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FLUKE

6060A /AN

Synthesized Signal Generator
and FM Modulation Meter Combination

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.

The 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 kH allowing the
6060A/AN 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.
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The FM Deviation measurement capability included in
the 6060A/AN 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 the front panel connector provided for this function,
then select the function and range. The result is displayed
at the front panel.

The 6060A/AN is designed to fill 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.




FLUKE

Deviation Meter:

Frequency Input:

30 MHz 10 500 MHz.
Input Signal Level:

IS mV to 5Vrms.

Input Impedance:

50 ohms nominal.
Measurement Ranges:
Two ranges of 500 kHz and
50.0 kHz full scale. e
Polarity: Selectable + peak. m@%
Modulation Rate: 100 Hz to 8 kHz.
Accuracy: +6% 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 MI1-T-28800C
Class 5, Style E.
Electromagnetic Compatibility: The radiated emissions
induce <1 .V 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:

CEO03 of MIL-STD-461B (Power and interconnecting
leads), 0.015 MHz to 50 MHz

REO02 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, AH1, TS, TEO, L3, LEO, SRI, RL1, PP0, DC1,
DT]I, C0, and El.

Size: Width Height Depth
43 cm 13.3cm 55.3¢cm
171in 5.25in 21.8in

Power: 115V, 230V ac =10%, 47 Hz to 400 Hz, <100 watts.

Weight: <18.2 kg (40 Ibs).

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: <150 ms to be within

100 Hz of final frequency.

Amplitude Switching Speed: <100 ms to be within
0.1dB of final amplitude.

Amplitude Range: Programmable to +19 dBm and
—147.4 dBm, usable to +15 dBm. Fixed-Range, selected
by Special Fu.uctlon, allows for more than 12 dB of vernier
without switching the attenuator.

AM Accuracy: +(2%+4% of setting) for internal rates,
for depths 90% or less and peak amplitude of +13 dBm or
less.

AM Distortion: <1.5% THD to 30% AM, <3% to 70%
AM, <5% t0 90% AM at internal rates.

Incidental FM: <0.3f,, for internal rates and 30% AM.
FM Accuracy: +7% for rates from 0.3 to 20 kHz > 1 kHz
deviation f, > 0.4 MHz.

FM Distortion: <1% THD for rates of 0.3 kHz to 20 kHz,
1kHz t0 99.9 kHz deviation for f, > 5 MHz.

Incidental AM: <1% 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 larger.

External Modulation: Annunciators indicate when a 1V
peak signal is applied, +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 sw1tch
and the internal/external reference switch are remotely
programmable via IEEE Std 488-1978. All status includ-
ing option compliment are available remotely. The Store/
Recall memory data may be transferred via an external
controller. In talk only, the appropriate commands are
generated when the front panel step-up and step-down
entries are made to control another 6060A/AN, 6060B,
6070A, or 6071A. (The 6070 and 6071A only have FRE-
QUENCY STEP)



iy, 35l

SENE LRI S N RN

. ST

3
g
4
5
]
&
i
£y

LA .

'METROLOGY SYSTEMS)|

Form No. A638 Rev 1t 10/86

FLUKE

&)

)

CERTIFICATE of CALIBRATION

MODEL éOé@fM?IJ

SERIALNO. _Z2.p&/07
DATE 3//3/%7

John Fluke Mfg. Co., Inc. certifies that this instrument has been
calibrated at an ambient temperature of 23°C +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 atthe required accuracy
level. NBS Test Report numbers are listed below:

DC Resistance 236930 AC Voltage 237685
DC Voltage 236962 RF Power 810375
AC Capacitance 234735 RF Voltage 809880
AC Current 236133 Temperature 237019
AC Inductance 236930

Les Huntley \
Metrology Assurance Manager

\SEAL OF CERTIFIED Ron Valentine

Product Assurance Manager,
CALIBRATION Instrumentation Division
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CHANGE/ERRATA INFORMATION

ISSUE NO: 11 1/ 87

This change/errata contains information necessary to ensure the accuracy of
the following manual. Enter the corrections in the manual if either one of
the following conditions exist:

1. The revisjon letter stamped on the indicated PCB is equal to or
higher than that given with each change.

2. No revision letter is indicated at the beginning of the change/errata.

MANUAL
Title: 6060A/AN
Print Date: April 1985

Rev.- Date: 1 - 186

C/E PAGE EFFECTIVITY
Page No. Print Date

5/ 86
5/ 86
5/ 86
5/86
5/ 86
5/ 86
5/ 86
5/ 86
5/ 86

10 1/ 87
° 11 1/ 87

12 1/ 87

13 1/ 87

W oo &~WN —



60604/AN

ERRATA #6

On pages 5-13 through 5-15, Table 5-6, make the following changes:

CHANGE: €29,38,201,202) cecececcccccssoscccsosssssnasnnns 4

TO: £29,38,,202 leeeeeevsscsnaassscsossersasecnnns i3
CHANGE: C30,37,49,118 ) ceeurreensercsonsonsssocnsanacnnns i

TO: €30,37,49 leeeeeenconcncanns cececerestesesans i3
CHANGE: (€51,113,114 | eecesesnscososssossssnsasannnana i3

TO: C51,113,114,118) ceeeeeerrnnssscscsscscssnsnannns 4
DELETE: C171l¢vecesn

CHANGE: C197,219,227,240 ) ceeceeeceeecccssacsnssnsancnans |

TO: €197,219,227 | eeevoconnoncensasenscsosnsaanna i

ADD: C201iCAP CER,68PK +-2%,100V|362756 1895361362756 1

CHANGE: R2,159,201,209 |.ceceecossccscsscanssansen ceeoill

TO: R2,38,159,201,209 ) ceveeeceneassnoscasssssssnnsns 15
CHANGE: R7,44,94,148,152,15U4,169,170! cececrcecrcsscacnns '8

TO: R7,44,94,152,154,169,170 | eeeevosrnonsnasnnaas |

CHANGE: RT75!RES,MF,1.91K,+-1%,0.125W, 100PPM|{236877|89536 1236877 i1
TO: R75RES, MF, 3.09K, +-1%,0.125W, 100PPM| 23515089536 1235150 1
CHANGE: R76,85 |.veveececcecascncsassonsoasssscaccscns 12

TO: R7T6,85,91 ) ceeteceraceonncensccssscnnsssnnsaannss i

CHANGE: R89|RES,MF,6.49K,+-1%,0.125W, 100PPM{294900}91637 {CMF556491F {1
TO: R89|RES, MR, 3.92K, +-1%,0.125W, 100PPM | 249801} 89536 | 24980 1 i1
DELETE: R91}.....

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,
,FROM: 4TPF
TO: 68PF
ERRATA #7

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

5/86 ’ -2~



606 0A/AN

ERRATA #9
On page 5-34, Tabie 5-16, make the following deletions:
DHJETE: XU2:3;5=--....
DELETE: XU"‘,’T:.--....
ERRATA #10
On page 5-13, Table 5-6,
CHANGE: C154|CAP,CER 1.8PF|{512897/89536)5128971}1
TO: C154|CAP,CER 6.8PF{512327 1895361512327 {1
On page 8-13, Figure 8-6, change flag note 11 to read:
FACTORY SELECTED COMPONENT. SELECT VALUE BETWEEN 6.8 pf AND 22.0 pf.

CHANGE #2 - 25136
Rev.-G, A2A1 Synthesizer PCA (6060A/AN-4019)

On page 5-13, Table 5-6,

CHANGE: C54,71,91,127,166CAP, TA, 10UF, +=20%, 10V} 176218} evveenenn..
TO: C71,91,127,166  |CAP, TA, 10UF, +=20%,10V| 176214} ...00uunn..
CHANGE: C58,82,107,150  |CAP,TA,39UF, +=20%,6V}163915} ceveerernnnn
T0: C54,58,82,107,150 {CAP, TA, 39UF, +=20% , 6V} 163915} cevveeenenns

On page 8-11, Figure 8-6, in the lower left, change the value of C54,
FROM: 10/ 10V
TO: 39/6V

CHANGE #3 - 25481
Rev.-H, A2A1 Synthesizer PCA (6060A/AN-4019)

On page 5-14, Table 5-6, change the FLUKE STOCK NUMBER for Q10,13,14,
FROM: 477729
TO: 783308

On page 8-13, Figure 8-6, change Q10, Q13 and Q14,
FROM: SD213
TO: SD215

CHANGE #3 -~ 25482
Rev.-J, A2A1 Synthesizer PCA (6060A/AN-4019)

On page 5-15, Table 5-6, change the FLUKE STOCK NUMBER for U27,29,

FROM: 507 566
TO: 802280

5/ 86 _ 4



6060A{AN

CHANGE #6 - 251483
Rev.-E, A2A4 Output PCA (6060A/AN-4024)

On page 5-22, Table 5-8, make the following changes:
Change the FLUKE STOCK NO. for U303,

FROM: 722264
T0: 802298

Change the FLUKE STOCK NO. for U403,
FROM: 507566
TO: 802280

CHANGE T# - 25561
Rev.-F, A2A4 Output PCA (60604/AN-4021)

On page 5-20, Table 5-8,
ADD: L117 |FERRITE BEAD{321182}89536{3211821}1

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

On page 8-17, Figure 8-8, add L117 as shown in Figure 6.
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CHANGE #9 - 25586
Rev.-L, A2A1 Synthesizer PCA (6060A/AN-4019)

On page 5-15, Table 5-6, make the following changes:

DELETE: R106/.cecevevcnns

CHANGE: R151 |RES, CF,2.2K,+/-5%, 0.25W|343400{80031{CR251-4-5P2K21
TO: R106,151|RES, CF,2.2K,+/-5%, 0.25W}343400}{80031{CR251-4-5P2K2}2

On page 8-13, Figure 8-6, change the value of R106,

FROM: 2.0K
TO: 2.2K

CHANGE #10 - 25640
Rev.-G, A2A4 Output PCA (6060A/AN-4024)

On pages 5-22 and 5-23, Table 5-8, make the following changes:

CHANGE: R262,U28) . cvvecrcrvccaronscasssssassccannnaeil

eeeil

TO: R262! cceveenccnanns etecscssssssssrsasnesas

ADD: R424 |RES, CF, 110,+/-5%, 0/ 125W 740076 {89536 | T40076 11
On page 8-18, Figure 8-8, change the value of RU42Y4,

FRQM: 160Q

TO: 110Q

5/ 86 8-
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CHANGE #15 - 25974
Rev.-D, A4A1 Discriminator PCA (6060A/AN-4061)

On page 5-34, Table 5-16,

CHANGE: H1|WASHER, SPRING, COPPER,0.316 ID{544239189536|544239}1
TO: H1|WASHER, REL AY 1803247 189536 1803247 i 1

CHANGE #16 - 26115
Rev.-M, A2A2 VCO PCA (6060A-4018)

On page 5-18, Table 5-7, make the following changes:

CHANGE: RS,11!RES,CF,5.6, +/-5%, 0.25W|441618{80031|CR251-4-5P5R6 2
TO: R5 IRES, CF, 8.2, +/-5%, 0.25W|u442269}{80031{CR251-4-5P8R2] 1

ADD: R11 |RES,CF, 15, +/-5%, 0.25W|348755}80031{CR251-4-5P15E|1

On page 8-15, Figure 8-T7, change the values of R5 and R11 respectively,
FROM: 5.6 and 5.6
TO: 8.2 and 15

ERRATA #12
On pages 4D-2 and 4D-3, make the following changes:
Replace the paragraph preceeding 4D-3, with:
To order a replacement module, use the part number shown in Table
4D-1 and specify a Module Exhange part. The following paragraphs
describe the available exchange modules and how to adjust the -
Generator, if necessary after installation. For removal instructions

refer to Section UB Access Procedures.

In Table 4D-1, delete the following:
A1A2 Switch PCA (P/N 738591)

In the first paragraph following UD-5, change the second sentence to
read:

This EPROM replaces the old one installed on the Controller PCA,
A2A7 (U23).

Replace the second paragraph following u4D-5, with:
NOTE
A plug-in coupling capacitor is used to interconnect the

VCO and the Qutput PCAs, thus eliminating the need for a
soldering iron when replacing this assembly.

17871 =10~
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CHANGE #17 - 26233
Rev.-P, A2A1 Synthesizer PCA (6060A/AN-4019)

On page 5-16, Table 5-6,
CHANGE: XU26,30-32,38|SOCKET, IC, 20 PIN|454421)09922|DILB20P-10815
TO: XU38 ISOCKET, IC, 20 PIN|454421{09922{DILB20P-1081{1

CHANGE #18 - 26234

On page 5-9, Table 5-4, change the FLUKE STOCK NO. and MANUFACTURERS
PART NUMBER for H28,

FROM:  T72376
TO: 800441

CHANGE #19 - 26477
Rev.-E, AlUA1 Discriminator PCA (60604/AN-4061)

On page 5-34, Table 5-16,
CHANGE: L5,6|INDUCTOR,O0.47UH,+/-10%,264MHZ  SHLDED 32092924759 {MR0O.4T i1
TO: L5,6 |INDUCTOR, 0 .47 UH, +/-10% ,26 4MHZ, SHLDED | 329664 | 89536 1329664 1

-CHANGE #20 - 26572
Rev.-T, A2A1 Synthesizer PCA (6060A/AN-4019)

On page 5-15, Table 5-6,
CHANGE: R84 !RES,MF,3.01K,+-1%,0.125W, 100PPM{312645]91637 iCMF553011F i1

TO: RBH}RES,MF,H.O2K,+-1$,0.125W,100PPM5235325391637ICMF554021F11
On page 8-13, Figure 8-6, change the value of R84,

FROM: 3.01K

TO: 4.02K

CHANGE #21 - 26930
Rev.-B, A2A7 Controller PCA (6060A/AN-4028)

On page 5-27, Table 5-12, make the following changes:

CHANGE: U5,44)IC,LSTTL,HEX INVERTER|393058]01295 |SNTULSO4N|2
TO: U5 1IC,LSTTL, HEX INVERTER{393058]01295iSN74LSO4N{1

ADD: U44|IC,LSTTL, HEX INVERTER W/SCHMI TRIG|483180]01295iSNT4LS14N|1
On page 8-25, Figure 8-11, add two gates to the microprocessor reset
circuit as shown in Figure 10 and change Ull,

FRQOM: T4LSO4
TO: T4LS14

1/ 87 -12-
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Customer Reply Form

INSTRUMENT

Model Number: GOGOA/%]A/‘ Serial Number: A//dzo 3’-/ 07 Date Received:

Thank you for the purchase of the 6060A. In an effortto sustain our highest quality standards please fill out this reply form. We are anxious
to review 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 / No

If No, please provide details:

Documentation
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

Service _________ 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 immediate attention.

Form No. G708 10/85 500@
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Section 1
Introduction and Specifications

1-1. INTRODUCTION

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 0°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 APROPER POWER CORD, THE 6060A/AN
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, =106, 47 Hz to 400 Hz 1.5 AMP
230V ac, £10%, 47 Hz to 400 Hz .75 AMP

1-1
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1-4. GENERATOR DESCRIPTION
Fundamental features of the Generator are as follows:
0.01-MHz to 520-MHz output frequency range in 10-Hz steps
+13-dBm to -127-dBm level range in 0.1-dB steps
AM and FM, internal or external
Internal 400-Hz and 1000-Hz modulation oscillator
FM Deviation Meter
Relative frequency and amplitude
Volts/dBm conversion
Store/ recall memory

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

Fluorescent display, 5 Vs-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, or remote control with
the IEEE-488 Interface, the microprocessor provides self test and diagnostic capability.
Economical instrument performance is achieved by using software compensation
EPROMSs 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 ON/OFF, RF OUTPUT ON/OFF,
MODULATION ON/OFF, internal/external 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 1EEE-488 Interface allows the Generator to be remotely controlled with any
IEEE-488 bus controller. The instrument can also be used on the IEEE-488 bus without a
controller in a listen-only or talk-only mode by selecting the appropriate Generator rear
panel IEEE-488 switch settings.
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All instrument controls can be remotely controlled except the POWER ON/OFF and
the rear panel REF INT/EXT switches. The IEEE-488 Interface provides additional
commands not available with local control, such as data transfer and individual control
of internal I/ O control bits.

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

1-9. Frequency
The specified frequency range is 0.01 to 520 MHz. The frequency is synthesized from a

th + £
10-MHz reference and provides an output resolution of 10 Hz over the entire frequency

range. The relative frequency mode allows the frequency to be programmed in relation to
acenter frequency or an offset frequency. This is convenient for testing filters and mixers.
The output frequency stability and accuracy depends on the reference, whether that
reference is internal or external.

1-10. Reference

The internal frequency reference is a 10-MHz ambient crystal oscillator. With the rear
panel REF INT/EXT switch set to INT, the Generator output frequency is synthesized
from the internal 10-MHz crystal oscillator reference, and the internal oscillator
(timebase) TTL signal is available at the 10 MHz IN/OUT connector.

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

1-11. 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 1V to
0.1 ©V and limits of 2V to 0.01 uV, respectively. The maximum usable signal level is
approximately +15 dBm. The level entry can be in dBm or volts, or it can be converted
from one to the other. In addition, the relative amplitude mode allows you to account for
cascaded gain or loss, or to display the level (in dB) relative to I uV or | mV.

1-12. 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 999% are available in 19 steps. FM deviation ranges of 10 kHz,
100 kHz, and 500 kHz are available in steps of 10 Hz, 100 Hz, and 1 kHz, respectively.

1-13. Deviation Meter

The deviation meter measures FM 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 (+ peak) is displayed in the
amplitude field.

1-3
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1-14. OPTIONS AND ACCESSORIES
The 6060A/ AN has no options.

The following accessories are included with each Generator:

Description Part Number Quantity
Instruction Manual 755421 2
Line Power Cord 284174 [

The following accessories are available for the Generator:

Description Accessory No.
Rack Mount Kit. Includes M05-205-600 (5 Y4-inch Y6001
Rack Mount Ears) and M00-280-610 (24-inch Rack Slides)

1IEEE-488 Shielded Cable, 1 meter Y8021
IEEE-488 Shielded Cable, 2 meters Y8022
IEEE-488 Shielded Cable, 4 meters Y8023
Coaxial Cable, 50 ohms, 3 feet, BNC (m) both ends YOlll
Coaxial Cable, 50 ohms, 6 feet, BNC (m) both ends Y9112

1-15. RECOMMENDED TEST EQUIPMENT

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

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

1-17. SIGNAL GENERATOR SPECIFICATIONS

Unless otherwise noted, the following performance is guaranteed over the specified
environmental and ac power line conditions | hour after turn-on. Table 1-1 lists the
Generator specifications.

1-4
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Table 1-1. Signal Generator Specifications

Specifications apply 1 hour after
FREQUENCY (8-1/2 digit display)

RANGE ..eveecercensacasccncss

RESOLUTION cesevvvecenccccenen
ACCURACY ouevcvesacnvvcnnnns

REFERENCE (Internal) ....e...

(External) cceeeee.
AMPLITUDE (3-1/2 digit display)

RANGE (Indicated) .eeeevceese

RESOLUTION cececevencencnnsas

ACCURACY cuvevcoerranncananse

SOURCE SWR sevevevcvnncacanes
SPECTRAL PURITY (CW mode only)

SPURIOUS ececocccscccccncnscns

HARMONICS sescecocosncsascnse
RESIDUAL FM (peak in
0.05 kHz to 15 kHz band) ....

RESIDUAL AM (in
0.05 kHz to 15 kHz band) ....

AMPLITUDE MODULATION (two-digit
DEPTH RANGE .ccoveccccccccsss
RESOLUTION ..cecvecencnncnacs

ACCURACY .oeevnrsevancasonnans

turn-on within operating temperature range.

0.01 MHz to 520.0 MHz in two bands:

0.01 MHz to 244.99999 MHz

245 MHz to 520.00000 MHz
10 Hz.
Same as reference (see REFERENCE).
Accuracy within 10 ppm of indicated
frequency. Unit operates on an internal
free-air 10-MHz crystal oscillator, aging
< $0.5 ppm/month. < t5 ppm for
25°c, +25°C. Frequency
stability < #0.Sppm/hour 1 hour after
warm up. Internal reference signal (10 MHz
TTL) available at rear connector.

Accepts 10-MHz TTL signal.

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

0.1 dB (< 1% or 1 nV in volts).
+2.5 dB.

< 1.3 below -10 dBm.

< -35 dBc
NOTE
dBc refers to decibels relative to
the carrier frequency, or in this
case, relative to the signal level.
< -30 dBc from 10 MHz to 520 MHz.
< =26 dBc from 0.01 MHz to 10 MKz.
< 200 Hz.

< -60 dBc.
display)
0% to 99%
1%

+6% of setting for internal rates; RF
peak amplitude of +13 dBm or less.
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Table 1-1. Signal Generator Specifications (cont)

DISTORTION cvvececvencccccves

RATES c.veecevssncencascncnss

EXTERNAL INPUT LEVEL..csce-.e

< 5% THD at S0% AM for 1-kHz rate.
10 Hz to 20 kHz.

Less than 10V peak-to-peak into 600 ohms.

FREQUENCY MODULATION (three-digit display)

DEVIATION RANGES ..ovvecccnes

MAXIMUM DEVIATION .cccccecese

RESOLUTION .ececeecccancnnene
RATES.ceccevoncrssscsrannnese
EXTERNAL INPUT LEVEL.ccsese-s

MODULATION SOURCE
INTERNAL cececvccccrucenncnss

EXTERNAL ccecvecanccraccnccss

MODES ..eecovecnonanncscnnnns

DEVIATION METER
FREQUENCY INPUT cevvcnncceses
INPUT SIGNAL LEVEL ...vecesss
INPUT IMPEDANCE coceaccscnces
MEASUREMENT RANGES .eevecvess
POLARITY seveecsccccnnncsnnse
MODULATION RATE vccvevecrases

ACCURACY ..cecrcnnnsesonscnas

GENERAL
TEMPERATURE Operating e.eee.-
Non-operating ...

HUMIDITY RANGE
Operating cceesccccesces

1 kHz to 9.99 kHz, 10 kHz to 99.9 kHz, and
100 kHz to 500 kHz.

500 kHz at rates above 50 Hz. 50 kHz between
frequencies of 0.1 MHz and 5 MHz and rates
above 50 Hz.

Three digits.

0.05 kHz to 100 kHz.

Less than 10V peak-to peak into 600 ohms.

0.6 kHz or 1 kHz, #5%

+5V max.; 1V peak provides indicated
modulation index. Nominal input impedance
is 600 ohms.

Any combination of Internal AM, Internal

FM, External AM, and External FM.

Modulation may also be disabled. The nominal

input impedance with both External AM and
External FM enabled is 560 ohms.

30 MHz to 500 MHz.

15 mV to 5V rms.

50 ohms nominal.

Two ranges of 500 kHz and 50.0 kHz full scale.
Selectable +/- peak.

100 Hz to 8 kHz.

+6% of full-scate range from 100 Hz
to 8 kHz.

0°C to 50°C (32°F to
122°F)

-40°C to 70°%C (-40°C to
158°F)

0-95% non-condensing.
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Table 1-1. Signal Generator Specifications (cont)

VIBRATION
NON-0perating veesseesss 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 .ecececesesssss The radiated emissions induce < 1 uV
of the Generator's output signal into a
1-inch diameter. two-turn loop, 1 inch from
any surface as measured into a 50-ohm
receiver.

Also complies with the following standards:

CEO3 of MIL-STD-4618B (Power and interconnecting iLeads), 0.015 Mkz
to SO MHz

REO2 of MIL-STD-461B (14 kHz to 10 GHz)
FCC Part 15 (j), class A
CISPR 11

REVERSE POWER

PROTECTION LEVEL vevevoeeese. Up to 50 watts from a 50-ohm source, 0.01
MHz to S20 MHz. Will withstand up to 25V
dc. Protection not provided when instrument
is off.

IEEE-488 INTERFACE FUNCTIONS
(1EEE Std 488-1978) ..e-e.... SH1, AH1, T5, TED, L3, LEQ, SR1, RL1, PPO,
DC1. DT1, CO. and E1l.

SIZE vvvesuvoosrasscessscaass—Width " Height Depth
43 cm 13.3 cm 55.3 cm
17 in 5.25 in  21.8 in

POWER cocceccncsnccassassnsss 115V, 230V ac +10X, 47 Hz to
400 Hz, < 100 watts.

WEIGHT sueucossconcoasncsesss < 18.2 kg (40 Lbs).

CALIBRATION INTERVAL......... After calibration, the eguipment shall
meet each performance requirement within
the tolerance 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 ... < 150 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 ..ecoeeeeve.. Programmable to +19 dBm and -147.4 dBm,
usable to +15 dB8m. Fixed-Range, selected by
Special Function, allows for more than 12 dB
of vernier without switching the attenuator.
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Table 1-1. Signal Generator Specifications (cont)

AM ACCURACY suovevsssncavssess £(2ZX + 4% of setting) for internal rates,
for depths 90% or less and peak amplitude
of +13 dBm or less.

AM DISTORTION .eeveevecssesess < 1.5% THD to 30% AM, < 3% to 70X AM, < 5X
to 90% AM at internal rates.

INCIDENTAL FM cceveccnrcnnens € 0-3fm for internal rates and 30% AM.

FM ACCURACY vceeocaoasaacsesss 7% for rates from 0.3 to 20 kHz > 1 kHz
deviation fO > 0.4 MHz.

FM DISTORTION ceceeucscenesss < 1% THD for rates of 0.3 kHz to 20 kHz, 1
kHz to 99.9 kHz deviation for f_> §
MHz. °©

INCIDENTAL AM .eveceencessese < 1% 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 MHz2).

SPURIOUS vevevecesecssesnsses < =60 dBc for offsets greater than 10 kHz.
Fixed frequency spurs are < -60 dBc or < -140
dBm, whichever 1is larger.

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

DEVIATION METER ACCURACY .... 15X of reading 1 count for rates
between 100 Hz and 10 kHz.

IEEE-488 INTERFACE .eevsvees. ALl controls except the power switch and
the internal/external reference switch are
remotely programmable via IEEE Std 488-1978.
ALl status including option compliment are
available remotely. The Store/Recall memory
data may be transferred via an external
controller. In talk only, the appropriate
commands are generated when the front panel
step-up and step-down entries are made to
control another 6060A/AN, 6060A, 6070A, or
6071A. (The 6070 and 6071A only have
FREQUENCY STEP.)




Section 2
Installation and Operation

2_1 INTROD! 1NTION
i (S LR N
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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 necessary, please use the original shipping container. If
the original container 1s 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 fill allows the Generator to settle to one corner of the
shipping container, which could result in the Generator being damaged during shipment.

2-3. SETTING UP THE GENERATOR

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

2-4. Line Power Requirements

The Generator uses a line voltage of 115V ac rms (= 10%) with a 1.5A fuse, or 230V ac (=
109;) with a 0.75A fuse. The line frequency must be between 50 and 400 Hz, inclusive.
The power consumption of the instrument is <100 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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Figure 2-1. Fuse/Filter/Line Voltage Selection Assembly

2-6. |EEE-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
REF INT/EXT switch to EXT and connecting the external reference to the 10 MH:z
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 if the Generator is operated on internal
reference with an external reference signal applied.

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

5-Y4-inch Rack Adapter, P/N M05-205-600
24-inch Rack Slides, P/N M00-280-610

2-8. GENERAL OPERATING INFORMATION
The following paragraphs contain general information on the operation of the
Generator. This includes all the information required to familiarize 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 RF OUTPUT
connector. In the meter mode of operation, the FM deviation of the signal applied to the
DEVIATION METER INPUT is measured. The RF frequency of the signal being
measured may be programmed. Operation of both modes is described throughout this
manual.

2-11. 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.

2-12. 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.¢., the deviation meter mode is off. The
power-on values of the deviation meter are as follows:

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

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

@MODULATION A three-digit display, with associated indicators used to
DISPLAY display the AM depth, FM deviation, source of modutation
FIELD signal, and modulation freguency. In the meter mode, the
measured FM deviation is displayed in this field.
INT AM Indicates that the internal modulation oscitlator signal
is amplitude modulating the Generator,
EXT AM Indicates that the Generator is amplitude modulated by the
signal connected to the MOD INPUT connector.
INT FM Indicates that the internal modulation oscillator signal
is frequency modulating the Generator.
EXT FM Indicates that the Generator is freguency modulated by the
signal ‘connected to the MOD INPUT connector.
STEP Indicates that the STEP [*] or [vl keys (Step Entry)
affect the current Modulation disptay value.
% Indicates that the value displayed is the AM Depth in
percent.
kHz Indicates that the value displayed is the FM Deviation
DEV in kHz. In the deviation meter mode, the value displayed

is the FM deviation in kHz of the signal connected to the
DEVIATION METER INPUT connector.

400 Hz Indicates that the internal modulating frequency is 400 Hz.
1000 Hz Indicates that the internal modulating frequency is 1000 Hz.
EXT HI Indicates that the external modulation signal is more than

2% above the nominal 1V peak requirement for calibrated
operation.

EXT LO Indicates that the external modulation signal is more than
2% below the nominal 1V peak input requirement.
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Table 2-1. Front Panel Controls, Indicators, and Connectors (cont)

FREQUENCY
DISPLAY
FIELD

STEP

REL

AMPLITUDE

DISPILAY

vagirenid

FI1ELD

STEP

REL

dBm

v

uv

mV
STATUS
DISPLAY
FIELD

EXT REF

REJ ENTRY

UNCAL

RF OFF

REMOTE

ADDR

SRQ

An 8 1/2-digit display, with two indicators used to
display the output frequency of the Generator and the
input frequency of the deviation meter. Also used to
display the special function code, status error codes, or
the memory location being stored or recalled, as well as
relative and actual frequency, when 'REL' is lit, and
step frequency.

Indicates that the STEP [*] or [¥) keys (Step Entry)
affect the output frequency.

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

A 3 1/2 digit display, with sign and six indicators,
+n Aien

ueed
used

fav +ha Aiitniir amnl 3+10da Af +ha Camaratan
pLay e VUL UL QUML) LUUT wvi S 1A uciic i awwvig

into a 50-ohm load. In the deviation meter mode, the peak
being measured is displayed in this field. '"P'" indicates

the positive peak and "-P" indicates the negative peak.

Indicates that the STEP [4] or [¥] keys (Step Entry)
affect the output amplitude.

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

Indicates that the output amplitude is in decibels
relative to 1 milliwatt.

Indicates that the output amplitude is in volts.
Indicates that the output amplitude is in microvolts.
Indicates that the output amplitude is in millivolts.
The status display field is composed of seven indicators
used to denote the current status of the Generator or

instrument entry.

Indicates that the rear panel REF switch is in the EXT
(external) position.

Flashes when an invalid entry is made.

Lights when a parameter entry is outside its specified
range. This indicator flashes when any of the internal
DAC's are over or under—-flow or when any abnormal
operation is detected.

Lights when the RF OUTPUT is disabled. This indicator
flashes when the Reverse Power Protector (RPP) circuit
has tripped.

Lights when the Generator is in the remote (IEEE-488
Interface) mode of operation.

Lights when the Generator is addressed to Listen or talk.

Lights when the Generator has asserted the IEEE-488
SRQ signal.
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Table 2-1. Front Panel Controls, Indicators, and Connectors (cont)

MODULATION
ON/OFF

INT AM

INT FM

EXT AM

EXT FM

400/1000

@ FUNCTION

FREQ
AMPL

AM
FM

SPCL

STEP

Used to select type, source, and frequency of modutation.
With the exception of the [400/1000] key, these keys
operate as independent push~on/push-off switches for

the given function. Any combination is al lowed.

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

Enables internal frequency modulation at the frequency
annunciated by the '400/1000' Hz indicator. In the
meter mode, toggles the deviation peak between + and -.

Enables external amplitude modulation using the signal
applied to the MOD INPUT connector.

Enables external frequency modulation using the signal
applied to the MOD INPUT connector.

Atternately sets the internal modulation oscillator's
frequency to 400 or 1000 Hz. The selected frequency is
displayed only when INT AM or INT FM js enabled. In the
meter mode, toggles the deviation meter range between

50 kHz and 500 kHz.

With the exception of the L[STEP] and [SPCL] keys, these
keys operate as interlocked switches that select the
parameter to be entered or edited. For the [FREQ],
CAMPL], [AM], and [FM] FUNCTION keys, the bright digit
appears in the corresponding display of the selected
function,

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

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

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

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

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

After one of the four parameter functions has been
selected for programming, pressing this key allows you to
program a step-wise change to that parameter. The step
increase or decrease is then performed every time the
STEP [4] or [¥] key is pressed,

A 10-digit (plus sign and decimal key) keypad used for
entering a parameter's value, the special function code,
or a memory recall/store location.
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Table 2-1. Front Panel Controls, Indicators, and Connectors (cont)

RCL

SEQ

MHz |V

dB(m)

kHz |mV

Hz juV

CLRILCL

STEP

M

]

Used with the DATA keys to store the current instrument
state in a memory location. Memory locations 01 through
03 are available.

Used with the DATA keys to recall an instrument state

from a memory location. Memory locations 01 through 03 are
available for operator-stored states; memory location 98
contains the Instrument Preset State (see Table 2-3).

Sequentially recalls. in increasing location order. the
instrument states stored in memory. While the [SEQJ key
is pressed., successive memory locations are displayed
and recalled.

These keys, with the exception of [CLR|LCL], serve as the
terminating keystroke of a function entry, thereby causing
the Generator to be programmed. The amplitude units keys
are also used during Amplitude Units Conversion entries.

Used with the [FREQJ, [FMI, and CAMPL] function keys to
program the numerical DATA entries in terms of megahertz
(frequency or frequency modulation) or volts (amplitude).

Used with the [AMPL] function key to program the numerical
DATA entries in terms of decibels per milliwatt.

Used with the [FREQJ, [FM], and [AMPL] function keys to
program the numerical DATA in terms of kilohertz
(frequency or frequency modulation) or mitlivolts
(amplitude).

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

Used with the C[FREQ], [FM3, and [AMPL] function keys to
program the numerical DATA in terms of hertz {(frequency
or frequency modulation) or microvolts (amplitude).

when the Generator is in local operation, this key is
used to clear the current entry and returns the Generator
to the previous state. When the instrument is in remote
operation, this key is used to return local control.

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

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

After a parameter is set to the step function mode, and
the 'STEP' indicator appears in the display field, this
key decrements the parameter by the step value previously
programmed.
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Table 2-1. Front Panel Controls, Indicators, and Connectors (cont)

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

] Increases the bright-digit value.

[€] Moves the bright digit one digit to the left.

] Decreases the bright-digit value.

31 Moves the bright digit one digit to the right.
(izb STATUS A push-and-hold key that displays the Uncal and Reject
N~ Entry status codes in the MODULATION, FREQUENCY, and

AMPLITUDE display fields.

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

@ Connector A BNC connector for input of a 1V-peak, external
modulation signal.

(::) Connector A standard RF connector at the output of the Generator.

‘!3 POWER A push-on/push-off detent switch that applies line power

to the Generator.

(::) Connector A BNC connector for input of 5V rms MAX signal to be
measured by the FM deviation meter.

2-13. 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.

2-14. 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 parameteris ready to be
programmed or changed.

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

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

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

Once a function is selected, that parameter or feature remains in the active programming
mode until a new function is selected. Data for a selected parameter must be followed by
a unit value and must be within the range specified for the function. The display field
flashes and the ‘REJ ENTR Y ’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 or by selecting
another function.

2-15. 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 [¢] or [9] EDIT keys to position the bright digit to the desired
resolution, and use the [4] or [¥] EDIT keys to increase or decrease the value
of the bright digit.

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

The repeat rate of the [ ] or [$ ] EDIT keys may be changed to a faster or slower rate (a
medium repeat rate is the default) with a special function code. Refer to the paragraphs
on Special Function and the reference pages in this section for the method and code.
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Figure 2-4. Rear Panel Control, Connectors, and Switches

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

1. AC INPUT Permits operation from 115 or 230V ac. The number
visible through the window on the selector card
indicates the nominal Line voltage to which the Generator
must be connected. The Line voltage is selected by
orienting the selector card appropriately. A 1 1/2-ampere
fuse is required for 115V operation, and a 3/4-ampere
fuse is required for 230V operation.

2. REF INT/EXT Permits selection of the Generator frequency reference.
When set to INT, the Generator operates on the internal
reference. The internal 10-MHz reference signal is
available at the 10 MHZ IN/OUT connector as a TTL level.
When set to EXT, the Generator reference is the 10-MHz
TTL signal applied to the external 10 MHZ IN/OUT connector.

3. 10 MHZ 10 MHZ IN/OUT connector (BNC) provides a 10-MHz TTL signal
IN/OUT when the Generator is operating on the internal reference,
or accepts a 10-MHz TTL signal when operating on external
reference.

4, IEEE Allows remote operation of the Generator via the
CONNECTOR IEEE~488 bus.

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

FUNCTION SETTING
FFrEQUENCY & & & & o « = o & & o s s s a s o » s » s o = » o & 300.00000 MHz
Frequency StepP o« o o s o o 5 s o = s s s » » o s s s o s o ¢ & 1.00000 MHz
Amplitude . v & o ¢« & & o o« & e e e s s s s s s as e e e e e -10.0 dBm
Amplitude Step o « o » s o s o o o o = 5 2 s o o 8 a o o » « e s« . 1 dB
Modulation Rate o & o 2 o o 2 o o 2 s » 2 s = s o« o a s s = « « +» « 1000 Hz
AM Depth ¢ &+ 4 o 4 & ¢ a o o 2 o = s & « o o o o 5 » e e s s e s e e s 30%
AM Depth STEP o o ¢ o o s o o o 5 = 5 s s 2 « ¢ = o s o 5 s o a s s 5 & 1%
FM Deviation o« « o o o o 2 o o =2 @ s o o 8 « o s s s a o s o s s o = 50 kHz
FM Deviation Step v o « o o o o o 2 a « 5 s o a s 2 o o s 2 o = o » 1 kHz
Modulation Display o o« o o o o 5 o 2 o o o « s o s o s »a s o s » » AM Depth
Bright-Digit LOCAtioN + & o & & o o o o s = o » o« » Frequency Bright Digit
Frequency Bright-Digit POSItioN .+ & & & o 4 o o o o o « » 2 « s o 1 MHz
Amplitude Bright=Digit POSition . & ¢ v & o & o ¢ o « 5 a = s = o & 1 dBm
AM Bright=Digit POSTtion & & &+ & & o a o o o s o o = s » s s s s s o & o 1%
FM Bright-Digit POSTtioNn o « v o o « o o o = 2 = = 2 = « « s« o & s 100 Hz
Special FUNCLIONS & & & &+ 4 o o o 2 o & s 5 a s s s o » =« &= 20,30,70,80,90
INT AM e s s e e a s e a s 2 s s s s s moaw s ase s s seae e off
EXT AM . i ot i i 4 s a4 v w s 5 s & 8 s s o 85 2 8 » s & 5 s 2 e e o & » otf
INT FM o ot s e s 6 & s & & o s 5 o 2 s a o & s s & s s s 5 » a = @ . . Off
EXT FM & v 4 4 6 s o & 5 s &« s s = 8 = 5 = o s o o 2 s s o o o & 8 » & off
Step Function . . . « « . P e s s s e a e e s s e s e e e Frequency Step

2-16. 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 [4] 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 [4] 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 [4 ] 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.

2-17. 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 acomplete
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 RF OUTPUT [ON/OFF] key allows the operator to enable or disable the RF
output of the Generator. This feature is useful in zeroing a power meter, finding the noise
floor of a system, or determining the presence or source of an unknown signal.

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

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

2-20. Deviation Meter

In the meter mode, the deviation meter measures FM deviation for RF frequencies
between 30 and 500 MHz. There aré 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

10
11

12
13

14

15
20

21
30

Clears all currently set special functions.
Initiates self tests.

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

Set IEEE-488 SRQ signal.

Reset IEEE-488 SRQ signal.

Display instrument software revision Level.
Information appears in the MODULATION and FREQUENCY
display fields for approximately 3 seconds or until
another key is pressed.

Disptay IEEE-488 mode and address in decimal form.
Display self-test results. Zeros in the display
fields indicate that the self-tests have passed. See
Section 4 for details of the self-test display.
Turn on displays.

Turn off att displtays. ALL other functions still
operate.

Initialize memory locations to Instrument Preset
State. 'Sto' appears in the FREQUENCY display field
for 3 seconds. If during this time, the L[STO] key is
pressed, all memory locations are initialized.
Latch test. This test is described in Section 4.
Disable Relative Frequency. See reference page on
Relative Function.

Enable Reltative Frequency. See reference page on
Relative Function.

Disable Relative Amplitude. See reference page on
Relative Function.

Enable Relative Amplitude. See reference page on
Retative Function.

Disable meter mode operation.

Enablte meter mode operation.

Set repeat rate for EDIT and STEP keys to medijum.
Set repeat rate for EDIT and STEP keys to fast.

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

is not c¢ritical, level correction circuitry can be
disabled for improved programming speed. Level
accuracy may be up to 7 dB low.

Disable attenuator correction. Useful as a
troubleshooting tool. RF input to attenuator is
flat.

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

Disable Amplitude Fixed Range. See reference
material on Amplitude Fixed Range.
Enable Amplitude Fixed Range. See reference
material on Amplitude Fixed Range.
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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
and relative -oipie—raixtions. The frequency display is a fixed-point display in MHz. The
amplitude display is fixed point while displaying dBm but is floating point when
displaying voltage units.

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

Command Syntax
Select Function — Enter Data — Select Unit

Summary
COMMAND RANGE RESOLUTION NOTES

Set Frequency

Local: L[FREQ] -—- DATA =-- [MHz}V1l 0.01 to 520 MHz 10 Hz 1,2.6
CkHz ImV]
fHz juvl

Remote: "FR" -- float -- "G7" 0.01 to 570 MHz 10 Hz 1,3,6
HMZ "
ngz
“HZ“

Set Amplitude
Local: C[AMPL] =-- DATA -=- [dB(m)3] -127 to +13 dBm 0.1 dBm 2.4,5,7
[MHz (V] 0.1 w to 1V 3 digits

[kHz imV]
C{Hz fuv]

Remote: "AP" -- float -- "DB" -127 to +13 dBm 0.1 dBm 3,4,5,7
Yy 0.1 uw to 1V 3 digits
My
nyy
‘INV.“

Example

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

Local: CFREQ] (1] CO1 C.1 C73 (MHz|V]
fAampLd [-1 71 [.3 €53 {dB(m)]

Remote: "FR1N,7MZ .AP-7.5DB"

2-15
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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-147.4t0-127.1 dBm and from +13.1 to +19
dBm.

S. Amplitude ranging occurs at 14V, 14V, 18V, ... %3V with AM off and U4V, 4V,
1/16V, ... 4**V with AM on.

6. Inthe meter mode of operation, the allowed frequency range is 30 to 500 M Hz.

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 NOTES

Enable Fixed Range

Local: (spcL] [9] -~ [13 1,3
Remote: '"SpP" "9" -- "

Disable Fixed Range
Local: [SPCL] (91 -- [0 2,3

Remote: "SP" "9" -— ng"
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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.

tocal: [AMPL] C[-1 [2] [5] EMHziV] CspcLl €91 1]

Remote: "AP.25V.SP91"

Notes

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

2. With amplitude fixed range disabled, amplitude ranging occurs at AV, Y4V,
V. ... 167V with AM off and 4V, 4V, 1/16V, ... %~V with 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 Function — Select Unit

Summary
COMMAND NOTE
Convert dBm to volts

Local: CAMPL] -- [MHz|V] 1,2
CkHz !mV3]
[Hz luv]

Remote: "AP" —-="y" 1,2
My

nuy"
YNy

Convert volts to dBm
Local: [AMPL] -- [dB(m)1

Remote: "AP"  -- "DB"
Example

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

Local: [CAMPL] [MHzIV3]

Remote: "APV"

2-17
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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 RFOUTPUT[ON/OFF] must be enabled for the Generator to produce an output.
(See the reference material on RF OUTPUT ON/OFF Entry.)

Command Syntax

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

Summary
COMMAND NOTES
Edit Frequency
Locat: [FREQ) -- EDIT [€2/[9]1 -- EDIT [M/[NJ 1,2
Remote: "FB" -- float "G7" -=- "KF" float 3,4,5
"MZ"
IIKZ“
IIHZII
Edit Amplitude
Local: CAMPL] -- EDIT [€1/[9] -- EDIT [MN/[NJ 1,2,6
Remote: "AB" -- float "DB" ~= "KA" float 3,4,5,6
"V"
Ile"
lllel
IINVII
Edit FM Deviation
Local: [FMI ~- EDIT [€1/[$]1 -- EDIT [M/[¥] 1,2,6
Remote: "DB" -- float "G7" -- "KD" float 3,4,5,6
IIMZ"
llKle
IIHZII
Edit AM Depth
Local: [AMI -- EDIT [€/(3] -— EDIT [(3/[¥] 1,2,6
Remote: "PB" =-- float "PC" -- "KP" float 3,4,5,6
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Example 1

Edit the displayed amplitude of 9.7 dBm to 10.0 dBm.

Local: Put the bright digit in the amplitude display by pressing
CAMPL]. Select the least significant digit in that display by
pressing EDIT [9 until the bright digit is on that digit.
Increase the value of that digit by pressing EDIT [ 3 times.

Remote: "AB.1DB.KA3"

Example 2

Local: Put the bright digit in the FM display by pressing
[FM1. Select the 1-kHz digit by pressing the EDIT [3]
or EDIT [€] until the bright digit is on that digit.
Decrease the value of that digit by pressing EDIT [NJ
twice.

Remote: "DB1KZ.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. Inremote, the bright digit is moved to the corresponding field and is increased
or decreased by the signed integer following the “KF, KA ,KD,KP” messages.
The generic edit command “KB” may also be used to edit up or down the
current bright-digit position. Positive integers do not require a sign.

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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2-20

2-28. Deviation Meter Entry

To enable the deviation meter mode enter [SPCL][6] [1]. To return to the generator
mode enter [SPCL] [6][0]. 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, 10,11, 12,13,14,15,20,21.60,61.70,71,
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 RF frequency is greater than 500 MHz, 500 MHz is
programmed; and if the RF 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 on/off
Local: LspPcL]) [61 -- [1] or [02 1,2
Remote: "SP6" -- "1 or "0" 1,2
Meter peak
Local: C[INT FM] (+/- PEAK) 1.3
Remote: “PK" "0" or "1" 1,4

Meter range
Local: [400/1000]1 (500/50 kHz RANGES) 1,5

Remote: 'DR" "0" or "1" 1,6

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, | 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 510 kHz.

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

The reading may be invalid for three reasons. The 6060A/ AN RF 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:

Character

Number Values Description

1 “+” or -7 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 “+m Positive exponent

8,9 “37 67, “9” Normal, invalid, overrange reading

10 (EOR) The end of record character
Example

“+123.E+3” (EOR) Positive peak, deviation of 123 kHz.
“-10.0E+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 RF 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
2-21
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Summary
COMMAND NOTES
Store
Local: (STO01 -- [nl [nl 1,2,3,7
Remote: "ST" -- int 1,4,7
Recall
tocal: C[RCL] -- [nl [nl 1,2,3,8
Remote: "RC" -- int 1,4,8
Sequence
Local: [SEQl 5,6,8
Remote: "SQ" 5,8
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 (2.

Local: [RCL] [91C8) EDIT [ [~] [sT0l LOIC2]

Remote: "R(C98,KF2,ST2"

Notes

1. The memory locations available for operator use are 0l 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. Inlocal 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 01.

2-22
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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 or
FM deviation), internal modulation rate (400 or 1000 Hz), and how to select the
modulation source (internal and/ or external).

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

Command Syntax

Select Function — Enter Data — Select Unit

Summary
COMMAND RANGE RESOLUTION NOTES
Set AM Depth
Local: C[AM] =-- DATA -- [%] 0 to 99% 1% 1,2,10
Remote: "AM" -- float -~ "PC" 0 to 99% 1% 1,3,10
Set FM Deviation
Local: [FM] -- DATA -- [MHzIV] 1.00 to 9.99 kHz 0.01 kHz 1.,4,10
CkHz ImV] 10.0 to 99.9 kHz 0.10 kHz
[Hz tuv] 100. to 500. kHz 1.00 kHz
Remote: "FM'" -- float —— "GZI" 1.00 to 9.99 kHz 0.01 kHz 1,3,4,10
"Mz 10.0 to 99.9 kHz 0.10 kHz
Kz 100. to 500. kHz 1.00 kHz
IIHZ"
Summary
COMMAND NOTES

Select Modulation Rate

Local: ([400/10001] 5,10
Remote: "MR"™ "0" or "1" 6,10

Summary
COMMAND NOTES

Enable or Disable Modulation

Local: C[INT AM] 7,8,10
CINT FM]
CEXT AM]
[EXT FM1

Remote: "AI' "0" or "1" 9,10

WEIM nQ" op MM
MAET" "0" or "¢
NEE'" "QY or M1
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2-24

Example

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

Local: ([FM] [5] [kHzl CINT FMJ [400/10001

Remote: 'FM5KZ.MRO,FI1"

Notes

1. 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 orequal 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; “1” selects 1000 Hz.
7. These are ON/OFF operations; any combination is allowed.

8. Two indicators ‘EXT HI’and ‘EXT LO" are lit when external modulation is on
to indicate that the external modulation signal is 29 above or 29 below the
nominal 1V peak input requirement.

ul”

9. “0” turns the modulation source off; 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
tocal: [SPCL] [2] -- [0] or [11 1
Remote: ''SpP" "2" - ng" or rqn 1
Amplitude
Locat: (SPCL] [3] -- (0] or [1] 1,2
Remote: "SpP" "3" -~ "Q0" or '"1" 1,2
Example

Set the amplitude to -15 dBuV; i.e., 15 dB below 1 microvoit.

Local: [AMPL] [13 CHzJuvl C[SPCLI 3] C13 CAMPL] C-] C1] [5] CdB(m)]

Remote: "AP1UV.SP31,AP-15DB"

Notes

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

Command Syntax

RF Output On/Off

Summary
COMMAND NOTES
RF Output On
Local: RF OUTPUT [ON/OFF) when 'RF OFF' is on 1,2
Remote: "RO1" 1,2
RF Output Off
Local:; RF OUTPUT [ON/OFF1 when 'RF OFF' is off 2
Remote: “ROQ" 2
Notes

1. Turning the RF Output on resets the RPP circuitry if it has tripped.

2. RF 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 0(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 1s pressed.

Command Syntax
Select Special Function — Enter Special Function Code

COMMAND NOTES
Locat: [SPCL] == [n] Cnd

Remote: "SP" -- int 1,2
Example
Change the repeat rate of the EDIT and STEP keys to slow.

Local: [SPcL] (7] [23

Remote: "SP72"
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Notes
l. int equals unsigned integer.

2. The following special functions are not allowed when in the meter mode of
operation: 30/31, 80-86, 90/91.

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

Fixed Range

Relative Function
2-34. Status and Clear Entry
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 = Indicates no UNCAL conditions
001 000 000 = FM deviation < 1 kHz
002 000 000 = FM deviation > S0 kHz and freq <= 5 MHz

*004 000 000 Excess FM deviation, main or reference PLL untocked

*000 010 000 = Main or reference PLL unlocked

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

Amplitude unleveled

Fixed-range level vernier at O

Fixed-range lLevel vernier at full scaie

RPP tripped

Level betow =127 dBm

Level correction disabled

RF output off

000 000 001
000 000 002
*000 000 004
*000 000 010
*000 000 020
*000 000 040
000 .00 100
000 000 200
*000 000 400

Hoarn o mou N
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Table 2-6. REJect ENTRY Codes

CODE DESCRIPTION
001 000 000 = FM deviation 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 between 0 and 99%
020 D00 000 = IEEE-488 command syntax error
040 000 000 = IEEE-488 input value out of range
200 000 000 = 1EEE-488 edit or step operation beyond allowed range
400 000 000 = Entry not allowed while in the meter mode
000 001 000 = Frequency not between 0.01 and 520 MHz or 30 and 500 MHz
in the meter mode
000 004 000 = Frequency step not between 0 and 520 MHz
000 040 000 = Invalid memory location
000 100 000 = Invalid data in memory
D00 200 000 = Special function not allowed
000 000 001 = Output amplitude not between 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
000 000 020 = Amplitude step not between 0 and 166 dB or 0 and 1999V
000 000 040 = Units conversion on amplitude step not allowed
000 000 100 = Amplitude step and current amplitude display not in same units

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

2-35. Step Entry

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

Command Syntax

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

Summary
COMMAND RANGE RFSOLUTICON NOTES
frequency
Local: [FREGIFSTEP]~~DATA —-[MHz[V] —- STEP [MM/[N3J
[kHz ImV]
CHz fuvl
0 to 520 MHz 10 Hz
Remote: "FS" --float--"62"  -- “FU"/"FD"
IIMZII
IIKZII
“HZ"
0 to 570 MHz 10 Hz 1,2




INSTALLATION AND OPERATION

Amplitude
Local: CAMPLITSTEP]--DATA --[dB(m)1 ~- STEP [M/(N]
[MHz 1Vl
CkHz [mV3
[Hz luvl
0 to 166 dB 0.1 d8
0 nv to 999 V3 digits
Remote: "LS" --float--"DB" -~ "Ly"/"p"
IlV‘I
"lel
lluvll
IINVI'
0 to 166 dB 0.1 dB 1,2.3
0 nV to 999V 3 digits 1,2,3
FM deviation
Local: CFMILSTEP] --DATA —--[MHzIV] -- STEP [1/[N]
[kHz ImV1
[Hz uv]
0 to 500 kHz 3 digits
Remote: "DS" --fLoat--"G7" -= "py"/"odp"
IIMZGI
"KZ"
IIHZII
0 to 500 kHz 3 digits 1.2,3
AM depth
tocal: C[AMI[STEPY =-DATA --[%] -~ STEP (/3]
0 to 99% 1%
Remote: '"PS" --float=~"PC" ~= "Py"/"pp"
0 to 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.
Local: CFREQ] [STEPI  [11 [01 CMHzIV]  [¥41 (N1 C[NASTEP
Remote: “FS10MZ,FD,FD, FD"

Notes

[. float equals floating-point number.

2. FEntering the step size from IEEE-488 does not select the step function. For
example, “FSI0MZ™ does not select the step function. “FD” or “FU” must be
used to select the frequency step function. The generic step up/down commands
“SU” and “SD” may be used to step the current step function.

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 REF INT/EXT switch). The [EEE-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 tlmmg 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-ilable 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 /AN Generator (or a Fluke 6070A/6071A, 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:

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

NOTE

When using an IEEE-488 cable with a metallic hood, the IEEE-488 Interface
signal SHIELD (pin 12) can be disconnected from instrument ground. To do
this, use the lefi-most address switch (as viewed from the rear panel).

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

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

b. For talk-only operation, set the TALK ONLY switch to | (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 6060A/AN

i % r IEEE-488 bus

FERITA

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

NOTE

The address switches are continuously monitored except when in remote. The
TALKONLY and LISTEN ONLY switches 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
[EEE-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 2-7is 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 COMMAND HEADERS

Amplitude Entry AP, SP3x, RA, SP8x, SP9x

Binary Learn Commands LI, LM

Clear Commands (B, CE, CL

Edit Entry AB, DB, FB, PB, KB, KA, KD, KF, KP

Frequency Entry FR, SPZ2x, RF

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

Interrogate Commands Ip, IE, II, 10, IR, IT, IU, IV

Memory Entry RC, ST, sSQ

Meter Entry DR, PK, SP6x, XM

Modulation Entry AM, AE, AI, FM, FE, FI, MR, MF

Monitor Commands 18, 08, 0D, RB, RW, DW, WB, WW, XA, X8, XD, XR

RF ON/OFF Entry RO

Special Function Entry SP

SRQ Commands IM, SM, XF

Step Entry Fs, LS, Ps, DS, suU, Sp, FU, FD, LU, LD, PU,
Pb, DU, DD

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

COMMAND COMMAND COMMENTS
USE HEADER|NUMERIC| SUFFIX
AMPLITUDE ENTRY
Program AP float Programs displayed amptitude
Amplitude in units of:
v volts
MV mil livolts
uv microvolts
NV nanovolts
DB dB or dBm
Convert AP none Changes amplitude units to:
Amplitude \Y volts
Units MV volts
uv volts
NV volts
0B dB8 cr dBm
Relative SP 30/31 none Disables/enables relative
Amplitude amplitude operation
Relative RA 0/1 Alternate programming command
Amplitude for disable/enable relative
amplitude operation.
Level SP 80 none Enabltes all level correction.
Correction 81 Disables all level correction.
82 Disables attenuator correction.
Amplitude SP 90/91 none Disables/enables amplitude
Fixed Range {ixed-range operation.
BINARY LEARN COMMANDS
Store a LI int string| The Generator stores the
Front Panel string into the memory
Setup Location specified by int.
See the Command Description
paragraph for decoding the
learn string.
Send a LM int none The Generator responds with
Front Panel the contents of the memory
Setup Location specified by int.
See the Command Descriptions
paragraph for decoding the
learn string.
CLEAR COMMANDS
Clear IEEE- CB none none Clears IEEE-488 output
488 OQutput buffer.
Buffer
Clear error CE none none Clears the IEEE-488 rejected
entry status.
Device CL none none Clears the instrument state.
Clear
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Table 2-8. IEEE-488 Commands (cont)

EDIT ENTRY
Position AB float v Positions the bright digit in
Amplitude My the AMPLITUDE display with
Bright Digit uv the stated resolution. Ffor
NV example, enter "ABI10OMV" for
e a 10-mV resolution.
Position bl:] float GZ Positions the bright digit in
FM Bright Mz the FM display with the stated
Digit KZ resolution. For example, enter
HZ “pDBI1KZ" for a 1-kHz resolution.
Position FB float GZ Positions the bright digit in
Fregquency MZ the FREQUENCY display with
Bright Digit KZ the stated resolution. For
Mz example, enter "FBIMZ'" for a
1-MHz resolution,
Position P8 float PC Positions the bright digit in
AM Bright the AM display with the stated
Digit resolution. For example, enter
"PB1PC" for a 1% resolution,
Edit KB float none Edits the current bright digit
by float counts.
Edit KA float none Moves the bright digit to the
Ampli tude AMPLITUDE display and edits
amplitude by float counts.
Edit FM KD float none Moves the bright digit to the
FM display and edits FM by
float counts.
Edit KF float none Moves the bright digit to the
Frequency FREQUENCY display and edits
frequency by float counts.
Edit AM KP float none Moves the bright digit to the
AM display and edits AM by
float counts.
FREQUENCY ENTRY
Frequency FR float Programs displayed frequency
Programming in units of:
GZ gigahertz
MZ megahertz
KZ kilohertz
HZ hertz
Relative SP 20/ 21 none Disables/enables relative
Frequency frequency operation.
Relative RF a/1 none Alternate programming command
Frequency for disable/enable relative
frequency operation.
INTERFACE MODE COMMANDS
Error Mode EM 0/1 none Disables/enables the clear

error mode. If disabled, the
IEEE-488 error status is
cleared only when inter-
rogated, If enabled, the
error status is cleared when
a new message is processed.
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Table 2-8. IEEE-488 Commands (cont)

Record Mode

RM

0/1

none

Disables/enables the record
mode. If disabled, the

message unit is a command.

I1f enabled, a message unit

is a record. The message unit
is the smallest group of char
acters that the Generator
processes.

Record
Terminator
Mode

™

0/1

none

Selects the LF/CR character
as the record terminator.

The record terminator is used
on input in the record mode
and is sent following all
output.

Output
Valid
Mode

VM

0/1

none

Disables/enables the output
valid mode. In the output
valid mode, the Generator
waits to process commands
until the RF output has
become valid.

Unbuffered
Mode

UM

0/1

none

Disables/enables the unbuffered
mode. If disabled, all input

is buffered. If enabled, only
one message unit is buffered.

"a'" Modes

int

none

The "@" command may be used
as an alternate method of
programming interface modes.

INTERROGATE

COMMANDS

Instrument
Identifi-
cation

1D

none

none

The Generator responds with
its model number, for example,
"6060A7 AN

Deviation
Reading

IF

none

none

Interrogates the FM deviation
meter reading. See Deviation Meter
Entry paragraphs for details.

Interface
Modes

11

none

none

Interrogates the interface
modes selected. The Generator
responds with an unsigned
integer.

Option
Loading

10

none

none

Interrogates the option load-
ing. The Generator responds
with the message:

"s.0.1".

Rejected
Entry

IR

none

none

Interrogates the rejected entry
error codes. The Generator
responds with three octal
fields: '"AAAAA,BBBBB, CCCCC".
See Table 2-6 for a list of
rejected entry error codes.

Self Test

IT

none

none

Interrogates the results of
the self tests. The
Generator responds with the
self-test results. See para-
graph 4D-20 for self-test
codes.
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Table 2-8. IEEE-488 Commands (cont)

UNCAL

I

none

none

Interrogates the uncali-
brated output error codes.
The Generator reponds with
three octal fields:
"AAAAA,BBBBB, CCCCC".

See Table 2-5 for a list of
uncal error codes.

Software
Version

v

none

none

Interrogates the software ver-
sion. The Generator responds
with the status message:
"Vxx,x" where x's are decimal
digits representing the
current software revision
level.

MEMORY ENTRY

Recall

RC

int

none

Recalls the front panel setup
stored at the memory location
specified by int.

Store

ST

int

none

Stores the current front panel
setup at the memory location
specified by int.

Sequence

SQ

none

none

Sequences to (recalls) the
next higher memory tocation.

METER ENTRY

Range

DR

0/1

none

Selects 500/50 kHz deviation
range for meter mode
operation.

Peak

PK

0/1

none

Selects positive/negative peak
for meter mode operation.

on/off

SP

60/61

none

Disables/enables the meter mode
operation.

MODULATION EN

TRY

Program AM

AM

float

PC

Programs AM depth in percent,

External AM

AE

0/1

none

Disables/enables external AM
modulation.

Internal AM

Al

0/1

none

Disables/enables internal AM
modultation.

Program FM

FM

float

G2
Mz
KZ
HZ

Programs FM deviation in units
of:

gigahertz

megahertz

kilohertz

hertz

External FM

FE

g/1

none

Disables/enables external FM
modulation.

Internal FM

FI

0/1

none

Disables/enables internal FM
modulation,
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Table 2-8. IEEE-488 Commands (cont)

Program MR 0/1 none Programs modulation frequency

Mod Freq to 400 Hz/1000 Hz.

Program MF float Programs modulation freguency

Mod Freq in units of:

GZ gigahertz
Mz megahertz
KZ kilohertz
HZ hertz
MONITOR COMMANDS
Input Bit 1B none BIT Responds with the value of the
Pesig-| designated hardware bit.
nator
Output Bit 0B 01 BIT Sets the designated hardware
pesig-] bit to O or 1.
nator
Qutput Dac 0d int DAC Sets the value of the desig-
Desig-| nated hardware DAC to the
nator| value specified by int.

Read Byte RB int none Reads the value of the ad-
dressed byte. The Generator
responds with an unsigned
integer.

Read Word RW int none Reads the value of the ad-
dressed word., The Generator
responds with an unsigned
integer.

Define DW int none Defines the address to be

Write used by the write byte/word

Address commands.

Write Byte WB int none Writes int into the address
specified with the define
write address command.

Write Word WW int none Writes int into the address
specified with the define
write address command.

Read XA none none Reads the current attenuation.

Attenuation The Generator responds with
an unsigned integer.

Write XB none none Changes attenuation to 6 dB

Attenuation times the unsigned integer.
The integer can be 0 to 23.

Set XD float GZ Sets the frequency hardware

Freguency Mz directly to the specified

Direct K2 synthesizer frequency.

HZ

Read XM none none Reads the current deviation

Deviation meter (A/D) value. The

Meter Generator responds with an

Direct unsigned integer.
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Table 2-8. IEEE-488 Commands (cont)

RF Output XR 071 none "XRO" programs all attenuation.
"XR1" restores attenuation to
its previous state.

RF ON/OFF ENTRY

RF Qutput RO 0/1 none Turns RF output of f/on.

SPECIAL FUNCTION ENTRY

Special SP 00 Clears all special functions

Functions 02 Initiates self test

03 Display check

04 Key check

07/08 Set/reset SRQ

03 Displays S/W rev and instr ID
10 Displays IEEE-488 address

1" Displays self-test results
12713 Turns display on/off

14 Initializes memory

15 Latch test

20/21 Disables/enables relative freg
30/31 Disables/enables relative ampl
60/61 Disables/enables meter mode

70 Medium key repeat rate

71 Fast key repeat rate

72 Slow key repeat rate

80 Enables alt level correction
81 Disables all level correction
B2 Disables attenuator correction
83-86 Programs alternate 24dB attens
90/91 Disable/enables ampl fixed ring

SR@ COMMANDS

Interrogate IM none none Interrogates the SRQ mask. The

SRR Mask Generator responds with the
decimal value of the SRR mask.

Set SRQ SM int none The SRQ mask is set to int.

Local XF 0/1 none Disables/enables a mode to set

Operation SRQ each time a local entry

Alert Mode is made. This SRQ is enabled
by setting the front panel
bit in the SRQ mask.

STEP ENTRY

Program FS float Programs frequency step size

FREG STEP in units of:

Size GZ gigahertz

Mz megahertz
KZ kilohertz
HZ hertz

Program LS float Frograms amplitude step size

AMPL STEP in units of:

Size v volts

MV millivolts
uv microvolts
NV nanovolts
DB dB or dBm
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Table 2-8. |EEE-488 Commands (cont)

Program PS float P Programs AM step size in
AM STEP percent.
Size
Program DS float Programs FM step size in units
FM STEP of:
Size GZ gigahertz
Mz megahertz
K2 kilohertz
HZ hertz
Step Up/Down | SU/SD| none none Steps the currently selected
step function up/down one
step.
Step Up/Down | FU/FD| none none Changes the current step
Frequency function to frequency and steps

frequency up/down one step.

Step Up/Down | LU/LD| none none Changes the current step
Amplitude function to amplitude and steps
amplitude up/down one step.

Step Up/Down | PU/PD| none none Changes the current step
AM function to AM and steps AM
up/down one step.

Step Up/Down | DU/DD| none none Changes the current step
FM function to fM and steps M
up/down one step.

TRIGGER COMMANDS

Configure cT string | none Configures the trigger. Each
Trigger time a trigger command or a
group execute trigger inter-
face message is received, the
Generator executes the

string of commands. The
string record must end with

a record terminator.

Trigger TR none none Trigger command. Equivalent

to the group execute interface
message. Upon processing the
trigger command, the Generator
executes the string, which has
been preprogrammed with the
configure trigger 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:

4.

2-41.

Frequency 210 MHz
Amplitude 6 dBm
Modulation Freq. 1000 Hz
FM SkHz
Internal FM ON

AM 15%
External AM ON

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

Set the address switch of the Generator as follows (as viewed from the rear of

e d o

the instrument):
00000010

Enter the following program into the Controller:

1 ! Fluke 1722A BASIC program to control a 60160A/AN.

2 ! The Address of the 6N60A/AN is 2.

3 AX = 2%

10 ! Clear the 6N60A/AN so that it is in a known state.
15 INIT PORT O

20 REMOTE QAX \ CLEAR A%

100 ! SFT THE 6060A/AN.

110 PRINT QAX, "FR210MZ,AP6DB,MR1,FM5KZ,FI1,AM1ISPC,AE1"
999 END

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

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.
2.

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

Set the rear panel address switch of the first Generator (talker) as follows:
00100000
Set the rear panel address switch of the second Generator (listener) as follows:

01000000

Manually program the talker Generator as follows:

FUNCTION VALUE KEY SEQUENCE
Frequency 210 MHz [FREQ][2] [1]1[0][MHz|V]
Function Frequency [FREQ][STEP]

Step 1.25 kHz (1301121151 [kHz mV]
Manually program the listener Generator as follows:

FUNCTION VALUE KEY SEQUENCE
Frequency 195 MHz [FREQ][1][9] 5] [MHz V]
Step Function Frequency [FREQ][STEP]

Frequency Step 1.25 kHz (11[.1[2]1[5]1 [kHz|mV]
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6. Onthetalker Generator, pressthe [ ] 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
SRQ mask of the Generator is set to generate an SRQ when the RF output has settled
and the Generator is ready for more input from the bus.

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

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

2. Set the rear panel address switch of the Generator as follows:
00000111

3. Enter the following program into the Controller:

1 ! Fluke 1722A BASIC program to control a 6060A/AN.
2 ! The address of the 6060A/AN is 7.

3 AL =77

10 ! Clear the 6060A/AN so that it is in a known state.
15 INIT PORT O

20 REMOTE @AX \ CLEAR aAX

100 ! Set the 6060A/AN.

110 PRINT @A%, "FR210MZ,AP6DB,MR1,FMSKZ,FI1,AM15PC,AET"
120 ! Set the frequency step, output valid mode,

121 ! and configure the trigger buffer.

130 PRINT @A%, “FS1.25KZ,VM1,CTSU"

140 ! Set the SRQ mask to enable "output valid" SR@

150 PRINT aA%, "SM16"

160 ! Wait for above commands to finish processing

170 WAIT 1000 \ SX = SPL (A%

180 ! Trigger the first step up

190 TRIG QA%

300 ! wait for SRQ

310 ON SR@ GOTO 800

320 WAIT FOR SRQ

800 OFF SRQ

810 ! Check the serial poll response

820 SX = SPL(AX)

830 IF (S% AND 64X+16%) <> BOX THEN PRINT sX;" Bad Serial Poll Response™
840 ! Trigaer the next step up

850 TRIG aA%

860 ! Resume operation—— waiting for next SRQ

870 RESUMF 300

999 END

4. Run the program by typing on the Controller “RUN (RETURN) ™.
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2-43. Interface Functions
The Generator implements a subset of interface functions defined by the [EEE 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 DESCRIPTION
SH1 Complete source handshake capability
AH Complete acceptor handshake capability
15 Basic talker, Talk only, Serial poll, Unaddressed if MLA
TED No extended talker capability
L3 Basic Listener, Listen only, Unaddressed if MTA
LEO No extended Llistener capability
SR1 Complete service request capability
RLA Complete remote/locat capability
PPO No parallel poll capability
b1 Complete device clear capability
DT1 Complete device trigger capability
co No controller capability
E1 Open Collector drivers

2-41
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Table 2-10. IEEE-488 Address Mode Message Descriptions

MESSAGE DESCRIPTION
pon
Power-0n
Talker When powered up, the Generator generates a Power-
Operation On message (pon) and clears its output buffer. The
Generator is not addressed to talk when the power
is turned on.
Listener The Generator is not addressed to listen when the power
Operation is turned on.
Service The Service Request (SRQ) signal is always false
Request when the power is turned on. The power-on value of
Operation the SR@ mask is 192.
MTA
My Talk Address
Talker The Generator is addressed to talk upon receipt of
Operation the MTA message. The front panel 'ADDR' indicator is
Lit while the Generator is addressed to talk.
Listener The Generator unlistens witen the MTA message is received.
Operation
MLA
My Listen Address
Talker The Generator untalks when the MLA message is received.
Operation
Listener The Generator is addressed to listen when the MLA
Operatijon message is received. The front panel 'ADDR' indicator
of the Generator is Lit while the Generator is addressed
to Listen.
Data
Talker The Generator sends data to the IEEE-488 bus only when
Operation requested by a programming data message. Message formats
are described in the Command Description paragraphs. An
End of Record (EOR) character is sent with EOI asserted
following all outputs. The EOR character is either a
carriage return or a line teed, depending on the setting
of the terminator mode. The parity bit is always zero.
Multiple output requests are buffered until the buffer
is full. Processing of programming data messages 1is
stopped until the buffer is no Longer full. The buffer
can be cleared with the Clear Buffer command ("CB"). The
buffer is also cleared on power up (pon), with a Clear
Command ("CL"), or with a Device Clear interface message
(DCL or SDC).
Listener Command syntax, error processing, and input buffer
Operation overflow are described in the paragraphs on Command

Processing. Refer to Tabte 2-8 for a list of IEEE-4B88
commands that are recognized by the Generator.
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Table 2-10. IEEE-488 Address Mode Message Descriptions (cont)

MESSAGE

DESCRIPTION

1FC
Interface Clear

Talker
Operation

Listener
Operation

0TA
Other Tatk Address

Talker
Operation

SPE
Serial Poll Enable

Talker
Operation

SPD
Serial Poll Disable

Talker
Operation

ULA
Untisten Address

Listener
Operation

RSV
HRequest Service

Service
Operation

DCL
Device Clear

Clear
Operation

Spc
Selected Device
Clear

Clear
Operation

The Generator untalks and unlistens when the IFC message
is received.

The Generator unlistens and untalks when the IFC message
is received.

The Generator untalks when the OTA message is received.

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

After receiving the SPD message, the Generator resumes
normal talk operation.

The Generator unlistens when the ULA message is
received.

The front panel SRQ indicator is Lit when the rsv

message is sent. The Generator may request service

for several reasons. Each reason tfor service request

can be individually masked with the set mask command
("SM"). The service request mask can be interrogated with
the interrogate mask command ("IM').

The DCL message is jgnored when in local. When the DCL
message is received (during remote operation) the
Generator is cleared. Any characters in the input buffer
are cleared followed by the same operation as the clear
command ("CL"). The operation of the DCL message is
identical to the operation of the selected device clear
(SDC) message. The cleared state of the Generator is
described in the paragraphs on Power-On Conditions.

The SDC message is ignored during local operation.

when the SDC message is received (during remote
operation), the Generator is cleared. Any characters in
the input buffer are cleared followed by the same

operation as the clear command ("CL"). The operation of the

SDC message is jdentical to the operation of the device
clear (DCL) message. The cleared state of the Generator
is described in the paragraphs on Power—On Conditions.
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Table 2-10. IEEE-488 Address Mode Message Descriptions (cont)

MESSAGE

DESCRIPTION

GET
Group Execute

Trigger

Trigger
Operation

Undefined IEEE-488
Commands

The GET message is ignored during local operation. When
the GET message is received (during remote operation),
the Generator executes a command string that has been
preprogrammed with the Configure Trigger command eT' .
The operation of the GET message is jdentical to the
operation of the Trigger ("TR") command.

AlLL undefined 1EEE-488 commands are acknowledged by the
Generator handshake sequence, but no action is 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 (rt]) message is generated by pressing the front panel [CLR|LCL]

key (if the Generator is not in the local lockout mode).

The Generator enters the local lockout mode when the Local Lockout message (LLO) 1s
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 6060A / ANs connected together with the IEEE-488 Bus.
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6060A/AN 6060A/AN

= = ‘ =
L : < IEEE-488 bus R
R ) ] -

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

To 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 to 1, the talk-only
mode is selected.

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

If the talk-only mode is selected, the Generator is always addressed to talk and the front
panel ADDR indicator is always lit. The Step Up (“SU™) or Step Down (“SD”) message
issent when the[#] STEP or[¢ ] STEP front panel keys are pressed. This output is not
buffered and if no listener is connected to the IEEE-488 Interface, no output will be sent.
A carriage return followed by line feed (with the EOl 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 indicator'is always lit. The Generator listens and responds to all data
messages on the IEEE-488 Interface. The response to data messages is the same as in the
addressed mode of operation, except that requests for talker output are ignored.

In the listen-only mode, the talker, remote/local, service request, device clear, and device
trigger interface functions do 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:

@...+-CRLF

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)Y(NUMERIC)
(HEADER)Y{NUMERICXSUFFIX)
(HEADERY{SUFFIX)

“. 9

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

“l”

Boolean numeric data must be either a “0” or a . 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.

dig

{ dis }
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. “TMO0” 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.

6,9 (TR}

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

EOR

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 2-11.

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 2-11. Suffix Types

SUFFIX TYPE SUFFIX MNEMONIC EQUIVALENT EXPONENT
Frequency and FM Gz gigahertz 9
M2 megahertz 6
Kz kilohertz 3
HZ hertz 0
Anplitude v volts ‘ 0
MV millivolts -3
uv microvolts -6
NV nanovolts -9
bB dBm or dB 0
AM PC percent Y

DAC/BIT Designators DAC and BIT designators
are two alpha-character
mnemonics that refer to
hardware dacs and bits.
Refer to the paraygraphs
on Monitor Commands for
a complete List of

designators.

Learn Suffix A Llearn suffix is a
string of ASCII
characters that contain
coded memory location
contents. Refer to the
paragraphs on Binary
Learn Commands for
decoding of the learn
string.

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

NOTE

The (EOR) , end of record character, is sent with EOI asserted. “TM0”
selects the linefeed character, and “TM1 "selects the carriage return character.
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IEEE-488 Command: “LM98”

Response:

“BOABAAAAPPJMAAA KAAAAAAAABBOBKKAAAA 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

The Generator stores the learn string in the memory location designated by the memory
location code. If the memory location specified is 99, the instrument is programmed to
the data sent in the learn string.

Example

To program the Generator to the Instrument Preset State:

“LI99BOABAAAAPPIMAAAKAAAAAAAABBOBKKAAAAAP
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.

b.

C.

Multiply the most significant hexadecimal digit by 16.
Add the next significant digit to the value obtained in Step a.

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

NOTE

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

d.

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

Example of Instruction I:

To convert hexadecimal number 1E:

(1*16)+ 14 =30

(Since the most significant digit is 1, the number is not negative.)
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To convert hexadecimal number FF9C:
((((15* 16) + 15) * 16) + 9) * 16) + 12 = 65436
(Since the most significant digit is F, the number is negative.)

Using Step d: 16* = 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. Iftheresolutionis A or B (hexadecimal), the resolution of the numberis 0.1
dBm or 0.1 dB units.

Example: The Displayed Amplitude (in this figure) is -100 with a resolution
ol A,

b. The actual displayed amplitude is -10.0 dBm.

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

4. Ifthe Relative Frequency mode is off, the data stored in thereference frequency
location is not used.

5. FM and FM Step guantities 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. Memory 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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Character Position 1 {2 [3 |4 |S |6 |7 [8 |9 |10]11(12{13}14[15]|16]17]18

Character B {0 |A B |A |JA JA A [P P |J M JA |A JA |K JA |A

19}120121]22(23|24|25]|26127|28129(30|31|32]|33|34{35|36(37({38(39]40|41

42163166145 66147]48149|50(51]52(53]54155|56|57[5859]{60(61]62]63164

AM Depth
CHAR. POS. 1 2
CHAR. B 0
HEX EQIV. 1 E
INSTRUCTION 1 .

|

VALUE 30 %

AM Step
CHAR. POS. 3 4

CHAR. u B
HEX EQIV. u 1

INSTRUCTION 1

VALUE 1%

Reference Amplitude

CHAR. POS. 5 6 7 8 60
wo.  EEE
HEX EQIV. u n u 0 A

INSTRUCTION 1 and 3 2

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

CHAR.

HEX EQIV.

INSTRUCTION

VALUE

RESOLUTION

RESULT

CHAR. POS.

CHAR.

HEX EQIV.

INSTRUCTION

VALUE

RESOLUTION

RESULT

CHAR. POS.

CHAR.

HEX EQIV.

INSTRUCTION

Displayed Amplitude

12 59

[~ |

- 100
.1 dBm
-10.0 dBm
Amplitude Step
13 14 15 16 58
L
B

10
.1 dB
1 dB
Reference Frequency
17 18 19 20 21 22

1 and 4

Figure 2-7. Learn String Example (cont)
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Displayed Frequency
CHAR. POS. 25 26 27 28 29 30 32

CHAR.

HEX EQIV.

INSTRUCTION 1

300,000,000 Hz

VALUE

Frequency Step

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

CHAR.

HEX EQIV.

INSTRUCTION 1

VALUE 1,000,000 Hz

FM Deviation

CHAR. POS.

CHAR.

HEX EQIV.

INSTRUCTION

VALUE

RESOLUTION

RESULT 5000 Hz

Figure 2-7. Learn String Example (cont)
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CHAR. POS. 45 46 47

CHAR. 2 | A | A | 5 |
HEX EQIV. 0 ﬂ n 1

INSTRUCTION 1

l
VALUE 1
RESOLUTION
RESULT 100 Hz

Data Set #1 (miscellaneous data)

CHAR. POS. 49 50 51 52
CHAR. A _E—‘ H
HEX EQIV. 0 4

o Jjo |1 0 |0 |0 {0 0|1 {0 |0 0 {1 |0 |0
. o —— e —  —
EXT REFJ l—ReLative Amplitude
0 = INT (special function
1 = EXT 3x).
0 =0ff, 1 = 0n
RF
0 = off
1 =0n — Relative Fregquency
speciat function 2x)

External Mod lLevel 0 = off, 1 = on
01 = EXT LO
10 = EXT HI b Step Function
11 = Invalid 001 = FREQ, 010 = AMPL,
00 = valid 100 = MOD

Not Used

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

INTERNAL FM——— 0 = off, 1 =on

0 = off, 1 = on h

EXTERNAL AM

0 =off, 1 =on

Figure 2-7. Learn String Example (cont)
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Checksum
CHAR. POS. 61 62
CHAR. n
HEX EQIV. F
INSTRUCTION 6

Data Set #2 (miscellaneous data)
CHAR. POS. 53 S4 55 56
on HIEJEIE

]

HEX EQIV. 1 0

0|00 | 0 |0 j0 N 0 |0 |0 |0 o1 |11]0

Brightj T,Freq. bright digit
Digit Pos. 0001 = 1st digit
0001 = FREQ 0010 = 2nd digit
0010 = AMPL 0011 = 3rd digit
0011 = AM 0100 = 4th digit
0100 = FM 0101 = S5th digit
0110 = 6th digit
Key Repeat Rate we————-o/ 0111 = 7th digit
(Special function 7x)
00 = MEDIUM Modulation aisplay
01 = FAST 0 =AM, 1 = fM
10 = SLOW
L AM bright digit
AMPL bright digit=—e——i 0 = 1st digit, 1 = 2nd digit
00 = 1st aigit
01 = 2nd digit FM bright digit
11 = 3rd digit 00 = 1st digit
01 = 2nd digit
10 = 3rd digit
Amplitude Special Functions
CHAR. POS. 63
CHAR. A
HEX EQIV. 0
BINARY EQIV. 0 |0 |0 |O
N’ e gt
Amplitude | Amplitude Fixed Range
Correction mm———— (Special Function 9x)
(Special Function 8x) 00 = fixed Range off
00 = AlLL Correction on 01 = fixed Range on
01 = Attenuator Correction off
10 = ALL Correction off

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

LEARN HEXADE CIMAL DE CIMAL
CHARACTER EQUIVALENT EQUIVALENT
A 0 0
B 1 1
¢ 2 2
D 3 3
E A 4
F 5 5
6 6 6
H 7 7
I 8 8
J 9 9
K A 10
L B 11
M c 12
N D 13
0 E 14
P F 15

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 “CL” clear Generator command,
or by the SDC and DCL clear interface messages.

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

The “CL”command is used to clear the instrument state. The same actions are performed
with the SDC and DCL clear interface messages. (In addition, the input buffer is cleared
with the clear interface messages.) The following IEEE-488 commands are performed
with the clear Generator command: “RC98, ROI1, CE, CB, RM0, TM0, EMO0, VMO,
UMO, SM192, SP08, XF0, DW0, DRO, PK0O, 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 RF output has
settled, it can be configured to synchronize itself with the Controller. This eliminates
WAIT statements in the program, which are normally used to allow time for the output
of the controlled device to settle. Table 2-13 lists the Interface Mode Commands.

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 acommand.

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 [EEE-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

1 n tiirne ~ M ACCRGAE GTa reo PR S T
on the setting of the record mode.) When turned off, messages are read from the

IEEE-488 interface to the input buffer of the Generator at the fastest rate. In this mode,
the input buffer may contain up to 80 characters.

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

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

Terminator Mode =1
Record Mode =2
Valid Mode =4
Unbuffered Mode =38
Error Mode =16

For example, to select the record mode and valid mode, the command is “@” 6.
Interface Mode Example
In this example, the RF output of 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 DESCRIPTION COMMAND STATUS
"EM! Error Mode 1 =on, 0 = off
"RM* Record Mode 1 =o0n, 0= off
"M Select Terminator 1= (R, 0 = LF
UM Unbuf fered Mode 1 =o0n, 0 = off
ym Valid Mode 1 =on, 0 = off
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A Fluke 1722A program might look something like:

PRINT @1, 'CL,TM1,RM1,VM1,UM1" ! initialize the 6060A/AN, select modes
PRINT 81, "FR100MZ,AP-25DB" ! program the 6060A/AN

PRINT a2, "7?" ! trigger the voltmeter

INPUT @2, RS ! get the reading

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

NOTE

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

NOTE

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

2-59. INTERROGATE COMMANDS

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

“ID” Give Instrument 1D

“II” Interface Mode Status

“10” Option Loading

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

“TU” 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 (EOR) .

The “II” command interrogates the current selection of interface modes. A 5-digit integer
followed by the (EOR) character is the sum of the modes 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 “5,0,1”.
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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 “IT” command interrogates the Generator for the self-test results. Table 2-14 lists the
self-test error codes. The self tests are performed on the Generator power-up and can also
be initiated with special function 02.

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

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

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

“V1.0” (EOR)

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

MOD FREQ AMPL
aaa -bbb ccc ddd
aaa = Modulation (AM and FM) test results
- = If displayed, indicates the self test did not complete
bbb = Frequency test results
ccc = Digital test results
ddd = Amplitude test results

2-59



INSTALLATION AND OPERATION

2-60

Table 2-15. Input/Output Monitor Commands

COMMAND NAME COMMAND VALUE DESIGNATOR NAME LOCATION
Read Input Bit "iB" "DR"  dri ALA2, US-12
"py" datavalh ALA2, US-4
"EX"  exrefl A2A7. U11-13
"HS" hsopt L A2A7, U11-14
"IE" ieinl A2A7. N11-7
"LE" trfm A2A7., U4D-13
"MH"  mlevhi A2A7, U40-8
"ML"  mlevlo A2A7. U40-3
"NV"  nvinl A2A7, U11-8
"RO" roptl A2A7, U40-17
"RP" rppl A2A7. U11-3
“RTY rptrpl A2A7., U11-4
"SR  shrefl A2A7. U40-18
"TQ" trseqgt A2A7, U4LD-4
“UK” unlok A2A7, UT1-17
uv" unlvi A2A7, U11-18
"XAY extra-a A2A7., U4D-14
"XB" extra-b A2A7., U4D-7
Set Output Bit "o Oor 1 "cCL" ctr A2A7, U17-16
ey converth ALA2, U4-13
"EA"  extam A2A4, U308-19
YEF"  extfm A2A4, U308-16
"FE" fmen A2A1, U19-19
“Fp" front-panel A2A7, U17-9
"HO" haocth A2A4, U305-5
"HT" het A2A4, U305-9
"IA" intam A2A4, U308-15
"IFY intfm A2A4, U308-12
"LP"  mid A2A4, U305-6
YMAY rmux0 A2A1, U32-5
"M rmux A2A1, U32-2
"MF" mf400L A2A4, U308-9
"MG" module-gate A2A7. U17-6
"MS'"  trmodl AZ2A1, U32-15
""MT" meteronh A4A2, U3-15
YNEY nven A2A7, U17-5
"PK" pospeakl A4A2, U3-9
“PU"  pulse A2A4, U308-6
"RG"  rng50kh ALA2, U3-6
"RI" rinh A2A1. U32-9
"'RR" rprst A2A7., U17-2
"'SE" shen A2A1., U32-12
"SH' shet A2A1, U32-16
"TO0"  tbout A2A4, U3D5-2
“TR"  trigh AGA2, U3-3
"Ts" tbsyn A2A1, U32-19
"Xo" xoenl A2AT. U32-6
MYAM extra-a A2A7, U17-19
"yg" extra-b A2A7. U17-15
"yc" extra-c A2A7. U17-12
Set Qutput DAC "OD' (integer value) (DAC lLocation)
0-255 "AM" AM dac n.a.
0-127 "AT" attenuator A2A7, U27-5. 6. 9.
12, 15. 16. 19
0-1023 "FMY FM dac A2A4, U403-6 through 13
0-7 "FR" FM range A2A1, U19-12.15.16
0-1023 KN kn dac A2A1, U27-4 through 13
0-1023 "KV' kv dac A2A1, U29-4 through 13
0-4095 "LE" level dac A2A4, U303-4 through 15
0-255 "Tc temp.comp.dac n.a.
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Table 2-16. Read/Write Monitor Commands

COMMAND NAME COMMAND SYNTAX NOTES
Read byte “RB' memory Location 1
Read word "RW" memory Location 1
Define write address "DW'" memory location 2
Write byte "WB*' value 2
Write word "WW!" value 2

Notes

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

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

Table 2-17. Hardware Control Monitor Commands

COMMAND NAME COMMAND SYNTAX NOTES
Read attenuation XA 1
Set attenuation "XB' integer 1
Set synthesizer freguency | "Xp" floating point decimal "'MZ" 2
Read Deviation Meter A/D ux M 3
RF on/offt "XR" "0 or MY 4

Notes

1. The current settings of the Attenuator can be read or set. The
attenuation is a number from O to 235 where the number specifies the
multiple of 6-dB attenuation. Zero indicates no attenuation, and 23 is
the maximum attenuation. Only the attenuators are changed with the
"XB'" command. The value of the attenuation will be output on the '"XA"
command as an unsigned integer followed by <EOR>.

Z. The "XD'" command can be used to program the Generator to the specified
frequency. Only the synthesizer circuits on the Synthesizer PCA are
programmed. No offset is added, no filters are programmed, no VCO
compensation is calculated, and no level correction is calculated.

3. The “XM'" command reads the A/D chip on the A/D PCA (A4A2, UT)
directly. The integer returned is the A/D result with 50-Hz or
500~Hz resotution in the 50.0-kHz and 500-kHz ranges, respectively.
One A/D result is returned (i.e., no averaging is performed).

L. "XRO'" programs atl attenuation, and "XR1" restores the attenuator to
its previous state.

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
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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 SRQ mask. For example, if the rejected entry SRQ is enabled with
“SM2” and a rejected entry occurs, the serial poll response will indicate that the
Generator generated the SRQ (value of 64) and that a rejected entry occurred (value of
2). In addition, other values may be set. The default SRQ mask is 192.

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

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

“XFO0” = Alert Mode off, “XF1” = 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 trlgger
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 foliowed 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 2-18. SRQ Mask and Status Values

VALUE REASON TRUE FALSE

1 Ready Input buffer is empty Input buffer is not
and no commands are empty or commands are
being processed. being processed.

2 Rejected Entry | IEEE~488 rejected IEEE-488 rejected
entry; error code is entry error; code is
not zero. zero.

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

8 Power on Instrument has Special function 08.

powered up.

16 Output valid RF output is settled. RF output is not
settied.
32 Not Used
64 RQ@S SRQ mask ANDed with Reason for SRQ goes
currently set values away or serial poll
is not zero. is performed.
128 Front panel Special function 07. Special function 08.

2-63. Command Processing
The following paragraphs describe how [EEE-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 “IR” command. The error status is cleared with one of the following commands:

“CE” Clear Error Command

“CL” Clear Command
DCL or SDC Clear Interface Messages

The error status is also cleared on power-up.

The SRQ mask can be set to assert SRQ when an error is detected. The SRQ is
unasserted when the error status is cleared.

2-63



INSTALLATION AND OPERATION

2-64

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 1s
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 TIME
Command-parsing time is the sum of the time required to process the header, the
numeric, and the suffix. Some commands do not have numerics or suffixes.

Table 2-19 gives the typical time it takes to process the different components of a
command.

2-69. SOFTWARE PROGRAMMING TIME

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

2-70. INSTRUMENT-SETTLING TIME
Commands that do not change the state of the hardware (such as programming step
values) have no settling time after the software-processing time.

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

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

COMMAND COMPONENT TIME

Header 2 ms

Boolean Numeric 1 ms

Unsigned Integer Numeric 2 ms + 1 ms per character
Floating-Point Numeric 2 ms + 1 ms per character
Trigger-String Numeric 10 ms + 0.5 ms per character
Suffix 1 to 1.5 ms

Learn—-Interface Suffix 35 ms

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

FUNCTION TIME (in ms) NOTES
Frequency 55 1, 2, 3, 4
Amplitude in Volts S0 1,2, 4,5
Amplitude in dBm 90 1, 2, 4, 5
AM Depth 45 2, 4

FM Deviation 30 4
Modulation Freguency 25

EnablesDisable AM 55 2,
Enable/Disable FM 25

Recall 98 185 6, 5

RF Output On 45 2

RF Qutput Off 30

Notes

1. May take up to 5 ms Longer if the relative mode is enabled.

2. Can save 10 ms if ali level correction is disabled with special
function 81.

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

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

5. Add 5 ms when the Attenuator settings change.

6. Recalls vary considerably depending on the stored data. Maximum is
approximately 250 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.

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
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message unit. The record mode off (“RM0”) is slower since there is extra processing
between message units, and the message unit is smaller.

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

Memory Llocation parameters 98 1

RF on/off on

Last memory Llocation 0 2

Remote/local state Local

IEEE output buffer cleared

IEEE input buffer cleared

Valid mode of

Record terminator LF

Unbuffered mode of f

Record mode of f

SRQ mask 192

Trigger configuration cleared

SRG interface signal unasserted

Deviation meter mode of f

Deviation meter peak positive

Deviation meter range 500 kHz

Notes
1. The contents of memory location 98 (Instrument Preset State) is
Listed in Table 2-3.
2. The last memory location is used for sequence operations.




Section 3
Theory of Operation

3-1. INTRODUCTION

Thi

is section of the manual describes the theory of o
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 inciudes 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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The power supply is a linear design providing two +15V,-15V_ +5V_ +37V +18V, and 6V
ac to the Generator. All the power supplies are series-pass regulated except the 6V ac
filament supply and the +18V supply, which provides power to the Attenuator/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 RF 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,

amplitude meodulation, frequency, and frequency modulation. The deviation meter is

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 (A2AS5) 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 Qutput 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; it does
not affect the coarse level control provided by the Attenuator. In other words, all
Generators have the same attenuator pads inserted at a selected level, even though the
correction data is different for each Generator.

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

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 EPROM:s.
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The operation of the ALC loop causes the amplitude of the RF signal to conform to this
varying control voltage, thus amplitude modulating the Generator output.

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-M Hz band using a modified N-divider loop
with a single-sideband mixer (SSB) in the feedback path. The reference frequency for the
loop is 0.2 MHz, which would normally 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 pulise 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.

3-11. Frequency Modulation _

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

3-12. 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 RF 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/D
interfaces to the Controller.
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3-13. 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.

3-15. 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™ volts, where

m=1,2, 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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3-17. Level DAC

The level DACsetting (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 to allow the Attenuators to settle, the new Attenuator and
LEVEL DAC settings are programmed.
3-18. 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.

3-19. Reverse Power Protector

The Reverse Power Protection (RPP), part of A2AS, protects the Generator from
damaging voltages applied to the RF OUTPUT connector. The status line RPTRPL
indicates whether the RPP circuitry has tripped. If the RPP trips, the RF output is
programmed off, and the RF OFF indicator flashes. The RPP circuitry is reset when the
operator turns the RF OUTPUT on. This causes the Controller to reset the RPP by
toggling RPRSTL, and programming the RF on.

3-20. Frequency Reference Control
Programming of the frequency reference control bits depends on the setting of the
INT/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 KN 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

3-5
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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;OFF 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 999 with 1%
resolution. When the combination of signal amplitude and programmed AM depth
exceeds +13 dBm peak, the UNCAL indicator lights to warn you that the output level is
no longer guaranteed. Amplitude modulation depth is programmed using the 8-bit AM
DAC, with a setting of 200 on the AM DAC, corresponding to 100% AM modulation of
the output frequency.

3-25. 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 10 bits of A/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 asample. 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/D result represents the deviation with 100-Hz or 1-kHz
resolution in the 50-k Hz or 500-k Hz 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 RF 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.

Test 2.

Test 3.

Test 4.

Test 5.

Test 6.

Test 7.

Test 8.

Test 9.

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

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

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

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.

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.

The synthesizer operation is verified by programming the Generatorto a
normal operating frequency and checking to see that the instrument is
locked. The Generator is then programmed to a synthesizer frequency
below 225 MHz and then 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.

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

Frequency modulation is verified by programming internal FM on and
programming the range and DAC to full scale. The unlocked indicator
should be in the locked state.

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.

3-7
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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| 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 RF 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 RF output is still considered usable.

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

RPTRPL =

UNLOKL =

UNLVLL =

0 indicates that the Attenuator Reverse Power Protection (RPP)
circuitry has tripped. If this occurs, the RF output is programmed
off to provide additional protection to the instrument. The RF
OFF and UNCAL indicators flash to indicate that RPP has
tripped.

0 indicates one of several conditions. The Synthesizer 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.

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

Al1Atl Display Assembly
A1A2 Switch Assembly

A2 Module Section

A2AT1 Synthesizer Assembly
A2A2 VCO Assembly

A2A4 Output Assembly

A2A5 Attenuator/ RPP Assembly
A2A7 Controller Assembly
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A3 Rear Section

A3Al Power Supply Assembly
A3A3AIl IEEE-488 Assembly

Ad Deviation Meter Section

A4Al Discriminator Assembly
A4A2 A/D Assembly

3-32. FRONT SECTION, A1

The Generator front section, Al, consists of the Display PCA AlAl, the Switch PCA
A1A2. and the elastomeric switches mounted in a sheet metal housing. The front section
also includes the display lens, the POWER ON/OFF switch, the MOD INPUT

connector, and the DEVIATION METER INPUT connector.

3-33. Display PCA, A1A1

The Display PCA A1 Al provides a readout of the programmed modulation, frequency,
amplitude parameters, and status information. This displayed information and the
bright digit are controlled by the Controller, A2A7, under the direction of the instrument
software. The display is comprised of two vacuum fluorescent displays and their
associated control circuitry. The two displays are refreshed as four groups of eight
display fields (usually a digit) each. The four groups share the digit (grid) strobes but have
individual segment (anode) strobes.

3-34. DATA COMMUNICATIONS

Display data is sent through a byte-wide bidirectional data bus from the Controller
A2A7 and is latched by U through US 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 U10 interface the TTL latches directly to the +37V
anodes of the vacuum fluorescent displays.

3-35. DISPLAY FILAMENT VOLTAGE

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

3-36. 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 U1 is buffered by open collector inverters Ul3and U15,
and strobes the front panel switch matrix. The switch columns are strobed in unison with
the eight display fields. The switch matrix status is read by the tri-state buffer Ul4.

3-38. DISPLAY BLANKING

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

3-9
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3-39. MODULATION-LEVEL INDICATOR

The external modulation-level indicator warns the operator when the modulation signal
isnotset to 1V peak (£ 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 MLEVHI, 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 ON/OFF switch. consist of an
elastomeric membrane sandwiched between the Switch PCB A1A2 and the front panel
sheet metal housing. The Switch PCB consists of a 6-by-8 matrix of open switch contact
pads. When a key is pressed, a conductive pad on the back of the elastomeric membrane
connects a set of contact pads. The Controller software senses which row 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:

A2Al, Synthesizer
A2A2, VCO

A2A4, Output

A2AS5, Attenuator/ RPP
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
MHz 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-MHz Reference
Main PLL

FM Processing
800/40 MHz PLL
Sub-Synthesizer

3-43. 10-MHZ REFERENCE

The 10-MHz Reference circuitry allows internal or external signals to function as the
Generator reference. The Generator reference is normally the internal 10-MHz crystal
oscillator. The internal 10-MHz crystal oscillator (X.0.) is a crystal, Y1, and an FET
transistor Q26. The frequency is adjusted by C153. The oscillator signal from Q26 is
buffered by Q27, converted to TTL by U54, and sent to multiplexer US5A. 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 Q26 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 US55 is sent to the 800/40-MHz loop phase detector and the
main loop phase detector via divide-by-50, U58. Multiplexer US5B 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:

1. Whentherear panel REF INT/EXT switchisset to INT, the 10-MHz reference
signal from the X.O. is the Generator’s reference.

8]

When the rear panel REF INT/EXT switchisset to EXT, anexternal 10-MHz7
TTL signal applied 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 A2Al.

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

This signal, and two other audio quadrature signals from U10, are summed in the
double-balanced mixers U7 and U8 to produce two double-sideband suppressed-carrier
signals. Because of the phase relationship of the outputs of the mixers, the summing of
the two composite signals (in resistor 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.

3-11
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3-46. N-Divider
The main components of the N-Divider are:

Triple-Modulus Prescaler (divide by 20/21/22) U18, U19, and U20
N-Divider Custom Gate Array Ul7
Divide by 5 U14

The triple-modulus prescaler, Figure 3-1, consists of adivide by 10/ 11 (U20), divide by 2
(U18A), synchronizing flip-flop (U18B), and quad NOR gates (U19). If all the inputs (E1,
E2,E3,E4, and E5)to the 10/ 11 divider are low, the prescaler divides by 11, and the total
division to the output (U20 pin 7) is 22. If any of the inputs are high, it divides by 10, and
the total division is 20.

Ifinputs E1 and E3 are low, the modulus of the 10/ 11 divider is controlled by the output
of the following divide-by-2 (U18A). Consequently, the prescaler divides by 10 half the
time and by 11 the other half, resulting in a divide by 21. U20 contains the ECL-to-TTL
converter. U18B synchronizes the changing of the modulus with the clocking of t:i:e
subsequent stages. The N-divider gate array is clocked by the composite prescaler output
UISBA.

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) s
low. This causes the prescaler to divide by 21 (or 22, TRMODL = low). The mode line
stays low for 31-A counts, where A is the programmed number. The mode line goes high,
and the prescaler divides by 20 (or 21, TRMODL = low) for 31-N counts.

The total division for the triple-modulus prescaler and N-Divider gate-array is:
(P+1)*(31-A) + P*((31-N)~(31-A)) or P*(31-N) + (31-A)

On the 31st count, the counters are reinitialized. Figure 3-3 shows the timing for the
A-counter programmed to 26, and the N-counter programmed to 18. Only the CKNL
and MODE L signals shown in Figure 3-2 are accessible at Ul7, 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.



INSTALLATION AND OPERATION

It might be noted that a 20/21 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 2I.
Consequently, there is no place to slip in the rate-multiplier pulses. It is not possible to

divide by 253.
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Figure 3-1. Triple-Modulus Prescaler Operation
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By using a triple-modulus prescaler. these problems are solved. Continuing with the
previous example, 252 is 12 frames of 21 and 0 frames of 22. The deleter functions by
allowing the prescaler to divide by 22 at a rate equal to the rate-multiplier frequency.
Thus, 253is 1 frames of 21 and 1 frame of 22. A software algorithm determines whether
to operate in the 20/21 mode (TRMODL =1) or 21/22 mode (TRMODL =0).

The frequency at the output of the N-divider gate array, U17.is(Fo, 2- Fs-Fd) N, where
Fo 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 array 1s
divided again by 5 in Ul4. 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 effectis
that the output frequency of the N-divider gate array. U17,is | MHz. The 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, Ul4, are connected to a digital phase-frequency detector
(U43, Ud4. U45, U47).

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, U4S5, 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 RC
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 piradians. The
extension flip-flop, U44B, controls an extension down-pump, consisting of current
source U67B, level shifter Q44, 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 piradians 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 level at
TP38 is high. When the output of the level shifter Q16 is above ground, CR12 s turned
off. This allows current from U76A, a matched pnp transistor. to flow through CRI3
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 N-divider output frequency is below the reference. then TP391s low. and
the voltage at the output of level shifter Q17 is below ground, turning off CRI5 and
allowing current from Q39 to flow through CR14 out of the integrator. This raises the
voltage at the output of the integrator. which raises the VCO frequency.

R107 provides 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 piradians. If the up-pump comes on, indicating
phase detector excursions greater than * 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
frequencies. Two factors cause the loop bandwidth to change: the VCO tuning
coefficient (Kv) and the divider ratio (N).

During calibration of the VCO, the Kv is measured at many frequencies across the band,
and compensation data is stored in the VCO Calibration EPROM. The instrument
software uses this data along with N to control the PLL bandwidth in a compensating
manner. The PLL bandwidth is controlled by changing the current to the down-pump
via the KN DAC, U27, and the voltage-to-current converter, U46, Q18, and U67A.
When FM modulating at high deviations and low-rates, the up, down and offset pumps
are used. The pump currents are balanced to minimize fm distortion. Q39, Q40, and Q41
mirrors the current from Q38. 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, C118 and R9I.
Capacitors C121 and C119 filter the 0.2-MHz reference. The output of the integrator is
connected to a multi-pole LC filter (R92, C123, €99, C124, C126, C125,C237, 149, L50,
L51 and R93) which attenuates the delete rate (10 and 20 kHz) and the reference
0.2-MHz spurs.

Diodes CR9 and CR 10 stabilize the loop during switching. The filter is buffered by the
Darlington emitter-follower Q20, which is biased at 10 mA by Q21. Additional lead/lag
compensation is provided by R99, R101, and C131. Proper termination for the filter is
provided by R93 and Q22. The voltage for the loop amplifier is regulated to
approximately +30V by Q15.

Amplifier U49 is a precision clamp 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 FM accuracy, the FM 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, QI1, and
Q12. 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, U4l, is for modulation frequencies inside the loop
bandwidth. The path that sums with the VCO control voltage at J103 is for frequencies
outside the loop bandwidth. U41D is an active high-pass filter that compensates for the
non-ideal integrator and the ac coupling to the VCO tuning port.

The output of U41D is summed with the VCO control voltage via R88 and C117. FET
Q13 allows the FM to be turned off. The audio signal is also processed by integrator
U41A, R85, R86, and C115. The audio signal is ac coupled into the phase-detector
integrator via R89, R90, C116, and FET 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. 800/40 MHz PLL

When the Signal Generator is operated in the low band, the 800-MHz oscillator is locked
to the 10-MHz Reference and provides a local oscillator for the heterodyne circuit on the
Output PCA. It also provides a 40-MHz signal to the sub-synthesizer clock generator.

The 800-MHz VCO is connected to the divide-by-four, U61, followed by a divide-by-
five, U62 and U63, providing 40 MHz to the sub-synthesizer clock generator through
selector 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 Q28 (HET).

The 40-M Hz 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
U6s.

Op amp U60, resistor network 29, and C181, C185, C186, and C201 integrate the phase
detector pulses to produce a dc control voltage for the 800-MHz VCO and the 40-MHz
VCO.

3-51. 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 Q32 and Q35 are biased at 13 mA by R182 and R191. The
voltage at the collectors of Q32 and Q35 is typically +2.5V. The two 6-d B amplifiers Q33
and Q37 are biased so that the voltage at their emitters is about +0.3V, and the voltage at
their bases is about +1V, with the collectors at +6.5V.

The PLL 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 R186, R187, R189, R197. R198, and
R200 provide isolation between the outputs. The VCO signal is coupled to the output
assembly A2A4 by a through-the-plate coaxial connector P108 at the 0-dBm level. The
other VCO signal is connected to the divider U6l 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, U15, and U16. and the low-pass filter L11 and L17. Internal to the
sub-synthesizer gate-array, U33. are a divide-by-two, a 3-2 decade-rate multiplier, and
associated latches.

The balanced 40-MHz ECL clock signal is converted to TTL in Q4 and Q5. and
converted to a two-phase 20-MHz clock in 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 t0 39.995 MHz at U33 pin 1. This is divided by two in
the gate-array. by tenin U5, and again by 100 in Ul6to produce 10 kHzto 19.9975 kHz
in2.5-Hzsteps. Only 5-Hz steps are used internally, corresponding to 10-Hz steps at the
output. This TTL signal at TP11 is filtered by L11, L17, and C41, C42, C48, C50, and
C51. Op amp U 10 forms an active quadrature generator, and the output pins 14 and 8 are
offset by 90°. These two signals are the 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 A2Al
assembly. To suppress harmonics, two tuned trap filters are placed between the negative
resistance devices and amplifiers Q2 and Q4.

The oscillator transistors Q1 and Q3 are biased at 13 mA. The voltage at the collectors of
Q1 and Q3 are typically setat +6V. The two 6-dB amplifiers Q2 and Q4 are biased so that
the voltage at their emitters, is about +0.3V and at their bases about +1V, with the
collectors at about +6.5V.

The PLL control voltage from the Synthesizer assembly A2A1 at P102 provides the
tuning voltage for varactors CR 1 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 P103 and P104. C23 and C30, in series with the
printed board inductors. form out-of-band trap filters for approximately 1.4 GHz. These
filters further suppress the out-of-band harmonics.

C23 couples the VCO signal to the Synthesizer assembly by a through-the-plate coaxial
connector P104. The other VCO signal is connected to the Output assembly A2A4 by a
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plug-in capacitor, A2C . 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 RF 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 RF signal to the Attenuator.

The Output assembly reduces harmonic distortion components in the RF signal.
controls RF signal amplitude, introduces AM, and generates the low (heterodyne)
frequency band 0.01 MHz to 245 MHz though mixing. It also generates a modulation
signal to provide internal AM and FM, and provides a digital interconnect path between
the Controller and Synthesizer.

The RF path begins with the two RF signals from the VCO and the Synthesizer
assemblies. The SPDT bandswitch circuit selects between the 800-MHz to 1045-MHz
signal at P106 and the 245-MHz to 525-MHz signal at P107. The selected signal is
applied to buffer amplifier Q101 and Q102.

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 LO signal.

The buffer amplifier Q101 and Q102 is a common-base, common-emitter cascade circuit
with 7-dB gain. The three cascaded filter circuits that follow the buffer amplifier consist
of combinations of discrete components and printed filters that suppress harmonics in
the Generator RF output signal.

The first section of the circuit is a printed 1100-M Hz low-pass filter. The second section is
switched into the RF path via PIN diodes CR106 through CR110 by asserting MIDL
when the Generator is operated in the mid band (245 to 525 MHz). PIN diodes CR 114
through CR116 select capacitors C119, C121,and C123 whenever HAOCTH is asserted
to change the section cutoff frequency from 512 to 350 MHz. The third section provides
harmonic filtering for the RF signal, 800 to 1045 MHz, used to generate the low band.

The amplitude modulator consists of PIN diodes CR 117 through CR 120 and associated
components, and follows the switchable filters in the signal path. The modulator is a
voltage-controlled variable attenuator that provides AM and output level control.
Modulator control voltage is determined by the leveling-loop circuitry. The leveling loop
is described later in this section.

Q209, Q211, Q213 and associated components follow the modulator in the signal path
and form a three-stage, 20-dB gain, 245-MHz to 1050-MHz amplifier. This amplifier
drives a 3-dB power splitter that consists of resistors R253 through R255 and associated
printed transmission lines.

One power splitter output drives the leveling-loop detector diode CR202. The other
output goes to the HET band switch that includes PIN diodes CR203 through CR210
and biasing components. In the 245-MHz to 525-MHz position, the signal passes
through diodes CR204 through CR209 to the output amplifier Q215. This low-distortion
output amplifier has 6-dB gain and output capability of 15 dBm.
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For low-band operation (0.01 MHz to 245 MHz). the signal from the power splitter is
routed through CR203 to an adjustable attenuator, R224 through R229, and then to the
RF port of U201 (a double-balanced mixer). The signal frequency at the mixer RF port
varies from 800.01 MHz to 1045 MHz. The 800-M Hz local oscillator (LLO) signal for the
mixer comes from the Synthesizer assembly through P108 and is amplified by Q207. This
fixed-tuned amplifier has 13 dB of gain and provides a 10-dBm signal at the mixer LO
port.

The mixer 0.01-MHz to 245-MHz output signal is passed through a diplexing low-pass
filter (C219 through €230, R230, R231) that suppresses unwanted mixer spurious
products while maintaining a 50-ohm load at the mixer IF port. The filtered IF signal is
amplified by a three-stage IF amplifier Q202, Q204, Q206 and associated components.

The IF amplifier gain increases with frequency and is nominally 35 dB at 0.0 MHz and
37 dB at 245 MHz. This gain characteristic compensates for the increasing loss with
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frequency of the mixer and the diplexing low-pass filter. The output of the IF amplifier

passes through a 245-MHz low-pass filter (C216, C217, C218 and printed inductors) and
PIN diode CR210 to the output amplifier. The +15V power supply for the LO and IF
amplifiers is switched off by Q301 when the instrument is operating in the 245-MHz to
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 gmplitude 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 RF 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. Q104, Q105 and
associated components form a current source circuit that provides bias current for
CR 126 and CR202.

The offset detector diode voltage at U101B pin 3 is linearized by amplifier U101B and its
associated feedback components. Potentiometer R144 provides detector linearity
adjustment. Thus, the voltage at UIOIB pin 1 is proportional to the RF voltage at
detector diode CR202.

This voltage is divided and applied to the loop integrator amplifier at U101 A pin 6. This
amplifier drives the modulator through emitter-follower Q103 and through the action of
the ALC loop, maintaining the voltage level at UI01A 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,
R141, CR127, and CR 128 form an additional detector linearizing network that is active
for low RF levels. Amplitude modulation is achieved by summing an appropriately
scaled modulation signal with the dc leveling loop control voltage applied to R140.

The amplitude modulator consists of PIN diodes CR117 through CR 120, resistors R121,
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 Q103. 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 10V, while maximum attenuation is obtained with OV.

Comparator U310A 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 +11V, and the comparator output is high. If the modulator control
voltage exceeds +11V, the modulator attenuation is at a minimum, and the leveling loop
becomes inoperative (unleveled). This condition could be due to a fault or some
abnormal operation such as over-modulation. In this case, the comparator output
(UNLVLL) goeslow. 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 leveling loop control
voltage that provides vernier level control of the Generator output. Digitally encoded
level, modulation depth, and temperature-compensation information are provided by
the Controller.

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

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

The instrument RF output amplitude is temperature compensated in a frequency-
dependent manner as follows: The 1+AM signal is applied to pin 18 of dual 8-bit DAC
U301, the DAC Breference input. The DAC output, at U405D pin 14, 1s the I+AM signal
attenuated by an RF frequency-dependent factor provided by the Controller using
constants stored in the Generator firmware. This voltage is applied to a resistor’
thermistor network that includes R303, R305, R306, and RT301I.

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

This signal is applied to the reference input of Level DAC U303. This 12-bit DAC. with
op amp U302A, latches U304, U305, and controls the Output assembly RF output
amplitude. The DAC output voltage, at U302A pin 1, is the temperature-compensated
1+AM signal muitiplied by a factor proportional to the 12-bit level control number
provided by the Controller. This voltage is the leveling loop control voltage. The
Generator RF output level adjustment is provided by potentiometer R311, and DAC
offset voltage adjustment is provided by potentiometer R309.
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3-58. MODULATION OSCILLATOR

The modulation oscillator generates a leveled sine wave of 400 Hz or | 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 Q401 and Q403.

The amplitude of oscillation is controlled by an ALC loop that varies the resistance on
U405B pin 6 to ground. This resistance, comprised of R412 and the drain resistance of
Q402, is nominally 2 kilohms. The oscillator signal amplitude is sensed by rectifier
CR401. The average current through CR401 is made equal to the reference current in
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R416 by integrator-amplifier U405A. Level adjustment is set by potentiometer R419.

Temperature compensation is provided by R417, R418, and CR402.

3-59. FM DEVIATION CONTROL

The FM modulation signal source and deviation control circuits are on the Output
assembly. Analog switches U401 A, U401B, and op amp U402A select the internal or
external modulating signal, or no modulation. The selected and buffered modulating
signal at U402A pin 7 is applied to FM DAC U403. This DAC provides fine control of
the FM deviation. (The coarse control FM circuitry is part of the Synthesizer assembly.)
The output of the DAC, at U405C pin 8, is the modulation signal multiplied by a factor
proportional to the 8-bit FM deviation control provided by the Controller.

3-60. Attenuator/RPP PCA, A2AS

The Attenuator/ RPP A2AS consists of an Attenuator/ RPP PCA, A2A5A4, in a metal
housing mounted on the top side of the A2 module section to form a shielded enclosure.
The Relay Driver PCA, A2A5AS5, 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 RF OUTPUT connector.

Compensation data for the Attenuator in each Generator is stored in the Attenuator
calibration EPROM located on the Controller PCA, A2A7. The instrument program
uses this data to correct for the combined deviations of the attenuator sections in use. For
more details on level correction, refer to 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 [2-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
RF signal, and the other position (no power applied to the relay) inserts the attenuator
pad into the RF signal path. Allseven 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 RF power
levels and short-term (fast acting) protection against high RF power levels. Long-term
(latched) protection is provided by relay K8 whenever the reverse RF power exceeds a
preset level.

RF power detected by CRI is compared with the preset voltage in one section of
comparator Ul. When the detected voltage exceeds the set value, the output of Ul pin 1
goes positive, turning on QI and Q2. This actuates K8 to the protect position. In the
protect position, the output connector is shorted to ground and the Generator output is
disconnected from the output connector.

CR15and R6form alatching network such that K8 remains in the protect position until
the Generator RF Output is reset by an RF ON entry. The output of the comparator is
buffered and sent as RPTRPL to interrupt the Controller signal that annunciates the
RPP trip condition by flashing the UNCAL and RF OFF indicators.

3-61. 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 1/ O circuitry

Reset circuit

Status and control latches

3-62. MICROPROCESSOR

The heart of the Controller assembly is Ul, a TMS9995 16/8 bit microprocessor. The
digital system clock signal is generated by an oscillator comprised of gates from U5 and
crystal U41. When enabled, bidirectional buffer U4 provides additional drive current for
data bus operation; when it is disabled, 1t isolates the microprocessor from the system
data bus. Buffers U33, U34, and U10 provide extra drive current to the microprocessor
address and control signals.

3-63. ATTENUATOR CONTROL INTERFACE
The attenuator control signals are latched by U27. Darlington drivers U30 and U3l
control the Relay Driver A2A5AS PCA.

3-64. FRONT PANEL INTERFACE
Data is transferred to and from the front panel circuitry through tri-state bidirectional
data buffer UI8. This buffer is active when a front panel latch is addressed and the buffer
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control signal from U7 is low; otherwise, it is in the high-impedance state. The front
panel latch select lines are decoded by U36. To reduce RF emissions from the Generator,
low-pass filters comprised of the following components are used on the following signals:

SIGNALS COMPONENTS
Signal CLRL R6 and C51
Latch select SEGIL R7 and C53
Latch select SEG2L R8 and C54
Latch select SEG3L R9 and C55
Latch select SEGI9L R10 and C56
Latch select DIGL R11l and C57

In addition, capacitors C58 and C59 bypass the display filament supplies. LC filters
comprised of L1 and C50, and L2 and C52 are used on the +5 volt and +37 volt supplies to
the front panel circuitry.

3-65. |EEE-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. Rl 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 (U2l and U22) contain the microprocessor instructions and
constant data. Three 2K-byte Calibration EPROMs (U23, U24, U26) contain calibration
dataforthe VCO, Output, and Attenuator/ RPP assemblies, respectively. Decoders U20
and U4 decode the individual chip selects for the memory [Cs.

3-67. MODULE /0

Control data is transferred to the RF circuitry (located in the Module Section, A2)
through a byte-wide unidirectional data bus. This data is retained on the RF circuit
boards in latches. Select lines BSELOL, BSELIL, and address lines BAB2 through BABO
are decoded into individual latch enables on the various RF circuit boards. Tri-state
buffers U15 and U16 on the data and address lines provide extra drive current and allow
these signals to float when inactive.

Flip-flop U42 gates the module I/ O 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, RS 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 puiled low.
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3-69. STATUS AND CONTROL

Tri-state buffers Ull and U40 read the three hardware fault-detector status signals,
UNLVL,UNLOKL and RPTRPL, and the status of the REF INT/EXT switch. Control
and buffer enable signals are latched by Ul7.

3-70. REAR SECTION, A3
The rear panel section consists of fuse/filter/line-voltage selector switch A3FLI,
transformer A3T1, Power Supply PCA A3A1.fan A3B1,and IEEE-488 PCA A3A3Al.
The line-selector switch accommodates two line voltages, 115230 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 A3A1 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 1C
regulators with internal current-limiting and temperature protection. All three 15V
regulators have reverse voltage protection diodes CR3, CR4, and CRS.

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 Slisthe REF INT/EXT reference selection switch and is not functionally part of
the power supply.

3-72. |EEE-488 PCA, A3A3A1

The IEEE-488 Interface consists of the IEEE-488 printed circuit assembly (A3A3Al)
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 uPD7210 Talker/Listener IC (U1) to handle all
IEEE-488 standard communications protocol. All data, address, and control lines to the
7210 are buffered on the Controller. Two MC3447 bus drivers (U3 and U4) interface the
7210 directly to the IEEE-488 bus.

The presence of the 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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Table 3-1. Power Supply Rectifier Configuration

SUPPLY RECT. CONFIG. CAP REGULATOR REMARKS
+37 CR6 Bridye 11 AZAT U4 Adjustable
+15 CR2 CT/FW c2 " us Fixed
+15 CR2 CT/FW 2 " U1 Fixed
-15 CR2 CT/FW () " ue Fixed
+5 CRS CT/Fw c8 A3 u3 Fixed
+18 CR1 Bridge a1 Unregulated relay supply
FIL 6V ac with center-tap biased at 6.2V dc.

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 (A4Al) attached to a frame (A4A3). This assembly plugs
into the Controiler PCA (A2A7).

3-74. Discriminator PCA, A4A1

The RF input signal from front panel connector J3 is attenuated by 24 d B and high-pass
filtered at 20 MHz before reaching the RF input of the mixer, U6. The generator supplies
the local oscillator signal for the mixer. Under normal operation (generator mode) the
generator RF signalis routed from the Attenuator/ RPP (A2A5-J2) through Ad4Al-J1to
relay K1 and back to the front panel (A1-J1) RFOUTPUT. In the deviation meter mode,
the generator RF signal is routed from the Attenuator through relay K1 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 IF 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 Q8. The output of the limiter is again filtered by C1, C2, C3, L1, L2 and
amplified by U1, an ECL line receiver. The output of Ul is coupled to the bases of the the
current switching transistors Q3, Q4. 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 CR10 by CRI1, CR2 in the negative direction. Q5, Q6 are constant
current sources. The collectors of Q3, Q4 swing 10V + 2 Vbe. The current through C9,
C10 is proportional to the voltage swing, capacitance and frequency. CR6-9 are current
steering diodes.

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 =
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 back 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 X10 amplifier. The X10 mode is the 50-k Hz 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 X10 mode (50 kHz Range) is
adjusted by R3 (50 kHZ GAIN). U2B is a selectable & unity gain amplifier which selects
+ Peak. When Q2 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 722, C52, C53 and
U2C.
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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 Q7 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 Ul, a
successive-approximation A/D converter. This board provides power and digital
control for the Discriminator PCA. US sends status bits back to the Controliler.
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@ static awareness

A Messag From

John Fluke Mfg. Co., Inc.

Some semiconductors and custom IC's can be
|/ damaged by electrostatic discharge during

handling. This notice explains how you can

o minimize the chances of destroying such devices

o© D by: . '
, . Knowing that there is a problem.
Learning the guidelines for handling them.

Using the procedures, and packaging and
"~ — k — bench techniques that are recommended.

P~

The Static Sensitive (S.S.) devices are identified in the Fluke technical manual parts list with the symbol

The foliowing practices should be followed to minimize damage to S.S. devices.

/ ~

O 3. DISCHARGE PERSONAL STATIC BEFORE

HANDLING DEVICES. USE A HIGH RESIS-
1. MINIMIZE HANDLING TANCE GROUNDING WRIST STRAP.

¢

\

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

Page 1 0of 2
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5. USE STATIC SHIELDING CONTAINERS FOR
HANDLING AND TRANSPORT

6. DO NOT SLIDE S.S. DEVICES OVER
ANY SURFACE

=

J

7. AVOID PLASTIC, VINYL AND STYROFOAM®
IN WORK AREA

PORTIONS REPRINTED
WITH PERMISSION FROM TEKTRONIX, INC.
AND GENERAL DYNAMICS, POMONA DiV.

® Dow Chemicat

Page 2 of 2

8. WHEN REMOVING PLUG-IN ASSEMBLIES,
HANDLE ONLY BY NON-CONDUCTIVE
EDGES AND NEVER TOUCH OPEN EDGE
CONNECTOR EXCEPT AT STATIC-FREE
WORK STATION. PLACING SHORTING
STRIPS ON EDGE CONNECTOR HELPS TO
PROTECT INSTALLED SS DEVICES.

\- /

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

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

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

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



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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The faulty component is replaced, and then the instrument is recalibrated using
Calibration Adjustments in Section 4C of this manual (if necessary). The Performance
Tests explained in Section 4A of this manual are used to verify the Generator
performance after repair or recalibration of the Generator.

Some assemblies have some non-field-replaceable parts. These parts, if replaced, would
invalidate the calibration EPROM associated with that assembly. They are the Output
(A2A4), the VCO (A2A2), and the Attenuator/RPP (A2AS) assemblies. Non-field-
replaceable parts are listed in the appropriate parts lists at the bottom of that list.

In the event that a non-field-replaceable part is defective (about 109 of the parts are not
field-replaceable), it is necessary for the module to be replaced using the Module
Exchange Program in order to realize a complete recalibration of that module and its
associated EPROM. Section 7 lists the national and international Sales Representatives
and Service Centers.



Section 4A
Performance Tests

4A-1. INTRODUCTION

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

4A-1



MAINTENANCE
PERFORMANCE TESTS

Table 4A-1. Recommended Test Equipment

MANUFACTURER NOTES
E INIMUM REQUIRE
INSTRUMENT NAM MINI R REMENT DESIGNATION IZh
DVM 5 1/2-Digit, 0.3% DC-20 kHz JF BB4DA-09 AP
DMM 3 1/2-Digit, 1% DC and 1 kHz JF 80208 AP, T
Wideband Amplifier > 25-dB gain, 0.4 to 1050 MHz HP B447D-010 P
NF < 9 dB.
RF-Spectrum Analyzer 0.01 to 1.5 GHz, 30-Hz BW TEK 7L14/w P,T
Mainframe
Oscil loscope Four-trace 300 MHz, 5 mV/Div TEK 2465-11 T
FET Probe DC-900 MHz TEK 6201 T
RF Voltmeter 0.01 to 700 MHz, 0.01 to 3V HI RF 801 T, 2
+/- 10%
Ffrequency Counter 0.4-1050 MHz; 10 Hz res; 0.1V JF 7220A AP, T
Modulation Analyzer Input: 0.4 to 1050 MHz, O to HP 8901A AP, T,4
+20 dBm
AM: 10 to 90%, +/- 1%,
FM: 0.1 to 100 kHz dev +/- 14
Distortion Analyzer 1 to 10% rng, +/-1dB, 0.4 and HP 3398 A,P,T,4
1 kHz
Power Meter Instrumentation accuracy < +/-14 | HP 435B A,P,T,4
Sensor -30 to 20 dBm; SWR < 1.2 for HP B4B2A 4
0.4 to 1 MHz, < 1.1 for 1 to
1050 MHz
Low-Level Sensor -67 to -20 dBm; SWR < 1.4 for HP B8484A 4
10 to 30 MHz <1.15 for 30 to
1050 MHz
SWR Bridge 10 MHz to 1000 MHz Wittron 62NF50| P
Attenuator, 60 dB 0.4 to 1050 MHz SWR <1.1 Narda 777C P,5
Attenudtor, 6 dB 0.5 to 1050 MHz SWR <1.1 Narda 777¢C AP, T
LF Synthesized 10 Hz to 11 MHz, 10 Hz steps, JF 6011A AP
Signal Generator 1V pk, Spurs and Harm < -50d8B
HF Synthesized 10 kHz to 520 MHz, 10 Hz steps, JF 6060A/AN P
Signal Generator 500 kHz FM
Frequency Standard House Standard, 10 MHz AP
Test Cable Dual pin to BNC JF 732891 AT
Adapter, Coax 50~-ohm, Type~N(m) to BNC(f) JF Y9308 AP, T
Adapter, Service 50-ohm, Module output to SMA JF 746177 T
Two~=Turn Loop For Leakage test (See Figure Homebuilt P, T,3
4A-1.)
Type=N Termination 50-ohm JF Y9317 P
Coaxial Cable, 50 ohm 3 ft, BNC both ends Y9111 AP, T
Coaxial Cable, SO ohm 6 ft, BNC both ends Y9112 AP, T

4A-2
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Table 4A-1. Recommended Test Equipment (cont)
INSTRUMENT NAME INIMUM REQUIREMENT MANUFACTURER |  NOTES
" DESIGNATION 1
Screwdriver, electric Set to 7 inch—-pounds torque Jergens- AT
L6500/ CLTS0
Power Supply, Variablte 0 to 30v dc T

NOTES
1. A = Adjustment; P = Performance Test; T = Troubleshooting.
2. Helper Instruments.

3. Two-Turn, 1-inch diameter Loop made of £18 enamel wire soldered to
a BNC connector. Figure &4A-1 shows a two-turn LOOp.

H
2l

b
5

902A/11722A Measuring Receiver may be used in place of the

DR
and amptifier, 60-dB Attenuator, HPBY01A, and the
B8/8482A/8484A for the alternate performance test.

The

wide

HP43

S. SWR verified and actual attenuation calibrated to +/~ 0.2 dB by the
operator at application frequencies.

4A-3. POWER-ON TEST
This performance test is the built-in self test that performs a simple functional check of
the instrument.

REQUIREMENT
The Generator successfully passes the self test.
REMARKS

The test is begun each time the Signal Generator is turned on. Press any of the
FUNCTION keys or the [CLR LCL] key to abort the test.

PROCEDURE
a. Start the test with the POWER switch OFF.
b. Turn the POWER switch ON.

c. The Signal Generator automatically starts the self tests. 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.

4A-3
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4A-4

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 RF OUTPUT to the Counter input.

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

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

d. Program the UUT frequency to 100.00000 MHz.

e. Program the UUT frequency step to 11.11111 MHz.

f. As the frequency is stepped from 100.00000 MHz, 111.11111 MHz, etc., to
199.99999 M Hz, verify that the Counter reading agrees with the UUT frequency
=+ one count.

Program the UUT frequency step to 100 MHz.

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 Attenuator/
RPP A2AS 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.



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.

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

Connect the Power Sensor to the UUT RF OUTPUT.

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.

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.

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 sectidn, e.g., (-M0+M1+6) for section 1. The eight section

Program the UUT frequency to 0.4 MHz.

errors and their sum must not exceed * 2.5 dB.

Figure 4A-2 shows the parameters of the high-level accuracy test.

MAINTENANCE
PERFORMANCE TESTS

QUTPUT POWER
ATTENUATION PROGRAM MEASURED ERROR SECTION LIMIT
(dB) ERROR (dB)
SECTION NOMINAL (dBm) (dBm) (dB)
0 0 +12 MO MO-12 MO-12 +2.5 dB
1 6 + 6 M1 M1-6 -MO+M1+6 "
2 12 0 M2 M2-0 -MO+M2+12 "
3 24 -12 M3 M3-12 -MO+M3+24 "
4 24 -12 [SPCL] [81[3]1 M4 ML=-12 -MO+ML+24 "
S 24 -12 [SPCL] (81C4]1 MS M5-12 -MO+MS+24 "
6 24 -12 [SPCL] (81C5] M6 M6-12 -MO+M6+24 "
7 24 -12 [SPCL] (83C6] M7 M7-12 -MO+M7+24 "
et | eas a

Figure 4A-2. High-Level Accuracy Test Conditions
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4A-6

NOTE

To test Attenuator sections 4 through 7, program the Signal Generator to -12
dBm, and key in [SPCL][8 ]3] through [8 J6] 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
Tha

layal ifia
nc iIevei auudfacy is Veful»d, from-24tc -66 3B

and 520 MHz, using the Power Meter with a Low- Level Sensor.

REQUIREMENT

Amplitude accuracy is +2.5 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.

™
111

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

OUTPUT POWER
ATTENUATION PROGRAM MEASURED ERROR SECTION LIMIT
(aB) ERROR (aB)
SECTION NOMINAL (dBm) (aBm) (dB)

0 0 +12 +12.2 +0.2 +12.2-12.0 | = +0.2
1 6 + 6 +05.9 -0.1 =12.245.9+6 = +0.3
2 12 0 -00.2 -0.2 ~12.2-0.2+12 | = -0.4
3 24 -12 -12.1 =0.1 | -12.2-12.1+24 | = -0.3
4 24 =-12 [SPCLIC83C3] -11.8 +0.2 | -12.2-11.8+24 | = +0.0
b 24 =12 [SPCLIT81C4] -12.0 +0.0 | -12.2-12.0+24 | = -0.2
6 24 -12 [SPCLICBICLS5] -12.3 -0.3 | -12.2-12.3+24 | = -0.5
7 24 -12 CspcL1{8106] -11.9 +0.1 | =12.2-11.9+24 | = -0.1

Sum of Errors | = -1.0

Figure 4A-3. High-Level Accuracy Test Conditions



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.
¢. Connect the Power Meter with a Low-Level Sensortothe UUT RF QUTPUT.
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 £2.5 dB from +13 to -127 dBm.
TEST EQUIPMENT

Wideband Amplifier

60-dB Attenuator

RF Spectrum Analyzer

Power Meter with a Low-Level Sensor

REMARKS

This test, in conjunction with the Mid-Level 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.

® [tis convenient to use the UUT RF ON/OFF control when zeroing the Power
Meter.

PROCEDURE

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

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

MAINTENANCE
PERFORMANCE TESTS
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4A-8

c. Program the UUT to -67 dBm.
d. Zero the Power Meter.

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

f. Connect UUT RF OUTPUT through the 60-dB Attenuator and the Wideband
Amplifier to the input of the RF Spectrum Analyzer. Use well shielded cables to
avoid leakage that could affect the measurement.

g. Adjust the Analyzer to display the signal, using a resolution bandwidth of 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 Attenu:"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 = 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 +11 dBm to -127
dBm, and at various amplitude and frequency settings that test all level ranges of the
UUT on all RF bands.

REQUIREMENTS
Amplitude accuracy is 2.5 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 Attenuator/ 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 RF ON/OFF control when zeroing the power meter
function of the Measuring Receiver.

TEST EQUIPMENT

Measuring Receiver
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PROCEDURE

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

b. Set the UUT REF INT/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 RF OUTPUT.

e. Verify that the level measured with the Measuring Receiver agrees with the
UUT programmed level to within 2.5 dB, as the UUT level is stepped down
from +11 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 comparingittoa | uV reference established at each
frequency from the UUT.

REQUIREMENT

The radiated emissions induce less than 1 uV of the Generator’s output signal into a
l-inch diameter, two-turn loop, | inch away from any surface of the Generator as
measured into a 50-ohm receiver.

TEST EQUIPMENT

Wideband Amplifier

RF Spectrum Analyzer

Two-Turn Loop

Type-N Termination

A screen room may be required, depending on the RF environment.

REMARKS

Failing this test probably indicates a broken feed-through filter or improper mechanical
assembly (i.e., loose screws and/or damaged or misplaced gaskets).

PROCEDURE

a. Connect the UUT RF OUTPUT to the 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 -107dBm (1 uV), 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
RF leakage is verified by measuring the induced signal in a two-turn loop with the
Measuring Receiver.

REQUIREMENTS

The output signal leakage must induce less than 1 pV into a I-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 relativeto a 1 uV reference
established at each frequency.

TEST EQUIPMENT

Measuring Receiver

Two-Turn Loop

Type-N Termination

A screen room may be required, depending on the RF environment.

PROCEDURE

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

b. Set the UUT REF INT/EXT 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 RF OUTPUT.

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

4A-10
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Disconnect the sensor from the UUT, and terminate the UUT RF OUTPUT
with the Type-N Termination.

Connect the two-turn loop to the Measuring Receiver sensor.

Program the UUT to +13 dBm.

Verify the instrument leakage is less than -107 dBm (1 uV) as indicated by the
Measuring Receiver, by moving the Two-Turn Loop over the UUT surface ata

distance of one inch from the UUT.

Repeat steps d through j at 50 MHz, 50 MHz, and 520 MHz.

SWR TESTS

These tests use a VSWR bridge and a Spectrum Analyzer to verify SWR of the UUT.

REQUIREMENTS

The output VSWR is less than 1.3:1 for output levels <-10 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 <-10 dBm.

PROCEDURE

a. Connect the HFSSG to the VSWR Bridge RF IN.

b. Connect the Spectrum Analyzer to the VSWR Bridge RF OUT.

c. Connect the UUT to the VSWR Device Under Test.

d. Program UUT to | 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.

Disconnect UUT from VSWR bridge.

MAINTENANCE
PERFORMANCE TESTS
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).

k.

4A-12.

Note Spectrum Analyzer level.

The difference between the levels in steps i and g should be greater than 18 dB.

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

RF harmonics <-30 dBc for RF frequencies > 10 MHz, <-26 dBc for RF frequencies <
10 MHz; spurious (non-harmonic) <-35 dBc.

TEST EQUIPMENT

RF Spectrum Analyzer

PROCEDURE

a. Connect the UUT RF OUTPUT to the Spectrum Analyzer input.

b. Program the UUT to [RCL][9][8]. Then program the Generator to + 13dBm.

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.

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 10kHz, 15 kHz, and 20 kHz are <-35dBc.

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.



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 dBc.

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

REQUIREMENTS
PARAMETER SPECIFICATION
MOD FREQ < +/- 54 at 0.4 or 1 kHz
AM ACCURACY Display accurate to within +/-6% for internal rates and
depths of 99% or less, and peak amplitudes of +13 dbm or
less.
AM DISTORTION < 5% THD for S50% AM at 1-kHz rate.
RESIDUAL AM < 0.1% rms (-60dBc) in a 0.05-kHz to 15-kHz bandwidth.
FM ACCURACY < +/- 5% for 1 kHz-rate and > 1 kHz deviation.
RESIDUAL FM < 200 Hz peak in a 0.05 kHz to 15 kHz band.

MAINTENANCE
PERFORMANCE TESTS
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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 RF OUTPUT to the Modulation Analyzer input.

b. Connect the Modulation Analyzer modulation output to the Frequency

c. Program the Modulation Analyzer to measure AM depth in a 0.05-kHz to
15-kHz bandwidth.

d. Programthe UUT to[RCL]{9][8]. Program the UUT for 909 INT AM at a
1-kHz rate and a level of +1 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%.

¢. Program the UUT to a modulation frequency of 1 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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¢. 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%.

¢

Verify that the THD is less than 59

I iiall 7

[

Table 4A-3. AM Test Conditions

FREQUENCY LEVEL AM
(MH2) (dBm) 3]
0.4 1 30
70

90

7 30

70

90

2449 1 50
90

7 50

90

245 1 50
90

7 50

90

350 1 50
90

7 50

90

520 1 50
90

7 50

90

Table 4A-4. AM Depth Range

PROSRAMME D MEAN AM DEPTH(%) MAXIMUM
DEPTH (%) MIN. MAX. THD(X)
30 24 36 -
50 44 56 5
90 84 96 -
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h. Program the remaining combinations of RF frequency, level, and AM

depth listed in Table 4A-3. For each combination, verify that the mean AM
depth is between the allowed limits and that the THD is less than the
allowed limit. The allowed limit depends on programmed depth, as shown
in Table 4A-4.

Disconnect the LFSSG from the UUT.

4. Residual AM Test

Program the UUT to 100 MHz, +7 dBm, and no modulation.

Program the Modulation Analyzer to measure rms (or average) AM in a
0.05-kHz to 15-kHz bandwidth.

Verify that the residual AM is less than 0.1% rms (or 0.09% average).

S. FM Accuracy

Connect the output of the LFSSG to the UUT MOD INPUT connector and
the DVM (use a BNC T connector).

Program the Modulation Analyzer to measure peak FM in a 0.3-kHz to
3-kHz bandwidth.

Program the UUT frequency to 245 MHz, 7 dBm, 99.9 kHz deviation, and
EXT FM.

Set the LFSSG to 1.0 kHz and adjust its level so the DVM reads 707.1 mV
rms.

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.)

Program the UUT to 9.99-kHz deviation.

Verify that the Modulation Analyzer reading is between 9.5 kHz and 10.5
kHz.

Program the UUT to 400-kHz deviation.

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
15-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 RF 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 & 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 RF OUTPUT to the Modulation Analyzer input (use a 6
dB pad at the Modulation Analyzer RF 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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10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Program the LFSSG to 1 kHz, 383 mV rms TERM.

Program the Modulation Analyzer to measure + peak FM in a 0.02-kHz to >
20-kHz bandwidth.

Program the UUT for Meter Mode ([SPCL][6][1]) and program the Frequency
to 500 MHz. UUT should be in 500-kHz range, + Peak.

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.

Repeat step 7 for LFSSG set to 0.1 kHz and 8 kHz.

Program LFSSG to 1 kHz. Adjust the level so that the Modulation Analyzer
reads 400-kHz deviation in + peak. Set UUT to + PEAK.

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.

Program the HFSSG to 40-kHz Deviation. Set the UUT to the 50-kHz range by
pressing “500/50 KHZ RANGES” [400/ 1000].

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.

Program the LFSSG to 1 kHz and note the Modulation Analyzer reading in +
Peak.

Disconnect the Modulation Analyzer and 6 dB pad.

Program the HFSSG Amplitude to 15 mV rms. The UUT reading in + PEAK
should be within +3 kHz of the reading in step 14.

Reconnect the Modulation Analyzer to the HFSSG RF Output. (The UUT
DEVIATION METER INPUT should still be connected.)

Program the HFSSG and UUT to 30 MHz, 7 dBm. Note the Modulation
Analyzer reading in + Peak.

Disconnect the Modulation Analyzer.

Program the HFSSG to 15 mV rms. The reading should be within £3 kHz of
the reading in step 17.



Section 4B
Access Procedures

4B-1. INTRODUCTION
The information in this section describes the general access procedures for the following
major module assemblies.

Front Section Assembly, Al

Rear Section Assembly, A3

Meter Module Assembly, A4
Synthesizer Board, A2Al
Controller Board, A2A7

Output Board, A2A4

Attenuator/ RPP Assembly, A2AS.
VCO Board, A2A2

Access to other assemblies is straightforward; therefore, other assemblies are not
detailed in this manual.

4B-2. LOCATION OF MAJOR ASSEMBLIES
The location of the major assemblies of the Signal Generator is illustrated in Section 8.

Information on exchanging modules is presented in Section 4D.

4B-3. ACCESS INSTRUCTIONS

Access instructions for each module of the Signal Generator are provided in the
following paragraphs. Before performing any disassembly of the Signal Generator,
remove the power cord from the rear panel power receptacle and remove the exterior top
and bottom instrument covers.

To install the assemblies, reverse the disassembly steps. Be certain the pin connectors and
filter sockets are straight when replacing the boards and that the PCA pulls are not
pinched between the moduie and the module cover.

4B-4. Removing the Front Section Assembly, A1

1. Disconnect the MOD INPUT wire W1 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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7.

Remove the SMA connector at the Attenuator/ RPP assembly.

Remove the two screws that hold the RF OUTPUT connector to the module.
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.

Remove the five flathead screws from each front panel handle.

4B-5. Removing the Rear Section Assembly, A3

1.

Disconnect the Synthesizer, Controller, and Attenuator power cable at the
power supply.

Remove the IEEE-488 Interface assembly from the back of the instrument rear
panel.

Remove the inside part of the 10-MHz IN/OUT BNC connector.

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.

Remove the five flathead screws from each handle and pull the rear panel
assembly out from the Signal Generator.

If you need to completely detach the rear panel assembly from the Generator,
unfasten the front panel power switch.

4B-6. Removing the Synthesizer Board, A2A1

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.

Remove the number 6 screws holding the board, and then carefully remove the
board.

4B-7. Removing the Output Board, A2A4

L.

Remove the number 6 screws holding the bottom module (A1) cover. (The
number 10 screws are adjustment-access screws and need not be removed.)
Remove the module cover.

Remove the plug-in coupling capacitor between the Output and the VCO
boards.

Remove the number 6 screws holding the board, and then carefully remove the
board.

4B-8. Removing the Attenuator/RPP A2A5 Assembly

L.

Disconnect the SMA connector at the Attenuator that leads to the Meter
Module Assembly.



2.

3.

MAINTENANCE
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Disconnect the control harness from the Relay Driver PCA.

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.

4B-9. Removing the VCO Board, A2A1

L.

4B-12.

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.

Remove the plug-in capacitor that couples the OQutput board to the VCO.

Remove the number 6 screws holding the board, and remove the board. The
screws with the washers must be plaged next to the varactors,

Removing the Controller Board, A2A7

Remove the Meter Module Assembly (A4) as described in 4B-12.

Remove the connectors attached to the display, Attenuator, and power supply.
Remove the IEEE assembly.

Remove the number 6 screws holding the board, and remove the board.
Removing the Meter Module Assembly, A4

Remove the 2 SMA and | SMB connectors on the Meter Module Assembly.

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.

Remove the three number 6 screws holding the A/ D PCA (A4A2) to the ruain
module.

Pull the assembly straight up, being careful not to damage the connector. (Set
the assembly aside, if the controller is to be removed).

Removing the Discriminator Board, A4A1
Remove the Meter Module Assembly, A4, as described in 4B-12,
Remove the nuts holding the 2 SMA and SMB connectors to the meter module.

Remove the number 6 screws holding the Meter Module cover. (The number 10
screws are adjustment-access screws and need not be removed).

Remove the number 6 screws holding the board, and remove the board.
Removing the A/D Board, A4A2

Remove the Meter Module Assembly as described in 4B-12.

Remove the number 6 screws holding the board, and remove the board.
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Section 4C
Calibration Adjustments

4AC.1. INTRODUCTION

The adjustment procedures for the Generator are described in the following paragraphs.
The recommended test equipment for calibration is denoted by an A in Table 4A-1.

Adjustment procedures for the Power Supply, Display, Output, Synthesizer, Deviation
Meter and Attenuator/ RPP 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
WITH POWER APPLIED TO THE SIGNAL GENERATOR AND WITH PROTECTIVE
COVERS REMOVED, SERVICE SHOULD BE DONE ONLY BY TRAINED SERVICE
PERSONNEL WHO UNDERSTAND THE HAZARDS INVOLVED. WHERE
SERVICE CAN BE PERFORMED WITHOUT POWER APPLIED, THE SIGNAL
GENERATOR SHOULD BE UNPLUGGED FROM THE LINE POWER.

DO NOT INTERRUPT THE PROTECTIVE GROUNDING CONNECTION. TO DO
SOWOULD CREATEA POTENTIAL SHOCK HAZARD THAT COULD RESULTIN
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, A3Al.

This is the only adjustment on the Power Supply PCB.
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TEST EQUIPMENT
DMM
REMARKS
This adjustment is accessible through a hole in the bottom lip of the rear panel.
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 wit.h the ground‘ lead (})l‘ack‘wire) connected to the power distribution
connection point on the moduie plate.
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:
TP  Voltage Limits
1 145t015.7
14.5t0 15.7
-14.5t0 -15.7

4.85t05.20
17.4 to 22.6

— BN W =

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 230V 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 TP1 on the rear of the Display PCA, just above the
POWER switch.
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Figure 4C-1. Power Supply Test Points
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PROCEDURE

Adjust R16 for 0.98V at TP1.

I. 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 TP1 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. RI144, linearizer detector offset

4. R421, AM depth

5. R311, RF 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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PROCEDURE

The LEVEL DAC Offset, R309, is adjusted for0 £ 0.5 mV at TP7 with the RFOUTPUT
turned OFF.

a. Gainaccess 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 +0 mV+ 0.5 mV.
e. Program the UUT RF OUTPUT to ON.

f. Replace the access screws.
2. Modulation Oscillator Level Adjustment
This adjustment sets the modulation oscillator level.
TEST EQUIPMENT

Modulation Analyzer
DVM
Low Frequency Synthesized Signal Generator (LFSSG)

REMARKS

The modulation oscillator adjustment is normally required only when components in the
modulation oscillator or modulation switching circuits have been replaced or the
adjustment has been changed or has shifted.

PROCEDURE

The AM depth, with internal modulation, is adjusted via R419 to equal the AM depth
with a 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. Programthe UUT to[RCL][9][8], then program the UUT to 350 MHz, 7dBm,
and EXT AM at 909% 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 RF OUTPUT connector to the Modulation Analyzer RF
input.

4C-6



MAINTENANCE
CALIBRATION ADJUSTMENTS

f. Program the Modulation Analyzer to measure + Peak AM in a 0.3-kHz to
15-kHz bandwidth.

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.

¢. Programthe 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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f. Connect the Power Sensor to the UUT RF OUTPUT connector.
Program the UUT to +12 dBm.
Note the Power Meter reading.

1. Program the UUT for -8 dBm, using the EDIT keys.

J.  Adjust the detector offset adjustment, R144, for a Power Meter reading 20 dB
+0.1 dB below the reading obtained in step h.

k. Repeatsteps g through j until the difference between the power measurements is
20 = 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.

l.  Program the UUT for +2 dBm using the EDIT keys. Verify that the Power
Meter reading is 10 dB £.2 dB below the previous reading.

m. Program the UUT for [SPCL][0]{0]. This enables amplitude level correction
and disables amplitude fixed range.

n. Disconnect the Power Sensor from the UUT and replace the Detector Offset
adjustment access screw.

4. AM Depth Adjustment
TEST EQUIPMENT
DVM

Modulation Analyzer
LFSSG

REMARKS

The 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 RF 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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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, +1
dBm, and EXT AM at 90% AM depth.

d. Programthe LFSSG for | kHz and a voltage of 0.7071 rms, as measured by the
DVM.

e. Connect the UUT RF OUTPUT connector to the Modulation Analyzer input.

f. Program the Modulation Analyzer to measure AM + Peak in a 0.05-kHz to
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. RF Level Adjustment
TEST EQUIPMENT
Power Meter and Sensor

REMARKS

The UUT must be operated at room temperature for at least one hour, with the module
plate covers in place, before continuing with this adjustment procedure.

This adjustment is required if any of the following events occur:

The Output Assembly, A2A4, or the Attenuator/ RPP, A2AS, has been replaced.

The AM depth adjustment is made.
The LEVEL DAC or any associated components are replaced.

The RF level adjustment has been inadvertently changed or shifted.

CAUTION

This adjustment directly affects the output level and should not be changed
indiscriminately.

PROCEDURE

With the UUT programmed to +9 dBm, adjust 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 RF Level Adjustment access screw from the bottom module plate
cover.

4C-9
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d. Connect the Power Sensor to the UUT RF connector.

e. Adjust the RF level adjustment, R311, for a reading of exactly +9 dBm on the
Power Meter.

f. Replace the RF level adjustment access screw.

6. HET Level Adjustment
TEST EQUIPMENT

Power Meter and Sensor

REMARKS
The UUT must be operated at room temperature for at least one hour, with the module
plate covers in place, before continuing with this adjustment procedure.

This adjustment is normally required only when components in the het band circuits
have been replaced or when the adjustment has been changed or has shifted.

CAUTION

This adjustment directly affects the output level and should not be adjusted
indiscriminately.

PROCEDURE

With the UUT programmed to +9 dBm, adjust the het level adjustment, R227, for equal
output power at 100 MHz and 350 MHz.

a. Program the UUT to [RCL][9][8], then program the UUT to 350 MHz and +9
dBm.

b. Zero the Power Meter.

c. Remove the het level adjustment access screw from the bottom module plate
cover.

d. Connect the Power Sensor to the UUT RF OUTPUT connector. Note the
Power Meter reading.

e. Program the 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
4C-10
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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, R104 VCO Upper Clamp Adjustmen

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, C153

TEST EQUIPMENT

Frequency Standard
Osctlloscope

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
us/div.

f.  Adjust C153 for a drift of less than one cycle per second.
4C-11
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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.

¢. Connect the UUT RF OUTPUT to the Modulation Analyzer input.

d. Connect thc Modulation Analyzer Modulation Output to the Oscilloscope.

e. Program the Modulation Analyzer to measure FM + peak. Set all filters off.

f. Programthe UUT to the [RCL][9]{8]. Then program the UUT to 385.5 MHz, 7
dBm, EXT FM, 99.9-kHz deviation.

8. 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.
1. 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. Programthe LFSSGt00.5 kHz and adjust R87 for 100.0 kHz, as measured on
the Modulation Analyzer.

I Repeat steps g through k until the deviation flatness is 100.0 kHz + 0.3 kHz.
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4C-14

m. Turnthe UUT EXT FM off, and note the Modulation Analyzer peak deviation

(noise) reading.
Turn the UUT EXT FM on.
Program the LFSSG to 10 kHz and 0.7071V rms, as measured by the DVM.

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.

Program the LFSSG to 40 Hz and 0.7071V rms, as measured by the DVM.
Program the UUT to 400-KHz deviation.

Adjust R220 and R206 to minimize the distortion (glitches) appearing on the
waveform.

3. LA49 10-kHz and L50 20-kHz Notch Filter Adjustments

TEST EQUIPMENT

RF Spectrum Analyzer

LFSSG

REMARKS

These adjustments are normally not required unless L.49, .50, C123,C99,C124,C126 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 RF Spectrum Analyzer.

a.

b.

Remove the instrument and the module plate top covers.

Connect the LFSSG to TPS6 (high) and TP36 (low), using clip leads.
Program LFSSG to 10 kHz and 0.2V rms, terminated.

Connect the UUT RF OUTPUT to the RF Spectrum Analyzer input.
Program the UUT to 300 MHz and +13 dBm.

Adjust the RF Spectrum Analyzer to display the signal centered on the display.

Set the span to 10 kHz/division and 1-kHz bandwidth. The 10-kHz sidebands
should be visible.

Adjust L49 to minimize the 10-kHz sidebands.

Program the LFSSG to 20 kHz.

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 R104 is adjusted for 530 MHz.

a. Remove the instrument and module plate top covers.
b. Connect UUT RF OUTPUT to the Frequency Counter input.

¢. Program the UUT to [RCL][9][8]; then program the UUT for 500 MHz and
+13 dBm.

d. Using aclip lead, short TP14 to ground to cause the VCO to go to the upper
frequency limit.

e. Adjust R104 for 530 MHz + 1 MHz.

5. 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.
¢. Connect the DMM to measure voltage between TP53 and the chassis.

d. Adjust C206 for 16.0V £ 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
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zero volts applied. The FM GAIN adjustment, R30, calibrates at 400-k Hz deviation. The
X10 GAIN adjust, R31, sets full-scale at 50-kHz deviation. The OFFSET, R29, sets the
DC to zero volts. The * peak select balance is adjusted by + PEAK, R32.
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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.

L.

10.

11

Connect the HFSSG to UUT DEVIATION METER INPUT and Modulation
Analyzer RF input. Use a 6 dB pad at the Modulation Analyzer RF input. Set
the UUT to Meter Mode ([SPCL] [6][1]) at 500 MHz.

Program the HFSSG to 500 MHz, 7 dBm, 400-kHz deviation.

Program the Modulation Analyzer to measure FM + peak in a 0.02-kHz to >
20-kHz bandwidth.

Short TP2 to ground. Adjust R58 (ADC OFFSET) so that the front panel
display reads 1 kHz. Adjust R58 so that the display changes from | to 0 kHz.

Connect the DVM to TP1. Adjust R29 (OFFSET) for 0V £ 100 mV at TP1.
Disconnect DVM.

Program the HFSSG to INT FM, 1-kHz deviation.

Adjust R30 (FM GAIN) for the same deviation reading on the Modulation
Analyzer and UUT.

Program the HFSSG to 50.0-kHz deviation. Set the UUT to the 50-kHz Range
(press “500/50 KHZ RANGES” [400/ 1000]).

Adjust R31 (50 KHZ GAIN) for the same deviation reading on the Modulation
Analyzer and the UUT.

Set the Modulation Analyzer and the UUT to measure FM - peak (press “*
PEAK” [INT FM)). :

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 performing 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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4D-2

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, A1U3, its socket, and a
set of insulated washers for all of the chassis-mounted regulators.

No adjustment is required after installation of the new PCA, but 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

A1A1 Display PCA (P/N 738609
A1A2 Switch PCA (P/N 738591)
A2A1 Synthesizer PCA (P/N 774513)
A2A2 VCO PCA (P/N 792705)
A2A4 Output PCA (P/N 774521)
A2ASA4L Attenuator/RPP Assembly (P/N 752667)
A2A5A5 Relay Driver/RPP PCA (P/N 752816)
A2A7 Controller PCA (P/N 774539
A3A1 Power Supply PCA (P/N 744052)
A3A3 IEEE-488 Interface Assembly (P/N 774562)
A4AT1 Discriminator PCA (P/N 774554)
ALA2 A/D PCA (P/N 774547)
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4D-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 RF 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 thess 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, Attenuztor/RPP PCA
(A2A5A4), Relay Driver/ RPP PCA (A2AS5AS5), 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 RF level adjustment procedure on the
Output PCA (A2A4), as explained in the Calibration Adjustments section of this
manual. The Realy Driver/ RPP PCA (A2AS5AS) can be ordered separately through
module exchange.

4D-10. |EEE-488 PCA, A3A3
The IEEE-488 assembly comes complete with panel, frame, and connector and is ready
to plug in. No adjustments are required after installation.

4D-11. 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.

4D-3
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4D-4

4D-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 RF bands or levels, only when FM is on, only under remote control, etc.

1i che symptom is a blank front panel or no response to keystrokes, the fault is most likely
adigital problem or a power supply problem. If the power supply and cables are good, go
to the digital troubleshooting paragraphs in this section.

If the front panel appears to function properly, but the RF output is abnormal or there is
a flashing UNCAL indication, the cause is likely an analog circuit problem (although it
could be a control problem).

A properly operating front panel indicates that the majority of the Controller circuitry is
functional. It is possible, however, that a digital control problem could exist and cause
the RF output to be incorrect. If a digital problem 1s 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 during service. These
special functions allow the alternate attenuators, A242L through A245L, to be
programmed one at a time, thus keeping the level high. The first 24-dB
attenuator, denoted A241L, is automatically programmed for levels between
-17.0dBmand -11.1 dBm with AM off. These special functions allow the other
attenuators, A242L through A245L, to be programmed 1n 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 RF and
level correction on. If the level is not in the specified range, -12 dBm will be
programmed. Any new entry that normally programs the attenuators causes the
default (normal) attenuators to be programmed.

4D-16. UNCAL Conditions

There are two hardware fault detectors: the unlock detector on the Synthesizer PCA and
the unleveled detector on the Output 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.

[t 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,
anunlocked 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 RF bands, levels, or functions (FM or AM) are selected. For
example, if the code indicates that UNLOK is asserted only with FM on, and not with
FM off, it may be indicating an overmodulation condition. See Table 1-1. Signal
Generator Specifications, for the FM limitations.

4D-17. Selt-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 Fieid

MODULATION FREQUENCY AMPLITUDE

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.

D

uring th torisp me dthe
ntern lfrequency reference 1s sel ct d. 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.

rog_rammed to maximum attenuation and the

4D-18. AAAFIELD

AAA s theresult 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

AAA FREQ LEVEL AM MOD FREQ KV M FM EXPECTED
(CODE) (MH2) (DBM) %) (HZ) DAC DAC RANGE RESULT
001 520 10.7 30 400 n/a n/a n/a Leveled
002 520 16 127 400 n/a n/a n/a Unleveled
004 520 10.7 30 1000 n/a n/a n/a Leveled
010 520 16 127 1000 n/a n/a n/a Unleveled
020 280 -10 n/a 400 Normal| 1023 4 Locked

4D-19. BBBFIELD

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.

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.
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Table 4D-4. BBB Field Test Results

BBB SYNTH. FREQ. 52’:‘% XOENL EXPECTED
(CODE) (MHZ) M) BIT RESULT
001 245 120 0 Locked
002 520 5 0 Untocked
004 520 95 0 Locked
010 225 120 0 Unlocked
020 385 120 0 Locked
040 550 120 0 Unlocked
100 385 120 1 UnLocked
200 385 200 0 Locked

4D-20. CCCFIELD

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 data can be read back. Both the off-chip RAM (U25) and the on-chip RAM
(Ul) 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 EPROMSs (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

€CC (CODE) DIGITAL TEST
001 IEEE-488 test
004 RAM test
010 Attenuator calibration EPROM checksum
020 Output calibration EPROM checksum
040 Synthesizer calibration EPROM checksum
100 Lower 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 4D-6. DDD Field Test Results

50D FREQ EXPECTED
(CODE) (MHZ) MIDL HAQCTH RESULT
001 349.99999 0 1 leveled
002 520.00000 0 0 leveted
004 244.99999 1 1 leveled
020 490.00000 0 1 unleveled
040 224 .00000 1 0 unteveled

4D-7
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4D-22. Check Output Signal

Check the Generator output signal with a Spectrum Analyzer or a Counter at various
frequencies on each of the three RF bands and at the state where an UNCAL condition
exists. If the frequency is incorrect or erratic, check the power supply first. 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

OUTPUT FREQUENCY (F ) | MIDL | HAOCTH | HETL SHETH SYNTH. FREQ (F)
0.01- 244.99999 MHz | 1 1 0 1 (800 + F.)/ 2
245 = 349.99999 Mz | 0 1 1 0 Fo
350 - 520.00000 Miz | O 0 1 0 Fo

1 = TIL High

0 = TTL Low

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 FM troubleshooting paragraphs.

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
UUT fails, the next task is to isolate the problem. Remove the top and bottom instrument
covers and visually inspect the interior for loose cables, connectors, etc. Also be alert for
the characteristic odor of burned resistors.

WARNING

DO NOT INTERRUPT THE PROTECTIVE GROUNDING CONNECTION. TO DO
SO WOULD CREATEA POTENTIAL SHOCKHAZARD THAT COULD RESULTIN
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.

CAUTION

To prevent damage to the Generator, turn off the instrument before removing any
PCAs.

4D-23. Check Power Supply Voltages

CAUTION

To prevent damage to the Generator, turn off the instrument before disconnecting
any power distribution cables.

4D-8
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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

UNREGULATED VOLTAGES REGULATED VOLTAGES
SUPPLY
aTp v dc Ripple(Vpp) aTp vV dc Ripple(mVpp)
+37 9 47 0.5 5 36.9 to 37.1 2
+15 Syn 1 14.5 to 15.7 0.5
7 22 0.5
+15 out 3 o " n
=15 g -23 0.2 2 -14.5 to -15.7 "
+5 10 9 1 4 4,75 to 5.25 1
+18 1 18 2.5 None None None

Table 4D-8 lists the typical dc and ripple voltages (relative to ground connection on the
module plate) at the key test points of the Power Supply PCA, A3AIl. These
characteristics apply for [RCL][9][8].

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.

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:

At 50 MHz and 13 dBm, Vdc is typically 20V with 0.25V (peak-to-peak) ripple.

At 50 MHz and RF off, Vdc is typically 20.9V with 0V 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.

4D-9
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If the front panel is operating correctly but the RF output is incorrect, determine if the
fault is on the Controller side of connector P101. The control to most of the audio and
RF analog circuitry passes through P101 via buffers Ul5 and U16 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 (BD0-7) and address (BABO0-2) signals on
P101 are valid at any given time, the most common failures seen at this point are totally
inactive signals. Between bursts, the data and address signals are in the high impedance
state (tri-stated). Be 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 contiol signals on U15 (pin 1),
and U16 (pins 1 and 19) of the Controller, A2A7. If the buffer control signals are active,
check the buffer inputs that correspond to the inactive outputs. If the inputs show
activity, replace the buffer and again check the signals. If, however, the inputs to the
buffers are also inactive, trace the signals back and determine the fault location.

If all data and address signals show activity and their timing roughly corresponds to the
select signals BSELOL and BSELIL, assume for now that the 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 RF circuit boards to
verify that the correct data is reaching them. Passing this test is a good indication that the
fault is not in the Controller.

If an IEEE-488 Bus Controlier 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 Ul. The signal should
generate a low to high transition on power-up and remain high during normal operation.
Turning the power on and off generates active low reset pulses to Ul. If 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 Ul, CRUIN (pin 13), INTI (pin 15), HOLD (pin 18), NMI (pin 21), and
READY (pin 23), should all be high. If any of these signals are not high, correct the fault
before continuing on.
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4D-30. |EEE-488 Interrupt

Verify that the IEEE-488 Interface interrupt signal, IEINTL, is in the inactive (high)
state. If IEINTL is active, either troubleshoot the interface to the IEEE-488 Interface, or
temporarily bend out pin 14 of Ul and tie it to +5V.

After completing the above steps, there should be activity on the address, data, and
control lines as the microprocessor executes instructions.

4D-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 outputs of buffered signals. A combination of observation and experience is
helpful here. An ohmmeter or a pulse generator may be useful in further investigating

suspected signals.

4D-32. Address Decoder

Several levels of address decoding are used to select all the memory and I/ O devices. The
inputs to the address decoders come from the buses and present challenges similar to
troubleshooting the buses. A suggested approach is to first choose a decoding 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 A1Al 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 dlsplay
field. See Table 4D-9 for the address codes for each key. Exit this test by pressing
[CLR|LCL].

4D-34. SYNTHESIZER TROUBLESHOOTING

NOTE

All frequencies mentioned are synthesized; hence, they are exact (coherent
with the 10- M Hz 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 REF INT/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.

4D-11



MAINTENANCE

TROUBLESHOOTING AND REPAIR

4D-12

Table 4D-9. Address Codes for the Front Panel Keys

KEY CODE
CEXTAM] 1
LEXTFM] 2
CINTAM] 4
CINTFM] 5
C400/10001 6
CFREQ] 9
CAMPL] 10
CAM] 11
CFM] 12
[spPcL] 13
[STEP] 14
L73] 15
[4] 16
13 17
£od 18
[sT0] 19
[8] 20
[5] 21
£2] 22
L.] 23
CRCLD 24,
£9] ‘ 25
L6] 26
£3] 27
£-1 28
£SEQ] 29
[MHz | V3 30
CkHz V] 31
[Hz [uvd 32
STEPLvV] 33
CdB(m)] 34
[%1 35
CCLRILCL] (Exit Test)
STEP[*] 37
EDITC€] 38
EDITL™ 40
EDITIN] 4
EDITID] 43
ESTATUS] 45
RFLCON/OFF] 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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TEST SIGNAL
POINT TYPE RANGE TYPICAL FUNCTION
TP1 RF 245 to 522.5 MHz | 480.059995 MHz; ALL frequency digits
-7 dBm
P2 GROUND
TP3 RF 245 to 522.5 MHz 480.059995 MHz; AlLL frequency digits
+4 dBm
TP?7 GROUND
P11 TTL 10 to 19.995 kHz 19.995 kHz 10-K, 1-K, 100-,
and 10-Hz digits
TP12 | TTL 1 to 1.9995 MHz 1.9995 MHz 10-K, 1-K, 100-,
and 10-Hz digits
TP13 GROUND
TP14 | TTL 0.2 MHz (AL) 0.2 MHz 1-MHz and Lower digits
TP15 TTL 0.01 to 1 MHz 40 kHz .
TPi6 | TTL 12 to 26 MHz 24 MHz AlL frequency digits
TP17 | RF 245 to 525 MHz 480.04 MHz; -17 dBm| ALL frequency digits
TP22 | AUDIO 0 to 0.7V rms 0.68V rms FM Deviation
TP23 GROUND
TP24 | TTL 20 MHz, 12.5 ns 20 MHz
(AH)
TP25 TTL 20 MHz, 12.5 ns 20 MHz
(AH)
TP26 GROUND
TP2? | TTL 10 to 19.995 MHz [19.995 MHz 10-K, 1-K, 100~
and 10-Hz digits
TP31 GROUND
TP32 AUDIO 0 to 0.8V rms 0.15V rms FM Deviation,
and Frequency
TP33 AUDIO 0 to 0.8V rms 0.15V rms FM Deviation,
and Frequency
TP34 | DC 30 +/- 0.5V 30V dc
TP35 | TTL 200 kHz 200 kHz 200-kHz Reference
TP36 GROUND
TP37 pC -1 to —-6v -2.3V d¢ Frequency
TP38 | TTL 200 kHz 2.5 us(AH) | 200 kHz 2.5 us
TP39 TTL 200 kHz 10 ns (AL) [ 200 kHz 10 ns
TP40 DC 2 to 22V 16.8V dc Frequency
TP41 bC 2 to 22V 16.3V dc Frequency
TP42 GROUND
TP43 DC 2 to 22V 16.3V dc Frequency
TP44 DC 2 to 22V 15.1V dc Frequency
TP45 AGROUND
TP&6 TTL Low = unlocked TTL high
high = Llocked
TP49 | TTL 10 MHz 20 ns (AL) | 10 MHz, 20 nS
TP50 | TTL 10 MHz 10 MHz
P51 GROUND
TPS52 | TTL 10 MHz 10 ns (AL) | 10 MHz, 10 nS
TP53 DC 6.0 +/- 2V Above 245 MHz
16 +/- 2v 16V dc Below 245 MHz
TPS54 | TTL 10 MHz 10 MHz
TPS5 | RF 800 MHz 800 MHz; -10 dBm Below 245 MHz
TP56 INPUT To test Low—
pass filters
active high

NOTE: AH =

AL

active low

4D-13
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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 US55 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 US55 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 (209 duty cycle) at TP35.

Table4D-11 shows the relationship between various reference frequency configurations
and the control of the reference circuitry.

4D-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 Ul, or the circuitry between TP41

and TP44.

Check the signal at TP1. It should be the same as the output frequency. The level after the
buffer amplifier, Q3, Q4, at TP3 (use RF test cable) should be approximately +3 dBm.
The signal at 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 4D-11. Frequency Reference Control

INT/EXT REF BIT
INT/EXT RMUX1H RMUXOH RINH EOENL SHENL
INT 0 0 0 0 1
EXT 1 0 1 1 1
1 = TTL High
0= TTL Low




MAINTENANCE
TROUBLESHOOTING AND REPAIR

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 2.0V. If this voltage is
not correct, check the DAC U27, latches U26 and U30, and op amp U28. This voltage
should also change as the operator changes the Generator frequency.

If the KN DAC appears to function, the problem is with the phase detector. Reconnect
the variable power supply as before, and adjust the voltage for approximately a0.2-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 QI9.

If the loop is locked, but the I-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 10-kHz digit is inoperative or the frequency jumps as the 1-MHz digit is programmed,
the problem is likely the triple-modulus prescalar. If the lower order (1-kHz, 100-Hz,
10-Hz) digits cannot be programmed, the problem is the sub-synthesizer or single-
sideband mixer.

4D-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 Q4, 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 be 40 MHz. If it is not, lift
the op-amp end of R169, and connect it to a variable power supply set to approximately
6V. The signal at U64 pin 3 should be approximately a 40-MHz ECL level (approximately
3.2V to 4.2V) signal. By varying the supply voltage, the frequency should change. A
similar signal should be present at U64 pin 2. Check to see if U64 pin 11 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 TP checks are all right and the 800-M Hz 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 | MHz, and TP11 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, U10 pin 8
and U10 pin 14, should be approximately 300-mV p-p sine waves that are 90° apart in
phase. Use a dual-trace oscilloscope for verification.

The frequency at TP27 should change 1000 kHz for a 1-kHz change in the programmed
frequency and 100 kHz for a 100-Hz change, etc.
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4D-38. FM Circuitry
The INT/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 of the audio integrator should be about 1V 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-k Hz value. Program 500-kHz deviation, and the voltage should be five times the
99.9-kHz value.

ables 4D-12 and 4D-13 provide FM range and FM DAC (10 bits) control information
4D-39. LEVEL TROUBLESHOOTING

If the Generator level is inaccurate or an unleveled condition exists, the A2A4 Output
assembly or the A2A5 Attenuator/ 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 Attenuator/ RPP, the heterodyne circuit, and the output
amplifier, Q215. If the level problem only exists below 245 MHz, then troubleshoot the
heterodyne circuitry. If the problem is not frequency dependent and if the level is
accurate above +7 dBm but inaccurate below +7 dBm, then the A2AS5 Attenuator/ RPPis
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
onthe 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

FM DEVIATION
(kH2) FMRN
0 - 9.99 1
10.0 - 99.9 2
100 - 500 4
Table 4D-13. FM DAC Control
FM DEVIATION FMO=-9
(kHz) (Bits)
0 - 9.99 FM Deviation / 10
10.0 - 99.9 FM Deviation / 100
100 - 500 FM Deviation / 500
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Table 4D-14. Output PCA Points

TEST S IGNAL RANGE TYPICAL FOR SIGNAL
POINT TYPE RCL 98 DESCRIPTION
P RF 245 to 1050 MHz 300 MHz Output of mid/high
-18 to =32 dBn ~-27 dBm bandswitch.
TP2 RF 245 to 1050 MHz 300 MHz Output of buffer
~10 to -25 dBm -20 dBm anplifier.
TP3 RF 245 to 1050 MHz 300 MHz Output of switched
-13 to -28 dBm -22 dBu Low-pass filters.
TP4 RF 245 to 1050 MHz 300 MHz® Power-splitter
-13 to =33 dBm ~22 dBm output.
TPS RF 800 MHz No signal Het mixer L0
-8 JdBm signal
TPé dctaudio -7 to 14V dc nominat 3.1V dc Modulator control
voltage.
TP7 dctaudio 0.04 to 3.0V dc nominat 1.2V dc Leveling loop
control voltage.
TPy dctaudio 0 to 2V dc¢ nominal 0.63V dc Detector diode
voltage.
P9 dctaudio 400 or 1000 Hz, 400 Hz Modulation Osc-
0.71V ras 0.71V rms il lator output.
P10 Ground
P11 dctaudio 0 to 0.70V rms ov FM modulation
signal to
Synthesizer.

4i2-41. ATTENUATOR/RPP LEVEL CONTROL

Table 4D-15 lists the Attenuator/ RPP assembly A2AS sections that are inserted in the
RF output path for the various level ranges of the Generator. This information is useful
in 1solating 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 RF output path
when there is no power applied to the relay.

If the level problem exists above +7 dBm, the through path (0 dB attenuation) of the
Attenuator may be faulty.

4D-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 RF OUTPUT
connector, and check the nominal levels per Table 4D-16 at both 0.4-MHz and 520-MHz
frequency.

The through-path operation of the Attenuator/RPP can be roughly checked by
removing the instrument and module bottom covers. Program the frequency to 1 MHz
and the level to +13 dBm. Measure (with a high-impedance probe and an RF voltmeter or
an oscilloscope) the level at P102 of the A2A4 Output assembly with a power meter
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connected to the RF 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 Attenuator/ RPP is at fault.

If the level problem is subtle rather than catastrophic, a more accurate check is required
to determine if the fault is the Attenuator/ RPP or the Output assembly. Such a check is
made by removing the Attenuator/ RPP assembly, attaching an adapter (6060A-4234;
P/N 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

AMPLITUDE RANGE IN DBM ATTENUATOR SECTIONS INSERTED INDICATED BY X
AM Off AM On A6DBL | A12DBL|A241L|A242L |A243L | A244L | A245L
7.0 19. 1.0 9.0
1.0 6. -5.0 0.9 X
-5.0 0. -11.0  -5.1 X
-11.0 -S. -17.0 -11.1 X X
-17.0 -11. -23.1 -17.1 X
-23.1 -17.1 -29.1 -23.2 X X
-29.1 -23.2 -35.1 =29.2 X X
-35.1 =29.2 41,1 =35.2 X X X
-41.1 =35.2 -47.1 -41.2 X X
-47.1 -41.2 