

74306 
Ptezo Crystal Co 
Carllsle Pennsylvanla 

oawtucket, Rhode Island 

88419 
Cornell-Dublller Electronlc DIV 
Federal Paclflc Co 
Fuquay-Varlan, North Carollna 

80031 
Electro-Mldland Corp. 
Mepco DIV 
A North Amerlcan Phllllps Co 
Norrlstown. New Jersey 

83003 
Varo Inc 
Garland. Texas 74542 

Hoyt Elect. lnstr Works 
Penacook. New Hampshlre 

~ h e ~ a r r  Co , Unlted Can DIV 
of TRW 

88486 
Plastlc Wlre & Cable 
Jewltt Clty, Connectlcut 

74970 
Johnson E F Co 
Waseca. Minnesota 

80145 
LFE Corp , Process Control DIV 
formerly API Instrument Co. 
Chesterland. Ohlo 

Cambrldge, Massachusetts 

88690 
Replaced by 04217 

83298 
Bendlx Corp 
Electrlc Power DIV 
Eatontown, New Jersey 

75042 
TRW Electrontcs Components 
IRC Flxed Res~stors 
Phlladelphla. Pennsylvanla 

80183 
Use 56289 
Sprague Products 
North Adams, Massachusetts 

89536 
John Fluke Mfg Co . lnc 
Seattle. Washlngton 83330 

Herman H Smlth, Inc 
Brooklyn. New York 

75376 
Kurz-Kasch Inc 
Dayton. Ohlo 

80294 
Bourns Inc lnstrument DIV 
Rlverslde Callfornca 

89730 
G.E Co , Newark Lamp Works 
Newark. New Jersey 83478 

Rubbercraft Corp 
of Amerlca, Inc 
West Haven. Connectlcut 

75378 
CTS Knlghts Inc 
Sandwlch llltno~s 

 
MicroManuals 
 
 
 
 

                       
MicroManuals 

 
 
 
 
 
 
MicroManuals 
 
 
 
 
 
 
 
 
 
 

MicroManuals 



Federal Supply Codes for Manufacturers (cont) 

90201 
Mallory Capacltor Co. 
Dtv, of P.R Mallory Co.. 
Indtanapol~s. lnd~ana 

91836 
K~ng's Electronlcs Co., Inc 
Tuckahoe. New York 

95354 
Methode Mfg. Corp. 
Rolling Meadows, Illinois 

98291 
Sealectro Corp. 
Mamaroneck. New York Inc. 

91929 
Honeywell Inc. 
Micro Swltch DIV 
Freeport, Illinois 

95712 
Bendix Corp. 
Electrical Components Div. 
Microwave Devices Plant 
Franklin, Indiana 

98388 
Royal lndustrles 
Products DIV. 
San D~ego. Cal~fornta 

9021 1 
Use 56365 
Square D Co 
Chlcago, llltnols 

91 934 
Mtller Electrlc Co.. Inc 
DIV. of Aunet 
Woonsocket. Rhode Island 

98743 
Replaced by 12749 90215 

Best Stamp 8 Mfg. Co. 
Kansas Clty. Mlssourl 

95987 
Weckesser Co. lnc. 
Chicago, Illinois 98925 

Replaced by 14433 
90303 
Mallory Battery Co. 
DIV of Mallory Co . Inc. 
Tarrytown. New York 

96733 
San Fernando Electric Mfg. Co 
San Fernando, Californla 

32 194 
Alpha Wlre Corp. 
Elizabeth. New Jersey 

99120 
Plasttc Capacitors. Inc 
Chlcago, lllinols 

93332 
Sylvania Electrlc Products 
Sernlconductor Products Div 
Woburn, Massachusetts 

96853 
Gulton lndustrtes Inc. 
Measurement and Controls Div. 
formerly Rustrak Instruments Co. 
Manchester. New Hampshlre 

91 094 
Essex Internattonal Inc 
Suglex/lWP Dtv. 
Newrnarket, New Hampshlre 

99217 
Bell Industries Elect. 
Comp. Div. 
formerly Southern Elect. Div 
Burbank. California 94145 

Replaced by 49956 91293 
Johanson Mfg. Co. 
Boonton, New Jersey 

96881 
Thomson Industries. Inc 
Manhasset, New York 

99392 
STM 
Oakland. California 

94154 
Use 94988 
Wagner Electrlc Corp. 
Tung-Sol DIV. 
Newark. New Jersey 

91407 
Replaced by 58474 

97540 
Master Mobile Mounts, Div. of 
Whitehall Electronlcs Corp. 
Ft. Meyers. Florlda 

9951 5 
ITT Jennlngs Monrovta Plant 
DIV of ITT Jennlngs formerly 
Marshall lndustrles Capacltor DIV 
Monrovta. Callfornla 

91 502 
Assoctated Machtne 
Santa Clara. Callfornla 

94222 
Southco Inc. formerly 
South Chester Corp. 
Lester. Pennsylvan~a 

97913 
lndustrlal Electronic 
Hardware Corp. 
New York. New York 

91 506 
Augat Inc 
Attleboro. Massachusetts 

99779 
Use 29587 
Bunker-Ramo Corp. 
Barnes DIV. 
Landsdowne, Pennsylvanla 

95146 
Alco Electronic Products Inc. 
Lawrence. Massachusetts 

97945 
Penwalt Corp. 
SS Whtte Industrial Products Div 
Plscataway, New Jersey 

91637 
Dale Electronlcs Inc 
Columbus. Nebraska 95263 

Leecraft Mfg. Co. 
Long Island C ~ t y .  New York 

99800 
American Preclslon lndustrles Inc. 
Delevan Divtslon 
East Aurora, New York 

91662 
Elco Corp 
Wlllow Grove, Pennsylvanla 

97966 
Replaced by 11358 

95264 
Replaced by 98278 98094 

Replaced by 49956 
99942 
Centrelab Semlconductor 
Centrelab Electronlcs DIV, of 
Globe-Union Inc. 
El Monte. Caltfornia 

91 737 
Use 71468 
Gremar Mfg Co , Inc 
ITT Cannon/Cremar 
Santa Ana, Callfornta 

95275 
Vltrarnon Inc. 
Bridgeport, Connecticut 

981 59 
Rubber-Teck. Inc. 
Gardena. Californla 

95303 
RCA Corp. 
Receiving Tube Div 
Cinc~nnati, Ohlo 

Toyo Electrontcs 
(R-Ohm Corp.) 
Irvtne. California 

91 802 
lndustr~al Devlces, Inc 
Edgewater. New Jersey 

98278 
Malco A Mtcrodot Co.. Inc 
Connector B Cable Dtv. 
Pasadena, Callfornla National Connector 

Minnea~olis. Minnesota 91 833 
Keystone Electronlcs Corp 
New York, New York 

95348 
Gordo's Corp. 
Bloomfield, New Jersey 
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U.S. SALES AREAS for all Fluke products 

AL. Huntsville 
John Fluke Mfg. Co.. Inc. 
4920 Corporate Dr~ve 
Su~te J 
Huntsv~lle. AL 35805-6202 
(205) 830-9671 

AZ. Tempe 
John Fluke Mfg. Co.. Inc. 
2211 S. 48th Street 
Su~te B 
Tempe. AZ 85282 
(602) 438-8314 

CA, Burbank 
John Fluke Mfg. Co.. Inc. 
2020 N. Lincoln Street 
Burbank. CA 91504 
(213) 849-7181 

l ~ i n e  
P.O. Box 19676 
Irvine. CA 92713-9676 
16969 Von Karrnan 
SU!!~ 100 
Irvlne. CA 92714 
(714) 863-9031 

San Diego 
John Fluke Mfg. Co.. Inc. 
4540 Kearny Villa Road 
Su~te 115 
San D~ego. CA 92123 
(619) 292-7656 

Santa Clara 
John Fluke Mfg. Co.. Inc. 
2300 Walsh Ave., Bldg. K 
Santa Clara, CA 95051 
(408) 727-0513 

CO, Denver 
John Fluke Mfg. Co.. Inc. 
14180 E Evans Ave. 
Aurora. CO 80014 
(303) 695-1000 

CT, Hartford 
John Fluke Mfg. Co.. Inc. 
Glen Lochen East 
41-C New London Turnp~ke 
Glastonbury, CT 06033 
(203) 659-3541 

FL, Clearwater 
(813) 799-0087 

Orlando 
John Fluke Mfg. Co..lnc. 
940 N. Fern Creek Ave. 
Orlando. FL 32803 
(305) 896-4881 

Tampa 
(813) 251-9211 

GA, Atlanta 
John Fluke Mfg. Co.. Inc. 
2600 Delk Road 
Suite 150 
Mar~etta. GA 30067 
(404) 953-4747 

IL, Chicago 
John Fluke Mfg. Co., Inc. 
1150 W. Eucl~d Avenue 
Palatine, l i  60067 
(312) 398-0850 
(312) 392-9510 

IN, Indianapolis 
John Fluke Mfg. Co.. Inc. 
8777 Purdue Road 
Su~te 101 
Ind~anapol~s. IN 46268 
(317) 875-7870 

MA, Billerica 
John Fluke Mfg. Co.. Inc. 
900 Middlesex Turnp~ke 
Bulld~ng 8 
Billerica, MA 01821 
(617) 663-2400 

MD, Baltimore 
(301) 792-7060 

Rockville 
John Fluke Mfg. Co.. Inc. 
5640 Flshers Lane 
Rockv~lle, MD 20852 
(301) 770-1570 

MI, Detroit 
John Fluke Mfg. Co.. Inc. 
33031 Schoolcraft 
L~von~a. MI 48150 
(313) 522-9140 

MN, Bloomington 
John Fluke Mfg. Co.. Inc. 
1801 E. 79th St.. Suite 9 
Bloomington. MN 55420 
(612) 854-5526 

MO, St. Louis 
John Fluke Mfg. Co.. Inc. 
2029 Woodland Parkway 
Su~te 105 
St. Louis. MO 63146 
(314) 993-3805 

NC, Greensboro 
John Fluke Mfg. Co., Inc. 
1310 Beaman Place 
Greensboro. NC 27408 
(919) 273-1918 

NJ, Paramus 
John Fluke Mfg. Co., Inc. 
P.O. Box 930 
Pararnus, NJ 07653-0930 
West 75 Century Road 
Param-e. NJ 07652 
(201) 262-9550 

NY, Rochester 
John Fluke Mfg. Co.. Inc. 
4515 Culver Road 
Rochester, NY 14622 
(716) 323-1400 

OH, Cleveland 
John Fluke Mfg. Co.. Inc. 
7830 Freeway Circle 
Middleburg Heights. OH 44130 
(216) 234-4540 

Columbus 
(614) 889-5715 

Dayton 
John Fluke Mfg. Co.. Inc. 
4756 Fishburg Rd. 
Dayton. OH 45424 
(513) 233-2238 

PA, Malvern 
John Fluke Mfg. Co.. Inc. 
200 Lindenwood Drive 
Malvern. PA 19355 
(215) 647-9550 

TX, Dallas 
John Fluke Mfg. Co., Inc. 
1801 Royal Lane 
Suite 307 
Dallas. TX 75229 
(214) 869-0311 

San Antonio 
John Fluke Mfg. Co., Inc. 
10417 Gulfdale 
San Antonio. TX 78216 
(512) 340-101 1 

WA, Seattle 
John Fluke Mfg. Co., Inc. 
5020 148th Ave. N.E. 
Suite 110 
Redmond. WA 98052 
(206) 38?-$966 

Service Center Areas 
CA, Burbank (213) 849-71 81 
CA, Santa Clara (408) 727-051 3 
CO, Denver (303) 695-1000 
FL, Orlando (305) 896-4881 
IL. Chicago (312) 392-9510 
MA, Bilierica (617) 663-2400 
MD, Rockville (301) 770-1570 
NJ, Pararnus (201) 262-9550 
TX, Dallas (214) 869-0311 
WA, Everen (206) 356-5560 

For more information on Fluke products or Sales Offices you may dial (800) 426-0361 toll-free in most of the U.S.A. 
From Alaska, Hawaii, or Washington phone (206) 356-5400. From Canada and other countries phone (206) 356-5500. 

John Fluke Mfg. Co., Inc., P.O. Box C9090,  Everett, WA 98206 -1 Fluke (Holland) B.V., P.O. Box 2269. 5600 CG. Eindhoven, The Netherlands. Phone (040) 458045. TLX 5 1 8 4 6  ' Litho in U.S.A. 11 /85 
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Argenbna 
Coas~n S A 
Vtrrey del Plno 4071 DEP E-1 
1430 CAP FED 
Buenos Alres, Argentma 
Tel (1) 552-5248 TLX (390) 22284 

Au.tralia . 
Elmeasco Instruments Fly Ltd 
PO Box30 
Concord N S W 2137 
Australla 
Tel (2) 736-2888. TLX (790) AA25887 

Elmeasco lnst~ments Fly Ltd 
P 0 Box 623 
12 Marwndah H~ghway 
Rlngwood Vlctorla 31 34 
Australla 
Tel (3) 879-2322 TLX (790) AA36206 

Elmeasco lnstruments Fly Ltd 
Professtonal Su~tes Bldg 
G P 0 Box 2360 
Brlsbane 4001. Australla 
Tel (7) 369-8688 TLX (790) AA44062 

Elmeasco Instruments Fly Lld 
GPO Box1240 
Adelalde South Australla 5001 
Tel (8) 271 -1839 

Elmeasco Instruments Fly Ltd 
PO Box95 
Gosnells West Australla 61 10 
Australla 
Tel (9) 398-3362 

Aurtrla rn 
Walter Reklrsch Elektronlsche 

Gerate GmbH B Co 
Vertr~eb KG 
Obachgasse 28 
1220 V~enna. Austr~a 
Tel (222) 235555 TLX (847) 134759 

Bahrain 
Basma 
P 0 Box 5701 
Manama Bahraln 
Tel 251-364 TLX (955) 9003 

Bangladah 
Motherland Corporat~on 
24 Hatkhola Road T~katul~ 
Dacca 3 Bangladesh 
Tel 257249 or 255776 
TLX (950) 642022 

Belgium 
Fluke (Eelglum) SA I N  V 
6 Rue de Geneve 
11 40 Brussels 
Belgium 
Tel (2) 21 64090 TLX (846) 2631 2 

Bollv~a 
Coasln Bollvta S R L 
Casllla 7205 
La Paz Bollv~a 
Tel (2) 40962 TLX (336) 5255 

a a ~ i l  
HI-Tek Eletronlca Ltda 
Al Amazonas 422 
Alphavllle Baruer~ 
CEP 064W Sao Paulo Brazll 
Tel (11) 421-5477 TLX (391) 01135589 

h n d  
Rank 0 Connor s Berhad 
No 8 Blk D 
Sufrt Shophouse Complex 
Mlle 1 Jalan Tutong 
Bandar Serl Begawan 
Negara Brune~ Darussalam 
Tel (2) 23109 or 23557 
TLX (799) 2265 RANKOC 

Canada 
Allan Crawford Assoc., Ltd. 
5835 Coopers Avenue 
Mlssissauga. Ontarlo 
L4Z 1Y2 Canada 
Tel. (416) 890-2010, TLX. 0696 1235 

Allan Crawford Assoc.. Ltd 
701 8 Cote de Ltesse 
St Laurent Quebec 
H4T lE7Canada 
Tel: (514) 731 -8564 
TLX: 05824944 

Allan Crawford Assoc.. Ltd. 
2625 Queensvtew Drlve 
Ottawa. Ontarlo 
K2B 8K2 Canada 
Tel: (613) 596-9300. TLX. 0533600 

Allan Crawford A=.. Ltd 
Su~te No. 106 
4180 Lougheed Hwy. 
Bumaby, Elrttlsh Columbfa 
V5C 6A7 Canada 
Tel: (604) 294-1326, T M  0454247 

Allan Crawford Assoc.. Ltd 
1935 30th Avenue, N.E. 
Calgary. Alberta 
T2E 6Z5 Canada 
Tel: (403) 230-1341. TLX: 03821186 

Allan Crawford Assoc Ltd 
800 Wlndmlll Road 
Sulte 205 
Dartmouth. N S 
838 1 L1 Canada 
Tel (902) 463-8640 

Chlh 
lntrontca Chlle. Ltda 
Manuel Monn 024-01 D 
Casllla 16228 
Santtago 9, Chtle 
Tel (2) 44940. TLX (332) 240301 

China, Pbopkr R.puMk of 
Fluke lnternat~onal Corp 
P 0 Box C9090 M 1 S 206A 
Everett WA 98206 J S A 
Tel (206) 356-551 1 
TLX 185103 FLUKE UT 

CdomM.. 
Slstemas E lnstrumentaclon Ltda 
Carrera 13. No 37-43.01 401 
Ap Aereo 29583 
Bogota DE Colombta 
Tel 232-4532. TLX (396) 45787 

Cyprus. 
Chrls Rad~ovls~on, Ltd 
P O  Box 1989 
Nlcos~a. Cyprus 
Tel (21) 66121. TLX (826) 2395 

Cyprus. Northern 
Ucok Burotekn~k 
2C & 20 Multu Zlyal Street 
Lefkosa. Northern Cyprus 
Mersln 10. Turkey 
Tel (741) 357-20-71777 
TLX (821) 57267 

C z o c h ~ v a k i a  8 

Amtest Assoc~ates Ltd 
Clarence House 
31 Clarence Street 
Stalnes M~ddlesex TW18 4SY 
England 
Tel- (784) 63555. TLX: (851) 928855 

Denmark 
Tage Olsen AIS 
Ballerup Byvej 222 
2750 Ballerup 
Denmark 
Tel. (2) 6581 11, TLX. (855) 35293 

Ecuador 
Proteco Coasln Cia Ltda 
P 0 Box 228-A 
Ave 12 de Octubre 2285 

y Orellana 
Qu~to Ecuador 
Tel (2) 529684 TLX (393) 2865 

Proteco Coasln Cia Ltda 
P 0 Box 9733 
Ave Prlnc~pal No 204 

y Calle Segunda 
Urbanlzaclon M~raflores 
Guayaqu~l Ecuador 
Tel (4) 387519 

Egypt and Sudan 8 

Electron~c Englneerlng Ltalson Offlce 
P 0 Box 2891 Horreya 
Hellopolls Calro 
Egypt 
Tel (2) 695705 TLX (927) 22782 

England 
Fluke GB Ltd 
Colon~al Way 
Wanord Herts 
WD2 4TT England 
Tel (923) 4051 1 TLX (851) 934583 

F i j ~  
Awa FI~I 
47 Forster Road 
Walu Bay 
Suva FIII 
Tel 312079 TLX (792) FJ2347 

Finland 8 

lnstrumentar~um Elektronl~k~ oy 
PO Box64 
02631 Espw 63 
Flnland 
Tel (0) 5281 TLX (857) 124426 

France 
M B Electron~que S A 
606 Rue Fourney 
P O  Box31 
78530 BUC France 
Tel (3) 956-8131 TLX (842) 695414 

Gaman Democrabc Republc 
Amtest Asso2nates Ltd 
Clarence House 31 Clarence St 
Stalnes Mlddlesex TW18 4SY 
Unlted Klngdom 
Tel (784) 63555 TLX (851) 928855 

Germany, West 
Fluke (Deutxhland) GmbH 
Oskar-Messter-Strasse 18 
8045 Isman~nglMun~ch 
West Germany 
Tel (89) 96050 TLX (841) 0522472 
Rap~fax 49-89-9605166 

Fluke (Deutschland) GmbH 
V~ertr~ebsburo - Dusseldorl 
Melneckestrasse 53 0-4000 Dusseldorl-30 
West Germany 
Tel (21 1) 450831 TLX (841) 17-21 14233 

Fluke (Deurschland) GmbH 
Vertr~ebsburo - Hamburg 
nablchthorst 42 
0-2000 Hamburg 61 
West Germany 
Tel (40) 5519031 TLX (841) 02174556 

Greece 
Hellen~c Sc~ent~f~c Representat~ons Ltd 
11 Vrasstda Street 
Athens 612 Greece 
Tel (1) 711 140 TLX (863) 219330 

Hong Kong 
Schm~dt I  Co (H K)  Ltd 
18th Floor Great Eagle Centre 
23 Harbour Road 
Wanchal Hong Kong 
Tel (5) 8330-222 
T U  (780) 74766 or (780) 76762 

Hungary . 
Amtest Associates Ltd 
Clarence House 31 Clarence St 
Stalnes M~ddlesex TWl8 4SY 
Unlted Klngdom 
Tel (784) 63555 TLX (851) 928855 

Ind~a 
Hlndltron Selv~ces Pvt Ltd 
691A L Jagmohandas Marg 
Bombay 400 h)6, lnd~a 
Tel (22) 8121316 8125344 TLX (953) 112326 

Hlnd~tron Sewlces Pvt Ltd 
8th Ma~n Road 
33144A Raj Mahal Vllas Extens~on 
Bangalore 560 080 lnd~a 
T d  (910) 33139 367289 TLX (953) 845741 

Hlndltron Se~ lces  Pvl Ltd 
5th Floor Castle House 
511A Hungerlord St 
Calcutta 700 01 7 lnd~a 
Tel 33-434628 TLX 21-4153 

Hlnd~tron Services Pvt Ltd 
204 5-6 Hemkunl Tower 
98 Nehru Place 
New Delh~ 110019 lnd~a 
Tel (910) 640380 TLX (953) 3161458 

Hlndltron Se~ lces  Pvl Ltd 
1-1-5811 to 1 1-58/11 
C-.- .- *\-; soad 
_I",, 

Secunderabad 500 003 lnd~a 
Tel (842) 821 11 7 TLX (953) 1556973 

Indonula 
P T Dwt Tunggal Jaya Saktt 
P 0 Box 4435 
Wlsma Harapan Bldg 14th 
JI Jend Sud~rman Kav 34 
Jakalta Pusat lndonesta 
Tel (21) 584685 TLX (796) 47308 

lrdand rn 
Euro lnstruments & Electronlcs Ltd 
Euro House 
Swords Road Santry 
Dublln 9 Ireland 
Tel (1) 425666 TLX (851) 31821 

l u a d  rn 
R D T Electronlcs Englneerlng Ltd 
PO Box43137 
Tel Avlv 61430 
Israel 
Tel (3) 48321 1 TLX (922) 32143 

Italy. 
Slstrel S p A 
Via Pel~zza da Volpedo 59 
20092 Clnlsello Balsamo 
Mtlan Italy 
Tel (2) 61 81 893 TLX (843) 334643 

Slstrel S p A 
Via Gluseppe Armellln~ No 39 
00143 Rome Italy 
Tel (6) 591 -5551 TLX (843) 680356 

Slstrel S p A 
Vla Clnta 
Parco S Paolo 35 
80126 Naples Italy 
Tel (81) 7679700 

Japan 
John Fluke Mfg Co Inc 
Japan Branch 
Sumltomo Hlgash~ Shtnbash~ Bldg 
1-1 -1 1 Hamamatsucho 
M~nato-ku Tokyo 105 Japan 
Tel (3) 434-0181 T U  (781) 2424331 
FAX 81 -3-434-01 70 

John Fluke Mfg Co Inc 
Japan Branch 
Katsushlge Bulldtng 
2-45 Kohra~bash~ 
H~gashl-ku Osaka 541 
Japan 
Tel (6) 229-0871 

John Fluke Mfg. Co., Inc. / PO Box C9090 / Everett, WA 98206 (206) 356 5400 

@ Litho in U.S.A. 11 /85 
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Korea, RepuMk ol 
Myoung Corporatton 
Rm #I501 Slnsong Bldg 
25 4 Yeouldo-Dong Young Deung Po 
Seoul 1 50 Korea 
Tel (2) 784-9942 TLX K24283 

Kuwan. 
Al Bahar lnternat~onal Group 
P 0 FA 26672 Salal 
Kuwa~t Arabtan Gulf 
Tel 848601 847598 TLX (959) 44822 

Lebanon and lcrdan m 
Mabek (Electronics D~vlslon) 
P 0 Box 13-5657 
E!elru* Lebanon 
Tel 812523 TLX (923) 22889 

Malaysm 
Mecomb Malays~a SND BHD 
Lot 20 Jalan 225 
P O  Box24 
Petallng Jaya Malays~a 
Tel (3) 743422 TLX (784) MA37764 

Malt. 8 

Fabtan Enterprises 
20 Ms~da Road 
Gztra Malta 
Tel 513283140216 TLX (838) 1837 

Meoco 
lndustr~al S A (Mexel) 
D~agonal No 27 
Entre Calle de Eugenta Y Ave 
Colonla del Valle 
C P 031W Mex~co 
Tel (5) 660-4323 TLX (383) 1771038 

Morocco 
Oussama S A 
Angle Boulevard Em~le Zola et 

Rue Rethel 
P 0 Box 2007 Casa 
Casablanca 
Morocco 
Tel 24 13 38 T U  22730 M 

Nepal 
Associated Enterpr~ses 
GPO Box 790 Pyaphal Tole 
Kathmandu Nepal 
Tel 13868 

Netherlands 
Fluke (Holland) B V 
P 0 Box 2269 
5600 CG Elndhoven 
Netherlands 
Tel (40) 458045 TLX (844) 51846 

Fluke (Nederland) BV 
Gasthulsrtng 14 
P O  Box 115 
5000 AC T~lburg 
The Netherlands 
Tel (13) 352455 TLX (844) 52683 

New Zealand 
Norfhrop Instruments 8 Systems Ltd 
lnformatlon Technology Group 
459 Khyber Pass Road 
Prtvate Bag Newmarket 
Auckland 1 New Zealand 
Tel (9) 501 801 TLX (791) 21570 

Norihrop Instruments 8 Systems Ltd 
Informatron Technology Group 
Flrst Floor Norihrop Bldg 
189-191 Willls Street 
P O  Box 2406 
Well~ngton New Zealand 
Tel (4) 856-658 TLX (791) 3380 

Norfhrop Instruments 8 Systems Ltd 
Informallon Technology Group 
110 Mandevllle Street 
P 0 Box 8388 
Chrlstchurch New Zealand 
Tel (3) 488-874 TLX (791) 4801 

Norway 
Morgenstterne 8 Co AIS 
Konghellegate 3 

ku P 0 Box 6688 Rodelokka 
Oslo 5 Norway 
Tel (2) 356110 TLX (856) 71719 

Oman rn 
OH1 Telecommun~cat~ons 
P 0 Box 889 
Muscat 
Sultanate of Oman 
Tel 603606 TLX (926) 5052 

Pakistan 
Internatlonal Operations (PAW Ltd 
505 Muhammad1 House 
I I Chundr~gar Road 
P O  Box 5323 Karacht Paklstan 
Tel (21) 221 127 T U  (952) 24494 

P w  . 
Importactones y Representac~ones 

Electronlcas S A 
Avda Franklln D Roosevelt 105 
Llma 1 Peru 
Tel (14) 28 8650 TLX (394) 25663 

Philipplnes. Republic ol 
Spark Radlo 8 Electronlcs Inc 
452 Shaw Boulevard 
Mandaluyong Metro Manlla 
Republ~c of Phlllpplnes 
Tel (2) 775192. TLX (722 or 732) 27901 

Poland rn 
Amtesl Assoc~ates Lld 
Clarence House 31 Clarence St 
Statnes M~ddlesex TW18 4SY 
England 
Tel (784) 63555 TLX (851) 928855 

Porlugai. 
Decada Espectral 
Equ~pamentos de Eleclronlca 
Av Bombelros Voluntar~os 
Lote 1028 M~rafloreslAlges 
1495 Ltsbon Portugal 
Tel (1) 2103420 TLX (832) 15515 

Romanla 
Amtest Assoc~ates Lld 
Clarence House 31 Clarence St 
Sta~nes M~ddlesex TWl8 4SY 
England 
Tel (784) 63555 TLX (851) 928855 

Saudi Arab~a 8 

Electronlc Equipment Marketlng Co 
P 0 Box 3750 
Rlyadh Saudt Arab~a 
Tel (1) 477 1650 TLX 201120 

Slngapore, Republic ol 
Rank 0 Connor s (PTE) Ltd 
0 Connor House 
98 Pastr Panlang Road 
Slngapore 051 1 
Republlc of Slngapore 
Tel 4737944 T U  (786) RS21023 

South AMca 
Fluke S A (Pty) Ltd 
Wynberg Park 
777 Andr~es Street 
Wynberg. South Alrlca 
Tel (1 1) 786-31 70 T U  (960) 424328 

Spain rn 
ESSA 
Equlpos y Slstemas S A 
C l  Apolonlo Morales 13-8 
Madrld 16 Spatn 
Tel (1) 458-0150 TLX (831) 42856 

Srl b n k a  
Computerl~nk Data Systems Ltd 
294 Unlon Place 
Colombo 2 Sr! Lanka 
Tel (1) 28641 12 TLX (954) 21321 

Sweden. 
Telelnstrument AB 
Maltesholmsvagen 138 
P 0 Box 4490 
162 04 Valllngby 4 
Sweden 
Tel. (8) 380370, TLX- (854) 15770 

Swherland rn 
Traco Electronlc AG 
Jenatschstrasse 1 
8002 Zurlch 
Sw~tzerland 
Tel. (1) 201-0711, TLX. (845) 815570 

Syria. 
Mabek (Electronlcs Dlvlslon) 
P 0. Box 4238 
Damascus. Syr~a 

Taiwan 
Schmidt Electronlcs Corp. 
5th FI. Cathay Min Sheng 
Commerc~al Bullding, 
344 Min Sheng East Road 
Tatpel 104. Ta~wan R.O.C. 
Tel: (2) 501 -3468. TLX: (785) 11 11 1 

Thailand 
Measuretrontx Ltd. 
2102163 Ramkamhaeng Rd. 
Bangkok 10240 
Thailand 
Tel: (2) 378-2516. TLX: (788) 82796 

TunIda 
Selep S.A.R.L 
6, Rue de Sparte 
Tunls - 1OOO RP 
Tunls~a 
Tel: (1) 248093. TLX: (934) 13030 

Turkey. 
Erkman Elektronik Aletler 
Ticaret Anonim Sirketi 
Necatibey Cad 9213 
Karakoy, Istanbul. Turkey 
Tel. (1 1) 4415461. TLX. (821) 243% 

Uniled Arab Emirates rn 
Al-Sanant Cen. Trad. Est 
P O  Box7187 
Abu-Dhabl U A E 
Tel (2) 821370 or 821371 
TLX (958) 23966 

Hans AI-Alag. Ltd 
P 0 Box 545 
Sharjah U A E 
Tel (6) 359120 TLX (958) 68540 

Uruguay. 
Coasln Uruguaya S A 
Llbertad 2529 
Casllla de iorreo 1400 
Montevtdeo, Uruguay 
Tel (2) 789015. TLX (398) UY23010 

USSR 
Amtest Associates Ltd 
Clarence House. 31 Clarence SL 
Stalnes. M~ddlesex TW18 4SY 
Eng!and 
Tel (784) 63555. TLX (851) 928855 

Venezuela 
Coastn C A 
Calle 9 Con Calle 4. Ed11 Edlnurb~ 
Apartado de Correos NR-70 136 
Los Rutces 
Caracas 1070-A. Venezuela 
Tel (2) 239-0967, TLX (395) 21027 

Yugoslavia rn 
Amtest Assoctates Ltd. 
Clarence House. 31. Clarence St  
Stalnes. M~ddlesex TWl8 4SY 
England 
Tel: (784) 63555, TLX: (851) 928855 

.Supplied and Supported by - 
Fluke (Holland) B V 
P 0 Box 2269 
5600 CG Elndhoven 
Netherlands 
Tel (040) 45805 TLX 51846 
FAX 31-40-457515 

Supplied and Suppotted by - 
Fluke Internatlonal Corporation 
P O  BoxC9090 
Everett WA 98206 U S A 
Tel (206) 356-5500 
TLX 185103 FLUKE UT 
FAX 206-356-51 16 

The following countroes are 
represented by 
Fluke (Holland) B V 
P 0 Box 2269 
5600 CG Elndhoven 
Netherlands 
Tel (040) 45805 TLX 51846 
FAX 31-40-457515 

Abu Dhab~ Maur~tan~a 
Afghanistan Menorca 
Alban~a Mongolla 
Alger~a N~ger 
Angola Nlger~a 
%n,n Gaia 
Bornholm Rodhos 
Botswana Russta 
Chad Sard~nla 
Corstca Saud~a Arab~a 
Czechoslavakla Scotland 
Duba~ Senegal 
Emlopla S~erra Leone 
Gutnea Somal~a 
lb~za Togo 
Iceland Upper Volta 
Iraq Wales 
Kuwa~t Wstn Sahara 
Lber~a Yemen 
L~bya Za~re 
Luxembourg Zambta 
Mader~a Zlmbabwe 
Mallorca 
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U.S.A. 
CA, Burbank 

John Fluke Mfg Co. lnc 
(213) 849-7181 

CA. Santa Clara 
John Fluke Mfg Co. lnc 
(408) 727-0513 

CO, Denver 
John Fluke Mfg Co . lnc 
(303) 695-1000 

FL. Orlando 
John Fluke Mfg Co. lnc 
(305) 896-4881 

IL. Palatine 
John Fluke Mfg Co. lnc 
(31 2) 398-5800 
(312) 392-9510 

MD, Rockville 
John Fluke Mfg Co Inc 
(301) 770-1576 

NJ. Paramus 
John Fluke Mfg Co. lnc 
(201) 262-9550 

TX, Dallas 
John Fluke Mfg Co. lnc 
(214) 869-031 1 

WA. Everett 
John Fluke Mfg Co. lnc 
(206) 356-5560 

Other Countries 
Argentina, Buanos A~res 

Coasln S A 
Tel 552-5248 
T U  (390) 22284 

Australla, Bnsbane 
Elmeasco Instruments Pty Ltd 
Tel 369-8688 
T U  (790) AA44062 

Australia, Concord 
Elmeasco lnstruments Pty Ltd 
Tel 736-2888 
TLX (790) AA25887 

Australia. Ringwood 
Elmeasco Instruments Pty Ltd 
Tel 879-2322 
TLX (790) AA36206 

Austria. Vienna 
Walter Reklrsch 
Elektronlsche Gerate GmbH 8 Co 
Tei 235555 
T U  (847) 134759 

Wgium. B ~ s d s  
Fluke (Belgium) SAINA 
Tel 2164090 
TLX (846) 2631 2 

Brazil, Sao Paulo 
HI-Tek Eletronlca Ltda 
Tel 421-5477 
T U  (1391) 1135589 

Canada. Burnaby, BC 
Allan Crawford Assoc~ates Ltd 
Tel (604) 294-1326 
TLX 0454247 

Canada, Calgary, AB 
Allan Crawford Assoc~ates Ltd 
Tel (403) 291 -341 7 
TLX 03821 186 

Canada, Mlunsauga. ON 
Allan Crawford Assoc~ates Ltd 
Tel (416) 890-2010 
TLX 0696 1235 

Canada. St Laurent. PO 
Alian Crawford Assoc~ales Ltd 
Tel (514) 731 -8564 
TLX 05824944 

Chile, Santiago 
lntronlca Chlle Ltda 
Tel 44940 
TLX (332) 240301 

China, Peoples Republlc o l  
lnstrlmpex - Fluke Serv~ce Center 
Tei 85-7281 

Cdolnbia, Bogota 
Slstemas E lnstrumentac~on Ltda 
Tei 232-4532 
TLX (396) 45787 

Denmark, B a l l e ~ p  
Tage Olson AIS 
Tel 6581 11 
TLX (855) 35293 

Ecuador, Ou~to 
Proteco Coasln Cia Ltda 
Tel 526759 
TLX (393) 2865 

Egypt and Sudan 
Electron~c Englneer~ng L~alson Offlce 
Tel 695705 
TLX (927) 22782 

England, Watlord, Hefts 
Fluke (Great Br~taln) LTD 
Tel 4051 1 
TLX (851) 934583 

Finland 
lnstrumentar~um Elektronlkka 
Tel 358-0-5281 
TLX (857) 124426 

France 
M B Electron~que S A 
Tel 9568131 
TLX (842) 695414 

Greece, Athens 
Hellenlc Sc~en t~ f~c  Representations 
Tel 7211140 
TLX (863) 219330 

Hong Kong, Wancha~ 
Schm~dt 8 Co (H K )  Ltd 
Tel 8330-222 
TLX (780) 74766 

Ind~a, Bangalore 
H~nd~tron Services Pvl Ltd 
Tel 33139 
TLX (953) 845741 

Ind~a, Bombay 
Hlnd~tron Serv~ces Pvl Ltd 
Tel 8121316 
TLX (953) 11 2326 

Ind~a, New D d h ~  
Hlndltron Sewlces Pvt Lld 
Tel 64380  
TLX (953) 31 6458 

Indonesia. Jakarta Pusai 
P T DWI Tunggal Jaya Sakt~ 
Tel 584685 
TLX (796) 47308 

Israel. Ramai Hasharon 
R D T Electron~cs Eng~neerlng Ltd 
Tel 48321 1 
TLX (922) 321 43 

Italy, Milan 
Slstrel S p A 
Tel 6181893 
TLY (843) 33A643 

Japan. Tokyo 
John Fluke Mfg Co Inc 
Japan Branch 
Tel 434-0181 
TLX (781) 242-4331 

Korea, Republ~c of 
Electro-Sclence Korea Co 
Tel 784-9942 
TLX MYOUNG K24283 

Malaysia, Petal~ng Jaya 
Mecomb Malays~a SDN BHD 
Tel 743422 
TLX (784) MA37764 

Mexeo 
lndustrlal S A (Mexel) 
D~agonal No 27 
Entre Calle de Eugen~a Y Ave 
Colonla del Valle 
C P 03100 Mexlco 
Tel 660-4323 
TLX (383) 1771038 

Netherlands, Tilburg 
Fluke (Nederland) B V 
Tel 352455 
TLX (844) 52683 

New Zealand, Auckland 
McLean Informallon Technology Lld 
Tel 501-801 501-219 
TLX (791) 21570 

Nomay. Oslo 
Morgenst~erne 8 Co AIS 
Tel 3561 10 
TLX (856) 71719 

Pakistan, Karach~ 
lnternat~onal Operations (PAK) Ltd 
Tel 221 127 239052 
TLX (952) 24494 

Peru. Llma 
lmportaclones Y Representac~ones 
Electronlcas S A 
Tel 288650 
TLX (394) 25663 

Phll~pplnea, Republic of 
Spark Radlo 8 Electronlcs Corp 
Tel 775192 
TLX (722) 27901 

Poctugal. Lisbon 
Decada Espectral Equ~pamentos 
de Electron~ca Lda 
Tel 2103420 
T U  (832) 15515 

Republ~c ol Slngapore, Slngapore 
Rank 0 Connor s (PTE) Llmlted 
Tel 4737944 
TLX (786) RS21023 

Republ~c o l  South Alnca 
Fluke S A (Dty) Ltd 

Tel 786 31 70 
TLX (960) 424328 

Span, Madnd 
Equ~pos y Slstemas S A 
Tel 458-0150 
TLX (831) 42856 

Sweden. Valllngby 
Telelnstrument AB 
Tel 380370 
TLX (854) 15770 

Swttzedand, Zunch 
Traco Electron~c AG 
Tel 2010711 
TLX (845) 815570 

Taiwan, Talpe~ 
Schm~dt Electronlcs Corp 
Tel 5013468 
TLX (785) 11 11 1 

Thailand, Bangkok 
Measuretron~x Ltd 
Tel 378-2516 
TLX (788) 82796 

Turkey. Istanbul 
Erkman Elektronlk Aletler 
Tel 4415461 
TLX (821) 24399 

U ~ g u a y .  Montevideo 
Coas~n Uruguaya S A  
Tel 789015 
TLX (398) UY23010 

Venezuela. Caracas 
Coasln C A 
Tel 239-0967 
TLX (395) 21027 

West Germany, I~maninglMunlch 
Fluke (Deutschland) GmbH 
Tel 96050 
TLX (841) 0522472 

1-1 John Fluke Mfg. Co.. Inc.. P.O. Box C9090. Everett, WA 98206 FLU KE Fluke (Holland) B.V., P.O. Box 2269, 5600 CG. Eindhoven, The Netherlands. Phone (040) 458045. TLX 51846 " Litho in U.S.A. 11 /85 
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Appendix 7A 
Manual Change Information 

7A-1. INTRODUCTION . . TI.:" .- nfi..+n..-.n ...Cl\rmn+;fi.-. -a,.aoonrrr tr\  h n n L A n + a  + h a  mnr...n tr\ ,-.,-..-.FA-- ..,:+I. 
1 1 1 1 5  arrbllb;n b u l l L a l l l a  1 i l ~ u ~ l ~ ~ a L ~ u u  1 1 b b L a a a l y  LU u a b n u a L b  LUL lllallual LU ~UILIUI 111 WILII 

the earlier PCA configurations. T o  identify the configuration of the PCAs used in your 
instrument, refer to the revision letter (marked in ink) on the component side of each 
PCA. Table 7A-1 defines the assembly revision levels documented in this manual. 

As changes and improvements are made to the instrument, they are identified by 
incrementing the revision letter marked on the affected PCA. These changes are 
documented on a supplemental changelerrata sheet which, when applicable, is inserted 
at the front of the manual. To identify the configuration of the PCAs used in your 
Generator, refer to the revision letter on the component side of each PCA. 

7A-2. BACKDATING INSTRUCTIONS 
To backdate this manual to conform with an earlier assembly revision level, perform the 
changes indicated in Table 7A-I. If this manual documents all PCAs at their original 
level, no changes are necessary, and no changes will be indicated in Table 7A-1. 
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MANUAL CHANGE INFORMATION 

Table 7A-1. Manual Status and Backdating Information 

X The PCB revlsion lwels documented In thls manual 
These revision letters were never used In the Instrument 

- No rwlslon Iettu on the PCB. 
+ Change dld not affect manual. 

 
MicroManuals 
 
 
 
 

                       
MicroManuals 

 
 
 
 
 
 
MicroManuals 
 
 
 
 
 
 
 
 
 
 

MicroManuals 



FIGURE TITLE 

Section 8 
Schematic Diagrams 

Mnemonics ............................................... 
........................................ Schematic Symbols 

................................. Synthesizer Block Diagram 
Output Block Diagram ..................................... 

......................................... Al A1 Display PCA 
A2A1 Synthesizer PCA .................................... 
A2A2VCOPCA .......................................... 

........................................ A2A4OutputPCA 
A2A5A4 Attenuatorj RPP PCA ............................. 
A2A5A5 Relay Driver/ RPP PCA ........................... 
A2A7 Controller PCA ..................................... 
A3A1 Power Supply PCA .................................. 
A3A3A1 IEEE-488 Interface PCA ........................... 
A4A1 Discriminator PCA .................................. 
A4A2 Analog/ Digital PCA ................................. 

PAGE 

 
MicroManuals 
 
 
 
 

                       
MicroManuals 

 
 
 
 
 
 
MicroManuals 
 
 
 
 
 
 
 
 
 
 

MicroManuals 



 
MicroManuals 
 
 
 
 

                       
MicroManuals 

 
 
 
 
 
 
MicroManuals 
 
 
 
 
 
 
 
 
 
 

MicroManuals 



SCHEMATIC DIAGRAMS 

M u l i t p a t h  I n t e r c o n n e c t i o n  

Dua l -P in  Connector  S e r v i c e  A i d  

Dua l -P in  Connector  Test  P o i n t  

Tes t  P o i n t  4 

Test  P o i n t  5, no p o s t  

M i  c r o s t r i ~  T r a n s m i s s i o n  L i n e  

S t r i p l i n e  T r a n s m i s s i o n  L i n e  

P r i n t e d  I n d u c t o r  

P r i n t e d  C a p a c i t o r  

!! I I 

Feed-Through C a p a c i t o r  

Diode, Genera l  

--.+)--- 

Diode, V a r a c t o r  

--+I+ 

Diode, P i n  

+?9- 

Diode, Zener 

--n- 

Diode, S c h o t t k y  

+ 
F a c t o r y  S e l e c t e d  value 

* 

Figure 8-2. Schematic Symbols 
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SCHEMATIC DIAGRAMS 

Value Has Changed 

+ 

Screw D r i v e r  Ad jus tment  

0 

F r o n t  Pane L D e s i g n a t i o n  

p E K q  

Rear Pane l  D e s i g n a t i o n  

Rear Pane l  Screu D r i v e r  Ad jus tment  

E a r t h  Ground 

d7 

Chass i s  Ground 

P l u g - I n  Connect ion,  

Male  and Fema Le 

PLug-In Connect ion,  

T r a n s m i s s i o n  L i n e  

S o l d e r e d - I n  Jumper - 
I n t e r c o n n e c t i o n  I n f o r m a t i o n  

__j 

Coax Connector, Female 

Coax Connector, Male  

Coax Cable, S o l d e r e d  I n  

Common Connec t i on  (PCB Ground) 

.$ 

Non-Plug-In Connec t i on  - 
Figure 8-2. Schematic Symbols (cont) 

 
MicroManuals 
 
 
 
 

                       
MicroManuals 

 
 
 
 
 
 
MicroManuals 
 
 
 
 
 
 
 
 
 
 

MicroManuals 



 
MicroManuals 
 
 
 
 

                       
MicroManuals 

 
 
 
 
 
 
MicroManuals 
 
 
 
 
 
 
 
 
 
 

MicroManuals 



 
MicroManuals 
 
 
 
 

                       
MicroManuals 

 
 
 
 
 
 
MicroManuals 
 
 
 
 
 
 
 
 
 
 

MicroManuals 



 
MicroManuals 
 
 
 
 

                       
MicroManuals 

 
 
 
 
 
 
MicroManuals 
 
 
 
 
 
 
 
 
 
 

MicroManuals 



n o w  8 x z g :  
* <  4 '- 2 
I 0  

a n ~ ~  
n c n r n  
7 z m x  $ O n L +  
7 D m n  

' - 5 :  

 
MicroManuals 
 
 
 
 

                       
MicroManuals 

 
 
 
 
 
 
MicroManuals 
 
 
 
 
 
 
 
 
 
 

MicroManuals 



6060A-1011 _- 
---. 

Figure 8-5. A l A l  Display PCA (cont) 
1 

 
MicroManuals 
 
 
 
 

                       
MicroManuals 

 
 
 
 
 
 
MicroManuals 
 
 
 
 
 
 
 
 
 
 

MicroManuals 



 
MicroManuals 
 
 
 
 

                       
MicroManuals 

 
 
 
 
 
 
MicroManuals 
 
 
 
 
 
 
 
 
 
 

MicroManuals 



 
MicroManuals 
 
 
 
 

                       
MicroManuals 

 
 
 
 
 
 
MicroManuals 
 
 
 
 
 
 
 
 
 
 

MicroManuals 



 
MicroManuals 
 
 
 
 

                       
MicroManuals 

 
 
 
 
 
 
MicroManuals 
 
 
 
 
 
 
 
 
 
 

MicroManuals 



 
MicroManuals 
 
 
 
 

                       
MicroManuals 

 
 
 
 
 
 
MicroManuals 
 
 
 
 
 
 
 
 
 
 

MicroManuals 



 
MicroManuals 
 
 
 
 

                       
MicroManuals 

 
 
 
 
 
 
MicroManuals 
 
 
 
 
 
 
 
 
 
 

MicroManuals 



L r  

IVZV 
M3AS3HlNO WOUj 

 
MicroManuals 
 
 
 
 

                       
MicroManuals 

 
 
 
 
 
 
MicroManuals 
 
 
 
 
 
 
 
 
 
 

MicroManuals 



 
MicroManuals 
 
 
 
 

                       
MicroManuals 

 
 
 
 
 
 
MicroManuals 
 
 
 
 
 
 
 
 
 
 

MicroManuals 



 
MicroManuals 
 
 
 
 

                       
MicroManuals 

 
 
 
 
 
 
MicroManuals 
 
 
 
 
 
 
 
 
 
 

MicroManuals 



 
MicroManuals 
 
 
 
 

                       
MicroManuals 

 
 
 
 
 
 
MicroManuals 
 
 
 
 
 
 
 
 
 
 

MicroManuals 



 
MicroManuals 
 
 
 
 

                       
MicroManuals 

 
 
 
 
 
 
MicroManuals 
 
 
 
 
 
 
 
 
 
 

MicroManuals 



 
MicroManuals 
 
 
 
 

                       
MicroManuals 

 
 
 
 
 
 
MicroManuals 
 
 
 
 
 
 
 
 
 
 

MicroManuals 



 
MicroManuals 
 
 
 
 

                       
MicroManuals 

 
 
 
 
 
 
MicroManuals 
 
 
 
 
 
 
 
 
 
 

MicroManuals 



SCHEMATIC DIAGRAMS 

6060A-1645 

+ lev 

NOTES: (IINI 6 %  OTHERWISE SPECIFIED) 

I. ~ L I  1u a ~ s ~ s r o n s  RESISTOR YIUCS a a ~  yr &RE w 57. IU WMS. 

2 RLL CAPelCITOR VLIIICS &RE IU MICRIIFRRhIK. 

RmAZ4 1 

T O  ATTELIUPTOR - PPP 
A 2 4 5 4 4  

- -- 
Figure 8-10. AZASAS Relay DriverlRPP PCA 
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Fluke 6060A/AN Operator I n f o r m a t i o n  Card 

REJECTED ENTRY CODES (Press the [STATUS] key to display codes) 

001 000 000 = FM deviahon not between 0 and 500 kHz 
002 000 000 = FM deviation Step not between 0 and 500 kHz 
004 000 000 = AM depth not between 0 and 99% 
010 000 000 = AM depth step not betwetan 0 and 99% 
020 000 000 = IEEE-488 command syntax error 
040 000 000 = IEEE-488 input value out of range 
200 000 000 = IEEE edit or step operation beyond allowed range 
400 000 000 = Entry not allowed while in the meter mode 
000 001 000 = Frequency not between 0.2 and 1050 MHz 
000 004 000 = Frequency Stsp not behueen 0 and 1050 MHz 
000 040 000 = Invalid manory location 
000 100 000 = Invalid data in memory 
000 200 000 = Spbdal (unction not allowed 
000 000 001 = Output amplitude not &%tween 10 nV and 2V 
000 000 002 = Insufficient resolution for units conversion 
000 000 004 = Units conversion to volts not allowed with reference in  volts 
000 000 010 = Units conversion to dB not allowed with reference In volts 
000 000 OX) = Amplitude Step not between 0 and 166 dB or 0 and 1999V 
000 000 040 = Units conversion of Amplitude Step not allowed 
000 000 100 = Amplitude step end curlent amplitude display not in same units 

UNCAL CODES (Press the [STATUS] key to clisplay codes) 

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

000 000 000 indicates no UNCAL conditions 

001 000 000 = FM dev~ation < I kHz 
002 000 000 = FM deviation > 50 kHz and freq < 5 MHz 
004 000 000 = Excess FM deviation, main or reference PLL unlocked 
000 002 000 = Frequency < 0.4 MHz 
' 000 010 000 = Main or reference PLL unlocked 

000 000 001 = Level vernier below calibrated range or level < -127 dBm 
000 000 002 = Peak (AM) amplitude > + I 3  dBm 
000 000 004 = Amplitude unleveled 
000 000 010 = Fixed-range level vernier at 0 
WO 000 020 = Fixed-range level vernier at full scale 
000 000 040 = RPP tripped 
000 000 100 = Level below -127 dBm 
W3 000 200 = Lwel correction disabled 

W O W O u K , = R F o f f  

SPECIAL FUNCTION OPERATION (Press the [SPCL] key. then press the 
2- digit code) 

The two-digit code conslsts of a class numerlc lollowed by a mode numeric. The 
activated modes of classes 2 through 9 are shown In the FREQUENCY dlsplay 
field wh~le the [SPCLl key is pressed. For example, read~ng from left to right. 
01000201 indicates that relatlve amplitude, slow key-repeat-rate, and ampl~tude 
lixed-range are selected 

Code Function Code Funct~on 

Clears all special functions 
Initiates self test 
Display check 
Key check 
SeVreset SRQ 
Display SIW rev 6 instr ID 
D~splay IEEE-488 address 
Display self test results 
Turn onloft Display 
Initlalire Memory 
Latch test 

Disable/enable relative freq. 
Disablelenable relatlve amp1 
Not used 
Not used 
D~sablelenable meter mode 
Med~umlfasVslow key-rep-rate 
Enable amplitude correction 
Disable all level correction 
Disable attenuator correction 
Program alternate 24 dB atten 
D~sablelenable amp1 fixed-rng 

SELF TEST RESULTS (Press the (SPCL] [ I ]  (11 keys to display the results) 

The self test results are reported in the four display flelds as follows: 

AMIFM Tests Ampl Tests 

Self Test ~ncomplete 

00 000 000 000 indicates all tests passed. 

MEMORY 

Instrument settings may be stored in locations 01 through 50 and later recalled 
Location 98 contatns the Instrument Preset State. 
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