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MOTOROLA TEST-EQUIP1\1ENT PRODUCTS
UMlTED WARRANTY

(EXCLUDES EXPORT SHIPMENTS)
 

Motorola Test-Equipment Products (herein the "product") that are manufactured or distributed by Motorola Communications Group Parts 
Department are warranted by Motorola for a period of one (I) year from date of shipment against defects in material and workmanship.

This express warranty is extended to the original purchaser only. In the event ofa defect, malfunction, or failure during the period of warranty, 
Motorola, at its option, will either repair or replace the product, providing that Motorola receives written notice specifying the nature of the 
defect during the period of warranty, and the defective product is returned to Motorola at 1313 East Algonquin Road, Schaumburg, IL 
60196, transportation prepaid. Proof of purchase and evidence of date of shipment (packing list or ii >'oice) must accompany the return of the 
defective product. Transportation charges for the return of the prduct to the Purchaser shall be preiniid by Motorola. 

This warranty is void, as determined in the reasonable judgment of Motorola, if:

(a) The product has not been operated in accordance with the procedures descri'.,ed in the operating instructions;

(b) The seals on non-user-serviceable components or modules are broken;

(c) The product has been subject to misuse, abuse, damage, accident, negtigen<;e, repair or alteration.

In no event shall Motorola be liable for any special, incidental, or consequential dama:ges.

In the event Motorola elects to repair a defective product by replacing a module or subassembly, Motorola, at its option, may replace such
defective module or subassembly with a new or reconditioned replacement module or subassembly. Only the unexpired warranty of the warranty
product will remain in force on the replacement module or subassembly. EXCEPT AS SPECIFICALLY SET FORTH HEREIN, ALL WAR
RANTIES EXPRESS OR IMPLIED, INCLUDING ANY IMPLIED WARRANTY OF FITNESS FOR A PA�TI< JAR PURPOSE OR
MERCHANT ABILITY, ARE EXCLUDED. . . 

EPS-30828-O

SUPPORT SERVICES
 

For service on your Motorola test equipment in the U.S., contact the Test-Equipment Service Center, Schaumburg, 1313 E. Algonquin Rd.,
Schaumburg. Illinois 60196 or call the Test-Equipment Service Hotline: 800/323-6967 duril\g normal business hours. In Illinois call 1-312-576-
7025. Outside the U.S., contact your nearest Motorola representative.

MODULE EXCHANGE PROGRAM�

Modular construction of the R200 I allows field replacement of individu.u assemblies. Contact the Test-Equipment Service Center for pricing
and delivery, Outside the U.S., contact your nearest Motorola representative. 

COMPUTER SOFTWARE COPYRIGHTS

The Motorola products described in this instruction manual may include copyrightt.:i Motorola ccmputer programs stored in semiconductor
memories or other mediums. Laws in the United States and other countries preserve for Motorola certain exclusive rights for copyrighted com
puter programs, including the exclusive right to copy or reproduce in any form th.! ce>pyrighted computer program. Accordingly, any copyrighted
Motorola computer programs contained in the Motorola products described in thb instruction manual may not be copied or reproduced in any
manner without the express written permission of Motorola. Furthermore, the purcnase of Motorola products shall not be deemed to grant either 
directly or by implication, estoppel, or otherwise, any license under the copyrights, oatents or patent applications of Motorola, except for the
normal non-exclusive, royalty-free license to use that arises by operation oflaw in th, sale ofa product.

Specifications subject to change without notice 

... Motorola, Private-Line, and Digital Private-Line are trademarks of Motorola, Inc. 

■ Printed in U.S.A.■ • 1985 Motorola Inc. 
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1. SCOPE OF MANUAL

This manual contains information for maintenance 
of Motorola's Communications System Analyzer. 

2. PURPOSE AND USE

This manual is designed specifically as an aid to 
troubleshooting and repairing the System Analyzer. It 
is arranged so that you can conveniently troubleshoot 
and repair at the board level and pursue detailed 
investigatioil3 to the component level by using the 
composite drawing of each printed wiring board 
assembly. 

3. WARNINGS AND CAUTIONS

You should observe several precautions when han
dling this equipment. 

WARNING 

This unit is designed to be oper
ated with a ground connection to 
the chassis via a three-wire power 
connection. If the unit is not prop
erly grounded while operating from 
an ac power source, the voltage 
potential between it and ground 
may cause an electrical shock. 

WARNING 

This system's Processor board uses 
a lithium battery as a memory 
keep-alive voltage source. Do not 
mutilate or disassemble the bat
tery cell. The lithium metal is a very 
active material that burns in the 
presence of water or high humid
ity. Do not put the battery in fire, 
attempt to charge it, heat it above 
100 °C, or solder directly to the cell. 
Do not overdischarge the cell to a 
reverse voltage greater than 3V: the 
battery may burst and burn or 
release hazardous materials. (See 
Section 4, Table 4-2, under NON
VOLATILE MEMORY, for bat
tery troubleshooting procedures 
and cautions.) 
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CAUTION 

Lithium batteries are classified as 
hazardous materials and must be 
disposed of accordingly. Do not 
throw out the battery with the 
everyday trash. Consult state and 
local codes for the appropriate 
disposal procedure. Motorola will 
dispose of an expended battery if 
you return it (in the replacement 
battery container) to the follow
ing address: Motorola Inc., Return 
Goods Department, 1313 East 
Algonquin Road, Schaumburg, Ill. 
60196. 

CAUTION 

This equipment contains parts 
that are subject to damage by 
static electricity. Take proper 
precautions when handling them. 
(For specific precautions on han
dling CMOS integrated circuits, 
see Section 4, System Checkout 
and Troubleshooting, paragraph 
4.2.) 

4. SERVICE

The Motorola Test-Equipment Repair Center serv
ices all test equipment supplied by the Motorola Com
munications Group. The center maintains a stock of 
replacement parts for original equipment and a com
plete library of service information for all Motorola test 
equipment. (For the request form, see Figure 1 at the 
end of the section.) 

Most in-warranty repairs are performed at the Cen
ter. Exceptions include repairs on some equipment not 
manufactured by Motorola. These are performed by 
the original supplier under the direction of the Test
Equipment Repair Center. Out-of-warranty service is 
performed on a time-and-materials basis at competi
tive rates, with a turn-around goal of less than ten 
working days. Reply cards returned with repaired 
instruments continually survey customer satisfaction. 

The Test-Equipment Repair Center also provides 
the convenience of telephone troubleshooting. Fre
quently, under the direction of the Test-Equipment 
Repair Center, you will be able to troubleshoot a piece 
of equipment and isolate defective components via 



telephone. Required replacement parts are then 
immediately shipped to you, thereby reducing ship
ping time and servicing costs. For telephone trouble
shooting, contact the Test-Equipment Repair Center 
toll free at (800) 323-6967. 

All other inquiries and requests for calibration and 
repairs of test equipment should be directed to the 
Area Parts Office. This office will contact the Test
Equipment Repair Center, process the necessary 
paperwork and, if necessary, have the Center contact 
you to expedite the repair. 

5. ORDERING REPLACEMENT PARTS

Motorola maintains a number of parts offices stra
tegically located throughout the United States. These 
facilities are staffed to process parts orders, identify 
part numbers, and otherwise assist in the mainte
nance and repair of Motorola Communications prod
ucts. 

Orders for all replacement parts should be sent to 
the nearest area parts and service center listed below. 
When ordering replacement parts, be sure to include 
the complete identification number located on the 
equipment. 

6. ADDRESSES

6.1 General Offices 

MOTOROLA INC. 
Communications Division Parts Dept. 
1313 E. Algonquin Rei. 
Schaumburg, Illinois 60196 
Phone: 312-397-1000 
Executive Offices: 1301 E. Algonquin Rd. 
Schaumburg, Illinois 60196 

6.2 U. S. Orders 

WESTERN AREA PARTS 

1170 Chess Drive, Foster City 

San Mateo, California 94404 

Phone: 415-:149-:ll 11 

TWX: 9IO-:l7S<l877 

MID-ATLANTIC AREA PARTS 

72:lO Parkway Drive 

Hanover, Maryland 21076 

Phone: :m 1-796-8600 

TWX: 710-862-1941 

EASTERN AREA PARTS 

85 Harristown Road 

Glen Rock, New ,Jersey 07452 

Phone: 201-447-4000 

TWX: 710-988-S602 
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SOUTHWESTERN AREA PARTS 

3320 Belt Line Road 

Dallas, Texas 75234 

Phone: 214-241-2151 

TWX: 910-860-5505 

GULF STATES AREA PARTS 

8550 Katy Freeway 

Houston, Texas 77024 

Phone: 713-932-8955 

MIDWEST AREA PARTS 

1313 E. Algonquin Rd. 

Schaumburg, Ill. 60196 

Phone: :l12-S76-7322 

TWX: 910-693-0869 

EAST CENTRAL AREA PARTS 

12995 Snow Road 

Parma, Ohio 44130 

Phone: 216-267-2210 

TWX: 810-421-8845 

PACIFIC SOUTHWESTERN AREA PARTS 

9980 Carroll Canyon Road 

San Diego, California 92131 

Phone: 714-578-2222 

TWX: 910-335-1634 

SOUTHEASTERN AREA PARTS 

5096 Panola Industrial Blvd. 

Decatur, Georgia 30032 

Phone: ,504-981-9800 

TWX: 810-766-0876 

6.3 Canadian Orders 

CANADIAN MOTOROLA ELECTRONICS COMPANY 

Parts Department 

3125 Steeles Avenue 

East Willowdale, Ontario 

Phone: 516-499-1441 

TWX: 610-492-2713 

Telex: 02-29944LD 

6.4 All Countries Except U.S. and Canada 

MOTOROLA INC., OR MOTOROLA AMERICAS, INC. 

International Parts 

131:l E. Algonquin Road 

Schaumburg, Illinois 60196 U.S.A. 

Phone: 312-397-1000 

TWX: 910-693-1592 or 1599 

Telex: 722433 or 722424 

Cable: MOTOL 
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1.1 GENERAL 

The Motorola Communications System Analyzer is 
a portable test instrument, designed specifically for 
servicing and monitoring communications equipment. 
Its functions supersede those of a Service Monitor, 
expanding the features and capabilities so that serv
icing involves only a single instrument, rather than a 
host of separate equipment. 

The R2001D is the standard Communications Sys
tem Analyzer. The R2002D has the added capability 
of an IEEE-488 Standard Interface control bus, and 
the R2008D has the added capability of "Cellular 
Radio" testing. The R2009D adds both of these capa
bilities to the basic unit. By improving a technician's 
efficiency and accuracy, the Analyzer reduces service 
time. 

The Communications System Analyzer generates 
and monitors signals, performing the tests normally 
associated with the equipment listed below. 

• Spectrum Analyzer
• Duplex Generator
• Modulation Oscilloscope
• Frequency Counter
• AC/DC Digital Voltmeter
• RF Wattmeter/Signal-Level Meter
• General Purpose Oscilloscope
• Multi-Mode Code Synthesizer
• Distortion/SINAD Meter
• Sweep Generator

SECTION 1. 

INTRODUCTION 

The Analyzer meets the shock and vibration 
requirements of EIA test RS152B, the same specifi
cations met by Motorola mobile radios. This mini
mizes failure when the instrument is used in a mobile 
service van, and means the Analyzer is as tough as the 
radios it services. 

Tables 1-1, 1-2, and 1-3 list the physical, electrical, 
and input/output characteristics of the Communica
tions System Analyzer. 

Table 1-1. Physical Characteristics 

Characteristics Description 

Length 20.00 inches (50.8 cm) 

Width 15.50 inches (39.4 cm) 

Height 8.25 inches (21.0 cm) 

Weight 35.5 pounds (16.1 kg) 

(excluding battery pack and 

cover accessories) 

Table 1-2. Electrical Characteristics 

Characteristics Description 

MODES 

Signal Generator Mode 

Frequency 

Range: 10 kHz to 999.9999 MHz 
Resolution: 100 Hz 
Accuracy: Equal to master oscillator time base 

Output (into 50 ohms) 

Attenuator: 16 dB variable plus 10 dB steps over 13 ranges 
Range FM: 0.1 µV to 1 Vrms (-127 dBm to+ 13 dBm) 
Range AM: 0.1 µV to 0.4 Vrms 
Accuracy: ± 2 dB maximum with step attenuator in 10 dB position. 

± 4 dB maximum in any other state. 

Spectral purity 

Spurious: .,:;;;; -40 dB 
Harmonics: .,:;;;; -15 dB 
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Table 1-2. Electrical Characteristics (Cont) 

Characteristics Description 

Frequency modulation 

Range: 
Accuracy: 
Residual FM: 
Residual AM: 
External/internal frequency range: 
External input: 
Modes: 

Amplitude modulation 

Range: 
Accuracy: 
External/internal frequency range: 
External input: 
Modes: 

Double sideband suppressed carrier 

Carrier suppression: 

MODES 
Signal Generator Mode 

0 to 75 kHz peak 

± 5 �;, ofreading 

20 Hz max. at 300 to 3 kHz from fc 

LO�;, max. at 300 to 3 kHz from f,. 
5 Hz to 20 kHz ( ± 3 dB), 50 Hz to 20 KHz ( ± 1 dB) 
Approximately 150 m V for 20 kHz deviation 
Internal, external, microphone or all simultaneously 

0 to 80'·,. from 1 to 500 MHz 

± 10':'c, of full scale from o p; to 5o r, AM 
5 Hz to 10 kHz ( ± 3 dB), 5 Hz to 3 kHz ( ± 1 dB) 
Approximately 150 mV for so r; 
Internal, external, microphone or all simultaneously 

-15 dB ( 1 MHz to 500 MHz)

Sweep Generator Mode 

Adjustable sweep width from 10 kHz to 10 MHz at a fixed sweep rate. Synchronized to internal scope display. 

Frequency 

Range: 
Resolution: 
Accuracy: 

Frequency error indicator 

Input sensitivity 

(over 4 MHz to 1000 MHz) 

Spurious response 

Deviation measurement 

Range: 
Accuracy: 
Peak deviation limit alarm: 

AM modulation measurement 

Range: 
Accuracy: 

Signal strength meter 

Range: 
Sensitivity: 

Selectivity: 

RF Wattmeter 

(Autoranging display) 

Frequency range: 
Power range: 
Accuracy: 
Protection: 
Scales: 

Monitor Mode 

1 MHz to 999.9999 MHz 
lO0 Hz 
Equal to that of master oscillator time base 

Autoranging CRT display. Resolution ± 10 Hz for frequency error 
measurements on 1.0 kHz, 10.0 kHz and 100.0 kHz full scale ranges. For 

frequency errors less than 100 Hz, 1 Hz resolution. Special function control will 
allow direct frequency read-out to 1 Hz resolution. 

1.5 µ V for 10 dB EIA SIN AD (narrow band ± 6 kHz mod. acceptance). 
7 µV for 10 dB EIA SINAD (wide band ± 100 kHz mod. acceptance). Useable to 
1 MHz. 

-40 dBc typical
0 dB image at ± 21.4 MHz
-10 dB at L.0. harmonics ± 10. 7 MHz

1, 10, 100 kHz full scale 
± 5 r; of reading 
Set via keyboard to 100 Hz resolution (0 kHz to 99.9 kHz). 
Audible alarm indicates limit condition and will be active in all Monitor modes. 

O to 100'',. 
±5''; of full scale 

1 MHz to 999.9999 MHz 
-100 dBm to + 52 dBm, combined specification of antenna and transceiver
ports. 

30 kHz maximum at 3 dB bandwidth.

1 MHz to 1000 MHz 
0.1 watt to 125 watts 
± 10 '.'i,, 1 watt to 125 watts 
Over temp indicator 
9.99, 99.9, 125 watts 
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Characteristics 

Dynamic range 

Frequency 

Range: 
Scan width: 
Sensitivity: 

Frequency offset 

Frequency resolution 

Frequency accuracy 

Output level 

Deviation range 

Frequency response 

Size 

Frequency response 

External vertical input ranges 

Sweep rates 

Sync 

Normal 

Range: 
Readout: 
Input sensitivity: 

Period counting frequency 

determination 

Range: 
Display: 

Auto tune (SCAN LOCK) 

Range: 

Acquisition time: 
Resolution: 

Readout: 

DC accuracy: 

AC accuracy: 

AC bandwidth: 

Code Synthesizer 

Frequency range: 
Resolution: 
Frequency accuracy: 
Distortion: 

Signaling Sequences 

General Sequence 

Table 1-2. Electrical Characteristics (Cont) 

Description 

GENERAL FUNCTIONS 

Spectrum Analyzer 

75 dB minimum 

1 MHz to 1 GHz 
100 kHz per division to 1 MHz per division, continuously adjustable. 
-95 dBm minimum

Duplex Generator 

Adjustable from O to ± 10 MHz in 5 kHz steps, plus fixed offset of ± 45 MHz 

5 kHz 
±.002'.';, 
-35 dBm minimum into 50 ohm load
0 to ± 20 kHz peak
5 Hz to 20 kHz, ± 3 dB

Oscilloscope 

8cm X 10 cm 
DC to 0.5 MHz (3 dB point) 
10 mV, 100 mV, IV, lOV (per division) 
1 µs, 10 µs, 0.1 ms, 1 ms, 0.0lS, 0.lS (per division) 
Internal, normal, and automatic mode with adjustable trigger level. 

Frequency Counter 

10 Hz to as MHz 
5 digit, autoranging 
50 m V minimum 

10 Hz to 100 kHz 
4-digit autoranging to 3 kHz, 3-digit autoranging to 100 kHz

In the monitor mode, the unit can automatically find and then tune to an input 
signal above -30 dBm. Operates from 1 MHz to 1 GHz 
5 sec. typical to less than 1 sec, if a limited scan is used. 
±1 Hz 

Digital Voltmeter 

Autoranging 3-digit display, 1, 10, 100, 300 volts full scale. AC-dBm calibrated 
across 600 ohms. 
± 1 s;, of full scale ± 1 least significant digit 
± 5 % of full scale 
50 Hz to 20 kHz 

Signaling Sequence Encode/Decode 

5 Hz to 19.9999 kHz sinewave encode. 50 Hz to 9999 Hz decode 
0.1 Hz 
±0.01 �,. 
�1 �,(, 

Encode up to ten tones with frequencies of 5.0 Hz to 19999.9 Hz and durations 
of 5 msec to 9999 msec. Decode ten tones with frequencies of 300 Hz to 9999 Hz 
and durations of 15 msec to 9999 msec. 

Two Tone A/B (Encode only; use General Tone-Only Sequence 
Sequence to decode) Tone and Voice Sequence 

Two-user programmable 
(See Figure 1-1 for sequence timing) 
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Table 1-2. Electrical Characteristics (Cont) 

Characteristics Description 

5/6 Tone 

Mobile Telephone 

!MTS
MTS
2805
Select V
ZVEI

Modified ZVEI 

ccm (100 ms) 

ccm (70 ms) 

EEA 

Tone remote access (Encode only; use 
General Sequence to decode) 

Digital private line (DPL) 

Fixed 1 kHz 

Accuracy: 
Distortion: 

External input 

Microphone: 
External Jack 

Frequency range: 
Level: 

Impedance: 

Code synthesizer external output level 

Modulation Source 

Digit Frequencies (See Figure 1-2 for sequence timing) 
0- 600 Hz 6-1446 Hz 
1- 741 Hz 7 -1587 Hz 
2 - 882 Hz 8 -1728 Hz 
3 -1023 Hz 9 -1869 Hz 
4 -1164 Hz R - 459 Hz 
5 -1305 Hz X -2010 Hz 

Complete !MTS base-station simulation. 
(See Figure 1-3 for sequence timing) 
(See Figure 1-4 for sequence timing) 

Tone length -70 ms 
Digit Frequencies 
1-1060 Hz
2-1160 Hz

3-1270 Hz
4-1400Hz

5-1530 Hz
6-1670 Hz

Tone length -70 ms 
Digit Frequencies 
1- 970 Hz
2-1060 Hz
3-1160 Hz
4-1270 Hz
5-1400 Hz
6-1530 Hz

Tone length -100 ms 
Digit Frequencies 
1-1124 Hz 
2-1197 Hz

3-1275 Hz
4-1:358 Hz
5-1446 Hz
6-1540 Hz

Tone length -70 ms 
Digit Frequencies 

Same as CCIR (100 ms) 

Tone length -40 ms 
Digit Frequencies 

Same as CCIR 

Remote base access sequence as follows: 
Tone A for 150 msec 

7 -1830 Hz 

8-2000 Hz

9-2200 Hz
0-2400 Hz
R-2600 Hz

7 -1670 Hz 
8-1830 Hz 
9-2000 Hz 
0-2200 Hz
R-2400 Hz

7 - 1640 Hz 
8-1747 Hz
9-1860 Hz
0-1981Hz
R-2110 Hz

Tone B for 40 msec 10 dB below Tone A 
Tone A continuously :30 dB below the first Tone A burst 

Codes 000 to 777 and inverted for encode. Decodes all valid DPL codes. 

Equal to master time base 

�l <'(, 

Standard TMN-601:3 microphone interface with IDC. 

5 Hz to 19999.9 Hz 

7 Vrms maximum 
l0K ohm minimum 

0 to 3 Vrms into a 600 ohm load 
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Characteristics 

Input frequency: 

Input level range: 

SINAD accuracy: 

Distortion range: 

Distortion accuracy: 

Step size: 

Calibration: 

Standard TCXO 

Optional ovenized high stability 

Table 1-2. Electrical Characteristics (Cont) 

Description 

Distortion/SINAD Meter 

1 kHz ±1 Hz 

0.1 V to 10 Vrms 

± 1 dB at 12 dB SINAD 
1%to20S, 

±0.5% of Distortion for 1�;, ..;;;THD ..;;IO% 

±2% of Distortion for 10% ..;;;THD ..;;;20�;, 

Analog Synthesizer Tuning (AST) 

Variable steps from 3200 Hz to 3.2 GHz per 360 ° of rotation. 
32 steps per 360 ° rotation 

Time Base 

Aging: ± 1 X 10 6 per year
Temp: ±1 X 10 6 maximum error over the 0 ° to 55 °C temp range
Aging: ± 1 X 10 Ii per year 

Temp: ± 0.05 X 10 Ii maximum error over the 0 ° to 55 °C temp range (warmup 
to ± 5 X 10 7 of final frequency within 20 minutes)

Power and Environmental 

AC 100 to 130 Vac or 200 to 260 Vac, switch-selectable; 47 to 400 Hz 

DC + 11.0 to+ 16 Vdc external input

Optional battery 13.6V battery; .50 minutes typical

Temperature range 0 ° to 55 °C operation; -40 ° to 85 °C storage 

TONE A _J IOFF 

ITONE B 

�04 · 1 0.8 14 
1.3 

SEC SEC SEC 

TONE-ONLY SEQUENCE 

TONE A 

OFF 

TONE B _J� I I
1.0 -...... ·1◄4· ... -_-_ -_-_-_ ... _-_- _-_-3.-0����������:-.... �14 ______ 1.3 ------�
SEC SEC SEC 

TONE AND VOICE SEQUENCE 

Figure 1-1. Two-Tone ( Al B) Sequence -Timing 
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Table 1-3. Input/Output Characteristics 

Characteristic Description 

Input 

Ext Mod In lOK oh'lls nominal, 150 mV typical for 20 kHz dev. FM or 80% AM 

Mic Mic input provides bias and IDC limiting suitable for Motorola TMN-6013 
handset. PTT switches R2001 from monitor to generate. 

Ext Horiz 1 volt minimum for full screen deflection. Maximum input 10 volts. 

Vert/SIN AD/Dist/DVM/Counter In 1 Meg ohm, 40 pf Nominal; ± 300 V de max, 300 Vrms max at frequencies below 
500 Hz, 10 Vrms max up to 35 MHz 
• Scope Vert In: de to 500 kHz or 50 Hz to 500 kHz ac mode ( ± 3 dB)
• Distortion/SINAD In: 0.1 to 10 Vrms in at 1 kHz
• DVM In: 1, 10, 100 and 300V full scale ac (true rms) or de. AC bandwidth 50

Hz to 20 kHz for ± 5 P,. F.S. accuracy (ac dBm calibrated across 600 ohms)
• Frequency Counter In: 50 m V or greater required from 10 Hz to 35 MHz

RF ln/O\lt. 50 ohms nominal, 125 watts max (1 to 1000 MHz) 

ANTENNA 50 ohms nominal, 50 mW max (1 to 1000 MHz). Fuse protected. 

Ext Wattmeter Characteristics suitable for Motorola ST-1200 series W attmeter Elements 

10 MHz STD In (rear panel) 70 to 350 mVrms input required at 10 MHz, impedance greater than 50 ohms. 

Output 

Mod Out Up to 11 Vp-p into 600 ohms 5 Hz to 20 kHz 

Demod Out Typically 10 Vp-p into 600 ohms for ± 5 kHz deviation narrowband, 15 Vp-p for 
± 75 kHz deviation wideband. DC to 20 kHz response 

RF In/Out 1.0 Vrms ( +13 dBm) to 0.1 µVrms (-127 dBm) 50 ohm nominal source 
' impedance. 10 kHz to 1 GHz. 

Duplex Gen Out -35 dBm typical, 50 ohm nominal source impedance 1 MHz to 1 GHz

10 MHz STD Out (rear panel) 250 m Vrms nominal output into 50 ohms 
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1.2 MAJOR ASSEMBLIES 

Should it break down, the Communications System 
Analyzer is designed to be serviced quickly and easily. 
The majority of the circuitry is on 12 modular, plug-in 
circuit boards which have built-in test points. These 

test points help in locating the problem to a specific 
board. Simple plug-in replacement gets the instru
ment back in service. 

A list of all subassemblies is given in Table 1-4. The 
assembly locations are shown in Figures 1-5 and 1-6. 

Table 1-4. List of Subassemblies 

Replacement 
Ref. Part Number Order Part 
Des. Item As Labeled No. 

Al High-Voltage Power Supply 0l-P22010E001 RTP-1007A 

A2 Scope Amplifier Board 0l-P22020E001 RTC-1005A 

A3 Battery Charger Board 0l-P22030E001 RTP-1008A 

A4 Control Board 01-P22040E001 RTP-1009A 

A5 Output Board 01-P22050E001 RTP-lOl0A 

A6 Switcher Board 01-P22060E001 RTP-1011A 

A7 Scope/DVM Control Board 01-P22070E001 RTC-1006A 

A8 Receiver Board 01-P22080E001 RTL-1019A 

A9 RF Synthesizer Module 01-P22090E001 RTC-1007A 

A9Al Reference and Control Board 0l-P22210E001 RTC-4039A 

A9A2 310 to 440 - MHz Loop Board 01-P22220E001 RTC-4040A 

A9A3 Synthesizer Output Board 01-P22230E001 RTC-4041A 

A9A4 60.5-MHz Loop Board 01-P22240E001 RTC-4042A 

A9A5 GHz Loop Board 01-P22250E001 RTC-4043A 

A9A6 640-MHz Loop Board 0l-P22260E001 RTC-4044A 

A9A7 Synthesizer Motherboard 01-P22270E001 RTC-4045A 

AIO Audio Synthesizer Board 01-P22100E001 RTC-1008A 

All Processor Interface Board 01-P22110E001 RTC-1009A 

A12 Cellular Mobile Telephone Board (Optional) 01-P22120E001 RTC-1012A 

A13 IEEE Interface Board (Optional) 01-P22130E001 RTC-1013A 

A14 Processor Board 01-P22140E001 RTC-1010A 

A15 Front-Panel Interface Board 01-P22150E001 RTC-1011A 

A16 Frequency-Standard Interface Board 01-P22160E001 RTL-1020A 

A17 RF Input Module 01-P22170E001 RTL-1021A 

A17Al RF W attmeter Board 01-P22280E001 RTL-4158A 

A17A2 Wideband Amplifier Board 0l-P22290E001 RTL-4156A 

A17A3 Duplex Generator Board 01-P22300E001 RTL-4157A 

Al8 Front Panel Assembly 01-P22180E001 Not Assigned 

Al9 System Motherboard 01-P22190E00I Not Assigned 
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MOTOROLA TEST-EQUIPMENT PRODUCTS 
LIMITED WARRANTY 

(EXCLUDES EXPORT SHIPMENTS) 

Motorola Test-Equipment Products (herein the "product") that are manufactured or distributed by Motorola Communications Group Parts 
Department are warranted by Motorola for a period of one (I) year from date of shipment against defects in material and workmanship. 

This express warranty is extended to the original purchaser only. In the event of a defect, malfunction, or failure during the period of warranty, 
Motorola, at its option, will either repair or replace the product, providing that Motorola receives written notice specifying the nature of the 
defect during the period of warranty, and the defective product is returned to Motorola at 1313 East Algonquin Road, Schaumburg, IL 60196, 
transportation prepaid. Proof of purchase and evidence of date of shipment (packing list or invoice) must accompany the return of the defective 
product. Transportation charges for the return of the product to the Purchaser shall be prepaid by Motorola. 

This warranty is void, as determined in the reasonable judgment of Motorola, if: 

(a) The product has not been operated in accordance with the procedures described in the operating instructions;

(b) The seals on non-user-serviceable components or modules are broken;

(c) The product has been subject to misuse, abuse, damage, accident, negligence, repair or alteration.

In no event shall Motorola be liable for any special, incidental, or consequential damages. 

In the event Motorola elects to repair a defective product by replacing a module or subassembly, Motorola. at its option, may replace such 
detective module or subassembly with a new or reconditioned replacement module or subassembly. Only the unexpired warranty of the warranty 
product will remain in force on the replacement module or subassembly. EXCEPT AS SPECIFICALLY SET FORTH HEREIN, ALL WAR
RANTIES EXPRESS OR IMPLIED, INCLUDING ANY IMPLIED WARRANTY OF FITNESS FOR A PARTICULAR PURPOSE OR 
MERCHANT ABILITY, ARE EXCLUDED. 

EPS-30828-O 

SUPPORT SERVICES 

For service on your Motorola test equipment in the U.S., contact the Test-Equipment Service Center. Schaumburg, 1313 E. Algonquin Rd., 
Schaumburg. lllinois 60196 or call the Test-Equipment Service Hotline: 800/323-6967 during normal business hours. In Illinois call 1-312-576-
7025. Outside the U.S .. contact your nearest Motorola representative. 

MODULE EXCHANGE PROGRAM 

Modular construction of the R.200 I allows field replacement of individual assemblies. Contact the Test-Equipment Service Center for pricing 
and delivery. Outside the U.S .. contact your nearest Motorola representative. 

COMPUTER SOFTWARE COPYRIGHTS 

The Motorola products described in this instruction manual may include copyrighted Motorola computer programs stored in semiconductor 
memories or other mediums. Laws in the United States and other countries preserve for Motorola certain exclusive rights for copyrighted com
puter programs. including the exclusive right to copy or reproduce in any form the copyrighted computer program. Accordingly, any copyrighted 
Motorola computer programs contained in the Motorola products described in this instruction manual may not be copied or reproduced in any 
manner without the express written permission of Motorola. Furthermore, the purchase of Motorola products shall not be deemed to grant either 
directly or by implication. estoppel. or otherwise. any license under the copyrights, patents or patent applications of Motorola, except for the 
normal non-exclusive. royalty-free license to use that arises by operation of law in the sale of a product. 

Specifications subject to change without notice 

... Motorola. Private-Line. and Digital Private-Line are trademarks of Motorola, Inc. 

■ Printed in U.S.A.■ · 1985 Motorola Inc. 
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2.1 GENERAL 

The Communications System Analyzer can perform 
nine basic functions: it can act as a generator, a watt
meter, a monitor, a duplex generator, a code synthe
sizer, a frequency counter, a digital voltmeter (DVM), 
an oscilloscope, and a distortion/SINAD meter. Gen
eral operation of the unit will simultaneously incor
porate all these functions. 

The following discussion will cover the block dia
grams for each of the basic functions plus a discussion 
on the processor control of the system. A functional 
block diagram of the total system is shown at the end 
of the section in Figure 2-1. To clarify the total system 
configuration, only the major signal paths between 
each of the modules are shown. 

2.2 SYSTEM CONTROL 

2.2.1 PROCESSOR 

System control is the primary responsibility of the 
internal microprocessor. To control the operating 
mode, the processor manipulates inputs from front
panel controls and system-status inputs. From the 
front panel, the processor monitors the keyboards, the 
function-select switch, the modulation-control switch, 
the RF -scan switch, the image switch, the bandwidth 
switch, the horizontal and vertical range switches, and 
the step-attenuator switch. This information, plus 
internal status information, causes the processor to 
display the appropriate information on the CRT, to 
program the center frequency, to set up the generate 
or monitor mode, and to make the internal switching 
arrangements for the selected operating state. 
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SECTION 2. 

SYSTEM THEORY OF OPERATION 

2.2.2 PROCESSOR BUS 

The interface to and from the microprocessor is via 
the processor bus. This bus consists of a 16-bit address 
bus, an 8-bit data bus, and a 7-bit control bus. The bus 
interfaces the processor to its program memory 
(ROM), scratch pad memory (RAM), IEEE interface 
option, cellular mobile telephone option, and the 
peripheral-interface adapters (PIA). The PIA is the 
mechanism by which the processor interfaces with the 
system. A PIA consists of a dual 8-bit latch which may 
be programmed as either an input or an output for the 
microprocessor. System input and control informa
tion passes to and from the microprocessor via three 
system control busses attached to a PIA, which is 
located on the Processor Interface board (All). 

2.2.3 CONTROL BUSSES 

The three control busses within the System Ana
lyzer are called the RF control bus and AF control 
busses 1 and 2. The AF control busses consist of a 
4-bit address bus, a 4-bit data bus, and two enable
lines. The four address bits determine which of 16
possible latches the four bits of data are to be sent to
or received from. The enable lines trigger the actual
transfer of data. The RF control bus is a clocked serial
bus which consists of five data lines, a clock line, and
a latch line. The serial data stream is 24 bits long.
Tables 2-1 through 2-6 show the busses and the func
tion of each bit. Figure 2-2 at the end of the section
shows the overall bus structure of the System Ana
lyzer.
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Table 2-1. AF BUS Control 

AF BUS #1 AF BUS #2 

D3 D2 D1 DO D3 D2 Dl DO 

AUDIO SYNTH BITS 0-3 Di splay LEDs 

AUDIO SYNTH BITS 7-4 Function LEDs 

AUDIO SYNTH BITS 11-8 Mode LEDs 

INPUT SCOPE ATTENUATION 
AUDIO SYNTH BITS 15-12 

0.001 0.01 0.1 1.0 

PL 
DPL 

DPL 
AUDIO (MON +DSB) OFFSET ATTEN EXT IN 

CLOCK SYNTH /GEN ATTEN INT/EXT AC/DC 
SELECT 

ENABLE 
SELECT 

BIT 16 SELECT ENABLE SELECT SELECT 

MOD TO AUDIO AUDIO AUDIO 

SPEAKER ATTEN SYNTH ATTEN RF ATTENUATOR POSITION 

ENABLE 30dB BIT 17 lOdB 

DPLX DSBSC FM AM 
RF OVER 

---

MOD MOD MOD MOD 
WB SIG ANT SPARE 

ENABLE ENABLE ENABLE ENABLE 
TEMP PRESENT SELECT INPUT 

BINARY -

MOD 
IF SIGNAL OFFSET 

WB/NB 
ENABLJ<: 

OVERLOAD PRESENT ON/OFF 

DVM MODE SELECT 
-- --

CSSG CSSG 
CONT BURST 

IMAGE 
MON/GEN SIGNAL DV0 HI/LO 

STRENGTH 
DV2 DVI EN EN 

SCOPE PKDET PKDET PKDET SCOPE VERTICAL SWITCH POSITION 

TRIGGER FM MOD AM MOD DEMOD lVor 25 kHz/ 0.1 V or 2.5 kHz/ 0.oIVor0.25
10V/DIV ENABLE ENABLE ENABLE ENABLE DIV DIV kHz/DIV

DIST INT 

NOTCH DVM WB/NB ALARM SPARE SCOPE 
FILTER XO.I SELECT ENABLE INPUT HORIZONTAL SWITCH POSITION 

XI/X 10 ENABLE 

HORIZ SCOPE VERT SCOPE 

MODE SELECT MODE SELECT 

MOD TO EXT/ 
0.01-1/ 

ANTENNA 
SCOPE DISTORTION 

1-10

ENABLE 
DISABLE SELECT 

SWEEP 
SELECT 

SCOPE TIME BASE CONTROL PERIOD/ COUNTER/ 
SPARE SPARE 

FREQ DVM 
OUTPUT OUTPUT C2 Cl co SELECT SELECT 

DVM 
RMS/DIR COUNTER RANGE 
SELECT 

COUNTER INPUT SELECT 

IF/BFO EXTERNAL 
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Table 2-2. RF BUS Control 

BIT CONWDl CONWD2 

0 
1 
2 

3 
4 

5 MOD CONT A MOD X2/Xl 

6 MODCONT B BWCONT 

7 -;.NMSB -;.NMSB 

8 

t t9 

IO 24MHz 60MHz 

11 LOOP LOOP 

12 CONTROL CONTROL 

1:l 

l l 14 

15 

16 -;.N LSB -;.N LSB 

17 -;.A MSB -;.A MSB 

18 

JSB +AL

19 

20 

21 
22 

2:l 

*Note: Functions with bar over top are active low.

Bits 0-7 of CONWD4 are RF Synthesizer control bits. 

Bits 8-23 of CONWD4 are R eceiver control bits. 

Table 2-3. MOD Control 

A B C BWCONT 

0 0 0 
0 I 1 
I O 1 
I I 1 

0 

0 

0 

Function 

SWEEP 
NARROW MOD 

W IDE MOD 

MOD INH IBIT 

Table 2-4. Receiver Control 

RU RI R2 RB R13 R14 R15 

(} 1 1 1 0 1 1 

0 I 1 0 
·-

(} 1 1 

0 I 1 1 1 1 0 
() I 1 0 1 1 0 

() 1 I I 1 0 1 

() 1 0 0 1 0 1 

() 0 X X 1 1 1 

Table 2-5. Duplex Control 

SWl SW2 

0 0 
1 0 

Function 

0-l0MHz
45MHz

OF F

Function 

AMWB 

AM NB 

CW/SSBWB 
CW/SSBNB 

FM WB 

FM NB 

WBDET 

CONWD3 CONWD4• CONWD5 

0.5-1 GHz EN 

GHz LOOP SENSE 

VCO SELECT 

300-350 CLAMP 

350-500 MHz EN 
MOD SENSE 0.01-250 MHz EN SWl 
MODCONT C 250-350 MHz EN SW2 

-;.NMSB WBAMP H I/LO -;.NMSB 

t
RO AM/FM/CW CRT EN 

tRl WBDET EN 
310-440MHz R2 NBFM GA IN X 10 DUPLEX 

LOOP R3 SPARE GENERA T OR 
CONTROL R4 SPARE CONTROL 

l 
R5 SPKR EN 

l R6 BIT 12 

R7 DEMOD INV 

-;.N LSB RB WB/NB -;.N LSB 
-;.A MSB R9 LPF L300 -;.A MSB 

I
RIO LPF L3K 

I
Rll HPF L3K 

R12 HPF L 300 

R13 AM EN 

Rl4 FM EN 
-;.A LSB R15 SSBEN -;.A LSB 
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Table 2-6. Receiver Filters 

Low-Pass H igh-Pass 
R9 RIO FREQ R6 Rll Rl2 FREQ 

0 1 300 Hz 0 1 1 5 Hz 
1 0 3kHz 1 1 0 300 Hz 
I 1 20kHz 1 0 0 3kHz 

2.2.4 IEEE BUS 

Systems with the IEEE remote-control option 
interface the IEEE bus through a general purpose 
interface bus (GPIB) adapter on the IEEE Interface 
board (A13). When enabled, all control inputs to the 
system pass through the IEEE bus, and the front 
panel's controls are ignored. 

2.3 GENERATE MODE 

2.3.1 GENERAL 

The generate mode provides a variable-level RF 
output that is phase-locked to the internal 10-MHz 
standard. AM, FM, and sideband modulation is pos
sible on the output signal. 

A block diagram of the generate mode is shown at 
the end of the section in Figure 2-3. 



2.3.2 FREQUENCY STANDARD 

To provide a 10-MHz signal to the EXTERNAL 10 
MHz OUTPUT and to the RF Synthesizer module 
(A9), the Frequency-Standard Interface board (A16) 
contains a 10-MHz crystal oscillator with buffering and 
switching. An external 10-MHz standard signal can be 
used by switching the IN/OUT switch on the bottom 
panel to IN. The signal applied to the 10-MHz STD 
input/output port on the back is then routed through 
the A16 board to the A9 module. 

2.3.3 RF SYNTHESIZER 

The RF Synthesizer uses the 10-MHz standard sig
nal for its phase-locked-loop reference frequencies and 
also converts the 10-MHz standard signal to a TTL 
level for system use. The RF Synthesizer consists of a 
fixed 640-MHz loop and a programmable GHz loop. 
The programming of the GHz loop is provided by the 
RF CONTROL BUS from the processor. The Synthe
sizer Output board chooses one of three possible out
puts for the SYNTH RF output signal. The first is 
directly from the GHz loop. The second is the output 
of the divide-by-two on the GHz loop, which provides 
frequencies from 250 to 500 MHz. For outputs below 
250 MHz, the output of the GHz loop is mixed with the 
fixed 640-MHz signal, and the difference signal is used 
for the output. To obtain outputs from 10 kHz to 250 
MHz, the processor programs the GHz loop for fre
quencies between 640.01 and 890 MHz, respectively. 

FM and sweep modulation is also implemented in 
the GHz loop by modulating its 60.5 MHz reference. 
The Audio Synthesizer board (Al0) supplies the FM 
modulation signal, which provides modulation fre
quencies from 5 Hz to 20 kHz. FM capability is 100 kHz 
peak deviation. The Scope/DVM Control board (A 7) 
supplies the sweep-modulation signal. The sweep 
capability, 10 MHz, is used for both the sweep-gener
ator and the spectrum-analyzer functions. 

2.3.4 WIDEBAND AMPLIFIER 

The SYNTH RF signal is amplified and leveled in 
the RF Input module (Al 7) by the Wideband Ampli
fier (Al 7 A2). The signal level at the output of the 
Wideband Amplifier is detected and compared to the 
AM MOD + DC REF signal from the front panel's 
level control. If there is a difference between the two 
signal levels, the ALC amplifier provides an error volt
age. This error voltage controls the attenuation of the 
voltage-controlled attenuator (VCA) in the direction 
that will make the detected RF output equal to the AM 
MOD + DC REF signal. There are two possible VCAs 
for the output leveling. The VCA on the Wideband 
Amplifier board is used for frequencies from 1 to 1000 
MHz. For frequencies below 1 MHz, the VCA on the 
Processor Interface board (All) is set to minimum 
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attenuation, and the VCA on the RF Synthesizer 
module (A9) does the leveling. Amplitude modulation 
is incorporated by summing the modulation signal with 
the de reference signal, thus forcing the leveling loop 
to vary the output level in proportion to the modulat
ing signal. The signal from the RF-level detector 
(CARRIER+ MOD LVL) is used by the processor to 
determine the RF output level and the percent AM. 
The leveled output range of the Wideband Amplifier 
is from -3 dBm to +13 dBm (0.16 to 1.0 Vrms). 

The leveled output from the Wideband Amplifier is 
applied to the Generate/Monitor switch. For generat
ing AM, FM, and CW signals, the switch connects the 
Amplifier output to the step attenuator. For double 
sideband-suppressed carrier (DSBSC) generation, the 
Wideband Amplifier output is connected to the local
oscillator (L.O.) port on the receive mixer, and the 
attenuator is connected to the RF port. The DSBSC 
modulation signal then drives the IF port of the mixer, 
giving a DSBSC signal at the RF port and thus at the 
step attenuator. For monitor mode, the Wideband 
Amplifier output is connected to the L.O. port on the 
receive mixer, and the attenuator is connected to the 
RF port. The difference-frequency output of the 
receive mixer is sent to the Receiver board through the 
10. 7 MHz IF output.

2.3.5 STEP ATTENUATOR 

Level control in 10-dB increments is provided by the 
step attenuator. The total range of the attenuator is 
from 0 to 130 dB. For the basic System Analyzer, the 
step attenuator is controlled directly by a knob on the 
front panel. With the IEEE control option (A13), the 
step attenuator is electrically programmable and con
trolled by the processor. In this case, the knob on the 
front panel is connected only to a rotary switch which 
directs the processor in setting the attenuation level. 
Under IEEE control, commands coming via the IEEE 
bus determine the attenuator setting. 

2.3.6 INPUT/OUTPUT 

The step attenuator is connected to the output port 
relay, which chooses between the Antenna or RF In/ 
Out port. There is a 30-dB difference between these 
two ports. The Antenna port is for receiving low-level 
signals (less than 100 mW) and for generating high
level signals ( + 13 dBm). The RF In/Out port is for 
receiving high-level signals, with a maximum of 125W. 

2.4 WATTMETER 

Input power measurements from 1 to 125W are made 
only through the RF In/Out port. (To measure the 
power of signals under lW, see paragraph 2.5, MON
ITOR MODE.) 



A block diagram of the wattmeter is shown at the end 
of the section in Figure 2-4. 

The RF input signal is first attenuated by a 14-dB 
attenuator and then is loaded with a 50-ohm, 16-dB 
attenuator. A sample of the input RF voltage between 
the two attenuators is detected by the power detector, 
to give a de output proportional to the peak RF volt
age. The amplifier following the detector buffers and 
amplifies the detected voltage to provide the RF 
INPUT POWER signal to the processor. The proces
sor then determines and displays the RF input power. 

A temperature sensor located near the flange of the 
RF load alerts the processor when the load tempera
ture exceeds 80°C. The processor responds to the 
OVER TEMPERATURE signal by displaying a 
warning message on the CRT and by sounding the 
audible alarm. 

2.5 MONITOR MODE 

2.5.1 GENERAL 

In monitor mode, RF signals from an antenna or 
from a transmitter can be checked directly for fre
quency error, signal strength, modulation level, and 
spectral content. Also provided is off-the-air decoding 
of two-tone or 5/6-tone paging, private line (PL), dig
ital private line (DPL) or mobile telephone signaling. 
Another feature is Scan Lock, which allows the Sys
tem Analyzer to acquire a received signal of greater 
than - 30 dBm. 

A block diagram of the monitor mode is shown at the 
end of the section in Figure 2-5. 

2.5.2 RF INPUT 

For signals less than 100 mW, the RF signal to be 
monitored is applied to the Antenna port; for signals 
greater than 100 mW, to the RF In/Out port. The port
select switch routes one of these signals to the step 
attenuator. 

In the monitor mode, the RF input from the step 
attenuator is connected to the RF port on the receive 
mixer. The output from the Wideband Amplifier is 
switched to the L.O. port on the receive mixer. The 
processor programs the RF Synthesizer for an output 
frequency that is offset 10.7 MHz from the frequency 
to be monitored. The offset may be above or below the 
center frequency, as selected by the front panel's Image 
switch. The 10.7-MHz difference signal at the IF port 
of the receive mixer is filtered by a 20-MHz low-pass 
filter. The filter output provides the 10.7-MHz IF sig
nal to the Receiver board (A8). The overall gain of the 
RF Input module (Al 7) is -8 dB ± 2 dB. 

2.5.3 RECEIVER 

The 10.7-MHz IF signal is first filtered and ampli
fied on the Receiver board, providing a bandwidth of 
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280 kHz. This signal is split between the linear IF and 
the logarithmic IF by an active power splitter. The lin
ear IF provides for demodulation of AM, FM, and SSB 
signals. The logarithmic IF provides two functions: 
spectrum analyzer and signal-strength indicator. 

2.5.3.1 Linear IF 

The linear IF bandwidth. is determined by a wide/ 
narrowband filter which follows the power splitter. The 
modulation-acceptance bandwidths are ± 6 kHz for 
narrowband and ± 100 kHz for wideband. Next, the IF 
signal is down-converted to 700 kHz by an active 
AGC'd mixer. Immediately following the second mixer
is the 700-kHz second IF amplifier. The output level 
of the amplifier is rectified to detect amplitude mod
ulation and to provide AGC control on the second IF 
amplifier, the second mixer, and the delayed-AGC 
amplifier. The second IF signal is applied to the FM 
demodulator and to the BFO mixer for SSB demodu
lation. The L.O. signal for the BFO mixer comes from 
a 700-kHz ( ± 3 kHz) oscillator on this board. This 
oscillator is controlled from the front panel. 

Demodulated audio from the AM, FM, or SSB 
demodulator is routed to the audio filters by the audio
select switch, which is under processor control. The 
audio filters consist of a selectable-bandwidth low-pass 
filter (300 Hz, 3 kHz, or 20 kHz), and a selectable
bandwidth high-pass filter (300 Hz or 3 kHz). The 
selected demodulator output is used to provide three 
receiver outputs: 1) The VOL CONTROL AUDIO sig
nal is the unfiltered version of the selected demodu
lator output. It goes to the Volume control on the front 
panel, to an amplifier on the Scope/DVM Control 
board (A 7) and finally to the speaker; 2) The DEMOD 
CAL AUDIO output is the filtered version of the 
demodulator output and provides calibrated audio 
levels for determining modulation level; 3) The 
DEMOD OUT signal is also a filtered version of the 
demodulator output and drives the front panel's 
DEMOD OUT port. 

2.5.3.2 Logarithmic IF 

The 10.7-MHz IF input signal is down-converted to 
460 kHz by mixing the input signal with the 10.24-MHz 
signal from a second local oscillator. The second local 
oscillator is provided by a crystal oscillator on the 
Receiver board. Two outputs are provided by the log
arithmic amplifier and detector. These outputs pro
vide a de voltage that is proportional to the logarithm 
of the 10.7-MHz IF input level. One output, SPEC
TRUM ANALYZER VOLT, is the vertical input to the 
scope for the spectrum-analyzer display. The other 
output, SIG STRENGTH VOLTAGE, is measured by 
the digital voltmeter (DVM) on the Processor Inter
face board (All) to provide the signal strength (in 
dBm) of the 10.7-MHz IF input signal. The logarith
mic amplifier has a dynamic range of approximately 80 
dB, covering input levels from -110 to -30 dBm. 



2.5.3.3 Signal-Present Detector 

During Scan Lock operation, a wideband-signal 
detector indicates the presence of a signal within 20 
MHz of the L.O. frequency. The 10.7 MHz IF input is 
amplified and applied to a diode detector. When the 
signal level is above about - 30 dBm and within 20 
MHz of the L.O. frequency, the WB SIG PRES output 
goes low, indicating signal presence. 

2.5.3.4 Frequency-Error Indicator 

One of three signals internal to the Receiver may be 
switched to the IF/BFO output for use in frequency
error indication. During AM and FM monitor opera
tion, the limited, linear IF output is selected and routed 
to the frequency counter on the Processor Interface 
board (All). The difference between this frequency 
and 700 kHz is computed by the processor and dis
played as frequency error. During SSB monitor oper
ation, the BFO output is switched to the IF/BFO 
output. The difference between this frequency and 700 
kHz is computed and displayed as BFO error. During 
Scan Lock operation, the wideband-signal detector's 
output is switched to the IF/BFO output. The fre
quency of this signal is equal to the difference between 
the RF input frequency and the L.O. frequency. 

2.6 DUPLEX GENERATOR 

Simultaneous generate and monitor functions are 
available with the Duplex Generator. The frequency 
spread between generate and monitor frequencies is 
limited to a range of 0 to 10 MHz and a fixed fre
quency of 45 MHz. 

A block diagram of the Duplex Generator function 
is shown at the end of the section in Figure 2-6. 

The Duplex Generator signal is generated by mix
ing the L.O. signal for the first receive mixer with a 
signal from the offset phase-locked-loop (PLL). The 
frequency of the offset PLL equals the desired spread 
between generate and monitor frequencies, minus the 
10.7-MHz IF offset. The monitor function is unaf
fected by the Duplex mode and operates as described 
in paragraph 2.5. 

Frequency modulation of the Duplex output is 
obtained by modulating the offset PLL via the OFF
SET MOD signal line. The OFFSET MOD signal is 
generated on the Audio Synthesizer board (Al0). The 
offset PLL is controlled via the RF CONTROL BUS. 

2. 7 CODE SYNTHESIZER

Three simultaneous modulation sources are possi
ble with the internal code synthesizer. The levels of a 
private line (PL) or digital private line (DPL) source, 
a fixed I-kHz source, and external modulation sources 
can be individually controlled and summed together to 
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give the composite modulation signal. The code syn
thesizer provides the modulation source for the sys
tem in the generate mode and can be used as an audio
frequency source. For the IEEE option, modulation 
levels can be controlled by the processor. 

A block diagram of the code synthesizer is shown at 
the end of the section in Figure 2-7. 

The PL signaling-sequence is generated by an audio 
synthesizer with an output frequency range from 5 Hz 
to 20 kHz in 0.1-Hz steps. The frequency is pro
grammed by the processor in response to the opera
tor's request from the keyboard through the CRT 
display. The programmable attenuator following the 
audio synthesizer provides attenuation levels of 10 dB 
and 30 dB for the Tone-Remote-Access Sequence. 

DPL code words are generated by the processor in 
response to the code entered by the operator. The 23-
bit DPL word is stored in the DPL generator and con
tinuously output when selected. Either PL or DPL 
signals are switched to the code synthesizer level con
trol (Code Synth Lvl) on the front panel. 

A 1-kHz reference signal from the RF Synthesizer is 
bandpass-filtered to provide a low distortion, I-kHz 
sinewave to the front panel's 1 KHz Level control. 

Two sources of external modulation are possible 
through two ports on the front panel: a standard 
Motorola microphone-interface port and a BNC port. 
The microphone input (Mic) is connected to an 
instantaneous deviation-control (IDC) circuit for peak
limiting. The composite of the two external modula
tion sources is the signal which goes to the Ext Level 
control on the front panel. 

On systems without the IEEE option, the wipers of 
the level-control potentiometers will be jumpered from 
their respective inputs to the summation amplifier on 
the Audio Synthesizer board (AlO). On those systems 
with the IEEE option, select switches on the IEEE 
Interface board send either the tops of the level con
trols (Code Synth, 1 KHz, or Ext) or their respective 
wipers to the programmable attenuators. For remote 
control, they select the tops; for local control, the wip
ers. During the· IEEE control mode, the processor
controlled programmable attenuator on the IEEE 
board controls the modulation level. For the local 
mode, the attenuators are programmed for zero atten
uation so that the wipers of the level control set the 
modulation levels directly. 

The three modulation sources are summed together 
on the Audio Synthesizer board according to what is 
set on the level controls. This composite modulation 
signal is applied to 1) the appropriate modulator, 2) the 
modulation-measuring circuitry (MOD CAL AUDIO), 
3) the audio amplifier (SPKR AUDIO) and 4) the front
panel's modulation output port (Mod Out). To pro
vide a low-impedance output, the signal to the front
panel's port is driven by a buffer amplifier.

For AM, the composite modulation is summed with 
+5 Vdc. This signal (5V + AM MOD) is applied to
the top of the front panel's RF Level control. The wiper



of the RF Level control is then applied to the AM MOD 
+ DC REF input of the Wideband Amplifier board
(Al 7 A2). The de component on this input controls the
average power output, and the ac component provides
AM. On systems under IEEE option control, the wiper
of the RF Level control is connected to a programma
ble attenuator on the IEEE Interface board (A13) and
then to the AM MOD + DC REF input of the Wide
band Amplifier. This allows remote control of the RF
output power.

2.8 FREQUENCY COUNTER 

Three possible signal sources can be connected to the 
frequency counter. Two of the signals are internal to 
the system: one is used to determine the error fre
quency of the monitored carrier (IF/BFO), and the 
other is used to decode the off-the-air signal sequences. 
The third input is from the external input port 
(Counter In) on the front panel. 

A block diagram of the frequency counter is shown 
at the end of the section in Figure 2-8. 

The Receiver's (A8) DEMOD CAL AUDIO output, 
which is used for signal-sequence decoding, is routed 
through a gain-selectable amplifier and the Scope/ 
DVM Control board (A7) and to the Front-Panel 
Interface board (A15). A switch on the Front-Panel 
Interface board routes this signal or the signal from the 
front panel's external input port to the range atten
uator. The range attenuator provides stepped sensi
tivity settings according to the setting on the front 
panel's vertical range switch. An amplifier following 
the range attenuator amplifies and limits the signal 
amplitude for the frequency-counter input. 

A select switch on the Processor Interface board 
(All) routes either the frequency-counter output from 
the Front-Panel Interface board or the IF/BFO out
put from the Receiver to the frequency-counter cir
cuitry. The signal selected is determined by the 
system's operating mode and controlled by the pro
cessor. 

The frequency counter uses two different measur
ing techniques: the direct count and the reciprocal 
count. A 16-bit gated accumulator is used in the direct
count method to determine the input frequency. Gate 
times from 1 msec to 10 sec are user-selectable or 
automatically selected by the processor to give the 
maximum possible resolution. The gate times are 
derived from the SYNTH 1 KHz signal coming from 
the Audio Synthesizer board (AlO). 

The same 16-bit accumulator is used in the recip
rocal-count method. The accumulator counts the 
number of clock cycles coming from a clock generator 
during one period of the unknown signal. Clock rates 
from 10 MHz to 100 kHz are user-selectable or auto
matically selected by the processor to give the maxi
mum possible resolution. The clock rates are derived 
from the SYNTH 10 MHz signal coming from the RF 
Synthesizer module (A9). 
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The 16-bit frequency-counter output is transferred 
directly to the processor bus through a peripheral
interface adapter (PIA). The processor, in turn, adjusts 
the data for the gate time used and then processes the 
information to obtain the required frequency display. 

2.9 DIGIT AL VOLTMETER (DVM) 

The DVM circuitry allows the processor to access 
many voltages throughout the system. From this 
information, the processor is able to determine and 
display parameters such as output power level, mod
ulation level, input power level, etc. In addition, an 
external voltage applied to the DVM input port on the 
front panel can be measured and displayed. 

A block diagram of the DVM function is shown at 
the end of the section in figure 2-9. 

Internal voltage measurements are selected and 
ranged over two decades by the internal DVM-select 
switch and the Xl.0/X0.1 attenuator, respectively, on 
the Scope/DVM Control board (A7). The resulting 0 
to 1-Vdc signal is routed to the internal/external DVM
select switch on the Processor Interface board (All) 
which applies the voltage to the AID converter. The A/ 
D converter converts the input voltage into a 10-bit 
digital number which is input to the processor. One of 
eight internal voltages may be selected for measure
ment as required by the processor to determine dis
play data. Inputs to the A/D must be less than 1 Vdc; 
therefore, with the decade-ranging attenuator (Xl.0/ 
XO.I), the maximum input voltage to the internal 
DVM is 10 Vdc. The Xl.0 position gives improved res
olution for reading voltages less than 1 Vdc. To keep 
CRT information current, each of the required mea
surements is made in sequence, at an approximate rate 
of thirty per second. 

The following signals can be connected to the DVM 
input: 

• Two modulation signals (MOD CAL AUDIO and
CARRIER+ MOD LVL) and a demodulated sig
nal (DEMOD CAL AUDIO) are made available to
the peak detectors. Measuring the positive and
negative peaks of the selected signal enables the
processor to determine the level of modulation.

• A low-pass filter (LPFL) removes the ac compo
nent from the CARRIER + MOD LVL signal so
that the output level of the generated RF can be
determined. (See paragraph 2.3.4.)

• The SIG STRENGTH VOLTAGE line from the
logarithmic amplifier on the Receiver board (A8)
provides a de level proportional to the strength in
dBm of the on-channel received signal.

• The RF INPUT POWER signal line from the RF
Input module provides the processor input for the
internal wattmeter (paragraph 2.4). Inputs for the
external wattmeter element (EXT FWD PWR and
EXT RFL PWR) from the front panel's port pro
vide the information for the external-wattmeter
display.



• A signal line (DC IN) from the rear panel's de
input port (DC POWER) is brought to the proces
sor to determine battery voltage. The voltage is
attenuated by a factor of 10 to stay with the lOV
maximum input to the select switch. The proces
sor uses the battery-voltage measurement to warn
the operator when the battery is near its dis
charged state.

• A rectified and filtered version of the input to the
1-kHz notch filter is the last internal measure
ment point. This measurement is used in calculat
ing the distortion/SINAD reading. (For further
information on the distortion/SINAD meter, see
paragraph 2.10.)

• In the external DVM mode, voltages applied to the
external DVM input port on the front panel are
ranged by processor-control over four decades on
the Front-Panel Interface board (A15). The result
is a O to 1-V rms signal at the output of the atten
uator for inputs of O to 300 Vrms. The signal is
routed directly through the A 7 board by the rms/
distortion-select switch to the rms-to-dc con
verter on the All board. It is then routed through
the internal/external DVM-select switch, to the A/
D converter, and finally to the processor's data bus.

For external de measurements, the ac/dc-select 
switch chooses the de-coupled path from the DVM 
input port. A low-pass filter on the A15 board removes 
ac components. The rejection of the low-pass filter at 
50 Hz is at least 20 dB. The rms-to-dc converter reads 
the absolute value of the de input, and the sign detec
tor provides polarity information. 

For ac voltage measurements, the low-pass filter is 
reprogrammed for less than 1 �'c, attenuation out to 20 
kHz. The ac/dc-select switch chooses the ac-coupled 
path, and the rms-to-dc converter converts the ac input 
into a de voltage equal to the rms voltage of the input. 

2.10 DISTORTION/SINAD METER 

The System Analyzer can measure the distortion of 
a signal with a fundamental frequency of 1 kHz. As the 
block diagram (Figure 2-9) shows at the end of the 
section, the 1-kHz input enters the DVM input port 
through the ac-coupled path and is ranged to between 
O and 1 Vrms by the ranging attenuator. The signal is 
then routed through the notch filter where the funda
mental frequency is removed. The rms/distortion
select switch chooses output of the notch filter and 
sends it to the rms-to-dc converter's input. Here, the 
rms-to-dc converter measures the rms voltage (to 10 
kHz) of the distortion components. The input of the 
notch is rectified, filtered, and multiplied by 1.11 (the 
rms-to-average ratio for a sinusoid). The resulting de 
voltage is measured by the internal DVM as described 
in paragraph 2.9. The processor divides the rms out
put voltage of the notch filter by the rms input voltage 
to the notch filter to obtain a distortion ratio, and then 
converts the distortion ratio to dB for the SIN AD dis-
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play. The display for percent distortion is obtained by 
multiplying the distortion ratio by 100. 

2.11 OSCILLOSCOPE 

Three basic functions are provided by the system 
oscilloscope: 1) alphanumeric, 2) modulation, and 3) 
external-oscilloscope display. 

A block diagram of the oscilloscope is shown at the 
end of the section in Figure 2-10. 

Drive signals for the CRT are provided by circuits 
on the Scope Amplifier board (A2). Horizontal and 
vertical signals are amplified by their respective 
amplifiers from input levels of 0.5 V /Div to the levels 
required on the deflection plates. A Z-Axis modulator 
circuit controls the cathode-to-grid bias voltage on the 
CRT to give intensity control. 

2.11.1 HORIZONTAL INPUT 

External or internal signals can be selected for the 
horizontal-amplifier input. External signals come from 
the front panel's Ext Horiz input port. Internal signals 
come from the A7 Scope/DVM Control board (INT 
SCOPE HORIZ) or from the horizontal timebase gen
erator on the Scope Amplifier board (A2). When either 
the external input or the timebase generator is selected, 
it is summed with a de signal (HORIZ POSITION) 
which comes from the front panel's Horiz position 
control. The de signal controls the horizontal position 
of the scope display. 

The front panel's Ext Horiz input is applied to the 
top of the horizontal vernier-gain potentiometer. The 
wiper of the gain potentiometer provides the HORIZ 
INPUT signal to the pre-amplifier on the Front-Panel 
Interface board (A15). The pre-amplifier provides the 
required horizontal-input sensitivity and buffers the 
signal from the select switch on the Scope Amplifier 
board. 

The horizontal timebase generator provides a six
decade sweep range from 1 µsec to 100 msec per divi
sion. Control of the timebase generator comes from the 
front panel's horizontal switch through the processor. 

The INT SCOPE HORIZ signal is a sawtooth wave
form which is provided by the output of either the 
horizontal character-sweep generator or the synthe
sizer-sweep generator. A switch on the Scope/DVM 
Control board controls which output is selected. Dur
ing character display, it selects the character sweep, 
which provides the horizontal sweep for the raster-scan 
character display. During spectrum-analyzer and RF 
generator sweep operation, control of the INT SCOPE 
HORIZ signal alternates between character sweep and 
synthesizer sweep. This allows the oscilloscope and 
character information to be simultaneously displayed 
on the CRT. This also allows the scope sweep to be 
synchronized with the RF Synthesizer sweep. 



2.11.2 VERTICAL INPUT 

One of four possible signals can be switched to the 
vertical amplifier's input by a select switch on the 
Scope/DVM Control board. The 700-kHz IF and SPEC 
ANA VERT signals from the Receiver board provide 
the displays for IF envelope and spectrum analyzer, 
respectively. The vertical character-sweep generator 
provides the vertical sweep for the raster-scan char
acter display. The remaining input (VERT FROM 
RNG SW) is connected either to the front panel's 
external vertical input or to the modulation-scope 
input (INT SCOPE TO RNG SW). 

A vertical pre-amplifier on the Front-Panel Inter
face board gives a vertical sensitivity of 10 m V /Div and 
provides positioning and vernier-gain capability for its 
input. This amplifier provides the VERT FROM RNG 
SEL output to the A 7 board. It is preceded by a four
decade range attenuator which is controlled from the 
front panel's vertical switch through the processor. The 
attenuator provides external vertical-input sensitivi-

ties from 0.01 to 1.0 V /Div and modulation-scope sen
sitivities from 0.25 to 25 kHz/Div. 

A select switch ahead of the attenuator chooses 
between the external vertical input or the modula
tion-scope inputs. Further switching selects ac or de 
coupling for the external input. The modulation-scope 
signal path is switched to one of three possible sources 
on the Scope/DVM Control board. Demodulation sig
nals from the Receiver are selected via the DEMOD 
CAL AUDIO path. FM signals are selected via the 
MOD CAL AUDIO. signal path; AM signals are 
selected via the CARRIER + MOD LVL signal paths. 
The Audio Synthesizer board provides the MOD CAL 
AUDIO signal, while the RF Input module provides the 
CARRIER + MOD LVL signal. 

A Z-Axis select circuit on the Scope/DVM Control 
board gates either the CHARACTER GEN signal for 
character displays or the retrace blanking signal from 
the timebase generator for scope displays to the Z-Axis 
modulator on the Scope Amplifier board. 
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3.1 INTRODUCTION 

This section provides a basic {paragraph 3.2) and an 
extended {paragraph 3.3) alignment procedure. The 
basic procedure, which should accompany any service 
work, requires only a calibrated oscilloscope. The 
extended procedure, which should be performed at 
nominal six-month intervals, requires the oscillo
scope, module extenders, a calibrated digital voltme
ter and other equipment as listed in Table 3-2. All 
adjustments not covered in this procedure should be 
performed on suitable module test fixtures only. 

3.1.1 TEST EQUIPMENT REQUIRED 

The basic procedure requires the test equipment 
listed in Table 3-1. The additional equipment required 
for the extended procedure is listed in Table 3-2. 

Table 3-1. Basic Test Equipment Required 

Description Model 

*Oscilloscope Motorola R1004A 

Test-Point Shorting ,Jumper

Nonmetallic Alignment Tool

* An R2001 is a suitable substitute.

Table 3-2. Extended Test Equipment Required

Description Model 

* Oscilloscope Motorola Rl004A 

*Digital Voltmeter Motorola Rl00lA 

*RF Signal Generator Motorola R1201A 

*Modulation Meter Boonton 82AD 

Audio Generator Motorola S1067 

Receiver Test Cover Motorola 

Extender Card Set Motorola 

* An R2001 is a suitable substitute for these separate equipments.

3.1.2 PREPARATION FOR ALIGNMENT 

1. Perform all alignments at normal ambient tem
perature.

2. Remove the top cover of the unit to be aligned.
3. Turn on the unit to be aligned, allowing a warmup

time of 15 minutes before starting alignment.
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SECTION 3. 

ALIGNMENT PROCEDURE 

3.2 BASIC ALIGNMENT PROCEDURE 

3.2.1 CRT INTENSITY BIAS 

1. Select Scope DC display and Ext Horiz input mode
on the System Analyzer. Set the Intensity control
fully counter clockwise.

CAUTION 

Do not let a dot stay in one place 
on the CRT screen for more than 
30 seconds because it will leave a 
permanent burn in the phosphor. 

2. Adjust the Intensity Bias potentiometer on the
Scope Amplifier board (Figure 3-1) until a dot
appears on the screen. You may have to use the
Vertical and Horizontal position control (Vert,
Horiz) on the front panel to bring the dot onto the
screen. Then back off the Intensity Bias poten
tiometer until the dot just disappears.

3.2.2 CRT INTENSITY BALANCE 

1. Select Scope DC display and a horizontal sweep
rate of 1 mSec/Div on the System Analyzer. Set the
horizontal timebase vernier to calibrate (Cal) and
adjust the Intensity control for a barely visible
horizontal line on the CRT.

2. Adjust the Intensity Balance potentiometer
(Figure 3-1) for uniform intensity of the horizon
tal trace from left to right. The Balance poten
tiometer affects the intensity on the left side of the
trace.

3.2.3 CRT ASTIGMATISM AND GEOMETRY 

1. Select Monitor function and Gen/Mon Mtr dis
play on the System Analyzer. Set the Intensity
control for a medium-intense display.

2. While using the Focus control to maintain a
focused display at the center of the CRT, adjust
the Astigmatism and Geometry potentiometers
(Figure 3-1) for the best focus at the outer edges
-Qf the CRT with minimum pincushion and barrel
distortion of the display. The two adjustments are
interactive; to get the best display, alternate
repeated small adjustments between the two
potentiometers.
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Figure 3-1. Scope Amplifier Board ( A2) - Alignment Points

3.2.4 CRT VERTICAL CENTERING AND TRACE 

ROTATION 

L Select Gen/Mon Mtr display. Adjust the Intensity 
control for a comfortable viewing brightness. 

2. With the Test-Point Shorting Jumper, connect
TPl of the Scope Amplifier board (Figure 3-1) to
chassis ground.

3. Adjust the Trace Rotation potentiometer (Figure
3-1) to make the horizontal trace on the CRT per
pendicular to the graticule center line.

4. Adjust the Vertical Position potentiometer (Figure
3-1) so that the horizontal trace on the CRT passes
through the graticule center point.

5. Adjust the Trace Rotation potentiometer (Figure
3-1) to align the horizontal trace on the CRT
behind the horizontal graticule line.

6. Remove the jumper from TPL

3.2.5 CRT HORIZONTAL CENTERING 

L Select Gen/Mon Mtr display. Adjust the Intensity 
control for a comfortable viewing brightness. 

2. With the Test-Point Shorting Jumper, connect
TP6 of the Scope Amplifier board (Figure 3-1) to
chassis ground.
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3. Adjust the Horizontal Position potentiometer
(Figure 3-1) so that the vertical trace on the CRT
passes through the graticule center point.

4. Remove the jumper from TP6.

3.2.6 CRT HORIZONTAL GAIN 

1. Connect the Mod Out port to the Ext Horiz port
on the System Analyzer's front panel.

2. Select Generate FM function and Scope DC dis
play. Set the Horiz control for external horizontal
input (Ext). Turn the Code Synthesizer and the
Ext Level control OFF, and the 1 KHz Level con
trol up about half way.

3. Connect an oscilloscope with a calibrated vertical
input to TP6 on the Scope Amplifier board (Figure
3-1).

4. Using the front panel's horizontal vernier control,
adjust for a 3 Vp-p amplitude on the sinewave at
TP6.

5. With 3 Vp-p at TP6, adjust the Horizontal Gain
potentiometer (Figure 3-1) for a CRT horizontal
trace of 6 cm. (Use the front panel controls to
position the trace at a convenient place near the
center of the CRT.)



3.2.7 CRT VERTICAL GAIN 

1. Connect the Mod Out port to the vertical input
port (Vert In) on the System Analyzer's front
panel.

2. Select Generate FM function and Scope DC dis
play. Set the Horiz control for a sweep rate of
1 mSec/Div and the horizontal vernier to Cal. Set
the Vert control for an input sensitivity of 1 V /Div
and the vertical vernier to Cal.

3. Turn the Code Synthesizer and the Ext Level con
trol OFF, and the 1 KHz Level control up about
half way.

4. Connect an oscilloscope with a calibrated vertical
input to TPl on the Scope Amplifier board (Figure
3-1).

5. Using the 1 KHz Level control on the front panel,
adjust for a 3 Vp-p amplitude on the sinewave at
TPl.

6. With 3 Vp-p at TPl, adjust the Vertical Gain
potentiometer (Figure 3-1) for a 6-cm p-p sine
wave on the CRT. (Use the front panel's Horiz and
Vert position controls to center the waveform on
the CRT.)

3.2.8 VERTICAL INPUT GAIN 

1. Select Generate FM function and Scope DC dis
play. Set the Horiz control for a sweep rate of
1 mSec/Div and the horizontal vernier to Cal. Set
the Vert control for an input sensitivity of 1 V /Div,
and the vertical vernier to Cal.

2. Connect an oscilloscope with a calibrated vertical
input to the Mod Out port on the front panel.

3. Turn the Code Synthesizer and the Ext Level con
trol OFF and adjust the 1 KHz Level control for a
6 Vp-p sinewave on the attached oscilloscope.

4. Disconnect the oscilloscope from the Mod Out port
and connect the Mod Out port to the Vert input
port.

5. Adjust the Input Vertical Gain potentiometer on
the Front-Panel Interface board (Figure 3-2) for a
6-cm p-p sinewave on the CRT. (Use the front
panel's Horiz and Vert position controls to center
the waveform on the CRT.)

3.2.9 DVM ZERO 

1. Select DVM display and DC mode.
2. Short the center conductor of the DVM input port

(DVM In) to ground.
3. Adjust the Coarse DVM Zero and the Fine DVM

Zero potentiometers on the Front-Panel Interface
board (Figure 3-2) for a zero reading on the DVM
display.

DVM ZERO (COARSE) 

·CB!J• ••• •••

KC. K7 

r 

36930-111 

Figure 3-2. Front-Panel Interface Board ( A15) - Alignment Points
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3.2.10 CHARACTER GENERATOR 

1. Select Monitor FM function and Gen/Mon Mtr
display.

2. Adjust the Horizontal Character-Sweep-Width
potentiometer on the Scope/DVM Control boa:.d
(Figure 3-3) so that the right-hand edge of the
CRT character display is approximately 4.2 gra
ticule divisions to the right of the graticule center
line.

:t Adjust the Vertical Character-Sweep-Width 
potentiometer on the Scope/DVM Control board 
(Figure :3-3) so that the bottom edge of the CRT 
display is approximately 3.3 graticule divisions 
below the graticule center line. 

1002 Hz 

NOTCH 

ADJUST 

VERTICAL 

CHARACTER 

SWEEP 

WIDTH 

998 Hz 

NOTCH 

ADJUST 

3.2.11 SPECTRUM ANALYZER CENTERING 

1. Select Spect Analyzer display. Set the dispersion
control (Dispr) on the front panel to 1 MHz (fully
counter clockwise). Set the center frequency of the
Analyzer to 10.0 MHz.

2. Connect the 10 MHz STD port on the rear panel
to the RF In/Out port on the front panel. Set the
RF step attenuator (Step) to obtain a convenient
spectral display.

3. Adjust the Spectrum Analyzer Centering poten
tiometer on the Scope/DVM Control board (Figure
3-3) so that the spectral line on the CRT is cen
tered about the center graticule line.

HORIZONTAL 

CHARACTER 

SWEEP WIDTH 

SPECTRUM 

ANALYZER 

CENTERING 
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Figure 3-3. Scope/DVM Control Board ( A7) - Alignment Points
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3.2.12 HORIZONTAL TIMEBASE 

1. Select Generate FM function and Signaling
Sequence (Seq) display. Select A/B encode, and
program Tone A for 20.0 Hz, and Tone B for
19,999.9 Hz.

2. Select Modulation display. Set the Oscilloscope
controls for a vertical range of 2.5 kHz/Div, Auto
Trigger, and a horizontal sweep rate of 10 mSec/
Div. Set the horizontal and vertical vernier con
trols to Cal.

3. Set the Code Synthesizer for continuous (Cont)
Tone A, and turn up the Code Synthesizer level
control (Code Synth Lvl) to obtain a nearly full
scale sinusoidal waveform on the CRT. Turn the
Ext Level and the 1 KHz Level controls OFF.

4. Adjust the Coarse Timebase Calibration poten
tiometer on the Scope Amplifier board (Figure
3-1) so that one cycle of the displayed waveform
occurs in 5 cm along the horizontal axis. Use the
Vert and Horiz position controls to center and
move the waveform; this will measure the 5 cm in
the middle of the screen and avoid nonlinearities
near the edge of the CRT.

5. Set the Oscilloscope Horiz control for a sweep rate
of 10 µSec/Div and select Tone B output on the
Code Synthesizer.

6. Adjust the Fine Timebase Calibration capacitor on
the Scope Amplifier board (Figure 3-1) so that one
cycle of the displayed waveform occurs in 5 cm
along the horizontal axis. As with coarse timebase
calibration, use the Vert and Horiz position con
trols to center and move the waveform.

A/D GAIN 

3.3 EXTENDED ALIGNMENT PROCEDURE 

3.3.1 DVM 

1. Remove the System Analyzer's top cover.
2. Connect the Analyzer to a primary power source,

turn it on, and select the EXT DVM mode. Allow
approximately 15 minutes warmup time before
proceeding with alignment.

3. Select DVM/DIST display and DC Volts mode.
Short the center conductor of the front panel's
DVM input port (DVM In) to ground. Connect an
external DVM between TP2 and TP9 on the
Scope/DVM Control board (Figure 3-3).

4. Adjust the Coarse DVM Zero and the Fine DVM
Zero potentiometers on the Front-Panel Interface
board (Figure 3-2) until the external DVM reads
0 ± 0.5 mVdc.

5. Remove the short-circuit on the DVM input port
and apply approximately 0.900 Vdc from an
external power supply. The voltage between TP2
and TP9 of the Scope/DVM Control board should
be within ± 1 m V of the voltage at the front panel's
DVM input port. If the unit fails this test, adjust
the DVM Buffer Gain on the Front-Panel Inter
face board (Figure 3-2) until the two voltages are
equal.

6. Select Generate FM Narrowband mode and Gen/
Mon Mtr display, and turn the MODULATION
switch to OFF.

7. Short TP4 to TP9 on the Scope/DVM Control
board (Figure 3-3).

8. Adjust the AID Offset on the Processor Interface
board (Figure 3-4) until the plus-peak-deviation
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Figure 3-4. Processor Interface Board (All) - Alignment Points
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reading on the CRT is just toggling between 0.00 
and 0.01 kHz. Then slightly turn the adjustment 
to maintain a constant 0.00 reading. Note that if 
the offset adjustment is turned past this point, the 
deviation reading is still 0.00, but the AID con
verter is not aligned properly. 

9. Remove the short-circuit between TP4 and TP9,
and connect the positive lead of the external DVM
to TP4 of the Scope/DVM Control board (Figure
3-3). Place the negative lead on the ground plane
or TP9 of the Scope/DVM Control board.

10. Turn on the 1-kHz internal modulation and adjust
the level until the voltage at TP4 reads 0.900V.

11. Adjust the AID Gain (Figure 3-4) until the read
ing on the positive deviation peak is 4.50 kHz.

12. Select DVM DC mode.
13. With the center conductor of the front panel's

DVM input port again shorted to ground, adjust
the RMS-Converter Offset on the Processor Inter
face board (Figure 3-4) for a reading of 0.000V on
the CRT DVM display.

14. Adjust the Sign Detector Offset (Figure 3-4) until
the sign of the 0.000V reading is just flashing
between plus and minus.

15. Remove the short and apply approximately 0.900V
to the front panel's DVM input port.

16. While monitoring the input voltage on an external
DVM, adjust the RMS-Converter Gain on the
Processor Interface Board (Figure 3-4) until the
CRT DVM reading equals the external voltage
applied.

3.3.2 DISTORTION/SINAD ALIGNMENT 

1. Select Generate function and Gen/Mon Mtr dis
play. Using an audio generator with less than 0.1 r;
distortion, apply a 900 m Vrms, 1-kHz ± 2 Hz sig
nal to the Vert/SINAD/DVM/Dist/Counter input
port on the front panel.

2. Verify that the distortion reading on the CRT is
,s;0.5 ', . If this test fails, align the notch filter.

3. Turn the System Analyzer OFF and extend the
Scope/DVM Control board using the 100-pin
extender card.

4. Turn the System Analyzer ON and select Gener
ate FM function and Gen/Mon Mtr display.

5. Using the same low-distortion generator as in step
1, apply a 998 ± 0.2-Hz sinewave to the distortion
input port (Dist In).

6. Alternately adjust the 998-Hz notch potentiome
ters on the Scope/DVM Control board (Figure
3-3) to null the distortion reading on the CRT. You
should get a reading of less than 0.5 Si .

7. Change the audio generator's input frequency to
1002 ± 0.2 Hz.

8. Alternately adjust the 1002-Hz notch potentiom
eters on the Scope/DVM Control board (Figure
3-:3) to again null the CRT distortion reading. You
should again get a reading of less than 0.5 ° i .

9. Turn the system's power OFF and put the Scope/
DVM Control board back into the system chassis.
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3.3.3 RECEIVER 

3.3.3.1 Linear IF 

1. Perform the basic alignment procedure of para
graph 3.2.

2. Turn the System Analyzer OFF and remove the
Receiver board. Remove the Receiver board cover,
install the Receiver Test Cover on the board, and
insert the Receiver board into the appropriate
extender card. Place the Receiver and extender
assembly in the Receiver board's edge connector.

3. Turn the Analyzer ON and select Monitor AM
function and Distortion display. Set the monitor
frequency to 250 MHz, the RF step attenuator
(Step) to 0 dB, the IF bandwidth switch (BW) to
Wide, and the Receiver audio filter to 300-Hz
HPFL and 3-kHz LPFL.

4. Connect the external signal generator to the
Antenna port on the front panel. Adjust the exter
nal generator for an output level of approximately
-80 dBm and a calibrated, 30 percent AM, 1-kHz
tone at 250 MHz.

5. Connect the Demod Out port to the distortion
input port (Dist In) on the front panel.

6. Adjust C307 and C320 (marked on the Receiver
Test Cover) for lowest distortion; adjust the signal
strength of the generator as needed.

7. Select Narrowband FM mode.
8. Adjust the external generator for an output level

of approximately -40 dBm and a calibrated,
3-kHz FM, 1-kHz tone.

9. Adjust C327, C328 and C320 (marked on the
Receiver Test Cover) for lowest distortion.

3.3.3.2 AM/AGC Calibration 

I. Select Monitor AM function and Gen/Mon Mtr
display. Set the monitor frequency to 250 MHz, the
RF step attenuator to 0 dB, and the BW switch to
Narrow.

2. Connect the external generator to the Antenna
port on the front panel. Adjust the external gen
erator for an output level of -50 dBm and a cali
brated 40 percent AM at 250 MHz.

:3. Adjust R359 (marked on the Receiver Test Cover) 
for a reading of 40 Si ± 5 % on the CRT AM dis
play. 

4. Adjust R389 for over-load warning to just flash on
the CRT.

5. Repeat steps 3 and 4 once.

3.3.3.3 FM Calibration 

1. Select Monitor FM function and Gen/Mon Mtr
display. Set the monitor frequency to 250 MHz, the
RF step attenuator to 0 dB, and the BW switch to
Wide.

2. Connect the external signal generator to the
Antenna port on the front panel. Adjust the exter
nal generator for a center frequency of 250 MHz at
an output level of approximately -30 dBm and a
calibrated 40-kHz FM.



3. Adjust R421 (marked on the Receiver Test Cover)
for a reading of 40 kHz ± 2 kHz on the CRT FM
display.

3.3.3.4 Spectrum Analyzer 

NOTE 

Unless the factory alignment has 
been disturbed through repair, do 
not re-align the Spectrum Ana
lyzer except for offset adjustment 
(R241B). Because all the adjust
ments interact, re-aligning the 
Spectrum Analyzer is difficult. 

1. Select Monitor function and the Spect Analyzer
display on the System Analyzer. Set the monitor
frequency to 250 MHz, and the RF step attenua
tor to 40 dB.

2. Connect the external signal generator to the
Antenna port on the front panel. Adjust the exter
nal generator for a center frequency of 250 MHz
and a calibrated output level of - 30 dBm with no
modulation.

3. Adjust, in succession, C207, C208, C213 and C218
(marked on the Receiver Test Cover) to maximize
the amplitude of the spectral line in the center of
the CRT display.

4. Adjust R219, R226 and R229 (marked on the
Receiver Test Cover) to obtain a uniform change
in the spectral amplitude per 10-dB change of the
RF step attenuator. R229 affects the level of the
spectral component in the top quarter of the
screen, R219 affects levels in the third quarter from
the top, and R226 affects levels in the bottom
quarter.

5. Adjust R241B for offset and R241A for gain, so
that with the step attenuator at O dB, the peak of
the spectral line lies on the 30-dB line of the CRT,
and successive step increases of the input atten
uator move the spectral amplitude downward on
the CRT in 10-dB increments. The accuracy
required for any one step-attenuator position is ± 2
dB.

6. To obtain the best possible accuracy, you will gen
erally need to repeat steps 4 and 5 multiple times.

7. For the Cellular Option, connect a calibrated sig
nal of - 40 dB at 850 MHz into the Antenna port
on the front panel. Adjust R241B for a reading of
-40 dBm ± 1 dB on the CRT signal-strength dis
play.

8. Turn the power OFF and remove the Receiver
board and extender card from the chassis. Remove
the Test Cover from the Receiver board and
replace the board cover. Put the board back into
the system chassis.

3.3.4 RF SYNTHESIZER 

1. Select Generate FM function and Gen/Mon Mtr
display. Set the generate frequency to 100 MHz.

2. Connect the calibrated external modulation meter
to the Antenna port on the front panel. Tune the
external modulation meter to 100-MHz FM.

3. Turn on the Modulation 1 KHz Level switch and
adjust for a reading of 20 kHz on the CRT gener
ate-deviation display.

4. Adjust R13 through the hole in the RF Synthe
sizer cover. (First locate R13 by removing the RF
Synthesizer cover.) The reading should be 20 kHz
± 1 kHz, as measured by the external modulation
meter.

3.3.5 FREQUENCY STANDARD 

1. Remove the timebase-calibration cover screw on
the lower left side of the System Analyzer.

2. Allow the Analyzer to warm up for at least 20 min
utes.

3. Select Monitor AM function and Gen/Mon Mtr
display. Set the monitor frequency to one of the
National Bureau of Standards radio stations (5, 10,
15, or 20 MHz), and use a suitable antenna for
these frequencies.

4. Adjust the timebase for a reading of O Hz ± 1 Hz
on the CRT monitor frequency-error display.

3.3.6 DUPLEX GENERATOR 
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1. Remove the bottom cover of the System Analyzer
and the Duplex Generator cover.

2. Select Generate FM function and Duplex Gen dis
play. Set the DUPLEX GEN switch to ON, the
Duplex monitor frequency to 145 MHz, the offset
frequency to 45 MHz, and the Image/Dplx switch
to Low.

3. Adjust C68 on the Duplex Generator board (Figure
3-5) for 8 to lOV, as measured at TP 1.

4. Connect the calibrated external modulation meter
to the DUPLEX GEN Output port on the front
panel. Tune the external modulation meter to 100-
MHz FM.

5. Turn on the Modulation 1 KHz Level switch and
adjust for a reading of 20 kHz on the CRT gener
ate-deviation display.

6. Adjust R64 on the Duplex Generator board (Figure
3-5) for a reading of 20 kHz ± 1 kHz, as measured
by the external modulation meter.

7. Set the Duplex offset frequency to O Hz. Select
Monitor FM function and Gen/Mon Mtr display.

8. Connect the DUPLEX GEN Output port to the
Antenna port on the front panel.

9. Adjust C40 on the Duplex Generator board (Figure
3-5) for a reading of O Hz ± 50 Hz on the CRT
monitor frequency-error display.
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Figure 3-5. Duplex Generator Board ( Al7A3) - Alignment Points
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WARNING: STATIC-SENSITIVE PARTS - HANDLE APPROPRIATELY. 

SECTION 4. 

SYSTEM CHECKOUT AND TROUBLESHOOTING 

4.1 INTRODUCTION 

This section provides a procedure for system check
out and troubleshooting to help isolate system fail
ures. Table 4-1 lists the necessary test equipment or 
its equivalent. 

Table 4-1. Test Equipment for Checkout and Troubleshooting 

Equipment Part No. or Value 

*RF Signal Generator Motorola R-1201A 

*RF Power Meter Motorola S-1339A 

*SINAD Meter Motorola R-1013A 

*Modulation Meter Boonton 82AD 

RF Power Source 1 watt to 100 watts 

* An R2001 is suitable for use in place of these separate equipments.

4.2 SAFE HANDLING OF CMOS INTEGRATED

CIRCUIT DEVICES 

Many of the integrated-circuit devices used in com
munications equipment are CMOS (complementary 
metal-oxide semiconductor) !Cs. Because of their high 
open-circuit impedance, CMOS !Cs are vulnerable to 
damage from static charges. Take care in handling, 
shipping, and servicing these !Cs and the assemblies 
in which they are used. 

Even though protection devices are provided in 
CMOS IC inputs, the protection is effective only 
against overvoltage in the range of hundreds of volts, 
such as that encountered in an operating system. In a 
system, circuit elements distribute static charges and 
load the CMOS circuits, decreasing the chance of 
damage. However, CMOS circuits can be damaged 
by improper handling of the modules even in a sys
tem. 

To avoid damaging circuits, observe the following 
handling, shipping, and servicing precautions. 

1. Before and while servicing a circuit module, par
ticularly after moving within the service area,
momentarily touch both hands to a bare metal,
earth-grounded surface. This will discharge any
static charge which may have accumulated on you.

NOTE 

Wearing a "Conductive Wrist 
Strap" (Motorola No. RSX-4015A) 
will minimize static buildup during 
servicing. 
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WARNING 

When wearing a "Conductive Wrist 
Strap," be careful near high-volt
age sources. The "good ground" 
provided by the wrist strap also 
increases the danger of lethal shock 
from accidentally touching high
voltage sources. 

2. Whenever possible, avoid touching any electri
cally conductive parts of the circuit module with
your hands.

3. Circuit modules should not be inserted or removed
with power applied to the unit.

4. When servicing a circuit module, avoid carpeted
areas, dry environments, and certain types of
clothing (silk, nylon, etc.) because they contribute
to static buildup.

5. All electrically powered test equipment should be
grounded. Apply the ground lead from the test
equipment to the circuit module before connect
ing the test probe. Similarly, disconnect the
test probe before removing the ground lead.

6. If you remove a circuit module from the system,
lay it on a conductive surface (such as a sheet of
aluminum foil) which is connected to ground
through 100k of resistance.

WARNING 

If the aluminum foil is connected 
directly to ground, be careful of 
possible electrical shock: don't 
touch both the foil and other elec
trical circuits at the same time. 



7. 

8. 

9. 

10. 

WARNING: STATIC-SENSITIVE PARTS - HANDLE APPROPRIATELY. 

When soldering, be sure the soldering iron is 
grounded. 
Before connecting jumpers, replacing circuit com
ponents, or touching CMOS pins (to replace an 
integrated-circuit device), be sure to discharge any 
static buildup as described in precaution 1. Since 
voltage differences can exist across your body, use 
only one hand if you must touch pins on the CMOS 
device and associated board wiring. 
When replacing a CMOS integrated-circuit device, 
leave the device in its metal rail container or con
ductive foam until you insert it into the printed 
circuit module. 
Connect all low-impedance test equipment (such 
as pulse generators, etc.) to CMOS device inputs 
a�te� you apply power to the CMOS circuitry. 
Similarly, disconnect such low-impedance equip
ment before you turn off the power. 

CONDUCTIVE MATERIAL for packaging these 
modules. 

4.3 CHECKOUT AND TROUBLESHOOTING 

PROCEDURES 

Table 4-2 lists steps to follow for both checkout and 
troubleshooting of the System Analyzer. For best 
results, follow the "Checkout Procedures" first; if you 
encounter problems as listed in the "Fault" column 
follow the steps listed under "Troubleshooting Pro� 
cedures" to correct them. Because of the complexity 
of the system, the table covers only the major failures 
and provides only a guide to the most probable failed 
module. The table also assumes that all tests prior to 
the failure point have been successfully completed, and 
thus the applicable circuits are okay. 

11. Replacement modules shipped separately from the
factory will be packaged in a conductive material.
Any modules being transported from one area to
another should be wrapped in a similar material
(such as aluminum foil). NEVER USE NON-

Table 4-3 provides a list of the system test points and 
their functions. To aid in troubleshooting, test points 
are identified on block diagrams throughout this man
ual. 

Table 4-2. System Checkout and Troubleshooting Procedures 

Checkout Procedure 

1. Check that the ac-input select switch is

at 120V. With th_e front panel's

POWER switch at DC Off, connect the

unit under test (UUT) to a 120-Vac

line source. Verify that the AC and

O\'en Ready LEDs are on.

i. Set the POWER switch to ON. Verify

that after a warmup period, a display is

visible on the CRT.

I Fault 

POWER ON 

No AC indication. 

No Oven Ready 

indication. 

System won't turn on. 
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I Troubleshooting Procedure 

1. Check the ac line cord and line fuse.

2. If system powers up normally when on, replace the

AC LED.

1. Check for approximately + 15 V de at J16 pin 1 of

the A16 board. If it is not present, check the fuse

on the A3 board. If the fuse is okay, replace the

Battery Charger board (A3).

2. Check J16 pin 5 of A16 for +9 Vdc and J16 pin 6

for approximately +7.5 Vdc. If J16 pin 5 is okay

and J16 pin 6 is O V de, replace the LED. If the + 9

Vdc is not present on J16 pin 5, replace A16.

1. Check for approximately + 15 V de at TP3 of the

Control board (A4). If it is not present, replace the

Battery Charger board (A3).

2. Check for +5 Vdc at TP5 and + 11.3 Vdc at TP6

of the Control board (A4). Check for +5.1 Vdc at

U2 pin 16 of A4.

If one of these voltages is not present, replace the

Control board (A4).



WARNING: STATIC-SENSITIVE PARTS - HANDLE APPROPRIATELY. 

Table 4-2. System Checkout and Troubleshooting Procedures (Cont) 

Checkout Procedure Fault Troubleshooting Procedure 

POWER ON (Cont) 

3. Check for shorts to ground at TPl, TP2, TP3,

TP4, TP5, TP6, and TP7 of the Output board

(A5).

If there is a short, remove A5 and recheck for

shorts to ground on the A5 alone at all test points.

If there is still a short, replace A5. If there is no

short, locate the short in the system.

System turns on, but 1. Remove the bottom cover of the System Analyzer.

there is no display on the Check for approximately -4.3 Vdc at edge-

CRT for any mode. connector pins 27 and 28 and for -4.69 Vdc at 

edge-connector pins 3 and 4 of the High-Voltage

Power Supply (Al). If voltages are not present,

replace Al.

2. Check for the presence of a 20-kHz square wave

signal at U4 pins 11 and 14 of the Control board

(A4). If signals are not present, replace A4.

3. Check for approximately+ 110 Vdc at TPl and

-110 Vdc at TP7 of the Output board (A5). If

voltages are not present, replace A5. 

4. In Gen/Mon Mtr display, check for the presence of

a 110-Vp-p ramp signal at TP2, TP3, TP4, and

TP5 of the Scope Amplifier board (A2). If signals

are not present, replace A2.

5. If troubleshooting steps 1-4 check out okay, replace

the CRT.

KEYBOARD 

1. Verify that each key has the proper Only one key is Replace the defective key switch. 

etfect by observing the Gen/Mon Mtr inoperative. 

display and entering a frequency of 

12:l..!ii67 MHz and a PL frequency of More than one key is Replace the Processor board. 

890. Check for proper cursor-key inoperative or has the 

operation. wrong effect. 

2. Verify that the up and down

DISPLAY, FUNCTION, and

MODULATION keys work properly

and their associated LEDs light up.

NONVOLATILE MEMORY 

Select some random combination of Any part of the WARNING 

DISPLAY, FUNCTION, and nonvolatile memory fails Lithium Battery 

MODULATION modes. Simultaneously to remember. Do not multilate or disassemble the 

depress both cursor keys and, after a five- battery cell. The lithium metal is a very 

second delay, turn the system power OFF. active material that burns in the 

Turn the system power back ON and presence of water or high humidity. Do 

verify that the same DISPLAY, not put the battery in fire, attempt to 

FUNCTION, and MODULATION modes charge it, heat it above l00°C, or solder 

are present. directly to the cell. Do not overdischarge 
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Table 4-2. System Checkout and Troubleshooting Procedures (Cont) 

Checkout Procedure Fault Troubleshooting Procedure 

NONVOLATILE MEMORY (Cont) 

the cell to a reverse voltage greater than 

3 volts: the battery may burst and burn 

or release hazardous materials. 

1. Troubleshooting Instructions:

A. Turn the system POWER switch OFF and

disconnect the unit from the primary power

source.

B. Remove the Processor board from the system

and place it on a nonconductive surface.

C. With a voltmeter, measure the de voltage across

the lithium battery in the lower left corner of

the board.

D. If the battery voltage is less than 2.4V, the cell is

discharged and should be replaced. If the

battery is okay, replace the entire Processor

board (A14).

E. If you need a new battery, obtain a new cell

(P/N 60-80396A0) from Motorola. Replace the

battery using the procedure in Part 2.

CAUTION 

Do not substitute another type of 

lithium battery. The specified battery 

was chosen with safety as a major 

consideration. Other lithium battery 

types may present a hazard when 

used in this system. 

2. Replacement Instructions:

A. Turn the system POWER switch OFF and

disconnect the unit from the primary power

source.

B. Remove the Processor board from the system

and place it on a nonconductive surface.

C. Cut the battery end of each of the two wires that

connect the battery to the circuit board.

D. Remove the battery from the hold-down clip.
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Table 4-2. System Checkout and Troubleshooting Procedures (Cont) 

Checkout Procedure Fault Troubleshooting Procedure 

NONVOLATILE MEMORY (Cont) 

E. Remove the new battery from its shipping

container and put the old battery into the

shipping container. Dispose of the battery as

described in Part 3.

F. With a soldering iron of 40 watts or lower,

remove the old battery leads from the board.

G. Being careful not to short the battery leads to

each other or to the battery case, install the

battery in the hold-down clip with the negative

lead nearest the left edge of the card (with the

circuit-board connector edge toward you).

H. Solder the leads from the new battery into the

printed wiring board at the points from which

the old leads were removed.

I. Trim the lead ends and put the board back into

the system.

3. Disposal Instructions:

A. Do not dispose of the lithium battery by putting

it in the everyday trash. Lithium batteries are

classified as hazardous material and must be

disposed of accordingly.

B. Consult state and local codes for the appropriate

disposal procedure.

C. Motorola will dispose of the battery if you send

it in the shipping container (by the same

method used to send the new battery to you) to

the following address:

Motorola, Inc. 

Return Goods Department 

1313 East Algonquin Road 

Schaumburg, Ill 60196 

MODULATION CAPABILITY 

1. Set the UUT to Generate FM function No DPL (modulation) I. Check TPl of the Audio Synthesizer board (AlO)

and select Gen/Mon Mtr display. On signal on the CRT. for the DPL signal. If it is not present, replace the

the Gen/Mon Mtr display, enter a DPL Audio Synthesizer board.

code of 11 I. Select Oscilloscope display

and connect the Mod Out port to the 2. Check for the DPL signal on pin 64 of the Audio

vertical input port (Vert In). Set the Synthesizer board. If it is not present, replace the

Code Synthesizer mode to continuous I�EE Interface board (A13), or check for the

(Cont) PL/DPL. On the scope, verify presence of the A13 jumper card.
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WARNING: STATIC-SENSITIVE PARTS - HANDLE APPROPRIATELY. 

Table 4-2. System Checkout and Troubleshooting Procedures (Cont) 

Checkout Procedure Fault Troubleshooting Procedure 

MODULATION CAPABILITY (Cont) 

the presence of a DPL waveform whose 

amplitude is variable with the Code 3. Check for the DPL signal at TP6 of the Audio

Synthesizer level control. Synthesizer board. If it is not present, replace the

Audio Synthesizer board.

2. Move the MODULATION switch from

CONT to OFF and verify that a short 4. Check for the DPL signal at TPl of the Scope

burst of 133 Hz is present before the Amplifier board (A2). If it is not present, replace

output stops. the Scope/DVM Control board (A 7).

3. Move the MODULATION switch to 5. If signal switching is okay to the Scope Amplifier

BURST. Verify that a 133-Hz tone is board, proceed to the SCOPE Troubleshooting

output as long as the switch is held at Procedure.

BURST.

4. Select continuous (Cont) Tone A No external modulation 1. Check for the modulation signal at TP7 of the

mode. Verify a Tone A output on the on the CRT. Audio Synthesizer board. If it is not present,

scope and at the speaker. replace the Audio Synthesizer board.

5. Select Tone Remote mode. Verify that 2. Check for the modulation signal on pin 66 of the

moving the MODULATION switch Audio Synthesizer board. If it is not present,

from OFF to BURST generates a replace the IEEE Interface board (A13), or check

single Tone-Remote-Access Sequence. for the presence of the A13 jumper card.

6. Connect a microphone to the Mic port. 3. Continue troubleshooting at step 3 of "No DPL

Turn up the external level control (Ext signal on the CRT."

Level) and verify that speaking into

the mike produces a modulation signal

on the scope display.

FREQUENCY COUNTER 

I. Set the UUT to Generate CW function Frequency Counter does 1. Check for a I-kHz signal at TP9 of the Audio

with an output frequency of 30 MHz at not work. Synthesizer board (AIO). If it is not present, check

0 dBm, as displayed on the Gen/Mon for the IO-MHz signal from the Frequency-

Mtr display. Connect the Antenna port Standard Interface board (A16) to the RF

to the Frequency Counter Input port Synthesizer module (A9). If it is present, replace

(Counter In) of the UUT, and pull the the RF Synthesizer module. If it is not present,

RF Port Select knob to the Antenna replace the Frequency-Standard Interface board.

position. Select Freq Counter display

and verify a frequency reading of 30 2. If the I-kHz signal is present, check for the signal

MHz. to be counted at pins 61 and 63 of the Processor

Interface board (All). If it is not present, replace

2. Set the UUT to Generate FM function the Front-Panel Interface board (A15).

and select Gen/Mon Mtr display. Turn

the Code Synthesizer and external 3. If the signal is okay up to the Processor Interface

modulation sources OFF. Select board, replace the Processor Interface board.

Narrowband mode on the bandwidth

switch (BW), and adjust the 1 KHz

Level control for an FM-deviation
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WARNING: STATIC-SENSITIVE PARTS - HANDLE APPROPRIATELY. 

Table 4-2. System Checkout and Troubleshooting Procedures (Cont) 

Checkout Procedure Fault Troubleshooting Procedure 

FREQUENCY COUNTER (Cont) 

reading of 5 kHz. Connect the Mod
Out port to the Counter In port of the
UUT. Select Freq Counter display and
verify a nominal frequency reading of
1 kHz. 

DVM 

Maintaining the same conditions as DVM AC mode does not 1. Check for the DVM signal at pin 22 of the Front-

with FREQUENCY COUNTER work. Panel Interface board (A15). If it is not present,

Checkout Procedure 2, select DVM replace the Front-Panel Interface board.

display and AC mode on the display. 

Verify a DVM reading of 0.707 Vrms 2. Check for short bursts of the DVM AC signal at

±0.04 Vrms TP2 of the Scope/DVM Control board (A 7). If the

signal is not present at TP2, replace the

Select DC mode and verify a de Scope/DVM Control board.

reading of near zero volts. 

3. If the signal is okay to TP2 of A 7, replace the

Processor Interface board (All).

DVM DC mode does not 1. Check for the de input level attenuated by factors

work. of 10 to less than 1 volt at pin 22 of the Front-

Panel Interface board (A15). If it is not present, or

if it is greater than 1 volt, replace the Front-Panel

Interface board.

2. Check for the same voltage at TP2 of A 7. If the

signal is not present, replace A7.

3. If the signal is present at TP2, replace the

Processor Interface board (All).

SCOPE 

Set the UUT to Scope AC display and No vertical display. 1. Check for the input signal at TPl of the Scope

connect the scope's vertical input port Amplifier board (A2). If it is not present, replace

(Vert In) to the Mod Out port. Enable the Front-Panel Interface board (A15).

the internal I-kHz modulation source. 

Verify the operation of each position of 2. If the signal is okay at TPl, replace the Scope

the vertical-input range switch and the Amplifier board (A2).

vertical vernier-gain control. 

With the same connection as in step 1, No horizontal sweep. 1. Check for a voltage level between -2.0 Vdc and
verify the operation of each position of +2.0 Vdc at TPl of the Scope Amplifier board
the horizontal control and the (A2). If the voltage cannot be brought within range
horizontal timebase vernier. with either the vertical range attenuator or the

vertical position control, replace the Front-Panel
With the horizontal control set to Interface board (A15).
external mode (Ext), connect the 

external horizontal port (Ext Horiz) to 2. If the voltage at TPl is okay, replace the Scope
the Mode Out port. Verify that a Amplifier board (A2).
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Table 4-2. System Checkout and Troubleshooting Procedures (Cont) 

Checkout Procedure Fault Troubleshooting Procedure 

SCOPE (Cont) 

horizontal line whole-length is variable 

with the horizontal vernier. 
· · -·· · · ·· · ·· ··-·· · ·  . .  · -·-· ··---- -- - - - --- - ------

4. Connect the Vert In port to the Mod No vertical sync. 1. Check for sync pulses at pin 12 of the Sc_ope/DVM 

Out port on the UUT. Set the vertical Control board (A 7) and for a nominal SYNC 

and horizontal controls for a PRESENT level of zero volts at pin 76. If either 

convenient display. Verify a steady signal is not present, replace the Scope/DVM 

sync is obtained in either Normal or Control board. 

Auto mode and that the point of

triggering is adjustable with the Trig 2. If SYNC PULSE and the SYNC PRESENT lines

Level control. Remove the input signal are okay, replace the Scope Amplifier board (A2).

and verify a horizontal sweep with 

Auto triggering and no horizontal 

sweep with Normal triggering. 

DISTORTION/SINAD METER 

1. Set the UUT for Generate FM Distortion/SINAD meter 1. If the DVM mode checks okay, replace the Scope/ 

function, Narrowband mode and Tone does not work. DVM Control board. 

Memory display. On the Tone Table, 

set Tone A for 2000.0 Hz. 2. If the DVM mode does not check okay, go to the 

troubleshooting list for "DVM AC mode does not

2. Select Gen/Mon Mtr display and work." 

continuous (Cont) Tone modulation. 

Turn the Ext Level and the 1 KHz 

Level controls OFF. Adjust the Code 

Synthesizer level control (Code Synth 

Lvl) for an FM deviation of 1.88 kHz, 

as read on the CRT display. 

3. Without disturbing the Code Synth 

Lvl control, turn the Code Synthesizer 

OFF. Turn ON the 1 KHz Level 

control and adjust for an FM deviation 

of 7.fi kHz on the CRT display. 

4. Connect the Mod Out port to the 

SINAD In port on the UUT. Verify a 

SINAD reading greater than 2fi dB. 

!,, Set the Code Synthesizer to continuous 

mode (Cont) and verify a SINAD 

reading of 12 dB ± 1 dB. 

SCAN MODE 

Set the UUT for Gen/Mon Mtr display. 

Verify that the RF Scan knob operates 

properly. 
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WARNING: STATIC-SENSITIVE PARTS - HANDLE APPROPRIATELY. 

Table 4-2. System Checkout and Troubleshooting Procedures (Cont) 

Checkout Procedure Fault Troubleshooting Procedure 

GENERATE MODE 

Set the UUT for Generate FM No generate output. 1. Remove the RF cable between the RF Synthesizer

function at 200 MHz and select Gen/ module (A9) and the RF Input module (Al 7).

Mon Mtr display. Verify an RF-level- Check for a nominal level of O dBm at the

output display on the CRT. Synthesizer output. If there is no output, replace

the RF Synthesizer module.

Connect the RF millivoltmeter with a 

50-ohm termination to the Antenna 2. If the Synthesizer output is okay, replace the RF

port, and pull the RF Port Select knob Input module (Al 7).

on the UUT to the Antenna position.

Set the RF step attenuator (Step) to 0

dB and adjust the Variable RF Level No frequency modulation. 1. Check for the modulation signal at pin 30 of the

control for a displayed output level of RF Synthesizer module (A9). If the signal is okay,

+ 13 dBm. Verify that the RF replace the RF Synthesizer module.

millivoltmeter reads + 13 dBm ± 2

dBm. 2. If the modulation signal is not present, proceed to

the troubleshooting list under "No DPL

Repeat step 2 at the center frequency (modulation) signal on the CRT."

of800 MHz. 

Increase the RF step attenuator setting 

in 10-dB increments, and verify that 

the displayed RF level decreases in 

10-dB increments.

Set the Code Synthesizer 

MODULATION switch and the Ext 

Level control to OFF. Select 

Narrowband mode and adjust the 

1 KHz Level control for a 5-kHz FM-

deviation reading on the CRT display. 

Verify a I-kHz tone at the speaker 

output. 

Connect the Modulation Meter to the 

UUT's Antenna Port and pull the RF 

Port Select knob to the Antenna 

position. Set the Modulation Meter for 

a deviation display of 5 kHz ± 250 Hz. 

Select Wideband mode on the UUT 

and verify that the CRT displays a 

deviation of 20 kHz. Also verify that 

the Modulation Meter shows a peak 

deviation of 20 kHz ± 1 kHz. 

8. Select Modulation display on the UUT

and verify a peak-to-peak modulation

display of 40 kHz ± 2 kHz.
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Table 4-2. System Checkout and Troubleshooting Procedures (Cont) 

Checkout Procedure 

9. Select Generate CW function and

verify that there is no modulation on

the CRT.

10. Set the UUT for Generate AM

function and Gen/Mon Mtr display,

and adjust for an RF output level of 0

dBm. Adjust the 1 KHz Level control

for a 50', AM reading on the CRT.

Verify that the Modulation Meter

reads 50'·, ± 10 c, AM.

11. Select Modulation display and verify

a low-distortion 1-kHz sinewave.

12. Set the UUT for Generate SSB/

DSBSC function and verify a low

distortion 1-kHz sinewave on the

CRT.

13. Set the UUT for Generate SWP 1-10

MHz function and Scope DC display.

Verify a horizontal trace and a center

frequency display on the CRT.

14. Set the UUT for Generate SWP O.ol-

1 MHz function and verify the same

results as in step 13.

Set the UUT to POWER Monitor mode. 

Set the RF step attenuator at 30 dB, and 

select Gen/Mon Mtr display. Connect the 

RF power source to the RF In/Out port. 

Key the power source and verify a correct 

power reading on the CRT display. Unkey 

the power source. 

1. Set the UUT to Monitor FM function.

Set the Squelch control to OFF and

verify the signal-level LED (Sig Lvl)

lights up and there is noise at the

speaker. Turn the Squelch control

fully ON and verify the Sig Lvl LED

goes off and there is no noise at the

speaker.

Fault Troubleshooting Procedure 

GENERATE MODE (Cont) 

POWER MONITOR MODE 

Internal W attmeter is 

wrong. 

MONITOR MODE 

No Monitor function. 
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Replace RF Input Module (Al 7). 

1. Apply a 10.7-MHz modulation carrier to the RF

input. Check for normal receiver operation, but

with reduced sensitivity. If the receiver is not

working, replace the Receiver board (A8).

2. If the receiver checks okay and the Generate

function is okay, replace the RF Input module

(A17).



WARNING: STATIC-SENSITIVE PARTS - HANDLE APPROPRIATELY.

Table 4-2. System Checkout and Troubleshooting Procedures (Cont) 

Checkout Procedure Fault Troubleshooting Procedure 

MONITOR MODE (Cont) 

2. Repeat step 1 with the AM function. No monitor frequency- Go to the troubleshooting list under "Frequency 

3. Repeat step 1 with the SSB/DSBSC

4. 

5. 

6. 

7. 

8. 

function and enable the BFO. After the
test, turn the BFO OFF.

Select the Narrowband FM Monitor 
function at 300 MHz, and set the RF 
step attenuator to O dB. Co!Jf.S<if-�e ... "'
RF Signal Generator to the ·- ·--, - -

-iMM""8nd the SINAD Meter to the 
Demod Out port. Set the RF Signal 
Generator for a center frequency of 300 
MHz and for 3 kHz FM at a I-kHz 
rate. Adjust the RF output level from 
the Signal Generator for a 10-dB 
reading on the SINAD Meter. Verify 
that the Signal Generator's level is less 
than -103 dBm (1.5 µ Vrms). 

Using the Modulation Meter, calibrate 
the RF Signal Generator for 3 kHz FM 
at a I-kHz rate. Set the Generator for a 
nominal output level of -60 dBm and 
connect it to the Antenna port of the 
UUT. Select Gen/Mon Mtr display 
and verify a monitor deviation reading 
of 3 kHz ± 150 Hz. 

Calibrate the RF Signal Generator for 
50 kHz FM at a I-kHz rate. Select 
Wideband mode on the UUT and 
verify a reading of 50 kHz ± 2.5 kHz 
on the CRT's deviation display. 

Calibrate the RF Signal Generator for 
30', AM at a I-kHz rate. Set the 
Generator for a nominal output level of 
-60 dBm and connect it to the
Antenna port of the UUT. Select
Monitor AM function and Narrowband
mode. Verify a monitor-AM reading of
30', ±5'',.

Monitor the percent AM displayed on 
the CRT while increasing the RF level 
out of the Signal Generator. Verify 
that the IF-Overload Warning occurs 
before the displayed AM exceeds a 
reading of 30 r, ±5'',. 

-

error display. Counter does not work." 

Monitor frequency error is 1. Check for the IF signal at pin 91 of the Scope/
wrong. DVM Control board (A 7). If it is not present,

replace the Receiver board (AS).

2. If the IF signal is present, replace the Scope/DVM
Control board.
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WARNING: STATIC-SENSITIVE PARTS - HANDLE APPROPRIATELY. 

Table 4-2. System Checkout and Troubleshooting Procedures (Cont) 

Checkout Procedure Fault Troubleshooting Procedure 

MONITOR MODE (Cont) 

Select Modulation display on the UUT 

and verify the presence of the received 

modulation signal. 

Select Gen/Mon Mtr display and 

Wideband mode on the UUT. Vary 

the center frequency on either the 

UUT or the Signal Generator, and 

verify that the frequency-error 

display properly represents the 

difference between the UUT's center 

frequency and the Signal Generator's 

center frequency. 

I 1. Select IF display on the UUT and 

verify an IF envelope on the CRT. 

SPECTRUM ANALYZER 

1. Set the UUT for Monitor function at No spectrum-analyzer 1. Check pin 67 of the Processor Interface board

300 MHz, Spectrum Analyzer display, sweep. (All) for a 100-Hz square wave. If it is not present,

and 0-dB input attenuation. Connect replace the Processor Interface board.

the Signal Generator to the Antenna

port on the UUT. Verify a spectral 2. If there is a 100-Hz signal, replace the Scope/DVM

amplitude of -40 dBm ± 3 dB on the Control board (A 7).

CRT display. Increase the RF step

attenuator setting in 10-dB
Spectrum display is Replace the Receiver board (AS). 

increments, verifying that the spectral

amplitude decreases by 10 dB ± 2 dB
wrong. 

with each step.

2. Verify the dispersion control (Dispr)

works.

DUPLEX GENERATOR 

1. Select Duplex Gen display and No Duplex output. Replace the RF Input module (Al 7). 

Monitor FM function at a monitor

frequency of 100 MHz. Set the offset

frequency to 45 MHz. With the Image

switch set on Low, verify a displayed

Duplex frequency of 55 MHz. Set the

Image switch to High, and verify a

displayed Duplex frequency of 145

MHz.
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Table 4-2. System Checkout and Troubleshooting Procedures (Cont) 

Checkout Procedure Fault Troubleshooting Procedure 

SCAN MODE (Cont) 

2. Set the offset frequency on the screen

for 0 to 10 MHz, and verify displayed

Duplex frequencies from 100 to 110

MHz.

3. Set the UUT to Generate FM function

with Duplex Gen display. With the

Code Synthesizer and the external

modulation sources OFF, adjust the 1

KHz Level control for an FM-

deviation reading of 20 kHz on the

CRT. Select Monitor function and set

the offset frequency to 0 Hz. Connect

the DUPLEX GEN Output port to the

Antenna port, and verify an FM-

deviation reading of 20 kHz ± 1 kHz

on the CRT.

Table 4-3. Test-Point Identification 
(All test points are located near the top edge of the 
board. Count them from left to right, as you face the 
component-side of the board.) 

Test-Point 

Number Signal Name 

Scope Amplifier Board (A2) 

1 VERTICAL DRIVE 

2 VERTICAL DEFLECTION DRIVE 

3 VERTICAL DEFLECTION DRIVE 

4 HORIZONTAL DEFLECTION DRIVE 

5 HORIZONTAL DEFLECTION DRIVE 

6 HORIZONTAL DRIVE 

7 CRT Z-AXIS 

8 TIME BASE OUTPUT 

9 FOCUS TV 

10 INTENSITY TV 

Low-Voltage Power Supply -

Battery Charger Board (A3) 

1 FREQUENCY STANDARD SUPPLY 

2 BATTERY CHARGER SUPPLY 

Low-Voltage Power Supply - Control Board (A4) 

1 DC CURRENT SENSE 

2 AC CURRENT SENSE 

3 FREQUENCY STANDARD SUPPLY 

4 ERROR VOLTAGE REFERENCE 

5 Vi. 
6 Vs 
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Table 4-3. Test-Point Identification (Cont) 

Test-Point 

Number Signal Name 

Low-Voltage Power Supply - Output Board (A5) 

1 +ll0V

2 +33V

3 +12V

4 -5V

5 +5V

6 -12V

7 -ll0V

Low-Voltage Power Supply - Switcher Board (A6) 

1 AC DRIVE 

2 AC DRIVE 

3 DC DRIVE 

4 DC DRIVE 

Scope/DVM Control Board (A7) 

1 VERTICAL CHARACTER SYNC 

2 EXT DVM TO AID 

3 +15V

4 POSITIVE PEAK DETECTOR

5 INT DVM TO AID

6 NEGATIVE PEAK DETECTOR

7 CARRIER + MOD LEVEL

8 CHARACTER GEN RESET

9 GND

10 GND

11 +SV

12 -sv



WARNING: STATIC-SENSITIVE PARTS - HANDLE APPROPRIATELY. 

Table 4-3. Test-Point Identification (Cont) 

Test-Point 

Number Signal Name 

Audio Synthesizer Board (AlO) 

1 SYNTH DPL AUDIO 

2 DPL CLOCK 

3 UNFILTERED DPL 

4 SYNTH DIA OUTPUT 
5 GROUND 

6 COMPOSITE MODULATION AUDIO 

7 COMPOSITE EXTERNAL MOD AUDIO 

8 SYNTHESIZER CLOCK 104,857.6 HZ 

9 1 KHZ MODULATION SOURCE 

Processor Interface Board (All) 

1 A/D INPUT 

2 DVM/FREQ COUNTER SELECT 

3 FREQUENCY COUNTER INPUT 

Processor (Al4) 

1 CHARACTER LINE CLOCK 

2 CHARACTER ROW CLOCK 

3 250KHZ 

4 DOT CLOCK 

5 RESET 

6 HALT 

7 Q 

8 R/W 

9 E 

Front-Panel Interface Board (Al5) 

1 ATTENUATOR BUFFER OUTPUT 

4-14



SECTION 5. 
SYSTEM WIRELIST AND PARTS LIST - SYSTEM MOTHERBOARD (A19) 

With the exception of the Frequency-Standard 
Interface board (A16), the RF Input module (Al 7), and 
the Front Panel assembly (A18), all modules plug into 
sockets mounted on the System Motherboard (A19). 
Ribbon cables connect the A16 and Al 7 to the A19 
board. The Front-Panel Left Flex and Front-Panel 
Right Flex connect the A18 to the Al 9. 

The System Motherboard provides most of the 
interconnections between modules. These intercon
nections are specified by the System Motherboard 
wirelist (Table 5-1). Because of shielding require-

5-1

ments, some interconnections must be made with 
co-axial cables. These interconnections are specified in 
the system wirelist (Table 5-2). 

The printed wiring board assembly and parts list for 
the System Motherboard are shown after these wire
lists in Figure 5-1. Following that, Figure 5-2 coordi
nates views of the System Analyzer's back and top 
(cover removed) with a chassis parts list, and Figure 
5-3 coordinates a view of the Analyzer's bottom (cover
removed) with the system parts list.



Table 5-1. System Motherboard Wirelist (Sheet 1 of 57) 

TABLE OF CONTENTS 

CONNECTOR SHEET 

El-ElS 2 

Jl 2 

J2 3 

J3 6 

J4 8 

JS 10 

J6 12 

J7 14 

JS 18 

J9 21 

JlO 24 

Jll 26 

Jl2 31 

Jl3 35 

Jl4 39 

JlS 43 

Jl6 47 

J17 47 

Jl8 49 

Jl9 50 

J2O 50 

Pl 50 

n--,
''- 54 

S1 57 

Vl 57 

V2 57 

NEl 57 

NE2 57 

5-2



JlD( 

El 

12 

E3 

E4 

E3 

m 

El.O 

Ell 

El.2 

El.3 

El.4 

ElS 

Table 5-1. System Motherboard Wirelist (Sheet 2 of 57) 

10 

Jl0-13,14 Jl2-15 Jl3-15 

Cl-I R\-1 

C:.-1 R2-I 

y7-81. ,82 

Jl>l 

J3-33,34 Sl-9 NEl-1 Vl-1 

J3-29,30 Sl-2,6 NE2-2 V2-2 

(M) 

J3-ll,12 

J6-7,8,9,10,ll,12,13,14 
J4-9, 10 J7-97 

am 

J�-:39,40 

m' )0) IN 

FP MOD OUT 

DDD> 001'

SPKR AIDIO 

m'IN 

l,C ID1' 

,c mm 

,cam 

BATI' ca:; 

DC IN 

oc am 

10 MHZ REF 

HIGH VCLTAGE SUPPLY 

Jl-1 
2 
3 
4 
5 
6 
7 
8 

-9
10
11
·12
13
14
,s

16
17
18
19

Jl-20 

J2-46 
J2-46 
�4-17,lr. 
J4-17,18 
J4-19,20 
J4-19,20 

am 
GND 

+12V

+12V

am 
GND 

5-3

GND 
HV REFERENCE 
HV REFERENCE 
HV CHOPPER DR 
HV CHOPPER DR 
HV CHOPPER DR 
HV CHOPPEP. !lP. 

+12V

+12V

am 
GND 

NAME 



Table 5-1. System Motherboard Wirelist (Sheet 3 of 57) 

FiDI 'It) NAME ··-

Jl_; 21 J2-21 INTENSITY TV 

22 J2-21 INTENSITY TV 

23 J2-55 ASTIGMATISM 

24 J2-55 ASTIGMATISM 

25 J2-57 GEOMETRY 

26 J2-57 GEOMETRY 

27 J2-26 INTEN. SAMPLE V 

28 J2-26 INTEN. SAMPLE V 

29 J2-3 CRT Z-AXIS 

30 J2-3 CRT Z-AXIS 

31 J2-54 FOCUS SAMPLE V 

32 J2-54 FOCUS SAMPLE V 

33 J2-28 FOCUS TV 

34 J2-28 FOCUS TV 

35 cm GND 

36 GND GND 

1:DPE AMPLIFIF2 IDXlLE 

J2-l CH> CH) 

2 CH) CH) 

3 Jl-29,30 CRT Z-AXI!:i 

4 

5 

6 

7 J7-18 SCOPE SWP CNTL 2 

8 

9 J7-16 l:DPE&1fPCNI'Ll 

10 J'.7-tO IDUZ TIME BASE ffi 

11 J7-14 ::KXPE �CNI'LO 

12 J7-72 INI' l:DPE IDUZ 

13 J7-88 � BLANKJK; 

14 J7-84 ::KXPE ID>E FNABl.E 

15 J7-39 m' IDUZ FNABl.E 

J2�6 

5-4



Table 5-1. System Motherboard Wirelist (Sheet 4 of 57) 

11111 10 NAME 

.. 
n.�7 Jl5-50 IDUZ 10 SXPE AJIP 

18

J2-l� J7-20 fUPEbifPOOL 3 

J2-20 J7-12 '11UG PUlSE 

21- Jl-21,22 INIDSl'lY T. V. 

22 J7-76 SY!CPRFmNI' 

23 J7� �-ms 

24 Pl-34 AUIO/?Ul '11UG SD... 

25 

26 Jl-27,28 nmNSl'lY SAMPLE \U.T 

Z1 

28 Jl-33,34 !tXll3 T.V. 

29 J7-58 -8V 

30 J7-58 -8V 

31 J7-56 Pl-15 +8V 

32 J7-56 Pl-15 ... av 

33 -12V -12V

34 -12V -12V

35 +12V +12V

·36 +12V +12V

37
. 

+33V +33V

38 +33V +33V

39 -5V -5V 

40 -5V -5V

J2-ll +5V +5V 

5-5



Table 5-1. System Motherboard Wirelist (Sheet 5 of 57) 

FtDI 

.12-42 

43 

44 

45 

46 

47 

f8 

49 

50 

51 

52 

53 

54 

55 

56 

+5V

Pl-1\ 

Pl-2S,26 

Jl-3,4 

J7-74 

J20-2 

Pl-16 

Jl-31,32. 

Jl-23,24 

57 Jl-2�.�6 

58 

59 

60 

61 

62 

63 

64 

65 

66 

J2-67 

Pl-10 

+HOV

+HOV

-HOV

'10 

5-6

+5V

INimSITY' LEVPI. 

IDUZ P03ITICfi 

HICil VOLTAGE REF. 

vmr ·m fDPE AMP 

TRACE IDI'ATICW

&'Wm> VERNIEJl VOLT 

� SAWLE VOLT 

ASl'ICMATISM 

� LEVl:I., 

+llOV

+llOV

-HOV



'ftDI 

e'12- 68 

69 

70 

71 

-72

Table 5-1. System Motherboard Wirelist (Sheet 6 of 57) 

-llOV

CH) 

CH> 

'l'O 

CH) 

CH) 

NAME 

BATI'ERYCJIARDIDU,! 

J3-l CH) GNO 

2 (H) CH) 

3 CH) CH) 

' CH) CH) 

5 +SV +SV

6 +SY +SY

7 +SY +SY

8 +SY +SY

9 J4-24, Jl�-94 P\·IR ON 

10 

11 E12 B.'\TT CHG 

12 E12 B·\TT CHG 

13 J4-26 A� VOLTAGE �E�SE 

14 

15 J16-1 J4-34,36 nEQ. STO. SUPPLY 

1B J16-1 J4-34,36 F�EQ. STD. SUPPLY 

17 -12V -12Y

18 J9-45,46 -SV TO SYNTH

J3-19 BLANK FOR ISDLATtnN 
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FROM 

J3-20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

J3-43 

Table 5-1. System Motherboard Wirelist (Sheet 7 of 57) 

TO 

ElO Sl-2 16 NE2-2 V2-2 

ElO Sl-2 16 NE2-2 V2-2 

Sl-8 V2-1 NE2-1 

Sl-8 V2-1 NE2-1 

E9 Sl-9 NEl-1 Vl-1 

E9 ST-9 NEl-1 Vl-1 

Sl-5 NEl-2 Vl-2 

Sl-5 NEl-2 Vl-2 

Sl-1 

Sl-1 

J6-47,48 

J6-47,48 

Sl-3 J6-53,54 

Sl-3 J6-53,54 

J6-55,56 

5-8

NAME 

BLANK FOR ISOLATION 

BLANK FOR ISOLATION 

BLANK FOR ISOLATION 

BLANK FOR ISOLATION 

BLANK FOR ISOLATION 

BLANK FOR ISOLATION 

BLANK FOR ISOLATION 

BLANK FOR ISOLATION 

BLANK FOR ISOLATION 

AC NEUT 

AC NEUT 

PRIMARY #2 

PRIMARY #2 

AC HOT 

AC HOT 

PRIMARY #1 

PRIMARY #1 

220 LOW 

220 LOW 

Ve-

ve-
110 LOW 

110 LOW 

V +
C 



FROM 

J3-44 

45 

46 

47 

48 

49 

J3-50 

Table 5-1. System Motherboard Wirelist (Sheet 8 of 57) 

TO 

J6-55,56 

NAME 

V + 
C 

BLANK FOR ISOLATION 

BLANK FOR ISOLATION 

BLANK FOR ISOLATION 

BLANK FOR ISOLATION 

BLANK FOR ISOLATION 

BLANK FOR ISOLATION 

POWER SUPPLY CONTROL MODULE 

J4-l GND GND 

2 GND GND 

3 GND GND 

4 GND GND 

5 J6-5 DC CURR SENSE RTN 

6 J6-5 DC CURR SENSE RTN 

7 J6-6 DC CURR SENSE 

8 J6-6 DC CURR SENSE 

9 J6-7,8,9,10,ll,12,13,14 El3 J7-97 DC IN 

10 J6-7,8,9,10,ll,12,13,14 El3 J7-97 DC IN 

11 +12V +12V

12 -12V -12V

13 +5V +5V

14 +5V +5V

15 -5V -5V

16 -5V -5V

17 Jl-5,6 HV CHOPPER DR 

J4-18 Jl-5,6 HV CHOPPER DR 

5-9



FlD1 

J4-19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

J4-44 

Table 5-1. System Motherboard Wirelist (Sheet 9 of 57) 

NAME 

Jl-7,8 HV CHOPPER DR 

Jl-7,8 HV CHOPPER DR 

J6-15,16 DC BUS 

J6-15, 16 DC .BUS 

JlS-91 PWR OFF 

JlS-94 J3-9 PWR ON 

JlS-97 AC LED 

J3-13 AC VOLTAGE SENSE 

J6-32 DC DRIVE 

J6-32 DC DRIVE 

J6-33 DC DRIVE 

J6-33 DC DRIVE 

J6-34 RELAY ON 

J6-34 RELAY ON 

J6-35 .�C DRIVE 

J3-15,16 Jl6-1 FREQ STD SUPPLY 

J6-36 AC DRIVE 

Jl6-1 J3-15,16 FREQ STD SUPPLY 

JlS-98 DC LED 

JS-34 AC CUP.RENT SENSE 

JS-35 AC CURRENT SENSE 

GND GND 

GND GND 

GMO GND 
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F1DI 

J4-45 

46 

47 

48 

49 

J4-50 

Table 5-1. System Motherboard Wirelist (Sheet 10 of 57) 

ro NAME 

rowER SUPFLY CXJ1PUI' IIDULE 

J5-l CH> CH> 

2 CH> CH> 

3 CH> GND 

4 CH> CH> 

5 +12V +12V

6 +12V +12V

7 +12V +12V

8 +SV +SY

9 +5V +5V

10 +5V +5V

11 -5V -5V

J.2 -5V -5V

13 -12V -12V

14 -12V -12V

15 J6-17118, 19',,20 xrnR DR DC 

16 J6-17,18,19,20 XFMR DR DC 

J5-17 J6-17,18,19,20 XFMR DR DC 

5-11



FROM 

J5-18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

JS-42 

Table 5-1. System Motherboard Wirelist (Sheet 11 of 57)

TO NAME 

J6-17,18,19,20 XFMR DR DC 

J6-21,22,23,24,25,26,27 DC CT 

J6-21 ,22,23,24,25,26,27 DC CT 

J6-21 ,22,23,24,25,26,27 DC CT 

J6-21 ,22,23,24,25,26,27 DC CT 

J6-21 ,22,23,24,25,26,27 DC CT 

J6-21 ,22,23,24,25,26,27 DC CT 

J6-21 ,22,23,24,25,26,27 DC CT 

J6-28,29,30,31 XFMR DR DC 

J6-28,29,30,31 XFMR DR DC 

J6-28,29,30,31 XFMR DR DC 

J6-28,29,30,31 XFMR DR DC 

-11 ov -llOV

+33V +33V

+33V +33V

+llOV +llOV

J4-38 AC CURRENT SENSE 

J4-39 AC CURRENT SENSE 

GND GND 

GND GND 

GND GND 

BLANK FOR ISOLATION 

BLANK FOR ISOLATION 

BLANK FOR ISOLATION 

BLANK FOR ISOLATION 
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FROi 

J5-43 

44 

45 

46 

47 

48 

49 

J5-50 

Table 5-1. System Motherboard Wirelist (Sheet 12 of 57) 

TO NAME 

BLANK FOR ISOLATION 

BLANK FOR ISOLATION 

BLANK FOR ISOLATION 

BLANK FOR ISOLATION 

J6-49,5O XFMR DR AC 

J6-49,5O XFMR DR AC 

J6-51,52 XFMR DR AC 

J6-51,52 XFMR DR AC 

rowER SUPPLY SWITCHER IDDULE 

J6-l 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

J6-16 

GND 

GND 

GND 

GND 

J4-5,6 

J4-7,8 

El3 J�-9,1O J7-97 

El3 J4-9,1O J7-97 

El3 J4-9,1O J7-97 

El3 J4-9,1O J7-97 

El3 J4-9,1O J7-97 

El3 J4-9,1O J7-97 

El3 J4-9,1O J7-97 

El3 J4-9,1O 

J4-21 ,22 

J4-21 ,22 

J7-97 

GND 

GND 

GND 

GND 

DC CURR SENSE RTN 

DC CURR SENSE 

DC IN 

DC IN 

DC IN 

DC IN 

DC IN 

DC IN 

DC IN 

DC IN 

DC BUS 

DC BUS 

5-13



FROM 

J6-17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

J6-43 

Table 5-1. System Motherboard Wirelist (Sheet 13 of 57) 

TO 

J5-15,16,17,18 

J5-15,16,17,18 

J 5-15, 16, 17, 18 

J5-15, 16, 17, 18 

J5-19,20,21,22,23,24,25 

J5-19,20,21,22,23,24,25 

J5-19,20,21,22,23,24,25 

J5-19,20,21,22,23,24,25 

J5-19,20,21,22,23,24,25 

J5-19,20,21,22,23,24,25 

J5-19,20,21 ,22,23,24,25 

J5-26,27,28,29 

J5-26,27,28,29 

J5-26,27,28,29 

J5-26,27,28,29 

J4-27,28 

J4-29,30 

J4-31 ,32 

J4-33 

J4-35 

GND 

GND 

5-14

NAME 

XFMR DR DC 

XFMR DR DC 

XFMR DR DC 

XFMR DR DC 

DC CT 

DC CT 

DC CT 

DC CT 

DC CT 

DC CT 

DC CT 

XFMR DR DC 

XFMR DR DC 

XFMR DR DC 

XFMR DR DC 

DC DRIVE 

DC DRIVE 

RELAY ON 

AC DRIVE 

AC DRIVE 

GND 

GND 

BLANK FOR ISOLATION 

BLANK FOR ISOLATION 

BLANK FOR ISOLATION 

BLANK FOR ISOLATION 

BLANK FOR ISOLATION 



FROM 

J6-44 

45 

46 

47 

48 

49 

50 

51 

52 

53 

54 

55 

56 

57 

58 

59 

60 

Table 5-1. System Motherboard Wirelist (Sheet 14 of 57) 

TO 

J3-39,40 

J3-39,40 

J5-47,48 

J5-47,48 

J5-49,50 

J5-49,50 

Sl-3 J3-41 ,42 

Sl-3 J3-41 ,42 

J3-43,44 

J3-43,44 

NAME 

BLANK FOR ISOLATION 

BLANK FOR ISOLATION 

BLANK FOR ISOLATION 

Ve 
V-

XFMR DR AC 

XFMR DR AC 

XFMR DR AC 

XFMR DR AC 

110 LOW 

110 LOW 

V+ 
C 

V+ 
C 

BLANK FOR ISOLATION 

BLANK FOR ISOLATION 

BLANK FOR ISOLATION 

BLANK FOR ISOLATION 

SCOPE/DVM CONTROL MODULE 

J7-l 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

J7-16 

GND 

GNO 

Jll-3 

Jl5-20 

Pl-37,38 

Jl5-22 

Jll-5 

Jl7-10 

Jl4-19 

J2-20 

Jl0-3,4 Jll-13 Jl5-62 

J2-ll 

Jl0-5,6 Jll-15 Jl5-63 

J2-9 

5-15

DV� GND 

DV� GND 

EXT DVM TO A/D 

VERT FROM RNG SW 

TRIG LVL 

DVM FROM RNG SW 

INT DVM TO A/D 

RF INPUT PWR 

VERT CHAR SYNC 

TRIG PULSE 

AF ADD BUS 0 

SCOPE SWP CNTL 0 

AF ADD BUS l 

SCOPE SWP CNTL l 



1<10,( 

J7-17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

J7-42 

Table 5-1. System Motherboard Wirelist (Sheet 15 of 57) 

TO NAME 

Jl0-7,8 Jll-17 Jl� AF AID BUS 2 

J2-7 SX>PE SWP CN.I'L 2 

Jlo-9,10 Jll-19 J15-65 AF AID BUS 3 

J2-19 SCXPE &'WP CNI'L 3 

Jl4-22 CHAR GEN RST 

JB-17 SPECT ANA VERT 

.'10-15,16 Jll-29,30 J15-66 AF DATA BUS 3 

Jl0-17,18 Jll-31,32 Jl5-67 AF DATA BUS 2 

Jl0-19,20 Jll-33,34 J15-68 AF DATA BUS 1 

Jl0-21,22 Jll-35,36 Jl.5-70 AF DATA BUS 0 

"Jl7-""9 ANT. EN. 

J2-15 EXT RJRIZ EN 

J2-10 IORIZ TIME BASE EN 
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Table 5-1. System Motherboard Wirelist (Sheet 16 of 57) 

FID,f 'IO NAME 

J7-43 

44 Jl4-44 LINE 1 

45 +5V +5V

46 +5V +5V

.47 -5V -5V

48 -5V -5V

49 +33V +33V

50 +33V +33V

51 +12\T +12V

52 +12V +12V

53 -12V -12V

54 -12V -12V

55 J17-15 EXT FWD PWR 

56 J2-31,32 Pl-15 +8V 

57 J17-17 EXT RFL PWR 

58 J2-29,30 -8V 

59 J17-21 CARRIER+ KD LVL 

60 Jl2-44 Jl3-44 Jl5-24 INT � 10 RNG SW 

61 Pl-17,le DISPERSICfi SWP RIN 

62 

63 Pl-21,22 DI'SPERSlON SW?. 

64 

65 P2-3 VOL CNTL .'\UDIO RTI; 

66 

67 

J7-68 Jl0-27,28 Jl4-18 AF BUS Em 
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!tDI 

.11-69 

70 

71 

72 

"13 

74 

75 

76 

77 

78 

79 

80 

81 

82 

83 

84 

85 

86 

87 

. 88 

89 

90 

91 

92 

93 

.17-94 

Table 5-1. System Motherboard Wirelist (Sheet 17 of 57) 

'IO NAME 

Jl0-49,50 ID) CAL AIDIO 

J2-12 INI' EDP! IDUZ 

J2-48 VER!' 'IO EDP! AMP 

J2-22 SY?l:PRmefr 

JB-19 iIG STRENGTH V.OLTAGE 

J8-67 J12-19 J13-19 IEID CAL AtDIO 

P2-27 HOST AUDIO 

E6 SPKR AUDIO 

E6 SPKR AUDIO 

J14-20 IDlIZ ClfAR SY?I: 

J2-14 � ID>E ffi 

J14-21 ClfAR Gm Z-AXIS 

J2-13 bin> BLANKOO 

J2-23 EDPE Z-AXIS 

J8-70 700 KHZ IF 

J8-72 CH> 
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1lDI 

J7-95 

96 

fT1 

98 

99 

.17-100 

Table 5-1. System Motherboard Wirelist (Sheet 18 of 57) 

Jll-67 

El3 J4-9·, 10 J6-7 ,8,9, 10�·11, 
12, 13, 14 

NAME 

100 HZ REF 

IC IN 

GND 

GND 

REEIVDl IIDU: 

.18-1 am GND 

2 am GND 

3 

4 

5 

6 

7 

8 

9 

10 

11 GND 

12 GND 

13 GND 

14 GND 

15 J9-17,18 Jll-8 SYNTH 10 MHz 

16 

17 J7-27 SPErr ANA VERT 

JB-18 

5-19



Table 5-1. System Motherboard Wirelist (Sheet 19 of 57) 

FlD1 ro NAME 

JS-19 . J7-78 SIG STRENGTH VOLTAGE 

20 

21 

22 

23 

24 

25 

26 

27 P2-18 BFO FREQ CNTL 

28 

29 P2-2 SQUELCH LEVEL 

30 

31 +5V +5V

32 +5V +5V

33 -5V -5V

34 -5V -5V

35 +33V N.C. 

36 +33V N.C. 

37 +12V +12V

38 +12V +12V

39 -12V -12V

40 -12V -12V

41 

42 

43 

J8-44 

5-20 



HDf 

JS-45 

46 

47 

48 

-49 

50 

51 

52 

53 

54 

55 

56 

57 

58 

59 

60 

61 

62 

63 

64 

65 

66 

67 

68 

69 

JB-70 

Table 5-1. System Motherboard Wirelist (Sheet 20 of 57) 

'ID 

Jll-41,42 

J9-3,� Jll-49 J17-6 

J,-s,6 Jll-43,44 J17-7 

J9-11,12 

JlS-38 

Jl5-30 

Jl5-32 

P2-17 

Jl0-47,48 Jl2-22 Jl3-22 P2-4 

RZ-2. 

Jll-65 

J7-79 Jl2-19 Jl3-19 

J7-91 

5-21

NAME 

SYS CN'IL DATA 

DATA CL 

DATA LATCH 

SYNTH CNTL DATA 

WB SIG PRES 

IF OVERI.D.i\D 

SIGNAL PRESENI' 

SIG PRES LED 

VOL CN'IL AUDIO 

DEMOD OUT 

IF /BFO FREQ 

DEX'O CAL AUDIO 

100 KHZ IF 



FF.OM 

JB-71 

J8-72 

Table 5-1. System Motherboard Wirelist (Sheet 21 of 57) 

10 NAME 

GND GND 

GND J7-92 GND 

RF SYNTHFSIZER l.fJDULE 

J9-l GND GND 

2 GND GND 

3 J8-47 Jll-49 Jl7-6 DATA CL 

4 J8-47 Jll-49 J17-6 DATA CL 

5 J8-49 Jll-43, 44 J17-7 DATA LATCH 

6 J8-49 Jll-43, 44 J17-7 DATA LATCH 

7 Jll-37 ,38 24 CNTL DATA 

8 Jll-37,38 24 CNTL DATA 

9 Jll-39 ,40 60.5 CNTL DATA 

10 Jll-39,40 60.5 CNTL DATA 

11 J8-55 SYNTH CNTL DATA 

12 J8-55 SYNTH CNTL DATA 

13 Jll-57 310-440 CNTL DATA

14 Jll -57 310-440 CNTL DATA

15 J17-16 WB AMP LO/HI 

16 J17-16 WB AMP LO/HI 

17 J 11-8 , J8-15 SYNTH. 10 MHZ 

18 J 11-8 , J8-1 5 SYNTH 10 MHZ 

19 GND GND 

20 GND GND 

21 GND GND 

J9-22 GND GND 

5-22
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F'Ro1 

J9-23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

,19-48 

Table 5-1. System Motherboard Wirelist (Sheet 22 of 57) 

m NAME 

GND GND 

GND GND 

Pl-1':},2O SYNTH SWEEP 

Pl-19,2O SYNTH SWEEP 

GND GND 

GND GND 

Jl0-55,56 SYNTH FM 

Jl0-55,56 SYNTH FM 

.GND GND 

GND GND 

Jl7-13 .01-1 AGC 

Jl7-13 .01-1 AGC 

GND GND 

GND GND 

GND GND 

GND GND 

El5 10 MHz REF 

El5 10 MHz REF 

GND GND 

G�'D GND 

+5V +5V

+5V +5V

J3-18 -5'1 TO SYNTH 

J3-18 -sv TO SYNTH

+33V +33V

+33V +33V

5-23



FID.f 

J9-49 

50 

51 

52 

53 

54 

55 

56 

57 

58 

59 

60 

61 

62 

63 

64 

65 

66 

67 

68 

69 

70 

71 

J9-72 

Table 5-1. System Motherboard Wirelist (Sheet 23 of 57) 

TO NAME 

+12V +l2V

+12V +12V

-12V -12V

-12V -12V

GND GND 

GND GND 

GND GND 

GND GND 

GND GND 

GND GND 

GND GND 

GND GND 

GND GND 

GND GND 

GND GND 

GND GND 

GND GND 

GND GND 

GND GND 

GND GND 

GND GND 

GND GND 

GND GND 

GND GND 

5-24



F£lOd 

Table 5-1. System Motherboard Wirelist (Sheet 24 of 57)

'IT) NAME 

AUDIO SYNI'HESIZER ltUXJLE 

Jl0-1 GND 

2 GND 

3 J7-13 Jll-13 JlS-62 

·4 J7-13 Jll-13 JlS-62 

5 J7-15 Jll-15 JlS-63 

6 J7-15 Jll-15 JlS-63 

7 J7-17 Jll-17 JlS-64 

8 J7-17 Jll-17 JlS-64 

9 J7-19 Jll-19 Jl5-65 

10 J7-19 Jll-19 JlS-65 

11 Jl2-13 Jl3-13, P2-2�

12 Jl2-13 Jl3-13, P2-29

13 El Jl2-15 Jl3-15 

14 El Jl2-15 Jl3-15 

15 J7-29 Jll-29,30 JlS-66 

16 J7-29 Jll-29,30 Jl5-66 

17 J7-31 Jll-31,32 JlS-67 

18 J7-31 Jll-31,32 JlS-67 

19 J7-33 Jll-33,34 JlS-68 

20 J7-33 Jll-33,34 Jl5-68 

21 J7-35 Jll-35,36 JlS-70 

22 J7-35 Jll-35,36 JlS-70 

23 J12-34 Jl3-34 P2-58 

24 Jl2-34 Jl3-34 P2-58 

Jl0-25 J12-40 Jl3-40 P2-47 ,4e 

5-25 

GND 

GND 

AF ADD BUS 0 

AF ADD BUS 0 

AF ADD BUS 1 

AF ADD BUS 1 

AF ADD BUS 2 

AF ADD BUS 2 

AF ADD BUS 3 

AF ADD BUS 3 

MIC IN 

MIC IN 

EXT KD IN 

EXT IDD IN 

AF DATA BUS 3 

AF DATA BUS 3 

AF DATA BUS 2 

AF DATA BUS 2 

AF DATA BUS 1 

AF DATA BUS 1 

AF DATA BUS 0 

AF DATA BUS 0 

EXT mo (I) 

EXT lKD (I) 

INr KD (I) 



not 

Jl0-26 

27 

28 

29 

- 30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

Jl0-51 

Table 5-1. System Motherboard Wirelist (Sheet 25 of 57) 

TO NAME 

Jl2-40 Jl3-40 P2-4 7, 48 INI' HD (I) 

J7-68 Jl4-18 AF BUS EN 1 

J7-68 Jl4-18 AF BUS EN 1 

J14-29 BINARY MOD 

+5V +5V

+5V +5V

-5V -5V

-5V -5V

+33V +33V

+33V +33V

+12V +12V

+12V +12V

-12V -12V

-12V -12V

Jll-11 SYNI'H 1 KHZ 

Jll-11 SYNTH 1 KHZ 

Al-2 FP HD our 

Rl-2. FP HD our 

Jl2-28 Jl3-28 P2-55 1 KHZ SINE (I ) 

Jl2-28 Jl3-28 P2-55 1 KHZ SINE (I ) 

J8�2 J12-22 J13-22 P2-4 VOL CNI'L AUDIO 

J8�2 J12-22 J13-22 P2-4 VOL CNl'L AUDIO 

J7�9 KD CAL AUDIO 

J7�9 ID) CAL AUDIO 

Jl7-19 DSBOC ID) 

5-26 



FK:N 

Jl0-52 

53 

54 

55 

56 

57 

58 

59 

00 

61 

62 

63 

64 

65 

66 

67 

68 

89 

70 

71 

Jl0-72 

Table 5-1. System Motherboard Wirelist (Sheet 26 of 57) 

'IO NAP!E 

J17-19 �•m 

J9-29,30 SYNill nI 

J9-29,30 SYNm Fl! 

J17-18 CFFSET ID> 

J17-18 CFF'Skl' Kn 

Pl-8 J12� JI� 5 VOC +AMID> 

Pl-8 J12� JI� 5 VOC +AMID> 

J12-43 Jl3-43 INl' � R'IN 

Jl.2-43 Jl3-43 INI' KD R'IN 

J12-37 Jl3-37 FXI' P.D> R'IN 

J12-37 Jl3-37 FXr •m R'IN 

J12-31 Jl3-31 1 KHZ SINE R'IN 

J12-31 Jl3-31 1 KHZ SINE R'lN 

CH> GN) 

GND GND 

� INl'Em'ACE KDJI..E 

Jll- 1 GR> G?f) 

Jll- 2 (N) GND 

5-27



FlU,f 

Jll- 3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

Jll-27 

Table 5-1. System Motherboard Wirelist (Sheet 27 of 57) 

10 NAME 

J7-3 EXT DVM 10 A/D 

J7-l,2 DVM GND 

J7-7 INI' IJVM 10 A/D 

J9-l 7, 18 J8-15 SYNIH 10 MHZ 

Jl0-�l,42 SYNIH 1 KHZ 

GND GNO 

J7-13 Jl0-3,4 Jl5-62 AF AID BUS 0 

J7-15 Jl0-5,6 Jl5-63 AF ADD BUS 1 

GND GND 

J7-17 Jl0-7,8 J15-64 AF ADD BUS 2 

J7-19 Jl0-9,10 J15-65 AF AID BUS 3 

5-28



FIO.f 

Jll-28 

29 

:J) 

31 

32 

33 

34 

35 

33 

'57 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 

51 

Jll-52 

Table 5-1. System Motherboard Wirelist (Sheet 28 of 57) 

10 NAME 

J7-'lS Jl0--15, 16 Jl5-66 AF DATA BUS 3 

J7-29 JI0-15,16 Jl5-66 AF DATA El.JS 3 

J7-31 JI0-17,18 Jl5-67 AF DATA !IJS 2 

J7-31 Jl0-17,18 Jl5-67 AF DATA ElJS 2 

J7-33 .n0-19,20 Jl5-68 AP DATA BJS 1 

.17-33 JI0-19,20 Jl5-68 AF DATA · IL'S 1 

J7-35 JI0-21,22 Jl�70 AF DATA BUS 0 

J7-35 ,TI0-21,22 Jl�70 AF nATA BUS 0 

J9-7,8 24 CNI'L DATA 

J9-7,8 24 cm'L DATA 

J9-9, l 0 60.5 CNI'L DATA 

J9-9, l 0 60.5 am., DATA 

J8.-45 SYS CNI'L DATA 

J�-45 SYS om, DATA 

�9 J9-5,� Jl7-7 DATA LATCH 

J8-49 J9-5,� Jl7-7 DATA LATCH 

+SV +SV

'4·5V +5V 

-SV -SV

-SV -SV

J8-47 J9-3,4 Jl7-6 DATA CL 

PA 0 

+12V +12\'

+12V +12V

5-29



FIOI 

Jll-53 

54 

55 

56 

57 

58 

59 

fE 

61 

62 

63 

64 

65 

66 

67 

68 

89 

70 

71 

72 

73 

74 

75 

76 

Jll-77 

Table 5-1. System Motherboard Wirelist (Sheet 29 of 57) 

'10 NAME 

-12V -12V

-12V -12V

Jl7-8 OFFSF:I'DATA 

J9-13,14 310-440 001. DATA 

Jl2 Jl3 Jl4-58 mr 

Jl2-55 Jl3-55 INI' � CNlR 

JlS-34 EXT � OOR 

Jl5-36 EXT� CNlR 

J8-65 IF/BFO � 

J7-95 100 HZ REF

Jls-69 AF -.us EN2 

J12 Jl3 Jl4-69 RESET 

-70 IRQ 

-71 Al 

-72 AO 

-73 A3 

-71 A.�

-75 A5 

-76 A4 

Jl2 Jl3 Jl4-T7 A7 

5-30



Haf 

Jll-78 

79 

80 

81 

82 

83 

84 

85 

86 

87 

88 

89 

90 

91 

92 

93 

94 

95 

96 

97 

98 

99 

Jll-100 

Table 5-1. System Motherboard Wirelist (Sheet 30 of 57) 

'IO NAf,!E 

Jl2 Jl3 Jl4-78 A6 

-79 A9 

-80 AB 

-81 All 

-82 AlO 

-83 Al3 

-84 Al2 

-85 Al5 

-86 Al4 

-87 I/0 EN 

-88 E 

-89 Q 

-90 R/W 

-91 Dl 

-92 DO 

-93 D3 

-94 D2 

-95 D5 

-96 D4 

-97 D7 

Jl2 Jl3 Jl4-98 D6 

GND GND 

GND GND 

5-31



FI01 

Table 5-1. System Motherboard Wirelist (Sheet 31 of 57) 

'10 NAlffi 

OPI'IQN A ADXJI.E 

Jl2- 1 GND GID 

2 GND GJ\O 

3 Jl3-3 Pl-9 AM MCD + OC REF (I) 

4 Jl3-4 Jl7-14 AM MCD + OC REF (0) 

5 Jl4-14 CPI' A DET 

6 Jl0-61,62 Jl3-6 Pl-8 5VOC+AM� 

7 

8 

9 

10 

11 

12 

13 Jl0-11,12 Jl3-13 P2-29 MIC INPUI' 

14 

15 El Jl0-13,14 Jl3-15 EXT MCD INrol' 

16 

17 

18 

19 J7-79 JB-67 Jl3-19 DEMI> CAL AIDIO 

20 

21 

22 J8-62 Jl0-47,48 Jl3-22 P2-4 VOL CNTL AUDIO 

23 Jl3-23, Jl4-23 XROM l 

Jl2-24 Jl3-24, Jl4-24 XROM 2 
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FlOd 

Jl2-25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

Jl2-49 

Table 5-1. System Motherboard Wirelist (Sheet 32 of 57) 

'IO NAME 

Jl3-26 Jl4-26 EOf DISABLE 

Jl0-45,46 Jl3-28 P'2-5S 1 KHZ SINE (I) 

Jl3-29 P'J-53,54 l KHZ SINE R'lN (I)

Jl3-30 l KHZ SINE R'lN (0)

Jlo-67,68 Jl3-31 l KHZ SINE R'lN

Jl3-32, J14-32 XROM 3 

J13-33, Jl4-33 XDROM 

Jl0-23,24 Jl3-34 P'J-S8 EX!' KD (I) 

Jl3-35 P'J-Sb EX!' KD RlN (I) 

Jl3-36 EX!' JO) RlN (0) 

Jl0-65,66 J13-37 EX!' MCD RlN 

Jl0-25 ,26 Jl3-40 P'J-4'7, 4g IN!' KD ( I) 

Jl3-41 P'J-49,50 IN!' KI> RTN (I) 

Jl3-42 IN!' JO) R'lN ( 0) 

Jlo-63,64 Jl3-43 IN!' M(]) RlN 

J7-60 Jl3-44 Jl5-24 IN!' SCOPE 'IO RNG SW. 

+5V +5V

+5V +5V

-5V -5V

-5V -5V

+33V +33V

5-33



F1Utf 

J12-50 

51 

52 

53 

54 

55 

56 

57 

58 

59 

60 

61 

62 

63 

64 

65 

66 

67 

68 

69 

70 

71 

72 

73 

Jl2-74 

Table 5-1. System Motherboard Wirelist (Sheet 33 of 57) 

'IO NAME 

+33V +33V

+12V +12V

+12V +12V

-12V -12V

-12V -12V

Jll-60 J13-55 INI' � CNffi 

+SV V
pp 

+SV PGM 

Jll
-, 

J13, J14-58 N.fI 

J13 J14-59 ROf I 

-60 ROd 2 

-61 ROd 3 

-62 OORNI' 

-63 IldA BSY 

-64 JlS-39 FIHQ 

-65 'ffAUr 

Jl3-66 Jl4-66 xRAR 

J13 J14-67 EXTAL 

-68 DATA BUS EN 

JU J13 J14-169 RESRl' 

-70 !HQ 

-71 Al 

-72 A� 

-73 A3 

Jll J13 J14-74 A2 
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FlOt 

Jl2-75 

76 

77 

78 

79 

80 

81 

82 

83 

84 

85 

86 

87 

88 

89 

90 

91 

92 

93 

94 

95 

96 

97 

Jl2-98 

Table 5-1. System Motherboard Wirelist (Sheet 34 of 57) 

'IO NAME 

Jll Jl3 Jl4-75 A5 

-76 A4 

-77 A7 

-78 A6 

-79 A9 

-80 AB 

-81 All 

-82 AlO 

-83 Al3 

-84 Al2 

-85 Al5 

-86 Al4 

-87 I/0 EN 

-88 E 

-89 Q 

-90 R/W 

-91 Dl 

-92 DO 

-93 D3 

-94 D2 

-95 D5 

-96 D4 

-97 D7 

,Jll Jl3 Jl4-9R D6 

5-35



Table 5-1. System Motherboard Wirelist (Sheet 35 of 57) 

FIOI 

Jl2-99 

J12-100 

(H) 

(H) 

'10 

<Pl'ICJ! B IIDJIE 

.n� l 

2 

3 

4 

5 

6 

7 

8 

9 

.n.2-3 Pl-9 

Jl2-4 .n.7-14 

.n.4-12 

.n.0-61,62 � Pl-8 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

Jl0-11,12 Jl2-13 P2-29 

El .n.�13,14 .n.2-15 

J7-79 J8.-ff1 Jl2-19 

Jl.3-21 

5-36 

CH> 

GR) 

GR) 

GR) 

NAME 

AM 11D + OC REF (I) 

.AM 11D + OC REF (0) 

CPr B DEi' 

5 voe+ AM MOD 

MIC INPUI' 

EXT KI> INrol' 

[8f(]) CAL AIDIO 



FlOf 

Jll-22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

Jl3-46 

Table 5-1. System Motherboard Wirelist (Sheet 36 of 57) 

10 NAME 

JB-62 Jl0-47,48 Jl2-22 P2-4 VOL CNTL AUD IO 

J12-23, J14-23 XROM 1 

Jl2-24, J14-24 XROM 2 

Jl2-26 Jl4-26 Rad DISABI.E 

Jl0-45,46 Jl2-28 P'J-5'5 1 KHZ SINE (I) 

Jl2-29 P'J-53, 54 1 KHZ SINE R'IN (I) 

Jl2-� 1 KHZ SINE R'IN (0) 

J1�7,68 Jl 2-31 1 KHZ SINE R'IN 

J12-32, Jl4-32 XROM 3 

J12-33, Jl4-33 XORoM 

Jl0-23,24 Jl2-34 P'J-58 EXT lO> (I) 

Jl2-35 P'J-56 EXT 10) R'IN (I) 

Jl2-36 EXT 10) R'IN ( 0) 

Jl�5,66 Jl 2- 37 EXT lO) R'IN 

Jl0-25,26 Jl2-40 P2-47,48 INI' ltm (I) 

Jl2-41 P'J-49,50 INI' 10) R'IN ( I) 

Jl2-42 INI' lO) R'IN ( 0) 

Jl�3,64 Jl2-43 INI' 10) R'IN 

J7-60 Jl2-44 J15-24 INT 3DPE 10 RNG SW. 

+5V +5V

+5V +5V

5-37



FlOf 

J13-47 

48 

49 

50 

51 

52 

53 

54 

55 

56 

57 

58 

59 

00 

61 

62 

63 

64 

65 

66 

67 

68 

69 

Jl3-70 

Table 5-1. System Motherboard Wirelist (Sheet 37 of 57) 

TO NAME 

-5V -5V

-5V -5V

+33V +33V

+33V +33V

+12V +12V

+12V +12V

-12V -12V

-12V -12V

JU-60 Jl2-55 INI' FREQ CNIR 

+SV v
PP 

+SV PGM 

JU Jl2 Jl4-58 :rf.H 

Jl2 Jl4-59 Rad 1 

-60 1of2 

-61 1of3 

-62 OORNI' 

-63 ™ABSY 

-64 JlS-39 FIJQ 

-65 HALT 

J12-66 Jl4-66 XRAM 

-67 EXTAL 

-68 DATA BUS EN 

JU Jl2 Jl4-69 RESE.T 

Jll Jl2 Jl4-70 IRQ 
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FlOf 

J13-71 

72 

73 

74 

75 

76 

77 

78 

79 

80 

81 

82 

83 

84 

85 

86 

87 

88 

89 

90 

91 

92 

93 

94 

,Jl:t--95 

Table 5-1. System Motherboard Wirelist (Sheet 38 of 57) 

'IO NAME 

Jll J12 J14-71 Al 

-72 AO 

-73 A3 

-74 A2 

-75 A5 

-76 A4 

-77 A7 

-78 A6 

-79 A9 

-80 AS 

-81 All 

-82 AlO 

-83 A13 

-84 A12 

-85 Al5 

-86 Al4 

-87 I/0 EN 

-88 E 

-89 Q 

-90 R/W 

-91 D1 

-92 � 

-93 D3 

-94 D2 

,Jll ,Tl2 ,Jl4-95 D5 
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FlOd 

J13-96 

97 

98 

·-99

Jl3-100 

Table 5-1. System Motherboard Wirelist (Sheet 39 of 57) 

TO NAME 

JU J12 J14-96 D4 

-97 D7 

-98 D6 

GID GND 

GND GND 

mJCES&:RroxJI,E 

J14- 1 GND GID 

2 GID GND 

3 J15-84 COLUMN 0 

4 J15-83 COLUMN l 

5 J15-89 COLUMN 2 

6 J15-88 COLUMN 3 

7 Jl5-92 ROW 0 

8 Jl5-85 ROW l 

9 Jl5-86 ROW 2 

10 J15-87 ROW 3 

11 CB2 

12 ,Jl3-5 CPI' B DE!' 

13 Jl5-90 KEY ROW 4 

14 Jl2-5 <Pr A DE!' 

15 JlS-40 OPTO CCW 

16 PBl RESERVED MEMORY PAGING 

17 PBO RESERVED MEMORY PAGING 

,Jl4-18 ,J7-68 .Jl�27 ,28 AF BUS F.N 1 
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FRCM 

Jl4-19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

Jl4-43 

Table 5-1. System Motherboard Wirelist (Sheet 40 of 57) 

10 NAME 

J7-10 VERT ClJAR SYNC 

J7-83 IDUZ CllAR SYNC 

J7-87 CllAR GEN Z-AXIS 

J7-22 CllAR GEN RST 

Jl2-23, Jl3-23 XROM l 

Jl2-24, Jl3-24 XROM 2 

CHAR ROf DISABLE 

Jl2-26 Jl3-26 IOI DISABLE 

CBl 

CA2 

Jl0-29 BINARY MOD 

Jl2-32, Jl3-32 XROM 3 

Jl2-33, Jl3-33 XDROM 
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FIOd 

Jl4-44 

45 

46 

47 

48 

49 

50 

51 

52 

53 

54 

55 

56 

57 

58 

59 

60 

61 

62 

63 

64 

65 

66 

67 

,Jl4-68 

Table 5-1. System Motherboard Wirelist (Sheet 41 of 57) 

'IO NAME 

J7-44 LINE 1 

+5V +5V

+5V +5V

+5V CL CTL 

+5V V
PP 

+5V PGM 

,JI 1,Jl2, Jl3-58 NMI 

Jl2 Jl3-59 ROA 1 

-60 R01 2 

-61 RCM 3 

-62 � 

-63 ™A B'SY 

J15-39 Jl2-64 Jl3-64 FTRQ 

Jl2 Jl3-65 HALT 

Jl2-66 J13-66 XRAM 

Jl2 Jl3-67 EXTAL 

,Jl2 ,Jl3-68 DATA BUS EN 
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FIDt: 

Jl4-69 

70 

71 

72 

73 

74 

75 

76 

77 

78 

79 

80 

81 

82 

83 

84 

85 

86 

87 

88 

89 

90 

91 

92 

Jl4-93 

Table 5-1. System Motherboard Wirelist (Sheet 42 of 57) 

10 NAME 

Jll J12 Jl� RESEl' 

-70 IHQ 

-71 Al 

-72 AO 

-73 A3 

-74 A2 

-75 A5 

-76 A4 

-77 A7 

-78 A6 

-79 A9 

-80 AS 

-81 All 

-82 AlO 

-83 Al3 

-84 A12 

-85 Al5 

-86 Al4 

-87 I/0 EN 

-88 E 

-89 Q 

-90 R/W 

-91 Dl 

-92 DO 

Jll-93, .JJ2-93, Jl3-93 D3 
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FlDf 

J14-94 

95 

96 

97 

98 

99 

J14-100 

Table 5-1. System Motherboard Wirelist (Sheet 43 of 57) 

'IO NAME 

Jll Jl2 J13-94 D2 

-95 D5 

-96 D4 

-97 'fJ7 

-98 D6 

GN) GND 

GN> GN> 

FIOfl' PANEL INI'ERFACE PrmJI.E 

J15- 1 E8 

2 GND 

3 

4 Pl-39,40 

5 Pl-41,42 

6 Pl-43,44 

7 Jl8-7 

8 J18-8 

9 J18-6 

10 J18-9 

11 Jl8-5 

12 Jl8-l0 

13 Jl8-4 

14 Jl8-l l 

15 Jl8-3 

Jl5-16 Jl8-12 

5-44

EXT INPUT 

GND 

vmr ros 

VER!' GAIN 

VER!' GAIN R'IN 

RF ATI'EN 130 DB 

RF ATI'EN 120 DB 

RF ATI'EN 110 DB 

RF ATI'EN 100 DB 

RF ATI'EN 90 DB 

RF A'ITEN 80 DB 

RF ATI'EN 70 00 

RF ATI'EN 60 DB 

RF ATI'EN 50 00 

RF ATI'EN 40 00 



FIDI 

Jl5-17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

3) 

31 

32 

33 

34 

35 

36 

37 

38 

� 

40 

Jl5-41 

Table 5-1. System Motherboard Wirelist (Sheet 44 of 57) 

'10 

Jl8-2 

Jl8-13 

Jl8-1 

J7.:..t 

JlS--:14 

J7-6 

J7-60 Jl2,Jl3-44 

Pl-49,50 

Pl-51,52 

Pl-53,5"4 

Pl-57,58 

Jl7-4 

J8-58 

Pi-5 

JS-59 

Pl-5 

Jll-61 

Jll-63 

Jl7-20 

JB-57 

J14-64 Jl3-64, Jl2-64 

Jl4-15 

5-45

NAME 

RF A'I'IEN 30 Q3 

RF A'I'IEN 20 113 

RF A'I'IEN 10 113 

VER!' FI04 Rm SW 

RF A'I'IEN 9fS 

DVM FIDf Rm SW 

INI' SCXPE '10 Rm :

lOV /DIV Rm SE'L 

lV /DIV Rm Sll 

0.1V/DIV Rm SEl 

0. OlV /DIV Rm SEL

OFFSET ON/OFF 

IF ovmI.O\D 

WB/NB 

SIGNAL i:RESENI' 

ANT SEL 

EXT� CNIR 

SPARE BIT 

EXT� CNm 

RF OVER TEMP 

WB SIG PRES 

FIRQ 

OPTO CCW 



F10f 

Jl� 

43 

44 

45 

46 

47 

48 

49 

50 

51 

52 

53 

54 

55 

56 

57 

58 

59 

60 

61 

62 

63 

64 

65 

Jl5-66 

Table 5-1. System Motherboard Wirelist (Sheet 45 of 57)

10 

Pl-47 

Pl-45 

+5V 

+5V

Pl-59, 60 

J2-17 

+12V

+12V

-12V

-12V

P2-7 

P2-8 

P2-9 

P2-10 

P2-ll 

P2-12 

P2-13 

J7-13 Jl0-3,4 Jll-13 

J7-15 Jl0-5,6 Jll-15 

J7-17 Jl0-7,8 Jll-17 

J7-19 Jl0-9,10 Jll-19 

J7-'JS Jl0-15,16 Jll-29,30 

5-46

NAME 

OPTICAL ENC B 

OPTICAL ENC A 

+5V

+5V

IDUZ INRJT 

IDUZ 'IO SOPE AMP 

+12V

+12V

-12V

-12V

EXT 11:RIZ SEL 

lV4 MS/DIV SWP SEL 

1\1 MS/DIV SWP SEL 

1 MS/DIV SWP SEl.

100 uS/DIV SWP SEL 

10 uS/DIV SWP SEL 

1 uS/DIV SWP SEL 

AF AID BUS 0 

AF AID IIJS 1 

AF AID BUS 2 

AF AID EIJS 3 

AF DATA BJS 3 



HD( 

Jl.5-67 

68 

89 

70 

71 

72 

73 

74 

75 

'16 

Tl 

78 

79 

8) 

81 

82 

83 

84 

85 

86 

87 

88 

89 

90 

Jl.5-9l 

Table 5-1. System Motherboard Wirelist (Sheet 46 of 57) 

'IO NAME 

J7-31 Jl.0-17,18 Jl.1-31,32 AF DATA lllS 2 

J7-33 Jl.0-19,3:> Jll-33,34 AF DATA lllS 1 

JU� AF 111'9 EN 2 

J7-35 Jl.0-21,22 Jl.1-35,36 AF DATA 111'9 0 

+8\iOUT 

-SV-.OUT 

PJ-23 IMAGE HI/ID 

ATIN X 0,01 

ATINX0,001 

Jl.7-5 OFFSF:r: Ari'ffl:.:EN 

oc � 

J17-22 Q -+::�IGEN. 

ATIN X O.t 

E&T INPUI' SEL 

P'J-21 IDl/GEN 

ATIN X 1.0 

Jl.4-4 COLUMN l 

Jl.4-3 COLUMN o 

Jl.4-8 ROW l 

Jl� ROW 2 

Jl4-10 ROW 3 

Jl.4-6 COLUMN 3 

Jl.4-5 COLUMN 2 

Jl.4-13 K,EYfQl4 

J4-23 PWR OFF 
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Table 5-1. System Motherboard Wirelist (Sheet 47 of 57) 

FIDI 10 NAME 

Jl.5-9'2 Jl.4-7 ROW 0 

00 Jl.6-6 OVEN llD CA'IH 

9t J4-24 J3-9 PWR cR 

95 GND DC llD CA1H 

96 Jl.6-5 OVEN 11D ANDE 

97 J4-25 AC llD 

98 J4-37 DC llD 

99 CR) CR) 

Jl.5-100 CR) GND 

PRIQmO' STARlARD IDIJIE 

Jl6-l Jl-15,16 J4-34 136 � S'ID &JPPLY 

2 (H) .GND 

3 

4 

5 Jl.5-96 OVEN I.m ANDE 

6 Jl.5-93 OVEN 11D CA'lllDE 

7 NC 

Jl� 8 +12V +12V

RF INPl7l' laIIWr IIDJIE 

Jl.7- 1 +5V +5V

2 -5V -5V

3 +33V +�'W

4 Jl.5-29 OJl'r.m f:flJOP'F 

Jl.7- 5 .ns-� OFFSJrr ATI'EN EN • 

5-48



nDI 

J17- 6 

7 

8 

9 

10 

11 

l2 

13 

14 

15 

16 

17 

18 

19 

2) 

21 

22 

23 

24 

25 

26 

27 

28 

J17-29 

Table 5-1. System Motherboard Wirelist (Sheet 48 of 57) 

'10 

J8-47 J9-3,, Jll-49 

J8-49 J9-5,6 Jll-43,44 · 

Jll-56 

J7-38 

J7-8 

CH> 

GR) 

J9-33,34 

Jl2-4 Jl3-4 

J7-55 

J9-15,16 

J7-57 

Jl�59,60 

Jl0-51,52 

JlS-37 

J7-59 

J1�'78 

+l.2V 

-l.2V

5-49

NAME 

D.4TA CL 

D.4TA IA'ltll 

CFFSE.1' DATA 

ANT EN. 

RF INPUI' PWR 

GND 

GR) 

.01-1 JO:;

AM ID> + DC REF ({It} 

m' FWD PWR 

WB AMP ID/HI. 

m' RFL PWR 

OFFSEr ID) 

IGB::ID> 

RF OVER TEMP 

CARRim + ID> LVL 

� + mB/GEN 

+12V

-l.2V



Table 5-1. System Motherboard Wirelist (Sheet 49 of 57) 

FROM TO NAME 

Jl7-30 

31 

32 

33 

34 

35 

36 

37 

38 

39 GND 

40 

41 

42 

43 

44 

45 

46 

47 

48 

40 

Jl7-50 

Jl8-l Jl5-19 RF ATTEN 10 DB 

2 Jl5-17 RF ATTEN 30 DB 

3 Jl5-15 RF ATTEN 50 DB 

4 Jl 5-13 RF ATTEN 70 DB 

Jl8-5 Jl 3-11 RF ATTEN 90 DB 
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Table 5-1. System Motherboard Wirelist (Sheet 50 of 57) 

FROM 

J18-6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

J18-16 

FAN 

J19-l 

Jl9-2 

ROTATION COIL 

J20-l 

J20-2 

FRONT PANEL 

Pl-1 

2 

3 

4 

5 

6 

P\-7 

TO 

Jl 5-9 

Jl 5-7 

J15-8 

Jl5-10 

Jl5-12 

Jl5-14 

J15-16 

J15-18 

Jl 5-21 

+12V

GND 

GND 

J2-50 

+33V

GND 

Jl5-3� 

GND 

5-51

NAME 

RF ATTEN 110 DB 

RF ATTEN 130 DB 

RF ATTEN 120 DB 

RF ATTEN 100 DB 

RF ATTEN 80 DB 

RF ATTEN 60 DB 

RF ATTEN 40 DB 

RF ATTEN 20 DB 

RF ATTEN 0 DB 

FAN III 

FAN LO 

GND 

TRACE ROTATION 

+.33V 

GND 

AtJT �EL 

GND 



FB:::H 

Pl-8 

9 

10 

11 

lZ 

13 

14 

lS 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26. 

27 

28 

2'3 

30 

31 

Pl-3L 

Table 5-1. System Motherboard Wirelist (Sheet 51 of 57) 

10 NN4E 

Jl0-61,62 Jl2-6 J13--6 5 �::C + AIA PtlD 

J12.;..� J13-3 AM 1m + OC REF (I) 

J2-59 m:l.JSLVL 

J2-43 I�I1Y LVL 

-5V -5V

+5V +5V

J2-31,32 J7-56 +SV

J2-53 SWP VERNIER VOLT 

J7-61 DISllERSIOO SWP RTN 

J7-61 DISPERSICN SYTP R'IN 

J9-25,26 SYNlll SWP 

J9-25,26 SYNIH SWP 

J7-63 DISPERC3IOO SWP 

J7-63 DISPERSI<:W SWP 

-5V -5V

-5V -5V

J2-45 JDRIZ PO, 

.12-45 JDHZ POS 

+5V +5V

+5V +5V

GND GID 

GN> GN) 

5-52



'10.( 

Pl-3� 

3. 

3S 

36 

31 

38 

39 

40 

41 

42 

43 

44 

45 

4'i 

-41 

48 

4, 

50 

51 

52 

Pl-5� 

Table 5-1. System Motherboard Wirelist (Sheet 52 of 57) 

TO 

J2-24 

-5V

-5V

J7-5 

J7-5 

Jl5-4 

Jl5-4 

Jl5-5 

Jl5-5 

Jl5-6 

Jl5-6 

JlS-44 

JlS-42 

Jl5-25 

Jl5-25 

Jl5-26 

Jl5-26 

Jl5-27 

5-53

NA\iE 

AUIO/l£E, 'llUG 

-5V

-5V

'IRIG LVL 

'IRIG LVL 

VERT RE 

VERT� 

VER!'GAIN 

VERT GAIN 

VERT GAIN Rffi 

VERT GAIN Rffi 

OPTICAL ENC A 

OPTICAL ENC B 

tov /DIV m«., SEL 

IOV /DIV R1'¥r SEL 

IV/DIV Rt{, SEL 

IV /DIV Rt{, SEL 

O.lV /DIV flfo{} SEL



FlO,f 

Pl-5-4 

515 

56 

S1 

58 

59 

Pl-60 

Table 5-1. System Motherboard Wirelist (Sheet 53 of 57) 

10 NAME 

J1�27 O.lV/TJIV RN} SEL

GN) GID

GND 00) 

J1�28 O.OlV /DIV RN} SEL

J1�28 O.OlV /DIV R.� SEL

Jl'S-.ta MORI?. INPUT. 

JIS-49 HORll. INPUT/ 

5-54



m)t·

FB:Nl'PANEL 

P'J-1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

P'J-24 

Table 5-1. System Motherboard Wirelist (Sheet 54 of 57) 

10 NA-m 

+12Y +12V

J8-29 � LVL 

J7-65 VOL CNTL AUDIO R'ffi 

JR-62 Jl0-47,48 J12-22 J13-22 VOL CNTL AIDIO 

JlS-31 WB/NB 

JlS-55 EXT IDUZ SEL 

JlS-56 100 MS/DIV SWP SEL 

Jl�7 10 MS/DIV SWP SEL 

JlS-58 1 MS/DIV SWP SEL 

JlS-59 100 I'S/DIV SWP SEL 

Jl5-60 10 }AS/DIV SWP SEL 

Jl5-61 11,tS/DIV SWP SEL 

+SY +SY

GN> GND 

J8-60 SIG PRES LED 

J8-27 BFO FREQ CNTL 

GND GND 

GI'{) CH) 

JlS-81 Im/GEN 

JlS-73 IMAGE HI/ID 
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m::N 

P'i-25 

26 

'Z7 

28_ 

29 

3) 

31 

32 

33 

34 

35 

36 

':!l 

38 

39 

40 

41 

42 

43 

44 

45 

46 

P2-47 

Table 5-1. System Motherboard Wirelist (Sheet 55 of 57) 

'IO NNIB 

J7-80 HDST AUDIO 

JIO·II, 12. JIZ-13 Jl3-l.3 MIC IN 

JI 0-25, 2, Jl2-40 Jl3-40 INT MOD (1) 

5-56



FlUd 

Pi--48 

4� 

50 

51 

5l 

5l 

5' 

5'5 

� 

51 

SB 

59 

60 

Table 5-1. System Motherboard Wirelist (Sheet 56 of 57) 

'IO NAME 

Jl0-25 ,26 Jl2-40 Jl� !NI' ltlD (I) 

Jl2-41 Jl3-41 IN!' !ID R'IN (I) 

Jl2-41 Jl3-41 IN!' ltlD R'IN ( I ) 

GND GID 

GND GID 

J12-29 Jl3-29 1 KHZ SINE R'IN (I) 

J12-29 Jl3-29 1 KHZ SINE R'IN (I) 

Jl0-45,46 J12-28 Jl3-28 1 KHZ SINE (I) 

J12-35 Jl3-35 EXT fllD R'IN ( I) 

+5V +5V

Jl0-23,24 J12-34 Jl3-34 EXI' ltlD (I) 

6N0 G...iD 

GND GND 

5-57



Table 5-1. System Motherboard Wirelist (Sheet 57 of 57) 

FROM 

CAPACITOR� 

(\-1 

TO 

RI-I E2 

Cl-2 GND 

R"l-1 E! 

C2-2 GtJD 

110/220V Sl-!ITCH 

S1 -1 

2 

3 

J3-37,38 

ElO J3-29,30 NE2-2 V2-2 

J3-41 ,42 J6-53,54 

4 S1-7 

5 

6 

7 

8 

9 

VARISTORS 

Vl -1 

Vl-2 

V2-1 

JJ-35,36 NEl-2 Vl-2 

ElO J3-29,30 NE2-2 V2-2 

S1-4 

JJ-31,32 NE2-1 V2-1 

E9_ J3-33,34 NEl-1 Vl-1 

E9 J3-33,34 NEl-1 S1-9 

J3-35,36 NEl-2 Sl-5 

J3-31,32 NE2-1 S1-8 

V2-2 ElO J3-29,30 NE2-2 S1-2,6 

NEON BULBS 

NEl -1 

NEl-2 

NE2-1 

NE2-2 

RESISTORS 

RI- I 

Rl-2 

R2-I 

R2-2 

E9 J3-33,34 S1-9 Vl-1 

J3-35,36 S1-5 Vl-2 

J3-31 ,32 S1-8 V2-l 

ElO J3-29,30 S1-2,6 V2-2 

E2 Cl-I 
JI0-43, 44 
E3 C2-f 

J8-(o◄ 

5-58

NAME 

l='P MOO OUT 

DEMQD OUT 

220 LOW 

AC NEUT 

110 LOW 

PRIMARY #1 

AC NEUT 

PRIMARY #2 

AC HOT 

AC HOT 

PRIMARY #1 

PRIMARY #2 

AC NEUT 

AC HOT 

PRIMARY #1 

PRIMARY #2 

AC NEUT 

FP MOO OUT 

DEMOD OUT 

OEMOO OUT 



1 2 

WIRE COLOR 

NO. 

A 1 EDGE CARD 

A1 EDGE CARD 

A1 EDGE CARD 

A1 EDGE CARD 

A1 EDGE CARD 

A1 EDGE CARD 

A 1 EDGE CARD 

A 1 EDGE CARD 

A 1 EDGE CARD 

A1 EDGE CARD 

A 1 EDGE CARD 

A1 EDGE CARD 

A1 EDGE CARD 

A1 EDGE CARD 

A 1 EDGE CARD 

A1 EDGE CARD 

A1 EDGE CARD 

A1 EDGE CARD 

A 1 EDGE CARD 

A1 EDGE CARD 

A1 EDGE CARD 

A 1 EDGE CARD 

A1 EDGE CARD 

A1 EDGE CARD 

A1 EDGE CARD 

A1 EDGE CARD 

A1 EDGE CARD 

A 1 EDGE CARD 

A1 EDGE CARD 

A 1 EDGE CARD 

A1 EDGE CARD 

A1 EDGE CARD 

A 1 EDGE CARD 

A 1 EDGE CARD 

A1 EDGE CARD 

A 1 EDGE CARD 

500 WHT HI VOL TTEF 

501 WHT HI VOL TTEF 

502 WHT HI VOL TTEF 

503 WHT HI VOL TTEF 

504 WHT TEF 24 

505 WHT TEF 24 

506 WHT TEF 24 

507 WHT TEF 22 

508 WHT TEF 22 

509 WHT TEF 22 

510 WHT TEF 22 

Table 5-2a. System Wirelist- High-Voltage Power Supply (Al) 

3 4 5 6 7 

WIRE RUNS FUNCTION 
SIZE NOTE NOTE ROUTING 
AWG FROM OR TD DR 

VIEW VIEW 
REMARKS 

A 1 P1 -1 A 19 J 1 -1 GND 

A 1 P1 -2 A19J1-2 GND 

A 1 P1 -3 A19J1-3 HV REFERENCE 

A 1 P1 -4 A 19 J1 -4 HV REFERENCE 

A 1 P1 -5 A 19 J1 -5 HV CHOPPER DR 

A 1 P1 -6 A19J1-6 HV CHOPPER DR 

A 1 P1 -7 A 19 J1 -7 HV CHOPPER DR 

A 1 P1 -8 A19J1-8 HV CHOPPER DR 

A 1 P1 -9 A 19 J1 -9 NC 

A 1 P1 -10 A 19 J1 -10 NC 

A1P1-11 A19J1-11 + 12V 

A 1 P1 -12 A 19 J1 -12 +12V

A 1 P1 -13 A 19 J1 -13 NC

A 1 P1 -14 A 19 J1 -14 NC

A1P1-15 A 19 J 1 -15 NC 

A1P1-16 A 19 J1 -16 NC

A 1 P1 -17 A 19 J1 -17 GND 

A 1 P1 -18 A 19 J1 -18 GND

A 1 P1 -19 A 19 J1 -19 NC 

A1P1-20 A 19 J1 -20 NC 

A 1 P1 -21 A 19 J1 -21 INTENSITY TV 

A1P1-22 A19 J1 -22 INTENSITY TV 

A1P1-23 A 19 J1 -23 ASTIGM ATISM 

A 1 P1 -24 A 19 J1 -24 ASTIGM ATISM 

A 1 P1 -25 A 19 J1 -25 GEOM ETRY 

A1P1-26 A 19 J1 -26 GEOM ETRY 

A 1 P1 -27 A 19 J1 -27 INTEN. SAMPLE V 

A 1 P1 -28 A 19 J1 -28 INTEN. SAMPLE V 

A1P1-29 A 19 J1 -29 CRT Z-AXIS 

A1P1-30 A 19 J1 -30 CRT Z-AXIS 

A1 P1 -31 A 19 J1 -31 FOCUS SAMPLE V 

A1P1-32 A 19 J1 -32 FOCUS SAMPLE V 

A1P1-33 A 19 J1 -33 FOCUS TV 

A1P1-34 A19 J1 -34 FOCUS TV 

A1P1-35 A 19 J1 -35 GND 

A1P1-36 A 19 J1 -36 GND 

A 1A2 P2 -1 A1A1 T1-4 HEATER 

A1A2 P2 -2 A 1A 1 P2 -2 CATHODE 

A 1A2 P2 -3 A 1A 1 P2 -3 GRID 

A 1A2 P2 -4 A1A 1 P2 -4 FOCUS 

A1A2 P2 -5 A 1A 1 P2 -5 GEOM 

A1A2 P2 -6 A 1A 1 P2 -6 ASTIG 

A1A2 P2 -7 A 1A 1 P2 -7 ACCELERATOR 

A1A2 P2 -8 A 1A2 E -8 VERT DEFL PLATE 

A 1A2 P2 -9 A1A2 E -9 VERT DEFL PLATE 

A1A2 P2 -10 A 1A2 E -10 HORIZ DEFL PLATE 

A1A2 P2 -11 A 1A2 E -11 HORIZ DEFL PLATE 

5-59

8 9 

APPROX USE 

LENGTH FINO 

(INCHES) NO. 

10.50 4 

10.50 4 

11.00 4 

11.50 4 

12.50 5 

13.00 5 

13.00 5 

1.00 2 

1.00 2 

1.00 2 

1.00 2 



1 

WIRE 

NO. 

511 

512 

513 

514 

515 

516 

517 

1 

WIRE 

NO. 

Table 5-2a. System Wirelist- High-Voltage Power Supply (Al) (Cont) 

2 

COLOR 

WHT HI VOL TTEF 

WHT TEF 24 

(CRT DEFL PLUG) 

WHT TEF 22 

WHT TEF 22 

WHT TEF 22 

WHT TEF 22 

WHT TEF 16 

HIGH VOLT 22 

2 

COLOR 

A2 EDGE CARD 

A2 EDGE CARD 

A2 EDGE CARD 

A2 EDGE CARD 

A2 EDGE CARD 

A2 EDGE CARD 

A2 EDGE CARD 

A2 EDGE CARD 

A2 EDGE CARD 

A2 EDGE CARD 

A2 EDGE CARD 

A2 EDGE CARD 

A2 EDGE CARD 

A2 EDGE CARD 

A2 EDGE CARD 

A2 EDGE CARD 

A2 EDGE CARD 

A2 EDGE CARD 

A2 EDGE CARD 

A2 EDGE CARD 

A2 EDGE CARD 

A2 EDGE CARD 

A2 EOGE CARD 

A2 EDGE CARD 

A2 EDGE CARD 

3 4 5 6 7 

WIRE RUNS 
FUNCTION 

SIZE NOTE NOTE ROUTING 
AWG FROM OR TO OR 

VIEW VIEW REMARKS 

A1A2 P2 -12 NC 

A1A2 P2 -13 NC 

A1A2 P2 -14 A 1A1 T1 -5 HEATER 

A1A2 P2 -1 A1A2 P2 -2 JUMPER 

NC P3 -1 (PIN NOT USED) 

A1A2 -2 P3 -2 VERT DEFL PLATE 

A1A2 -3 P3 -3 VERT DEFL PLATE 

A 1A2 -4 P3 -4 HORIZ DEFL PLATE 

A 1A2 -5 P3 -5 HORIZ DEFL PLATE 

A 1A2 -7 GND LUG GND 

A 1A1 P5 -1 CRT ANODE HIGH VOLTAGE +4 KV 

Table 5-2b. System Wirelist-Scope Amplifier Board (A2) 

3 4 5 6 7 

WIRE RUNS 
FUNCTION 

SIZE NOTE NOTE ROUTING 
AWG FROM OR TO OR 

VIEW VIEW REMARKS 

A2 P1 -1 A 19 J2 -1 GND 

A2 P1 -2 A19 J2 -2 GND 

A2 P1 -3 A19 J2 -3 CRT Z-AXIS 

A2 P1 -4 A19 J2 -4 NC 

A2 P1 -5 A19 J2 -5 NC 

A2 P1 -6 A 19 J2 -6 NC 

A2 P1 -7 A19 J2 -7 SCOPE SWP CNTL 2 

A2 P1 -8 A19 J2 -8 NC 

A2 P1 -9 A19 J2 - 9 SCOPE SWP CNTL 1 

A2 P1 -10 A19 J2 -10 HDRIZ TIME BASE EN 

A2 P1 -11 A19 J2 -11 SCOPE SWP CNTL 0 

A2 P1 -12 A19 J2 -12 INT SCOPE HORIZ 

A2 P1 -13 A 19 J2 -13 SWEEP BLANKING 

A2 P1 -14 A19 J2 -14 SCOPE MODE ENABLE 

A2 P1 -15 A19 J2 -15 EXT HORIZ ENABLE 

A2 P1 -16 A19 J2 -16 NC 

A2 P1 -17 A19J2-17 HORIZ TO SCOPE AMP 

A2 P1 -18 A19 J2 -18 NC 

A2 P1 -19 A19 J2 -19 SCOPE SWP CNTL 3 

A2 P1 -20 A19 J2 -20 TRIG PULSE 

A2 P1-21 A19 J2 -21 INTENSITY TV 

A2 P1-22 A19 J2 -22 SYNC PRESENT 

A2 P1 -23 A19 J2 -23 SCOPE -AXIS 

A2 P1 -24 A19 J2 -24 AUTO/NORM TRIG-SEL 

A2 P1 -25 A19 J2 -25 NC 

5-60 

8 9 

APPROX USE 

LENGTH FIND 

(INCHES) NO. 

10.50 4 

1.50 5 

11.00 2 

12.00 2 

11.75 2 

13.00 2 

4.00 3 

16.00 

II 9 

APPROX USE 

LENGTH FIND 

(INCHES) NO. 



1 2 

WIRE COLOR 

ND. 

A2 EDGE CARD 

A2 EDGE CARD 

A2 EDGE CARD 

A2 EDGE CARD 

A2 EDGE CARD 

A2 EDGE CARD 

A2 EDGE CARD 

A2 EDGE CARD 

A2 EDGE CARD 

A2 EDGE CARD 

A2 EDGE CARD 

A2 EDGE CARD 

A2 EDGE CARD 

A2 EDGE CARD 

A2 EDGE CARD 

A2 EDGE CARD 

A2 EDGE CARD 

A2 EDGE CARD 

A2 EDGE CARD 

A2 EDGE CARD 

A2 EDGE CARD 

A2 EDGE CARD 

A2 EDGE CARD 

A2 EDGE CARD 

A2 EDGE CARD 

A2 EDGE CARD 

A2 EDGE CARD 

A2 EDGE CARD 

A2 EDGE CARD 

A2 EDGE CARD 

A2 EDGE CARD 

A2 EDGE CARD 

A2 EDGE CARD 

A2 EDGE CARD 

A2 EDGE CARD 

A2 EDGE CARD 

A2 EDGE CARD 

A2 EDGE CARD 

A2 EDGE CARD 

A2 EDGE CARD 

A2 EDGE CARD 

A2 EDGE CARD 

A2 EDGE CARD 

A2 EDGE CARD 

A2 EDGE CARD 

A2 EDGE CARD 

A2 EDGE CARD 

Table 5-2b. System Wirelist-Scope Amplifier Board (A2) (Cont) 

3 4 5 6 7 

WIRE RUNS FUNCTION 

SIZE NOTE NOTE ROUTING 
AWB FROM OR TD OR 

VIEW VIEW 
REMARKS 

A2 P1 -26 A19 J2 -26 INTENSITY SAMPLE VOLT 

A2 P1 -27 A19 J2 -27 NC 

A2 P1 -28 A19 J2 -28 FOCUS TV 

A2 P1 -29 A19J2-29 -av

A2 P1 -30 A19 J2 -30 -av

A2 P1 -31 A 19 J2 -31 +8V 

A2 P1 -32 A19 J2 -32 +8V

A2 P1 -33 A19J2-33 -12V 

A2 P1 -34 A19 J2 -34 -12V 

A2 P1 -35 A19 J2 -35 +12V 

A2 P1 -36 A19J2-36 +12V 

A2 P1 -37 A19 J2 -37 +33V 

A2 P1 -38 A19 J2 -38 +33V 

A2 P1 -39 A19 J2 -39 -5V 

A2 P1 -40 A19J2-40 -5V 

A2 P1-41 A19J2-41 +5V 

A2 P1 -42 A19 J2 -42 +5V 

A2 P1 -43 A19J2-43 INTENSITY LEVEL 

A2 P1 -44 A19 J2 -44 NC 

A2 P1 -45 A19 J2 -45 HORIZ POSITION 

A2 P1 -46 A19 J2 -46 HIGH VOLTAGE REF 

A2 P1 -47 A19 J2 -47 NC 

A2 P1 -48 A19J2-48 VERT TO SCOPE 

A2 P1 -49 A19 J2 -49 NC 

A2 P1 -50 A19J2-50 TRACE ROTATION 

A2 P1 -51 A 19 J2 -51 NC 

A2 P1 -52 A19J2-52 NC 

A2 P1 -53 A19J2-53 SWEEP VERNIER VOLT 

A2 P1 -54 A19 J2 -54 FOCUS SAMPLE VOLT 

A2 P1 -55 A19J2-55 ASTIGMATISM 

A2 P1 -56 A19J2-56 NC 

A2 P1 -57 A19 J2 -57 GEOMETRY 

A2 P1 -58 A19 J2 -58 NC 

A2 P1 -59 A19 J2 -59 FOCUS LEVEL 

A2 P1 -60 A19J2-60 NC 

A2 P1 -61 A 19 J2 -61 NC 

A2 P1 -62 A19J2-62 NC 

A2 P1 -63 A19 J2 -63 +110V 

A2 P1 -64 A19J2-64 +110V 

A2 P1 -65 A19J2-65 NC 

A2 P1 -66 A19J2-66 NC 

A2 P1 -67 A19J2-67 -110V 

A2 P1 -68 A19J2-68 -110V 

A2 P1 -69 A19J2-69 NC 

A2 P1 -70 A2J2-70 NC 

A2 P1 -71 A2 J2 -71 GND 

A2 P1 -72 A2J2-72 GND 

5-61

8 9 

APPROX USE 

LENGTH FIND 

(INCHES) NO. 



1 

WIRE 

NO. 

1 

WIRE 

NO. 

Table 5-2b. System Wirelist-Scope Amplifier Board (A2) (Cont) 

2 3 4 5 6 1 

WIRE RUNS 
FUNCTION 

COLOR SIZE NOTE NOTE ROUTING 
AW& FROM DR TO OR 

VIEW VIEW REMARKS 

A2 CRT DEFLECTION A2 J3 -1 A1 P3 -1 NC 

A2 CRT DEFLECTION A2 J3 -2 A1 P3 -2 VERT DEFL PLATE 

A2 CRT DEFLECTION A2 J3 -3 A1 P3 -3 VERT DEFL PLATE 

A2 CRT DEFLECTION A2 J3 -4 A1 P3 -4 HORIZ DEFL PLATE 

A2 CRT DEFLECTION A2 J3 -5 A1 P3 -5 HORIZ DEFL PLATE 

Table 5-2c. System Wirelist - Low-Voltage Power Supply 
Battery Charger Board (A3) 

2 3 4 5 6 1 

WIRE RUNS 
FUNCTION 

COLOR SIZE NOTE NOTE ROUTING 
AW& FROM OR TO OR 

VIEW VIEW 
REMARKS 

A3 EDGE CARD A3 P1 -1 A19 J3 -1 GND 

A3 EDGE CARD A3 P1 -2 A19 J3 -2 GND 

A3 EDGE CARD A3 P1 -3 A19J3-3 GND 

A3 EDGE CARD A3 P1 -4 A19J3-4 GND 

A3 EDGE CARD A3 P1 -5 A19 J3 -5 +5V

A3 EDGE CARD A3 P1 -6 A19 J3 -6 +5V

A3 EDGE CARD A3 P1 -7 A19 J3 -7 +5V

A3 EDGE CARD A3 P1 -8 A19 J3 -8 +5V

A3 EDGE CARD A3 P1 -9 A19 J3 -9 POWER ON

A3 EDGE CARD A3 P1 -10 A19 J3 -10 NC

A3 EDGE CARD A3 P1 -11 A19 J3 -11 BATT CHG

A3 EDGE CARD A3 P1 -12 A19 J3 -12 BATT CHG

A3 EDGE CARD A3 P1 -13 A19 J3 -13 AC VOLTAGE SENSE

A3 EDGE CARD A3 P1 -14 A19 J3 -14 NC

A3 EDGE CARD A3 P1 -15 A19 J3 -15 FREQ STD SUPPLY

A3 EDGE CARD A3 P1 -16 A19 J3 -16 FREQ STD SUPPLY

A3 EDGE CARD A3 P1 -17 A19 J3 -17 -12V

A3 EDGE CARD A3 P1 -18 A19 J3 -18 -5V TO SYNTH

A3 EDGE CARD A3 P1 -19 A19 J3 -19 BLANK FOR ISOLATION

A3 EDGE CARD A3 P1 -20 A19 J3 -20 BLANK FOR ISOLATION

A3 EDGE CARD A3 P1 -21 A19 J3 -21 BLANK FOR ISOLATION

A3 EDGE CARD A3 P1 -22 A19 J3 -22 BLANK FOR ISOLATION

A3 EDGE CARD A3 P1 -23 A19J3-23 BLANK FOR ISOLATION

A3 EDGE CARD A3 P1 -24 A19 J3 -24 BLANK FOR ISOLATION

A3 EDGE CARD A3 P1 -25 A19J3-25 BLANK FOR ISOLATION

A3 EDGE CARD A3 P1 -26 A19 J3 -26 BLANK FOR ISOLATION

A3 EDGE CARD A3 P1 -27 A19 J3 -27 BLANK FOR ISOLATION

A3 EDGE CARD A3 P1 -28 A19J3-28 BLANK FOR ISOLATION

A3 EDGE CARD A3 P1 -29 A19 J3 -29 AC NEUT

A3 EDGE CARD A3 P1 -30 A19 J3 -30 AC NEUT

5-62

8 9 

APPROX USE 

LENGTH FIND 

(INCHES) NO. 

8 9 

APPROX USE 

LENGTH FIND 

(INCHES) NO. 



1 2 

WIRE COLOR 

NO. 

A3 EDGE CARD 

A3 EDGE CARD 

A3 EDGE CARD 

A3 EDGE CARD 

A3 EDGE CARD 

A3 EDGE CARD 

A3 EDGE CARD 

A3 EDGE CARD 

A3 EDGE CARD 

A3 EDGE CARD 

A3 EDGE CARD 

A3 EDGE CARD 

A3 EDGE CARD 

A3 EDGE CARD 

A3 EDGE CARD 

A3 EDGE CARD 

A3 EDGE CARD 

A3 EDGE CARD 

A3 EDGE CARD 

A3 EDGE CARD 

519 WHT TEF 24 

1 2 

WIRE COLOR 

NO. 

A4 EDGE CARD 

A4 EDGE CARD 

A4 EDGE CARD 

A4 EDGE CARD 

A4 EDGE CARD 

A4 EDGE CARD 

A4 EDGE CARD 

A4 EDGE CARD 

A4 EDGE CARD 

A-4 EDGE CARD 

A4 EDGE CARD 

A4 EDGE CARD 

A4 EDGE CARD 

A4 EDGE CARD 

Table 5-2c. System Wirelist - Low-Voltage Power Supply 
Battery Charger Board (A3) (Cont) 

3 4 5 6 7 

WIRE RUNS 
FUNCTION 

SIZE NOTE NOTE ROUTING 
AW8 FROM OR TO OR 

VIEW VIEW REMARKS 

A3 P1 -31 A19 J3 -31 PRIMARY #2 

A3 P1 -32 A19J3-32 PRIMARY #2 

A3 P1 -33 A19J3-33 AC HOT 

A3 P1 -34 A19J3-34 AC HOT 

A3 P1 -35 A19J3-35 PRIMARY #1 

A3 P1 -36 A19 J3 -36 PRIMARY #1 

A3P1-37 A19 J3 - 37 220 LOW 

A3 P1 -38 A19 J3 -38 220 LOW 

A3 P1 -39 A19 J3 -39 Ve -

A3 P1 -40 A19J3-40 Ve -

A3 P1 -41 A19J3-41 110 LOW 

A3 P1 -42 A19J3-42 110 LOW 

A2 P1 -43 A19J3-43 Ve+ 

A3 P1 -44 A19J3-44 Ve+ 

A3 P1 -45 A19 J3 -45 BLANK FOR ISOLATION 

A3 P1 -46 A19 J3 -46 BLANK FDR ISOLATION 

A3 P1 -47 A19 J3 -47 BLANK FOR ISOLATION 

A3 P1 -48 A19 J3 -48 BLANK FOR ISOLATION 

A3 P1 -49 A19 J3 -49 BLANK FOR ISOLATION 

A3 P1 -50 A19J3-50 BLANK FOR ISOLATION 

A3 E1 VR3 2 +5V

Table 5-2d. System Wirelist- Low-Voltage Power Supply 
Control Board (A4) 

3 4 5 6 7 

WIRE RUNS FUNCTION 
SIZE NOTE NOTE ROUTING 
AWG FROM OR TO OR 

VIEW VIEW REMARKS 

A4 P1 -1 A19J4-1 GND 

A4 P1 -2 A19 J-4 -2 GND 

A4 P1 -3 A19 J4 -3 GND 

A4 P1 -4 A19 J4 -4 GND 

A4 P1 -5 A19 J4 -5 DC CURR SENSE RTN 

A4 P1 -6 A19J4-6 DC CURR SENSE RTN 

A4 P1 -7 A19 J4 -7 DC CURR SENSE 

A4 P1 -B A19 J4 - 8 DC CURR SENSE 

A4 P1 -9 A19 J4 -9 DC IN 

A4 P1 -10 A19 J4 -10 DC IN 

A4 P1 -11 A19J4-11 +12V

A4 P1 -12 A19 J4 -12 -12V 

A4 P1 -13 A19 J4 -13 +5V

A4 P1 -14 A19 J4 -14 +5v 

5-63

8 9 

APPROX USE 

LENGTH FIND 

(INCHES) NO. 

2.50 14 

8 9 

APPROX USE 

LENGTH FIND 

(INCHES) NO. 



1 2 

WIRE COLOR 
NO. 

A4 EDGE CARD 

A4 EDGE CARD 

A4 EDGE CARD 

A4 EDGE CARD 

A4 EDGE CARD 

A4 EDGE CARD 

A4 EDGE CARD 

A4 EDGE CARD 

A4 EDGE CARD 

A4 EDGE CARD 

A4 EDGE CARD 

A4 EDGE CARD 

A4 EDGE CARD 

A4 EDGE CARD 

A4 EDGE CARD 

A4 EDGE CARD 

A4 EDGE CARD 

A4 EDGE CARD 

A4 EDGE CARD 

A4 EDGE CARD 

A4 EDGE CARD 

A4 EDGE CARD 

A4 EDGE CARD 

A4 EDGE CARD 

A4 EDGE CARD 

A4 EDGE CARD 

A4 EDGE CARD 

A4 EDGE CARD 

A4 EDGE CARD 

A4 EDGE CARD 

A4 EDGE CARD 

A4 EDGE CARD 

A4 EDGE CARD 

A4 EDGE CARD 

A4 EDGE CARD 

A4 EDGE CARD 

Table 5-2d. System Wirelist - Low-Voltage Power Supply 
Control Board (A4) (Cont) 

3 4 5 6 7 

WIRE RUNS FUNCTION 
SIZE NOTE NOTE ROUTING 
AWG FROM OR TO OR 

VIEW VIEW REMARKS 

A4 P1 -15 A 19 J4 -15 -5V

A4 P1 -16 A 19 J4 -16 -5V

A4 P1 -17 A 19 J4 -17 HV CHOPPER DR

A4 P1 -18 A 19 J4 -18 HV CHOPPER DR

A4 P1 -19 A 19 J4 -19 HV CHOPPER DR

A4 P1 -20 A19 J4 -20 HV CHOPPER DR

A4P1-21 A 19 J4 -21 DC BUS

A4 P1 -22 A19 J4 -22 DC BUS

A4 P1 -23 A19 J4 -23 i5WRlITT 

A4 P1 -24 A19 J4 -24 PWR ON 

A4 P1 -2 5  A 19 J4 -2 5  AC LED 

A4 P1 -2 6  A19 J4 -2 6  AC VOLTAGE SENSE 

A4 P1 -2 7  A19 J4 -2 7  DC DRIVE 

A4 P1 -2 8  A19 J4 -2 8  DC DRIVE 

A4 P1 -2 9  A 19 J4 -2 9  DC DRIVE 

A4 P1 -30 A19 J4 -30 DC DRIVE 

A4P1-31 A 19 J4 -31 RELAY ON 

A4 P1 -32 A 19 J4 -32 RELAY ON 

A4P1-33 A 19 J4 -33 AC DRIVE 

A4 P1 -34 A 19 J4 -34 FREQ STD SUPPLY 

A4 P1 -3 5  A 19 J4 -3 5  AC DRIVE 

A4P1-3 6 A19 J4 -3 6  FREQ STD SUPPLY 

A4P1-3 7 A 19 J4 -3 7  DC LED 

A4 P1 -3 8  A19 J4 -3 8  AC CURRENT SENSE 

A4P1-3 9 A19 J4 -3 9  AC CURRENT SENSE 

A4P1-40 A19 J4 -40 GND 

A4P1-41 A 19 J4 -41 GND 

A4P1-42 A 19 J4 -42 GND 

A4 P1 -43 A19 J4 -43 NC 

A4 P1 -44 A 19 J4 -44 NC 

A4 P1 -45 A 19 J4 -45 NC 

A4 P1 -46 A19 J4 -46 NC 

A4 P1 -47 A 19 J4 -47 NC 

A4 P1 -48 A 19 J4 -48 NC 

A4 P1 -49 A 19 J4 -49 NC 

A4 P1 - 50 A19 J4 - 50 NC 

5-64

B 9 

APPROX USE 
LENGTH FIND 

(INCHES) NO. 



1 2 

WIRE COLOR 

NO. 

AS EDGE CARD 

AS EDGE CARD 

AS EDGE CARD 

AS EDGE CARD 

AS EDGE CARD 

AS EDGE CARD 

AS EDGE CARD 

AS EDGE CARD 

AS EDGE CARD 

AS EDGE CARD 

AS EDGE CARD 

AS EDGE CARD 

AS EDGE CARD 

AS EDGE CARD 

AS EDGE CARD 

AS EDGE CARD 

AS EDGE CARD 

AS EDGE CARD 

AS EDGE CARD 

AS EDGE CARD 

AS EDGE CARD 

AS EDGE CARD 

AS EDGE CARD 

AS EDGE CARD 

AS EDGE CARD 

AS EDGE CARD 

AS EDGE CARD 

AS EDGE CARD 

AS EDGE CARD 

AS EDGE CARD 

AS EDGE CARD 

AS EDGE CARD 

AS EDGE CARD 

AS EDGE CARD 

AS EDGE CARD 

AS EDGE CARD 

AS EDGE CARD 

AS EDGE CARD 

AS EDGE CARD 

AS EDGE CARD 

AS EDGE CARD 

AS EDGE CARD 

AS EDGE CARD 

AS EDGE CARD 

AS EDGE CARD 

AS EDGE CARD 

AS EDGE CARD 

Table 5-2e. System Wirelist - Low-Voltage Power Supply 
Output Board (A5) 

3 4 5 6 1 

WIRE RUNS 
FUNCTION 

SIZE NOTE NOTE ROUTING 
AWG FROM OR TO OR 

VIEW VIEW REMARKS 

AS Pl -1 A19J5-1 GND 

AS Pl -2 A19J5-2 GND 

AS Pl -3 A19 JS -3 GND 

AS P1 -4 A19J5-4 GND 

AS Pl -5 A19J5-5 +12V

AS P1 -6 A19J5-6 +12V

AS P1 -7 A19J5-7 +12V

AS P1 -8 A19 JS -8 +5V

AS P1 -9 A19J5-9 +sv

AS P1 -10 A19 JS -10 +sv

AS P1 -11 A19 JS -11 -sv

AS Pl -12 A19 JS -12 -sv

AS P1 -13 A19 JS -13 -12V

AS P1 -14 A19 JS -14 -12V

AS P1 -15 A19J5-15 XFMR DR DC

AS P1 -16 A19 JS -16 XFMR DR DC

AS P1 -17 A19 JS -17 XFMR DR DC

AS P1 -18 A19 JS -18 XFMR DR DC

AS P1 -19 A19 JS -19 DC CT

AS P1 -20 A19JS-20 DC CT

AS P1 - 21 A19J5-21 DC CT

AS P1 -22 A19 JS -22 DC CT

AS P1 -23 A19 JS -23 DC CT

AS P1 -24 A19 JS -24 DC CT

AS P1 -25 A19 JS -25 DC CT

AS P1 -26 A19 JS -26 XFMR DR DC

AS P1 -27 A19 JS -27 XFMR DR DC

AS P1 -28 A19 JS -28 XFMR DR DC

AS P1 -29 A19 JS -29 XFMR DR DC

AS P1 -30 A19 JS -30 -110V

AS P1 -31 A19 JS -31 +33V

AS P1 -32 A19 JS -32 +33V

AS P1 -33 A19 JS -33 +110V

AS P1 -34 A19JS-34 AC CURRENT SENSE

AS P1 -35 A19 JS -35 AC CURRENT SENSE

AS P1 -36 A19 JS -36 GND

AS P1 -37 A19 JS -37 GND

AS P1 -38 A19 JS -38 GND

AS P1 -39 A19J5-39 BLANK FOR ISOLATION

AS P1 -40 A19 JS -40 BLANK FOR ISOLATION

A5P1-41 A19 JS -41 BLANK FOR ISOLATION

AS P1 -42 A19J5-42 BLANK FOR ISOLATION

AS P1 -43 A19J5-43 BLANK FOR ISOLATION

AS P1 -44 A19 JS -44 BLANK FOR ISOLATION

AS P1 -45 A19J5-45 BLANK FOR ISOLATION

AS P1 -46 A19J5-46 BLANK FOR ISOLATION

AS P1 -47 A19 JS -47 XFMR DR AC

5-65

8 9 

APPROX USE 

LENGTH FIND 

{INCHES) NO. 



1 2 

WIRE COLOR 
NO. 

A5 EDGE CARD 

A5 EDGE CARD 

A5 EDGE CARD 

1 2 

WIRE COLOR 
NO. 

A6 EDGE CARD 

A6 EDGE CARD 

A6 EDGE CARD 

A6 EDGE CARD 

A6 EDGE CARD 

A6 EDGE CARD 

A6 EDGE CARD 

A6 EDGE CARD 

A6 EDGE CARD 

A6 EDGE CARD 

A6 EDGE CARD 

A6 EDGE CARD 

A6 EDGE CARD 

A6 EDGE CARD 

A6 EDGE CARD 

A6 EDGE CARD 

A6 EDGE CARD 

A6 EDGE CARD 

A6 EDGE CARD 

A6 EDGE CARD 

A6 EDGE CARD 

A6 EDGE CARD 

A6 EDGE CARD 

A6 EDGE CARD 

A6 EDGE CARD 

A6 EDGE CARD 

A6 EDGE CARD 

A6 EDGE CARD 

A6 EDGE CARD 

A6 EDGE CARD 

A6 EDGE CARD 

A6 EDGE CARD 

Table 5-2e. System Wirelist- Low-Voltage Power Supply 

Output Board (A5) (Cont) 

3 4 5 6 7 

WIRE RUNS FUNCTION 
SIZE NOTE NOTE ROUTING AWG FROM OR TO OR 

VIEW VIEW REMARKS 

A5 P1 -48 A19 J5 -48 XFMR DR AC 

A5P1-49 A19 J5 -49 XFMR DR AC 

A5 P1 - 50 A 19 J5 -50 XFMR DR AC 

Table 5-2f. System Wirelist - Low-Voltage Power Supply 

Switcher Board (A6) 

3 4 5 6 7 

WIRE RUNS FUNCTION 
SIZE NOTE NOTE ROUTING AWG FROM OR TO OR 

VIEW VIEW REMARKS 

A6 P1 -1 A 19 J6 -1 GND 

A6 P1 -2 A 19 J6 -2 GND 

A6 P1 -3 A 19 J6 -3 GND 

A6 P1 -4 A19 J6 -4 GND 

A6 P1 -5 A19 J6 -5 DC CURR SENSE RTN 

A6 P1 -6 A19 J6 -6 DC CURR SENSE 

A6 P1 -7 A19 J6 -7 DC IN 

A6 P1 -8 A19 J6 -8 DC IN 

A6 P1 -9 A19 J6 -9 DC IN 

A6 P1 -10 A 19 J6 -10 DC IN 

A6P1-11 A 19 J6 -11 DC IN 

A6 P1 -12 A 19 J6 -12 DC IN 

A6 P1 -13 A 19 J6 -13 DC IN 

A6 P1 -14 A 19 J6 -14 DC IN 

A6 P1 -15 A19 J6 -15 DC BUS 

A6 P1 -16 A 19 J6 -16 DC BUS 

A6 P1 -17 A 19 J6 -17 XFMR DR DC 

A6 P1 -18 A 19 J6 -18 XFMR DR DC 

A6 P1 -19 A 19 J6 -19 XFMR DR DC 

A6P1-20 A19 J6 -20 XFMR DR DC 

A6P1-21 A 19 J6 -21 DC CT 

A6 P1 -22 A19 J6 -22 DC CT 

A6P1-23 A19 J6 -23 DC CT 

A6 P1 -24 A19 J6 -24 DC CT 

A6 P1 -25 A 19 J6 -25 DC CT 

A6P1-26 A19 J6 -26 DC CT 

A6 P1 -27 A19 J6 -27 DC CT 

A6 P1 -28 A19 J6 -28 XFMR DR DC 

A6 P1 -29 A19 J6 -29 XFMR DR DC 

A6 P1 -30 A19 J6 -30 XFMR DR DC 

A6P1-31 A19J6-31 XFMR DR DC 

A6 P1 -32 A19 J6 -32 DC DRIVE 

5-66

8 9 

APPROX USE 
LENGTH FIND 

(INCHES) NO. 

8 9 

APPROX USE 
LENGTH FIND 

(INCHES) ND. 



1 2 

WIRE COLOR 

NO. 

A6 EDGE CARD 

A6 EDGE CARD 

A6 EDGE CARD 

A6 EDGE CARD 

A6 EDGE CARD 

A6 EDGE CARD 

A6 EDGE CARD 

A6 EDGE CARD 

A6 EDGE CARD 

A6 EDGE CARD 

A6 EDGE CARD 

A6 EDGE CARD 

A6 EDGE CARD 

A6 EDGE CARD 

A6 EDGE CARD 

A6 EDGE CARD 

A6 EDGE CARD 

A6 EDGE CARD 

A6 EDGE CARD 

A6 EDGE CARD 

A6 EDGE CARD 

A6 EDGE CARD 

A6 EDGE CARD 

A6 EDGE CARD 

A6 EDGE CARD 

A6 EDGE CARD 

A6 EDGE CARD 

A6 EDGE CARD 

1 2 

WIRE COLOR 

NO. 

A7 EDGE CARD 

A7 EDGE CARD 

A7 EDGE CARD 

A7 EDGE CARD 

A7 EDGE CARD 

A7 EDGE CARD 

A7 EDGE CARD 

Table 5-2f. System Wirelist-Low-Voltage Power Supply 
Switcher Board (A6) (Cont) 

3 4 5 6 7 

WIRE RUNS 
FUNCTION 

SIZE NOTE NOTE ROUTING 
AW& FROM OR TO OR 

VIEW VIEW REMARKS 

A6 P1 -33 A19J6-33 DC DRIVE 

A6 P1 -34 A19J6-34 RELAY ON 

A6 P1 -35 A19J6-35 AclffilvE 

A6 P1 -36 A19J6-36 AC DRIVE 

A6 P1 -37 A19J6-37 GND 

A6 P1 -38 A19J6-38 GND 

A6 P1 -39 A19J6-39 BLANK FOR ISOLATION 

A6 P1 -40 A19J6-40 BLANK FOR ISOLATION 

A6 P1-41 A19J6-41 BLANK FOR ISOLATION 

A6 P1 -42 A19J6-42 BLANK FOR ISOLATION 

A6 P1 -43 A19 J6 -43 BLANK FOR ISOLATION 

A6 P1 - 44 A19J6-44 BLANK FOR ISOLATION 

A6 P1 -45 A19 J6 -45 BLANK FOR ISOLATION 

A6 P1 - 46 A19 J6 -46 BLANK FOR ISOLATION 

A6 P1 -47 A19 J6 -47 Ve -

A6 P1 -48 A19J6-48 Ve -

A6 P1 -49 A19J6-49 XFMR DR Ac 

A6 P1 -50 A19J6-50 XFMR DR Ac 

A6 P1 -51 A 19 J6 -51 XFMR DR AC 

A6 P1 -52 A19J6-52 XFMR DR AC 

A6 P1 -53 A19 J6 -53 110 LOW 

A6 P1 -54 A19J6-54 110 LOW 

A6 P1 - 55 A19J6-55 Ve + 

A6 P1 -56 A19J6-56 Ve + 

A6 P1 -57 A19 J6 -57 BLANK FOR ISOLATION 

A6 P1 -58 A19J6-58 BLANK FOR ISOLATION 

A6 P1 -59 A19J6-59 BLANK FOR ISOLATION 

A6 P1 -60 A19 J6 -60 BLANK FOR ISOLATION 

Table 5-2g. System Wirelist - Scope/DVM Control Board (A 7) 

3 4 5 6 7 

WIRE RUNS FUNCTION 
SIZE NOTE NOTE ROUTING 
AW& FROM OR TO OR 

VIEW VIEW 
REMARKS 

A7 P1 -1 A19J7-1 DVM GND 

A7 P1 -2 A19J7-2 DVM GND 

A7 P1 -3 A19J7-3 EXT DVM TO A/D 

A7 P1 -4 A19J7-4 VERT FROM RNG SW 

A7 P1 -5 A19 J7 -5 TRIG LVL 

A7 P1 -6 A19 J7 -6 DVM FROM RNG SW 

A7 P1 -7 A19 J7 -7 INT DVM TO A/D 

5-67

a 9 

APPROX USE 

LENGTH FINO 

(INCHES) NO. 

B 9 

APPROX USE 

LENGTH FIND 

(INCHES) NO. 



1 

WIRE 

NO. 

Table 5-2g. System Wirelist - Scope/DVM Control Board (A7) (Cont) 

2 3 4 5 6 7 

WIRE RUNS 
FUNCTION 

COLOR SIZE NOTE NOTE ROUTING 
AWG FROM OR TO OR 

VIEW VIEW REMARKS 

A7 EDGE CARD A7 P1 -8 A19 J7 -8 RF INPUT POWER 

A7 EDGE CARD A7 P1 -9 A19 J7 -9 NC 

A7 EDGE CARD A7 P1 -10 A19 J7 -10 VERT CHAR SYNC 

A7 EDGE CARD A7 P1 -11 A 19 J7 -11 NC 

A7 EDGE CARD A7 P1 -12 A 19 J7 -12 TRIG PULSE 

A7 EDGE CARD A7 P1 -13 A 19 J7 -13 AF ADD BUS 0 

A7 EDGE CARD A7 P1 -14 A 19 J7 -14 SCOPE SWP CNTL 0 

A7 EDGE CARD A7 P1 -15 A 19 J7 -15 AF ADD BUS 1 

A7 EDGE CARD A7 P1 -16 A 19 J7 -16 SCOPE SWP CNTL 1 

A7 EDGE CARD A7 P1 -17 A19 J7 -17 AF ADD BUS 2 

A7 EDGE CARD A7 P1 -18 A 19 J7 -18 SCOPE SWP CNTL 2 

A7 EDGE CARD A7 P1 -19 A 19 J7 -19 AF ADD BUS 3 

A7 EDGE CARD A7P1-20 A 19 J7 -20 SCOPE SWP CNTL 3 

A7 EDGE CARD A7P1-21 A 19 J7 -21 NC 

A7 EDGE CARD A7P1-22 A 19 J7 -22 CHAR GEN AST 

A7 EDGE CARD A7 P1 -23 A19 J7 -23 NC 

A7 EDGE CARD A7 P1 -24 A19 J7 -24 NC 

A7 EDGE CARD A7 P1 -25 A 19 J7 -25 NC 

A7 EDGE CARD A7P1-26 A 19 J7 -26 NC 

A7 EDGE CARD A7P1-27 A 19 J7 -27 SPECT ANA VERT 

A7 EDGE CARD A7 P1 -28 A 19 J7 -28 NC 

A7 EDGE CARD A7 P1 -29 A 19 J7 -29 AF DATA BUS 3 

A7 EDGE CARD A7P1-30 A 19 J7 -30 NC 

A7 EDGE CARD A7P1-31 A19J7-31 AF DATA BUS 2 

A7 EDGE CARD A7 P1 -32 A19 J7 -32 NC 

A7 EDGE CARD A7 P1 -33 A 19 J7 -33 AF DATA BUS 1 

A7 EDGE CARD A7 P1 -34 A19 J7 -34 NC 

A7 EDGE CARD A7 P1 -35 A19 J7 -35 AF DATA BUS 0 

A7 EDGE CARD A7 P1 -36 A 19 J7 -36 NC 

A7 EDGE CARD A7 P1 -37 A19 J7 -37 NC 

A7 EDGE CARD A7 P1 -38 A19 J7 -38 ANT EN 

A7 EDGE CARD A7 P1 -39 A19 J7 -39 EXT HORIZ EN 

A7 EDGE CARD A7 P1 -40 A19 J7 -40 HORIZ TIME BASE EN 

A7 EDGE CARD A7 P1 -41 A 19 J7 -41 NC 

A7 EDGE CARD A7 P1 -42 A19 J7 -42 NC 

A7 EDGE CARD A7 P1 -43 A 19 J7 -43 NC 

A7 EDGE CARD A7 P1 -44 A 19 J7 -44 LiNEl 

A7 EDGE CARD A7 P1 -45 A19 J7 -45 +5V

A7 EDGE CARD A7 P1 -46 A 19 J7 -46 +5V

A7 EDGE CARD A7 P1 -47 A19 J7 -47 -5V 

A7 EDGE CARD A7 P1 -48 A 19 J7 -48 -5V

A7 EDGE CARD A7 P1 -49 A19 J7 -49 +33V

A7 EDGE CARD A7P1-50 A19 J7 -50 +33V

A7 EDGE CARD A7 P1 -51 A 19 J7 -51 + 12V

A7 EDGE CARD A7 P1 -52 A 19 J7 -52 + 12V 

A7 EDGE CARD A7 P1 -53 A19 J7 -53 -12V

A7 EDGE CARD A7 P1 -54 A 19 J7 -54 -12V

5-68

8 9 

APPROX USE 

LENGTH FIND 

(INCHES) NO. 



1 

WIRE 

NO. 

625 

626 

Table 5-2g. System Wirelist - Scope/DVM Control Board (A7) (Cont) 

2 3 4 5 6 7 

WIRE RUNS FUNCTION 
COLOR SIZE NOTE NOTE ROUTING 

AWG FROM OR TO OR 

VIEW VIEW REMARKS 

A7 EDGE CARD A7 P1 -55 A19J7-55 EXT FWD PWR 

A7 EDGE CARD A7 P1 -56 A19J7-56 +8V 

A7 EDGE CARD A7 P1 -57 A19 J7 -57 EXT RFL PWR 

A7 EDGE CARD A7 P1 -58 A19J7-58 -8V 

A7 EDGE CARD A7 P1 -59 A19J7-59 CARRIER + MOD LVL 

A7 EDGE CARD A7 P1 -60 A19J7-60 INT SCOPE TO RNG SW

A7 EDGE CARD A7 P1 -61 A 19 J7 -61 DISPERSION SWP RTN

A7 EDGE CARD A7 P1 -62 A19J7-62 NC

A7 EDGE CARD A7 P1 -63 A19J7-63 DISPERSION SWP 

A7 EDGE CARD A7 P1 -64 A19J7-64 NC

A7 EDGE CARD A7 P1 -65 A19J7-65 VOL CNTL AUDIO RTN

A7 EDGE CARD A7 P1 -66 A19J7-66 NC

A7 EDGE CARD A7 P1 -67 A19 J7 -67 NC 

A7 EDGE CARD A7 P1 -68 A19 J7 -68 AF BUS EN 1 

A7 EDGE CARD A7 P1 -69 A19J7-69 MOD CAL AUDIO 

A7 EDGE CARD A7 P1 -70 A19 J7 -70 NC 

A7 EDGE CARD A7 P1 -71 A19J7-71 NC 

A7 EDGE CARD A7 P1 -72 A19J7-72 INT SCOPE HORIZ 

A7 EDGE CARD A7 P1 -73 A19 J7 -73 NC 

A7 EDGE CARD A7 P1 -74 A19 J7 -74 VERT TO SCOPE AMP 

A7 EDGE CARD A7 P1 -75 A19 J7 -75 NC 

A7 EDGE CARD A7 P1 -76 A19 J7 -76 SYNC PRESENT 

A7 EDGE CARD A7 P1 -77 A19 J7 -77 NC 

A7 EDGE CARD A7 P1 -78 A19 J7 -78 SIG STRENGTH VOLTAGE 

A7 EDGE CARD A7 P1 -79 A19 J7 -79 DEMOD CAL AUDIO 

A7 EDGE CARD A7 P1 -80 A19 J7 -80 HDST AUDIO 

A7 EDGE CARD A7 P1 -81 A19 J7 -81 SPKR AUDIO

A7 EDGE CARD A7 P1 -82 A19 J7 -82 SPKR AUDIO 

A7 EDGE CARD A7 P1 -83 A19 J7 -83 HORIZ CHAR SYNC 

A7 EDGE CARD A7 P1 -84 A19 J7 -84 SCOPE MODE EN 

A7 EDGE CARD A7 P1 -85 A19 J7 -85 NC

A7 EDGE CARD A7 P1 -86 A19 J7 -86 NC

A7 EDGE CARD A7 P1 -87 A19 J7 -87 CHAR GEN Z -AXIS 

A7 EDGE CARD A7 P1 -88 A19 J7 -88 SWP BLANKING 

A7 EDGE CARD A7 P1 -89 A19 J7 -89 NC 

A7 EDGE CARD A7 P1 -90 A19 J7 -90 SCOPE Z -AXIS 

A7 EDGE CARD A7 P1 -91 A19 J7 -91 700 KHZ IF 

A7 EDGE CARD A7 P1 -92 A19 J7 -92 GND 

A7 EDGE CARD A7 P1 -93 A19 J7 -93 NC 

A7 EDGE CARD A7 P1 -94 A19 J7 -94 NC 

A7 EDGE CARD A7 P1 -95 A19 J7 -95 100 HZ REF

A7 EDGE CARD A7 P1 -96 A19 J7 -96 NC 

A7 EDGE CARD A7 P1 -97 A19 J7 -97 DC IN 

A7 EDGE CARD A7 P1 -98 A19 J7 -98 NC 

A7 EDGE CARD A7 P1 -99 A19 J7 -99 GND 

A7 EDGE CARD A7 P1 -100 A19 J7 -100 GND 

WHT TEF 24 A7 U1 -1 A7 U3 -8 JUMPER 

WHT TEF 24 A7 U13 -10 A7 R41 JUMPER 

5-69

8 g 

APPROX USE 

LENGTH FINO 

(INCHES) NO. 

2.125 

2.75 



1 2 

WIRE COLOR SIZE 

NO. AWG 

AB EDGE CARD 

AB EDGE CARD 

AB EDGE CARD 

AB EDGE CARD 

AB EDGE CARD 

AB EDGE CARD 

AB EDGE CARD 

AB EDGE CARD 

AB EDGE CARD 

AB EDGE CARD 

AB EDGE CARD 

AB EDGE CARD 

AB EDGE CARD 

AB EDGE CARD 

AB EDGE CARD 

AB EDGE CARD 

AB EDGE CARD 

AB EDGE CARD 

AB EDGE CARD 

AB EDGE CARD 

AB EDGE CARD 

AB EDGE CARD 

AB EDGE CARD 

AB EDGE CARD 

AB EDGE CARD 

AB EDGE CARD 

AB EDGE CARD 

AB EDGE CARD 

AB EDGE CARD 

AB EDGE CARD 

AB EDGE CARD 

AB EDGE CARD 

AB EDGE CARD 

AB EDGE CARD 

AB EDGE CARD 

AB EDGE CARD 

AB EDGE CARD 

AB EDGE CARD 

AB EDGE CARD 

AB EDGE CARD 

AB EDGE CARD 

AB EDGE CARD 

AB EDGE CARD 

AB EDGE CARD 

AB EDGE CARD 

AB EDGE CARD 

AB EDGE CARD 

Table 5-2h. System Wirelist - Receiver Board (A8) 

3 4 5 6 7 

WIRE RUNS 
FUNCTION 

NOTE NOTE 

FROM OR TO 
ROUTING 

OR 

VIEW VIEW REMARKS 

AB P1 -1 A 19 J8 -1 GND 

AB P1 - 2 A19 J8 -2 GND 

AB P1 - 3 A19 J8 -3 NC 

AB P1 -4 A19 J8 -4 NC 

AB P1 -5 A19 J8 -5 NC 

AB P1 -6 A19 J8 -6 NC 

AB P1 -7 A19 J8 -7 NC 

AB P1 -8 A19 J8 -8 NC 

AB P1 -9 A19 J8 -9 NC 

AB P1 -10 A 19 J8 -10 NC 

AB P1 -11 A 19 J8 -11 GND 

AB P1 -12 A19 J8 -12 GND 

AB P1 -13 A 19 J8 -13 GND 

AB P1 -14 A19 J8 -14 GND 

AB P1 -15 A 19 J8 -15 SYNTH 10 MHZ 

AB P1 -16 A19 J8 -16 NC 

AB P1 -17 A 19 JB -17 SPECT ANA VERT 

AB P1 -18 A19 J8 -18 NC 

AB P1 -19 A 19 J8 -19 SIG STRENGTH VOLTAGE 

AB P1 -20 A 19 J8 -20 NC 

A8P1-21 A19 J8 -21 NC 

AB P1 -22 A19 J8 -22 NC 

AB P1 -23 A19 JB -23 NC 

AB P1 -24 A19 JB -24 NC 

AB P1 -25 A19 JB -25 NC 

ABP1-26 A 19 JB -26 NC 

AB P1 -27 A 19 JB -27 BFO FREQ CNTL 

AB P1 -28 A19 J8 -28 NC 

AB P1 -29 A 19 J8 -29 SQUELCH LEVEL 

AB P1 -30 A19 JB -30 NC 

AB P1 -31 A 19 JB -31 +5V

AB P1 -32 A 19 J8 -32 +5V 

A8P1-33 A19 J8 -33 -5V 

AB P1 -34 A19 J8 -34 -5V

AB P1 -35 A19 JB -35 NC 

AB P1 -36 A19 JB -36 NC 

AB P1 -37 A 19 J8 -37 + 12V

A8P1-38 A19 J8 -38 +12V

AB P1 -39 A 19 J8 -39 -12V 

AB P1 -40 A19 J8 -40 -12V

A8P1-41 A19 JB -41 NC 

AB P1 -42 A19 JB -42 NC 

A8P1-43 A19 J8 -43 NC 

AB P1 -44 A19 JB -44 NC 

A8P1-45 A19 J8 -45 SYS CNTL DATA 

A8P1-46 A19 J8 -46 NC 

AB P1 -47 A19 J8 -47 DATA CLOCK 

5-70

8 9 

APPROX USE 

LENGTH FIND 

(INCHES) NO. 



1 

WIRE 

NO. 

612 

613 

614 

615 

1 

WIRE 

NO. 

2 

COLOR 

AB EDGE CARD 

AB EDGE CARD 

AB EDGE CARD 

AB EDGE CARD 

AB EDGE CARD 

AB EDGE CARD 

AB EDGE CARD 

AB EDGE CARD 

AB EDGE CARD 

AB EDGE CARD 

AB EDGE CARD 

AB EDGE CARD 

AB EDGE CARD 

AB EDGE CARD 

AS EDGE CARD 

AB EDGE CARD 

A8 EDGE CARD 

AS EDGE CARD 

A8 EDGE CARD 

AB EDGE CARD 

AB EDGE CARD 

AB EDGE CARD 

AB EDGE CARD 

AB EDGE CARD 

AB EDGE CARD 

Table 5-2h. System Wirelist - Receiver Board (A8) (Cont) 

3 4 5 6 7 

WIRE RUNS 
FUNCTION 

SIZE NOTE NOTE ROUTING 
AWG FROM OR TD OR 

VIEW VIEW REMARKS 

ABPl-48 A19 JS -48 NC 

AB Pl -49 A 19 JS -49 DATA LATCH 

ABPl-50 A19 JS -50 NC 

ABPl-51 A 19 JS -51 NC 

ABPl-52 A19 JS -52 NC 

ABPl-53 A19 JS -53 NC 

AB P1 -54 A19 JS -54 NC 

AB P1 -55 A19 JS -55 SYNTH CNTL DAT A 

ABP1-56 A19J8-56 NC 

AB P1 -57 A19 JS -57 WB SIG PRES 

ABP1-58 A19 JS -58 IF OVERLOAD 

AB P1 -59 A19 JS -59 SIGNAL PRESENT 

AB P1 -60 A19 JS -60 SIG PRES LED 

ABP1-61 A 19 JS -61 NC 

AB P1 -62 A19 JS -62 VOL CONTL AUDIO 

A8 P1 -63 A19 J8 -63 NC 

AB P1 -64 A19 JS -64 DEMOD OUT 

AB P1 -65 A19 JS -65 IF/BFO FREQ 

AB P1 -66 A19 Jll -66 NC 

AB P1 -67 A 19 JS -67 DEMOD CAL AUDIO 

AB P1 -68 A 19 JS -68 NC 

AB P1 -69 A19 JS -69 NC 

AB P1 -70 A 19 JS -70 700 KHZ IF 

AB Pl -71 A 19 JS -71 GND 

AB P1 -72 A 19 JS -72 GND 

COAX 30 -P22340EOO 1 AB J1 A17 JS 10.7 MHZ IF 

BARE BUS 26 

WHT BUS 24 

WHT BUS 24 

WHT BUS 24 

2 

COLOR 

A9 EDGE CARD 

A9 EDGE CARD 

A9 EDGE CARD 

A9 EDGE CARD 

A9 EDGE CARD 

A9 EDGE CARD 

AB C389 AB C389 JUMPER OUT C389 

AB 0104 -E AB R308 

AB U113 -11 AB U315 -8 

AB U308 -4 AB R379 

Table 5-2i. System Wirelist-RF Synthesizer Module (A9) 

3 4 5 6 7 

WIRE RUNS 
FUNCTION 

SIZE NOTE NOTE ROUTING 
AWG FROM OR TO OR 

VIEW VIEW REMARKS 

A9 P1 -1 A 19 J9 -1 GND 

A9 P1 -2 A 19 J9 -2 GND 

A9 P1 -3 A19 J9 -3 DATA CLOCK 

A9 Pl -4 A19 J9 -4 DATA CLOCK 

A9 P1 -5 A19 J9 -5 DATA LATCH 

A9 P1 -6 A 19 J9 -6 DATA LATCH 

5-71

8 g 

APPROX USE 

LENGTH FIND 

(INCHES) NO. 

14.00 W002 

0.625 

2.20 

2.75 

1.90 

8 9 

APPROX USE 

LENGTH FIND 

(INCHES) NO. 



1 2 

WIRE COLOR 
NO. 

A9 EDGE CARD 

A9 EDGE CARD 

A9 EDGE CARD 

A9 EDGE CARD 

A9 EDGE CARD 

A9 EDGE CARD 

A9 EDGE CARD 

A9 EDGE CARD 

A9 EDGE CARD 

A9 EDGE CARD 

A9 EDGE CARD 

A9 EDGE CARD 

A9 EDGE CARD 

A9 EDGE CARD 

A9 EDGE CARD 

A9 EDGE CARD 

A9 EDGE CARD 

A9 EDGE CARD 

A9 EDGE CARD 

A9 EDGE CARD 

A9 EDGE CARD 

A9 EDGE CARD 

A9 EDGE CARD 

A9 EDGE CARD 

A9 EDGE CARD 

A9 EDGE CARD 

A9 EDGE CARD 

A9 EDGE CARD 

A9 EDGE CARD 

A9 EDGE CARD 

A9 EDGE CARD 

A9 EDGE CARD 

A9 EDGE CARD 

A9 EDGE CARD 

A9 EDGE CARD 

A9 EDGE CARD 

A9 EDGE CARD 

A9 EDGE CARD 

A9 EDGE CARD 

A9 EDGE CARD 

A9 EDGE CARD 

A9 EDGE CARD 

A9 EDGE CARD 

A9 EDGE CARD 

A9 EDGE CARD 

A9 EDGE CARD 

A9 EDGE CARD 

Table 5-2i. System Wirelist - RF Synthesizer Module (A9) (Cont) 

3 4 5 6 7 

WIRE RUNS FUNCTION 
SIZE NOTE NOTE ROUTING 
AWG FROM OR TO OR 

VIEW VIEW REMARKS 

A9 Pl -7 A19 J9 -7 24 CNTL DATA 

A9 Pl -8 A19 J9 -8 24 CNTL DATA 

A9 Pl -9 A19 J9 -9 60.5 CNTL DAT A 

A9 Pl -10 A 19 J9 -10 60.5 CNTL DATA 

A9 Pl -11 A 19 J9 -11 SYNTH CNTL DATA 

A9 Pl -12 A 19 J9 -12 SYNTH CNTL DATA 

A9 Pl -13 A 19 J9 -13 310 - 440 CNTL DATA 

A9 Pl -14 A 19 J9 - 14 310 -440 CNTL DATA 

A9 Pl -15 A 19 J9 -15 WB AMP LO/HI 

A9 Pl -16 A 19 J9 -16 WB AMP LO/HI 

A9 Pl -17 A 19 J9 -17 SYNTH 10 MHZ 

A9 Pl -18 A 19 J9 -18 SYNTH 10 MHZ 

A9 Pl -19 A 19 J9 -19 GND 

A9 Pl - 20 A 19 J9 -20 GND 

A9P1-21 A 19 J9 -21 GND 

A9 Pl - 22 A 19 J9 -22 GND 

A9 Pl -23 A19 J9 -23 GND 

A9 Pl -24 A19 J9 -24 GND 

A9 Pl -25 A 19 J9 - 25 SYNTH SWEEP 

A9 Pl -26 A19 J9 -26 SYNTH SWEEP 

A9 Pl - 27 A 19 J9 -27 GND 

A9 Pl -28 A 19 J9 -28 GND 

A9 Pl -29 A 19 J9 - 29 SYNTH FM 

A9 Pl - 30 A 19 J9 - 30 SYNTH FM 

A9 Pl -31 A 19 J9 - 31 GND 

A9 Pl - 32 A 19 J9 -32 GND 

A9 Pl -33 A 19 J9 -33 0.01 -1 AGC 

A9 Pl -34 A 19 J9 -34 0.01 - 1 AGC 

A9 Pl -35 A 19 J9 -35 GND 

A9 Pl -36 A19 J9 - 36 GND 

A9 Pl -37 A 19 J9 - 37 GND 

A9 Pl -38 A 19 J9 -38 GND 

A9 Pl -39 A 19 J9 -39 10 MHZ REF 

A9 Pl - 40 A 19 J9 -40 10 MHZ REF 

A9 Pl -41 A 19 J9 -41 GND 

A9 Pl - 42 A19 J9 -42 GND 

A9 P1 -43 A 19 J9 - 43 +5V

A9 Pl -44 A19 J9 -44 +5V

A9 P1 -45 A 19 J9 -45 -5V TO SYNTH

A9 P1 - 46 A19 J9 - 46 -5V TO SYNTH

A9 P1 -47 A 19 J9 -47 +33V

A9 P1 -48 A 19 J9 - 48 +33V

A9 Pl -49 A19 J9 -49 + 12V

A9 P1 - 50 A19 J9 -50 +12V

A9P1-51 A 19 J9 -51 -12V

A9 Pl -52 A19 J9 -52 -12V

A9 P1 -53 A 19 J9 - 53 GND 

5-72

8 9 

APPROX USE 
LENGTH FINO 

(INCHES) NO. 



1 

WIRE 

NO. 

W3 

1 

WIRE 

NO. 

Table 5-2i. System Wirelist - RF Synthesizer Module (A9) (Cont) 

2 

COLOR 

A9 EDGE CARD 

A9 EDGE CARD 

A9 EDGE CARD 

A9 EDGE CARD 

A9 EDGE CARD 

A9 EDGE CARD 

A9 EDGE CARD 

A9 EDGE CARD 

A9 EDGE CARD 

A9 EDGE CARD 

A9 EDGE CARD 

A9 EDGE CARD 

A9 EDGE CARD 

A9 EDGE CARD 

A9 EDGE CARD 

A9 EDGE CARD 

A9 EDGE CARD 

A9 EDGE CARD 

A9 EDGE CARD 

COAX ASSEMBLY 

2 

COLOR 

A 10 EDGE CARD 

A 10 EDGE CARD 

A 10 EDGE CARD 

A 10 EDGE CARD 

A 10 EDGE CARD 

A 10 EDGE CARD 

A 10 EDGE CARD 

A 10 EDGE CARD 

A 10 EDGE CARD 

A 10 EDGE CARD 

A 10 EDGE CARD 

A 10 EDGE CARD 

A 10 EDGE CARD 

A 10 EDGE CARD 

A 10 EDGE CARD 

A 10 EDGE CARD 

3 4 5 6 7 

WIRE RUNS 
FUNCTION 

SIZE NOTE NOTE ROUTING 
AW& FROM OR TO OR 

VIEW VIEW REMARKS 

A9 P1 -54 A19 J9 -54 GND 

A9 P1 -55 A19J9-55 GND 

A9 P1 -56 A19 J9 -56 GND 

A9 P1 -57 A19 J9 -57 GND 

A9 P1 -58 A19J9-58 GND 

A9 P1 -59 A19J9-59 GND 

A9 P1 -60 A19 J9 -60 GND 

A9 P1 -61 A 19 J9 -61 GND 

A9 P1 -62 A19J9-62 GND 

A9 P1 -63 A19J9-63 GND 

A9 P1 -64 A19 J9 -64 GND 

A9 P1 -65 A19 J9 -65 GND 

A9 P1 -66 A19 J9 -66 GND 

A9 P1 -67 A19 J9 -67 GND 

A9 P1 -68 A19 J9 -68 GND 

A9 P1 -69 A19J9-69 GND 

A9 P1 -70 A19J9-70 GND 

A9 P1 -71 A19J9-71 GND 

A9 P1 -72 A19J9-72 GND 

A9 J1 A17 J4 SYNTH RF 

Table 5-2j. System Wirelist - Audio Synthesizer Board (AlO) 

3 4 5 6 7 

WIRE RUNS FUNCTION 
SIZE NOTE NOTE ROUTING 
AW& FROM OR TD OR 

VIEW VIEW REMARKS 

A10 P1 -1 A19 J10 -1 GND 

A 10 P1 -2 A19 J10 -2 GND 

A 10 P1 -3 A 19 J10 -3 AF ADD BUS 0 

A10 P1 -4 A19 J10 -4 AF ADD BUS 0 

A 10 P1 -5 A19 J10 -5 AF ADD BUS 1 

A 10 P1 -6 A19 J10 -6 AF ADD BUS 1 

A10 P1 -7 A19 J10 -7 AF ADD BUS 2 

A 10 P1 -8 A 19 J10 -8 AF ADD BUS 2 

A 10 P1 -9 A19 J10 -9 AF ADD BUS 3 

A10 P1 -10 A19 J10 -10 AF ADD BUS 3 

A 10 P1 -11 A19 J10 -11 MIC INPUT 

A10 P1 -12 A19 J10 -12 MIC INPUT 

A 10 P1 -13 A19 J10 -13 EXT MOD IN 

A10 P1 -14 A19 J10 -14 EXT MOD IN 

A10 P1 -15 A19 J10 -15 AF DATA BUS 3 

A 10 P1 -16 A19 J10 -16 AF DATA BUS 3 

5-73

8 9 

APPROX USE 

LENGTH FINO 

(INCHES) NO. 

W003 

8 g 

APPROX USE 

LENGTH FIND 

(INCHES) NO. 



1 

WIRE 

NO. 

Table 5-2j. System Wirelist -Audio Synthesizer Board (AlO) (Cont) 

2 3 4 5 6 7 

WIRE RUNS 
FUNCTION 

COLOR SIZE NOTE NOTE ROUTING 
AWG FROM OR TO OR 

VIEW VIEW REMARKS 

A 10 EDGE CARD A10 P1 -17 A19 J10 -17 AF DATA BUS 2 

A 10 EDGE CARD A 10 P1 -18 A19 J10 -18 AF DATA BUS 2 

A 10 EDGE CARD A10 P1 -19 A19 J10 -19 AF DATA BUS 1 

A 10 EDGE CARD A 10 P1 -20 A19 J10 -20 AF DATA BUS 1 

A 10 EDGE CARD A 10 P1 -21 A19 J10 -21 AF DATA BUS 0 

A 10 EDGE CARD A 10 P1 -22 A19 J10 -22 AF DATA BUS 0 

A 10 EDGE CARD A10 P1 -23 A19 J10 -23 EXT MOD (I) 

A 10 EDGE CARD A10 P1 -24 A19 J10 -24 EXT MOD (I) 

A 10 EDGE CARD A 10 P1 -25 A19 J10 -25 INT MOD (I) 

A 10 EDGE CARD A 10 P1 -26 A19 J10 -26 INT MOD (I) 

A 10 EDGE CARD A10 P1 -27 A19 J10 -27 AF BUS EN 1 

A 10 EDGE CARD A 10 P1 -28 A19 J10 -28 AF BUS EN 1 

A 10 EDGE CARD A10 P1 -29 A19 J10 -29 BINARY MOD 

A 10 EDGE CARD A 10 P1 -30 A19 J10 -30 NC 

A 10 EDGE CARD A10 P1 -31 A19 J10 -31 +5V

A 10 EDGE CARD A10 P1 -32 A19 J10 -32 +5V

A 10 EDGE CARD A10 P1 -33 A19 J10 -33 -5V

A 10 EDGE CARD A10 P1 -34 A19 J10 -34 -5V

A 10 EDGE CARD A10 P1 -35 A19 J10 -35 +33V

A 10 EDGE CARD A10 P1 -36 A19 J10 -36 +33V 

A 10 EDGE CARD A10 P1 -37 A19 J10 -37 +12V 

A 10 EDGE CARD A10 P1 -38 A19 J10 -38 +12V

A 10 EDGE CARD A10 P1 -39 A19 J10 -39 -12V

A 10 EDGE CARD A10 P1 -40 A19 J10 -40 -12V

A 10 EDGE CARD A 10 P1 -41 A19 J10 -41 SYNTH 1 KHZ

A 10 EDGE CARD A10 P1 -42 A19 J10 -42 SYNTH 1 KHZ

A 10 EDGE CARD A10 P1 -43 A19 J10 -43 FP MOD OUT

A 10 EDGE CARD A10 P1 -44 A19 J10 -44 FP MOD OUT 

A 10 EDGE CARD A10 P1 -45 A19 J10 -45 1 KHZ SINE (I)

A 10 EDGE CARD A 10 P1 -46 A19 J10 -46 1 KHZ SINE (I) 

A 10 EDGE CARD A10P1-47 A19 J10 - 47 VOL CNTL AUDIO 

A 10 EDGE CARD A10 P1 -48 A19 J10 -48 VOL CNTL AUDIO

A 10 EDGE CARD A10P1-49 A19 J10 -49 MOD CAL AUDIO

A 10 EDGE CARD A 10 P1 -50 A19 J10 -50 MOD CAL AUDIO 

A 10 EDGE CARD A10P1-51 A19 J10 -51 DSBSC MOD 

A 10 EDGE CARD A10 P1 -52 A19 J10 -52 DSBSC MOD 

A 10 EDGE CARD A 10 P1 -53 A19 J10 -53 NC 

A 10 EDGE CARD A10 P1 -54 A19 J10 -54 NC

A 10 EDGE CARD A10 P1 -55 A19 J10 -55 SYNTH FM

A 10 EDGE CARD A10 P1 -56 A19 J10 -56 SYNTH FM

A 10 EDGE CARD A10 P1 -57 A19 J10 -57 NC

A 10 EDGE CARD A 10 P1 -58 A19 J10 -58 NC 

A 10 EDGE CARD A10 P1 -59 A19 J10 -59 OFFSET MOD 

A 10 EDGE CARD A 10 P1 -60 A19 J10 -60 OFFSET MOD 

A 10 EDGE CARD A10 P1 -61 A19 J10 -61 5 voe+ AM MOD

A 10 EDGE CARD A10 P1 -62 A19 J10 -62 5 VDC + AM MOD

A 10 EDGE CARD A10 P1 -63 A19 J10 -63 INT MOD RTN 
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WIRE 

NO. 

Table 5-2j. System Wirelist - Audio Synthesizer Board (AlO) (Cont) 

2 

COLOR 

A 10 EDGE CARD 

A 10 EDGE CARD 

A 10 EDGE CARD 

A 10 EDGE CARD 

A 10 EDGE CARD 

A 10 EDGE CARD 

A 10 EDGE CARD 

A 10 EDGE CARD 

A 10 EDGE CARD 

2 

COLOR 

A 11 EDGE CARD 

A 11 EDGE CARD 

A 11 EDGE CARD 

A11 EDGE CARD 

A11 EDGE CARD 

A 11 EDGE CARD 

A 11 EDGE CARD 

A 11 EDGE CARD 

A 11 EDGE CARD 

A 11 EDGE CARD 

A 11 EDGE CARD 

A 11 EDGE CARD 

A 11 EDGE CARD 

A 11 EDGE CARD 

A 11 EDGE CARD 

A 11 EDGE CARD 

A 11 EDGE CARD 

A 11 EDGE CARD 

A11 EDGE CARD 

A 11 EDGE CARD 

A 11 EDGE CARD 

A 11 EDGE CARD 

A11 EDGE CARD 

A11 EDGE CARD 

A11 EDGE CARD 

A11 EDGE CARD 

3 4 5 6 7 

WIRE RUNS 
FUNCTION 

SIZE NOTE NOTE 
AW& FROM OR 

ROUTING 
TO OR 

VIEW VIEW REMARKS 

A10 P1 -64 A19 J10 -64 INT MOD RTN 

A 10 P1 -65 A19 J10 -65 EXT MOD RTN 

A 10 P1 -66 A19 J10 -66 EXT MOD RTN 

A10 P1 -67 A19 J10 -67 1 KHZ SINE RTN 

A10 P1 -68 A19 J10 -68 1 KHZ SINE RTN 

A10 P1 -69 A19 J10 -69 NC 

A10 P1 -70 A19 J10 -70 NC 

A10 P1 -71 A19 J10-71 GND 

A10 P1 -72 A19 J10 -72 GND 

Table 5-2k. System Wirelist - Processor Interface Board (All) 

3 4 5 6 7 

WIRE RUNS FUNCTION 
SIZE NOTE NOTE ROUTING 
AW& FROM OR TO OR 

VIEW VIEW 
REMARKS 

A11P1-1 A19J11-1 GND 

A11P1-2 A19J11-2 GND 

A11P1-3 A19 J11 -3 EXT DVM TO A/D 

A11P1-4 A19 J11 -4 DVM GND 

A11P1-5 A19 J11 -5 INT DVM TO AID 

A11P1-6 A19 J11 -6 NC 

A11 P1 -7 A19 J11 -7 NC 

A11 P1 -8 A19 J11 -8 SVNTH 10 MHZ 

A11 P1 -9 A19J11-9 NC 

A11 P1 -10 A19 J11 -10 NC 

A11P1-11 A19 J11 -11 SVNTH 1 KHZ 

A11P1-12 A19J11-12 GND 

A11P1-13 A19 J11 -13 AF ADD BUS 0 

A11P1-14 A19 J11 -14 NC 

A11 P1 -15 A19J11-15 AF ADD BUS 1 

A11P1-16 A19J11-16 GND 

A11 P1 -17 A19J11-17 AF ADD BUS 2 

A11P1-18 A19J11-18 NC 

A11P1-19 A19 J11 -19 AF ADD BUS 3 

A11P1-20 A19 J11 -20 NC 

A11P1-21 A19 J11 -21 NC 

A11P1-22 A19 J11 -22 NC 

A11P1-23 A19 J11 -23 NC 

A11 P1 -24 A19 J11 -24 NC 

A11P1-25 A19 J11 -25 NC 

A11P1-26 A19 J11 -26 NC 
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1 

WIRE 

NO. 

Table 5-2k. System Wirelist - Processor Interface Board (All) (Cont) 

2 3 4 5 6 7 

WIRE RUNS 
FUNCTION 

COLOR SIZE NOTE NOTE ROUTING 
AWG FROM OR TO OR 

VIEW VIEW REMARKS 

A 11 EDGE CARD A 11 P1 -27 A19 J11 -27 NC 

A 11 EDGE CARD A 11 P1 -28 A19 J11 -28 NC 

A 11 EDGE CARD A11P1-29 A19 J11 -29 AF DATA BUS 3 

A 11 EDGE CARD A11P1-30 A19 J11 -30 AF DATA BUS 3 

A 11 EDGE CARD A11P1-31 A19 J11 -31 AF DATA BUS 2 

A 11 EDGE CARD A11P1-32 A19 J11 -32 AF DATA BUS 2 

A 11 EDGE CARD A11P1-33 A19 J11 -33 AF DATA BUS 1 

A 11 EDGE CARD A11P1-34 A19 J11 -34 AF DATA BUS 1 

A 11 EDGE CARD A11P1-35 A19 J11 -35 AF DATA BUS 0 

A 11 EDGE CARD A11P1-36 A19 J11 -36 AF DATA BUS 0 

A 11 EDGE CARD A11P1-37 A19 J11 -37 24 CNTL DATA 

A 11 EDGE CARD A11P1-38 A19 J11 -38 24 CNTL DATA 

A 11 EDGE CARD A11P1-39 A19 J11 -39 60.5 CNTL DATA 

A 11 EDGE CARD A11P1-40 A19 J11 -40 60.5 CNTL DATA 

A 11 EDGE CARD A11P1-41 A 19 J11 -41 SYS CNTL DATA 

A 11 EDGE CARD A11 P1-42 A19 J11 -42 SYS CNTL DAT A 

A 11 EDGE CARD A11P1-43 A19 J11 -43 DATA LATCH 

A 11 EDGE CARD A11P1-44 A19 J11 -44 DATA LATCH 

A 11 EDGE CARD A11P1-45 A19 J11 -45 +5V

A 11 EDGE CARD A11P1-46 A19 J11 -46 +5V

A 11 EDGE CARD A11P1-47 A19 J11 -47 -5V

A 11 EDGE CARD A11P1-48 A 19 J 11 -48 -5V

A 11 EDGE CARD A11P1-49 A19 J11 -49 DATA CLOCK

A 11 EDGE CARD A11P1-50 A19 J11 -50 PA 0

A 11 EDGE CARD A11P1-51 A19 J11 -51 +12V

A 11 EDGE CARD A11P1-52 A19 J11 -52 +12V

A 11 EDGE CARD A11P1-53 A19 J11 -53 -12V

A 11 EDGE CARD A11P1-54 A19 J11 -54 -12V

A 11 EDGE CARD A11P1-55 A19 J11 -55 NC

A 11 EDGE CARD A11P1-56 A19 J11 -56 OFFSET DATA

A 11 EDGE CARD A11P1-57 A19 J11 -57 310 -440 CNTL DATA

A 11 EDGE CARD A11P1-58 A19 J11 -58 NMI

A 11 EDGE CARD A11P1-59 A19 J11 -59 NC

A 11 EDGE CARD A11P1-60 A19 J11 -60 INT FREQ CNTR

A 11 EDGE CARD A11 P1-61 A19J11-61 EXT FREQ CNTR

A 11 EDGE CARD A11P1-62 A19 J11 -62 NC

A 11 EDGE CARD A11P1-63 A19 J11 -63 EXT FREQ CNTR

A 11 EDGE CARD A11P1-64 A19 J11 -64 NC

A11 EDGE CARD A11 P1-65 A19 J11 -65 IF/BFO FREQ

A 11 EDGE CARD A11P1-66 A19 J11 -66 NC

A 11 EDGE CARD A11 P1-67 A19 J11 -67 100 HZ REF

A 11 EDGE CARD A11 P1-68 A19 J11 -68 AF BUS EN 2

A 11 EDGE CARD A11P1-69 A19 J11 -69 RESET

A 11 EDGE CARD A11P1-70 A19 J11 -70 ilili

A 11 EDGE CARD A11P1-71 A19 J11 -71 A1

A 11 EDGE CARD A11P1-72 A19 J11 -72 AO

A 11 EDGE CARD A11P1-73 A19 J11 -73 A3
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1 

WIRE 

NO. 

1 

WIRE 

NO. 

z 

COLOR 

A 11 EDGE CARD 

A 11 EDGE CARD 

A 11 EDGE CARD 

A 11 EDGE CARD 

A 11 EDGE CARD 

A 11 EDGE CARD 

A 11 EDGE CARD 

A 11 EDGE CARD 

A 11 EDGE CARD 

A 11 EDGE CARD 

A 11 EDGE CARD 

A 11 EDGE CARD 

A 11 EDGE CARD 

A 11 EDGE CARD 

A 11 EDGE CARD 

A 11 EDGE CARD 

A 11 EDGE CARD 

A 11 EDGE CARD 

A 11 EDGE CARD 

A 11 EDGE CARD 

A 11 EDGE CARD 

A 11 EDGE CARD 

A 11 EDGE CARD 

A 11 EDGE CARD 

A 11 EDGE CARD 

A 11 EDGE CARD 

A 11 EDGE CARD 

Table 5-2k. System Wirelist - Processor Interface Board (All) (Cont) 

3 4 5 6 7 8 

WIRE RUNS 
FUNCTION 

SIZE 
APPROX 

NOTE NOTE ROUTING LENGTH 
AWG FROM OR TO OR (INCHES) 

VIEW VIEW REMARKS 

A11P1-74 A19 J11 -74 A2 

A11P1-75 A19 J11 -75 A5 

A11P1-76 A19 J11 -76 A4 

A11P1-77 A19 J11 -77 A7 

A11P1-78 A19 J11 -78 A6 

A11P1-79 A19 J11 -79 A9 

A11P1-80 A19 J11 -80 AB 

A11P1-81 A19 J11 -81 A11 

A11P1-82 A19 J11 -82 A10 

A11P1-83 A19 J11 -83 A13 

A11P1-84 A19 J11 -84 A12 

A11P1-85 A 19 J 11 -85 A15 

A11P1-86 A19 J11 -86 A14 

A 11 P1 -87 A 19 J11 -87 i7ITTN 

A11P1-88 A19 J11 -88 E 

A11P1-89 A19 J11 -89 a 

A11P1-90 A19 J11 -90 R/W 

A11P1-91 A19 J11 -91 D1 

A11P1-92 A19 J11 -92 DO 

A11P1-93 A19 J11 -93 D3 

A11P1-94 A19 J11 -94 D2 

A11P1-95 A 19 J 11 -95 D5 

A11P1-96 A19 J11 -96 D4 

A 11 P1 -97 A19 J11 -97 D7 

A11P1-98 A19 J11 -98 D6 

A11P1-99 A19 J11 -99 GND 

A11 P1 -100 A 19 J11 -100 GND 

Table 5 - 21. System Wirelist - Cellular Radio Option Board (A12) 

z 3 4 5 6 7 8 

WIRE RUNS 
FUNCTION 

APPROX 
COLOR SIZE NOTE NOTE ROUTING LENGTH 

AWG FROM DR TD DR (INCHES) 
VIEW VIEW 

REMARKS 

A 12 EDGE CARD A 12 P1 -1 A 19 J12 -1 GND 

A 12 EDGE CARD A 12 P1 -2 A 19 J12 -2 GND 

A 12 EDGE CARD A12P1-3 A 19 J12 -3 AM MOD + DC REF (I) 

A 12 EDGE CARD A12P1-4 A 19 J12 -4 AM MOD + DC REF (0) 

A 12 EDGE CARD A 12 P1 -5 A 19 J12 -5 OPT A DET 

A 12 EDGE CARD A12P1-6 A19J12-6 5 VDC + AM MOD 

A 12 EDGE CARD A12P1-7 A 19 J12 -7 NC 

A 12 EDGE CARD A12P1-8 A19J12-8 NC 
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Table 5 - 21. System Wirelist - Cellular Radio Option Board (A12) (Cont) 

2 3 4 5 6 7 

WIRE RUNS 
FUNCTION 

COLOR SIZE NOTE NOTE ROUTING 
AWII FROM OR TO OR 

VIEW VIEW REMARKS 

A 12 EDGE CARD A 12 P1 -9 A 19 J12 -9 NC 

A 12 EDGE CARO A 12 P1 -10 A19 J12 - 10 NC 

A 12 EDGE CARD A 12 P1 -11 A19J12-11 NC 

A 12 EDGE CARD A 12 P1 -12 A19 J12 -12 NC 

A 12 EDGE CARD A12 P1 -13 A19 J12 -13 MIC INPUT 

A 12 EDGE CARD A12 P1 -14 A19 J12 -14 NC 

A 12 EDGE CARD A 12 P1 -15 A19 J12 - 15 EXT MOD INPUT 

A 12 EDGE CARD A12 P1 -16 A19 J12 -16 NC 

A 12 EDGE CARD A12 P1 -17 A19 J12 -17 NC 

A 12 EDGE CARD A12 P1 -18 A19 J12 -18 NC 

A 12 EDGE CARD A12 P1 -19 A19 J12 - 19 DEMDD CAL AUDIO 

A 12 EDGE CARD A 12 P1 -20 A19 J12 -20 NC 

A 12 EDGE CARD A 12 P1 -21 A19 J12 -21 NC 

A 12 EDGE CARO A 12 P1 -22 A19 J12 -22 VOL CNTL AUDIO 

A 12 EDGE CARD A 12 P1 - 23 A19 J12 -23 l<liolll 

A 12 EDGE CARO A 12 P1 -24 A19 J12 -24 XlffiM2 

A 12 EDGE CARD A 12 P1 -25 A19 J12 - 25 NC 

A 12 EDGE CARD A 12 P1 -26 A19 J12 -26 ROM DISABLE 

A 12 EDGE CARD A 12 P1 -27 A19 J12 -27 NC 

A 12 EDGE CARD A12 P1 -28 A19 J12 - 28 1 KHZ SINE {I) 

A 12 EDGE CARD A12 P1 -29 A19 J12 -29 1 KHZ SINE RTN (I) 

A 12 EDGE CARD A 12 P1 -30 A19 J12 -30 1 KHZ SINE RTN (0) 

A 12 EDGE CARD A 12 P1 -31 A19 J12 -31 1 KHZ SINE RTN 

A 12 EDGE CARD A 12 P1 -32 A19 J12 - 32 XRl»l3 

A 12 EDGE CARD A12 P1 -33 A19 J12 -33 Xlffim 

A 12 EDGE CARD A12 P1 -34 A19 J12 -34 EXT MOD (I) 

A 12 EDGE CARD A12 P1 -35 A19 J12 -35 EXT MOD RTN (I) 

A 12 EDGE CARD A12 P1 -36 A19 J12 -36 EXT MOD RTN (0) 

A 12 EDGE CARD A12 P1 -37 A19 J12 -37 EXT MOD RTN 

A 12 EDGE CARD A 12 P1 -38 A19 J12 -38 NC 

A 12 EDGE CARD A 12 P1 -39 A19 J12 -39 NC 

A 12 EDGE CARD A 12 P1 -40 A19 J12 -40 INT MOD (I) 

A 12 EDGE CARD A12 P1-41 A19 J12 -41 INT MOD RTN (I) 

A 12 EDGE CARD A 12 P1 -42 A19 J12 - 42 INT MOD RTN (0) 

A 12 EDGE CARD A 12 P1 -43 A19 J12 - 43 INT MOD RTN 

A 12 EDGE CARD A12 P1 -44 A19 J12 -44 INT SCOPE TO RNG SW 

A 12 EDGE CARD A12 P1 -45 A19 J12 -45 +5V 

A 12 EDGE CARD A 12 P1 -46 A19 J12 -46 +5V 

A 12 EDGE CARD A12 P1 -47 A19 J12 -47 -5V 

A 12 EDGE CARD A 12 P1 -48 A19 J12 -48 -5V 

A 12 EDGE CARD A12 P1 -49 A19 J12 - 49 +33V 

A 12 EDGE CARD A12 P1 -50 A19 J12 - 50 +33V 

A 12 EDGE CARD A 12 P1 -51 A19 J12 -51 +12V 

A 12 EDGE CARD A 12 P1 -52 A19 J12 -52 +12V 

A 12 EDGE CARD A12 P1 -53 A19 J12 -53 -12V

A 12 EDGE CARD A12 P1 -54 A19 J12 -54 -12V 

A 12 EDGE CARD A12 P1 -55 A19 J12 -55 INT FREQ CNTR 
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Table 5 - 21. System Wirelist - Cellular Radio Option Board (A12) (Cont) 

z 3 4 5 6 7 

WIRE RUNS 
FUNCTION 

COLOR SIZE NOTE NOTE ROUTING 
AWG FROM OR TO OR 

· VIEW VIEW REMARKS 

A 12 EDGE CARD A12P1-56 A19 J12 -56 Vpp 

A 12 EDGE CARD A12P1-57 A 19 J12 -57 PGM 

A 12 EDGE CARD A12P1-58 A19 J12 -58 NMI 

A 12 EDGE CARD A12P1-59 A 19 J12 -59 lffiITT 

A 12 EDGE CARD A12P1-60 A19 J12 -60 � 

A 12 EDGE CARD A 12 P1 -61 A19 J12 -61 iffill3 

A 12 EDGE CARD A 12 P1 -62 A19 J12 -62 DGRN1' 

A 12 EDGE CARD A 12 P1 -63 A 19 J12 -63 DMA BSY 

A 12 EDGE CARD A 12 P1 -64 A 19 J12 -64 Fliffi 

A 12 EDGE CARD A 12 P1 -65 A19J12-65 HALT 

A 12 EDGE CARD A12P1-66 A19 J12 -66 l<Fi7iM 

A 12 EDGE CARD A 12 P1 -67 A 19 J12 -67 EXTAL 

A 12 EDGE CARD A 12 P1 -68 A 19 J12 -68 DATA BUS EN 

A 12 EDGE CARD A 12 P1 -69 A19 J12 -69 RESET 

A 12 EDGE CARD A 12 P1 -70 A 19 J12 -70 ilffi 

A 12 EDGE CARD A 12 P1 -71 A19 J12 -71 A1 

A 12 EDGE CARD A12P1-72 A19 J12 -72 AO 

A 12 EDGE CARD A 12 P1 -73 A 19 J12 -73 A3 

A 12 EDGE CARD A 12 P1 -74 A19 J12 -74 A2 

A 12 EDGE CARD A 12 P1 -75 A 19 J12 -75 A5 

A 12 EDGE CARD A12 P1 -76 A 19 J12 -76 A4 

A 12 EDGE CARD A 12 P1 -77 A19 J12 -77 A7 

A 12 EDGE CARD A12P1-78 A 19 J12 -78 A6 

A 12 EDGE CARD A 12 P1 -79 A 19 J12 -79 A9 

A 12 EDGE CARD A 12 P1 -80 A 19 J12 -80 AB 

A 12 EDGE CARD A12P1-81 A19 J12 -81 A 11 

A 12 EDGE CARD A12P1-82 A 19 J12 -82 A10 

A 12 EDGE CARD A12P1-83 A 19 J12 -83 A13 

A 12 EDGE CARD A 12 P1 -84 A19J12-84 A12 

A 12 EDGE CARD A 12 P1 -85 A 19 J12 -85 A15 

A 12 EDGE CARD A12P1-86 A 19 J12 -86 A14 

A 12 EDGE CARD A 12 P1 -87 A 19 J12 -87 1/0 EN 

A 12 EDGE CARD A12P1-88 A19 J12 -88 E 

A 12 EDGE CARD A12P1-89 A19 J12 -89 a 

A 12 EDGE CARD A12P1-90 A 19 J12 -90 R/W 

A 12 EDGE CARD A 12 P1 -91 A19 J12 -91 D1 

A 12 EDGE CARD A 12 P1 -92 A19 J12 -92 DO 

A 12 EDGE CARD A12P1-93 A 19 J12 -93 D3 

A 12 EDGE CARD A12P1-94 A19 J12 -94 D2 

A 12 EDGE CARD A 12 P1 -95 A19 J12 -95 D5 

A 12 EDGE CARD A12P1-96 A 19 J12 -96 D4 

A 12 EDGE CARD A12P1-97 A 19 J12 -97 D7 

A 12 EDGE CARD A12P1-98 A 19 J12 -98 D6 

A 12 EDGE CARD A 12 P1 -99 A19 J12 -99 GND 

A 12 EDGE CARD A12 P1 -100 A19 J12 -100 GND 
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Table 5-2m. System Wirelist - IEEE Interface Option Board (A13) 

2 3 4 5 6 7 

WIRE RUNS 
FUNCTION 

COLOR SIZE NOTE NOTE ROUTING 
AW8 FROM OR TO OR 

VIEW VIEW REMARKS 

A 13 EDGE CARD A 13 P1 - 1 A19 J13 - 1 GND 

A 13 EDGE CARD A 13 P1 -2 A19 J13 -2 GND 

A 13 EDGE CARD A 13 P1 -3 A19 J13 -3 AM MOD + DC REF (I) 

A 13 EDGE CARD A13 P1 -4 A 19 J13 -4 AM MOD + DC REF (0) 

A 13 EDGE CARD A13 P1 -5 A 19 J13 -5 OPT B DET 

A 13 EDGE CARD A13 P1 -6 A 19 J13 -6 5 VDC + AM MOD 

A 13 EDGE CARD A13 P1 -7 A19 J13 -7 NC 

A 13 EDGE CARD A13 P1 -8 A 19 J13 -8 NC 

A 13 EDGE CARD A13 P1 - 9 A19 J13 -9 NC 

A 13 EDGE CARD A13 P1 - 10 A19 J13 - 10 NC 

A 13 EDGE CARD A13 P1 - 11 A19 J13 -11 NC 

A 13 EDGE CARD A13 P1 -12 A19 J13 -12 NC 

A 13 EDGE CARD A13 P1-13 A19 J13 -13 MIC INPUT 

A 13 EDGE CARD A13 P1 -14 A19 J13 -14 NC 

A 13 EDGE CARD A 13 P1 -15 A19 J13 -15 EXT MOD INPUT 

A 13 EDGE CARD A13 P1 -16 A19 J13 -16 NC 

A 13 EDGE CARD A 13 P1 -17 A19 J13 -17 NC 

A 13 EDGE CARD A13 P1 -18 A19 J13 -18 NC 

A 13 EDGE CARD A13 P1 -19 A19 J13 -19 DEMOD CAL AUDIO 

A 13 EDGE CARD A13 P1 -20 A19 J13 -20 NC 

A 13 EDGE CARD A 13 P1 -21 A19 J13 -21 NC 

A 13 EDGE CARD A 13 P1 -22 A19 J13 -22 VOL CNTL AUDIO 

A 13 EDGE CARD A 13 P1 -23 A19 J13 -23 xliliMl 

A 13 EDGE CARD A13 P1 -24 A19 J13 -24 xlffiM2 

A 13 EDGE CARD A 13 P1 -25 A19 J13 -25 NC 

A 13 EDGE CARD A 13 P1 -26 A19 J13 -26 ROM DISABLE 

A 13 EDGE CARD A13 P1 -27 A19 J13 -27 NC 

A 13 EDGE CARD A 13 P1 -28 A19 J13 -28 1 KHZ SINE (I) 

A 13 EDGE CARD A 13 P1 -29 A19 J13 -29 1 KHZ SINE RTN (I) 

A 13 EDGE CARD A 13 P1 -30 A19 J13 -30 1 KHZ SINE RTN (0) 

A 13 EDGE CARD A 13 P1 -31 A19 J13-31 1 KHZ SINE RTN 

A 13 EDGE CARD A 13 P1 -32 A19 J13 -32 XlffiM3 

A 13 EDGE CARD A 13 P1 -33 A19 J13 -33 xnmoo 

A 13 EDGE CARD A13 P1 -34 A19 J13 -34 EXT MOD (I) 

A 13 EDGE CARD A 13 P1 -35 A19 J13 -35 EXT MOD RTN (I) 

A 13 EDGE CARD A 13 P1 -36 A19 J13 -36 EXT MOD RTN (0) 

A 13 EDGE CARD A 13 P1 -37 A19 J13 -37 EXT MOD RTN 

A 13 EDGE CARD A 13 P1 -38 A19 J13 -38 NC 

A 13 EDGE CARD A13 P1 -39 A19 J13 -39 NC 

A 13 EDGE CARD A13 P1-40 A19 J13 - 40 INT MOD (I) 

A 13 EDGE CARD A 13 P1 -41 A19 J13- 41 INT MOD RTN (I) 

A 13 EDGE CARD A 13 P1 -42 A19 J13 - 42 INT MOD RTN (0) 

A 13 EDGE CARD A13 P1 -43 A19 J13 -43 INT MOD RTN 

A 13 EDGE CARD A13 P1 -44 A19 J13 -44 INT SCOPE TO ANG SW 

A 13 EDGE CARD A 13 P1 -45 A19 J13 -45 +5V 

A 13 EDGE CARD A 13 P1 -46 A19 J13 -46 +5V 

A 13 EDGE CARD A13 P1 -47 A19 J13-47 -5V 
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Table 5-2m. System Wirelist - IEEE Interface Option Board (A13) (Cont) 

2 3 4 5 6 7 

WIRE RUNS 
FUNCTION 

COLOR SIZE NOTE NOTE ROUTING 
AW& FROM OR TO OR 

VIEW VIEW REMARKS 

A 13 EDGE CARD A13 P1 - 48 A19 J13 - 48 -5V

A 13 EDGE CARD A13 P1 - 49 A19 J13 - 49 +33V

A 13 EDGE CARD A13 P1 - 50 A19 J13 - 50 +33V

A 13 EDGE CARD A 13 P1 - 51 A19 J13 - 51 +12V

A 13 EDGE CARD A 13 P1 - 52 A19 J13 - 52 +12V

A 13 EDGE CARD A13 P1 - 53 A19 J13 - 53 -12V

A 13 EDGE CARD A13 P1 - 54 A19 J13 - 54 -12V

A 13 EDGE CARD A13 P1 - 55 A19 J13 - 55 INT FREQ CNTR

A 13 EDGE CARD A13 P1 - 56 A19 J13 - 56 Vpp 

A 13 EDGE CARD A13 P1 - 57 A19 J13 - 57 J5GM 

A 13 EDGE CARD A13 P1 - 58 A19 J13 - 58 ml[ 

A 13 EDGE CARD A13 P1 - 59 A19 J13 - 59 iffi'fll 

A 13 EDGE CARD A13 P1 - 60 A19 J13 - 60 ROM 2 

A 13 EDGE CARD A13 P1 - 61 A19 J13 - 61 iffiM3 

A 13 EDGE CARD A13 P1 - 62 A19 J13 - 62 l>G1Wf 

A 13 EDGE CARD A13 P1 - 63 A19 J13 - 63 DMABSY 

A 13 EDGE CARD A13 P1 - 64 A19 J13 - 64 Fllffi 

A 13 EDGE CARD A13 P1 - 65 A19 J13 - 65 HAIT 

A 13 EDGE CARD A 13 P1 - 66 A19 J13 - 66 Xffm 

A 13 EDGE CARD A 13 P1 - 67 A19 J13 - 67 EXTAL 

A 13 EDGE CARD A 13 P1 - 68 A19 J13 - 68 DATA BUS EN 

A 13 EDGE CARD A13 P1 - 69 A19 J13 - 69 ffEsEi 

A 13 EDGE CARD A13 P1 - 70 A19 J13 - 70 Tiffi 

A 13 EDGE CARD A 13 P1 - 71 A19 J13 - 71 A1 

A 13 EDGE CARD A 13 P1 - 72 A19 J13 - 72 AO 

A 13 EDGE CARD A13 P1 - 73 A19 J13 - 73 A3 

A 13 EDGE CARD A13 P1 - 74 A19 J13 - 74 A2 

A 13 EDGE CARD A 13 P1 - 75 A19 J13 - 75 AS 

A 13 EDGE CARD A13 P1 - 76 A19 J13 - 76 A4 

A 13 EDGE CARD A13 P1 - 77 A19 J13 - 77 A7 

A 13 EDGE CARD A 13 P1 - 78 A19 J13 - 78 AS 

A 13 EDGE CARD A 13 P1 - 79 A19 J13 - 79 A9 

A 13 EDGE CARD A13 P1 - 80 A19 J13 - 80 AB 

A 13 EDGE CARD A 13 P1 - 81 A19 J13 - 81 A11 

A 13 EDGE CARO A 13 P1 - 82 A19 J13 - 82 A10 

A 13 EDGE CARD A13 P1 - 83 A19 J13 - 83 A13 

A 13 EDGE CARD A13 P1 - 84 A19 J13 - 84 A12 

A 13 EDGE CARD A13 P1 - 85 A19 J13 - 85 A15 

A 13 EDGE CARD A13 P1 - 86 A19 J13 - 86 A14 

A 13 EDGE CARD A13 P1 - 87 A19 J13 - 87 mrm 

A 13 EDGE CARD A13 P1 - 88 A19 J13 - 88 E 

A 13 EDGE CARD A13 P1 - 89 A19 J13 - 89 a 

A 13 EDGE CARD A13 P1 - 90 A19 J13 - 90 R/W 

A 13 EDGE CARD A 13 P1 - 91 A19 J13- 91 D1 

A 13 EDGE CARD A13 P1 - 92 A19 J13 - 92 DO 

A 13 EDGE CARD A13 P1 - 93 A19 J13 - 93 D3 

A 13 EDGE CARD A 13 P1 - 94 A19 J13 - 94 D2 

5-81

8 9 

APPROX USE 

LENGTH FIND 

(INCHES) NO. 



1 

WIRE 

NO. 

1 

WIRE 

NO. 

Table 5-2m. System Wirelist - IEEE Interface Option Board (A13) (Cont) 

2 

COLOR SIZE 

AWG 

A 13 EDGE CARD 

A 13 EDGE CARD 

A 13 EDGE CARD 

A 13 EDGE CARD 

A 13 EDGE CARD 

A 13 EDGE CARD 

2 

COLOR SIZE 

AWG 

A 14 EDGE CARD 

A 14 EDGE CARD 

A 14 EDGE CARD 

A 14 EDGE CARD 

A 14 EDGE CARD 

A 14 EDGE CARD 

A 14 EDGE CARD 

A 14 EDGE CARO 

A 14 EDGE CARD 

A 14 EDGE CARD 

A 14 EDGE CARD 

A 14 EDGE CARD 

A 14 EDGE CARD 

A 14 EDGE CARD 

A 14 EDGE CARD 

A 14 EDGE CARD 

A 14 EDGE CARD 

A 14 EDGE CARD 

A 14 EDGE CARD 

A 14 EDGE CARD 

A 14 EDGE CARD 

A 14 EDGE CARD 

A 14 EDGE CARD 

A 14 EDGE CARD 

A 14 EDGE CARD 

A 14 EDGE CARD 

A 14 EDGE CARD 

A 14 EDGE CARD 

3 4 5 6 7 

WIRE RUNS 
FUNCTION 

NOTE NOTE ROUTING 
FROM OR TO OR 

VIEW VIEW REMARKS 

A 13 P1 -95 A19 J13 -95 D5 

A 13 P1 -96 A 19 J13 -96 D4 

A 13 P1 -97 A19 J13 -97 D7 

A13P1-98 A19 J13 -98 D6 

A 13 P1 -99 A 19 J13 -99 GND 

A 13 P1 -100 A 19 J13 -100 GND 

Table 5-2n. System Wirelist-Processor Board (A14) 

3 4 5 6 7 

WIRE RUNS 
FUNCTION 

NOTE NOTE ROUTING 
FROM OR TO OR 

VIEW VIEW 
REMARKS 

A 14 P1 -1 A 19 J 14 -1 GND 

A 14 P1 -2 A 19 J14 -2 GND 

A 14 P1 -3 A19 J14 -3 COLUMN 0 

A 14 P1 -4 A 19 J14 -4 COLUMN 1 

A14P1-5 A 19 J14 -5 COLUMN 2 

A14P1-6 A 19 J14 -6 COLUMN 3 

A 14 P1 -7 A 19 J14 -7 ROW 0 

A14P1-8 A 19 J14 -8 ROW 1 

A14 P1 -9 A 19 J14 -9 ROW 2 

A 14 P1 -10 A 19 J14 -10 ROW 3 

A14P1-11 A19 J14 -11 CB2 

A 14 P1 -12 A 19 J14 -12 OPT B DET 

A 14 P1 -13 A19 J14 -13 KEY ROW 4 

A 14 P1 -14 A19 J14 -14 OPT A DET 

A 14 P1 -15 A19 J14 -15 OPTO CCW 

A 14 P1 -16 A 19 J14 -16 PB1 RESERVED MEMORY 

PAGING 

A14 P1 - 17 A19 J14 -17 PB2 RESERVED MEMORY 

PAGING 

A 14 P1 -18 A 19 J14 -18 AF BUS EN 1 

A 14 P1 -19 A19 J14 -19 VERT CHAR SYNC 

A 14 P1 -20 A 19 J14 -20 HORIZ CHAR SYNC 

A 14 P1 -21 A19 J14 -21 CHAR GEN Z-AXIS 

A 14 P1 -22 A 19 J14 -22 CHAR GEN RST 

A 14 P1 -23 A 19 J14 -23 XROM 1 

A 14 P1 -24 A 19 J14 -24 XROM 2 

A14 P1 -25 A 19 J14 -25 CHAR ROM DISABLE 

A 14 P1 -26 A 19 J14 -26 ROM DISABLE 

A 14 P1 -27 A 19 J14 -27 CB1 

A 14 P1 -28 A 19 J14 -28 CA2 

5-82

8 9 

APPROX USE 

LENGTH FINO 

(INCHES) NO. 

8 9 

APPROX USE 

LENGTH FINO 

(INCHES) NO. 



1 2 

WIRE COLOR 

NO. 

A 14 EDGE CARD 

A 14 EDGE CARD 

A 14 EDGE CARD 

A 14 EDGE CARD 

A 14 EDGE CARD 

A 14 EDGE CARD 

A 14 EDGE CARD 

A 14 EDGE CARD 

A 14 EDGE CARD 

A 14 EDGE CARD 

A 14 EDGE CARD 

A 14 EDGE CARD 

A 14 EDGE CARD 

A 14 EDGE CARD 

A 14 EDGE CARD 

A 14 EDGE CARD 

A 14 EDGE CARD 

A 14 EDGE CARD 

A 14 EDGE CARD 

A 14 EDGE CARD 

A 14 EDGE CARD 

A 14 EDGE CARD 

A 14 EDGE CARD 

A 14 EDGE CARD 

A 14 EDGE CARD 

A 14 EDGE CARD 

A 14 EDGE CARD 

A 14 EDGE CARD 

A 14 EDGE CARD 

A 14 EDGE CARD 

A 14 EDGE CARD 

A 14 EDGE CARD 

A 14 EDGE CARD 

A 14 EDGE CARD 

A 14 EDGE CARD 

A 14 EDGE CARD 

A 14 EDGE CARD 

A 14 EDGE CARD 

A 14 EDGE CARD 

A 14 EDGE CARD 

A 14 EDGE CARD 

A 14 EDGE CARD 

A 14 EDGE CARD 

A 14 EDGE CARD 

A 14 EDGE CARD 

A 14 EDGE CARD 

A 14 EDGE CARD 

Table 5-2n. System Wirelist-Processor Board (A14) (Cont) 

3 4 5 6 7 

WIRE RUNS 
FUNCTION 

SIZE NOTE NOTE ROUTING 
AWII FROM OR TO OR 

VIEW VIEW REMARKS 

A 14 P1 -29 A19 J14 -29 BINARY MOD 

A 14 P1 -30 A19 J14 -30 NC 

A14P1-31 A19 J14 -31 NC 

A 14 P1 -32 A19 J14 -32 m»l3 

A14 P1 -33 A19 J14 -33 XlfflOM 

A14 P1 -34 A19 J14 -34 NC 

A14 P1 -35 A19 J14 -35 NC 

A14 P1 -36 A19 J14 -36 NC 

A 14 P1 -37 A19 J14 -37 NC 

A14 P1 -38 A19 J14 -38 NC 

A14 P1 -39 A19 J14 -39 NC 

A14P1-40 A19 J14 -40 NC 

A14 P1 -41 A19 J14 -41 NC 

A 14 P1 -42 A19 J14 -42 NC 

A14 P1 -43 A19 J14 -43 NC 

A14 P1 -44 A19 J14 -44 ITNn 

A 14 P1 -45 A19 J14 -45 +5V

A14 P1 -46 A19 J14 -46 +5V 

A14 P1 -47 A19 J14 -47 NC 

A 14 P1 -48 A19 J14 -48 NC

A 14 P1 -49 A19 J14 -49 NC 

A14 P1 -50 A19 J14 -50 NC 

A14P1-51 A19 J14 -51 NC

A 14 P1 -52 A19 J14 -52 NC 

A14 P1 -53 A19 J14 -53 NC 

A14P1-54 A19 J14 -54 NC 

A14 P1 -55 A19 J14 -55 �

A 14 P1 -56 A19 J14 -56 Vpp 

A 14 P1 -57 A19 J14 -57 � 

A14P1-58 A19 J14 -58 NM! 

A14P1-59 A19 J14 -59 ROMl 

A14P1-60 A19 J14 -60 lffi'fl2 

A 14 P1 -61 A19 J14 -61 lffi'fl3 

A14 P1 -62 A19 J14 -62 OGJiNT 

A14 P1 -63 A19 J14 -63 DMA BSY 

A14 P1 -64 A19 J14 -64 fflill' 

A14 P1 -65 A19 J14 -65 HALT 

A14P1-66 A19 J14 -66 X1!AM 

A14 P1 -67 A19 J14 -67 EXTAL 

A14 P1 -68 A19 J14 -68 DATA BUS EN 

A14P1-69 A19 J14 -69 mer 

A 14 P1 -70 A19 J14 -70 Tiffi 

A14 P1 -71 A19 J14 -71 A1 

A14 P1 -72 A19 J14 -72 AO 

A14 P1 -73 A19 J14 -73 A3 

A14 P1 -74 A19 J14 -74 A2 

A14 P1 -75 A19 J14 -75 AS 

5-83

8 9 

APPROX USE 

LENGTH FINO 

(INCHES) NO. 



1 2 

WIRE COLOR 

NO. 

A 14 EDGE CARD 

A 14 EDGE CARD 

A 14 EDGE CARD 

A 14 EDGE CARD 

A 14 EDGE CARD 

A 14 EDGE CARD 

A 14 EDGE CARD 

A 14 EDGE CARD 

A 14 EDGE CARD 

A 14 EDGE CARD 

A 14 EDGE CARD 

A 14 EDGE CARD 

A 14 EDGE CARD 

A 14 EDGE CARD 

A 14 EDGE CARD 

A 14 EDGE CARD 

A 14 EDGE CARD 

A 14 EDGE CARD 

A 14 EDGE CARD 

A 14 EDGE CARD 

A 14 EDGE CARD 

A 14 EDGE CARD 

A 14 EDGE CARD 

A 14 EDGE CARD 

A 14 EDGE CARD 

1 2 

WIRE COLOR 

NO. 

A 15 EDGE CARD 

A 15 EDGE CARD 

A 15 EDGE CARD 

A 15 EDGE CARD 

A 15 EDGE CARD 

A 15 EDGE CARD 

A 15 EDGE CARD 

A 15 EDGE CARD 

A 15 EDGE CARD 

A 15 EDGE CARD 

Table 5-2n. System Wirelist-Processor Board (A14) (Cont) 

3 4 5 6 7 

WIRE RUNS 
FUNCTION 

SIZE NOTE NOTE ROUTING 
AWG FROM OR TO OR 

VIEW VIEW REMARKS 

A14 P1 -76 A 19 J14 -76 A4 

A 14 P1 -77 A 19 J14 -77 A7 

A14 P1 -78 A 19 J14 -78 A6 

A 14 P1 -79 A 19 J14 -79 A9 

A14P1-80 A19 J14 -80 AS 

A14P1-81 A19 J14 -81 A 11 

A14P1-82 A 19 J14 -82 A10 

A14P1-83 A19 J14 -83 A13 

A 14 P1 -84 A 19 J14 -84 A12 

A14P1-85 A19J14-85 A15 

A 14 P1 -86 A 19 J14 -86 A14 

A14 P1 -87 A 19 J14 -87 1/0 EN 

A14P1-88 A 19 J14 -88 E 

A 14 P1 -89 A19 J14 -89 a 

A14P1-90 A19 J14 -90 R/W 

A 14 P1 -91 A19 J14 -91 D1 

A 14 P1 -92 A 19 J14 -92 DO 

A 14 P1 -93 A 19 J14 -93 D3 

A14P1-94 A 19 J14 -94 D2 

A14P1-95 A 19 J14 -95 D5 

A14P1-96 A 19 J14 -96 D4 

A 14 P1 -97 A19 J14 -97 D7 

A 14 P1 -98 A19 J14 -98 D6 

A 14 P1 -99 A 19 J14 -99 GND 

A 14 P1 -100 A 19 J 14 -100 GND 

Table 5-20. System Wirelist - Front-Panel Interface Board (A15) 

3 4 5 6 7 

WIRE RUNS 
FUNCTION 

SIZE NOTE NOTE ROUTING AWG FROM OR TO OR 
VIEW VIEW REMARKS 

A 15 P1 -1 A 19 J 15 -1 EXT INPUT 

A15 P1-2 A 19 J15 -2 GND 

A 15 P1 -3 A 19 J15 -3 NC 

A 15 P1 -4 A 19 J15 -4 VERT POS 

A 15 P1 -5 A19J15-5 VERT GAIN 

A 15 P1 -6 A 19 J15 -6 VERT GAIN RTN 

A 15 P1 -7 A 19 J15 -7 RF A TTEN 130 dB 

A15 P1 -8 A 19 J15 -8 RF A TTEN 120 dB 

A15 P1 -9 A19J15-9 RF ATTEN 110 dB 

A 15 P1 -10 A19 J15 -10 RF A TTEN 100 dB 

5-84

8 9 

APPROX USE 

LENGTH FINO 

(INCHES) NO. 

8 9 

APPROX USE 

LENGTH FIND 

(INCHES) NO. 



1 

WIRE 

NO. 

Table 5-20. System Wirelist - Front-Panel Interface Board (A15) (Cont) 

2 3 4 5 6 7 

WIRE RUNS 
FUNCTION 

COLOR SIZE NOTE NOTE ROUTING 
AWG FROM OR TO OR 

VIEW VIEW REMARKS 

A 15 EDGE CARD A15 P1 -11 A19J15-11 RF ATTEN 90 dB 

A 15 EDGE CARD A15 P1 -12 A19 J15 -12 RF ATTEN 80 dB 

A 15 EDGE CARD A15 P1 -13 A19 J15 -13 RF ATTEN 70 dB 

A 15 EDGE CARD A15 P1-14 A19 J15 - 14 RF ATTEN 60 dB 

A 15 EDGE CARD A15 P1 -15 A19 J15 -15 RF ATTEN 50 dB 

A 15 EDGE CARD A15 P1 -16 A19 J15 -16 RF ATTEN 40 dB 

A 15 EDGE CARD A15 P1 -17 A19 J15 -17 RF ATTEN 30 dB 

A 15 EDGE CARD A15 P1 -18 A19 J15 -18 RF ATTEN 20 dB 

A 15 EDGE CARD A15 P1 -19 A19 J15 -19 RF ATTEN 10 dB 

A 15 EDGE CARD A15 P1 -20 A19 J15 -20 VERT FROM RNG SW 

A 15 EDGE CARD A 15 P1 -21 A19 J15 -21 RF ATTEN O dB 

A 15 EDGE CARD A15 P1-22 A19 J15 -22 DVM FROM RNG SW 

A 15 EDGE CARD A15 P1 -23 A19 J15 -23 NC 

A 15 EDGE CARD A15 P1 -24 A19 J15 -24 INT SCOPE TO RNG 

A 15 EDGE CARD A 15 P1 -25 A19 J15 -25 10V/DIV RNG SEL 

A 15 EDGE CARD A15 P1 -26 A19 J15 -26 1V/DIV RNG SEL 

A 15 EDGE CARD A15 P1 -27 A19 J15 -27 0.1V /DIV RNG SEL 

A 15 EDGE CARD A15 P1 -28 A19 J15 -28 0.01/DIV RNG SEL 

A 15 EDGE CARD A15 P1 -29 A19 J15 -29 OFFSET ON/OFF 

A 15 EDGE CARD A15 P1 -30 A19 J15 -30 IF OVERLOAD 

A 15 EDGE CARD A 15 P1 -31 A19 J15-31 WB/NB 

A 15 EDGE CARD A15 P1 - 32 A19 J15 -32 SIGNAL PRESENT 

A 15 EDGE CARD A15 P1 -33 A19 J15 -33 iWi'sE[ 

A 15 EDGE CARD A15 P1 -34 A19 J15 -34 EXT FREQ CNTR 

A 15 EDGE CARD A 15 P1 -35 A19 J15 -35 SPARE BIT 

A 15 EDGE CARD A 15 P1 -36 A19 J15 -36 EXT FREQ CNTR 

A 15 EDGE CARD A 15 P1 -37 A19 J15 -37 RF OVER TEMP 

A 15 EDGE CARD A15 P1 -38 A19 J15 -38 WB SIG PRES 

A 15 EDGE CARD A15 P1 -39 A19 J15 -39 FlRli 

A 15 EDGE CARD A 15 P1 -40 A19 J15 -40 OPTO CCW 

A 15 EDGE CARD A15 P1-41 A19 J15 -41 NC 

A 15 EDGE CARD A15 P1 -42 A19 J15 -42 OPTICAL ENC B 

A 15 EDGE CARD A15 P1 -43 A19 J15 -43 NC 

A 15 EDGE CARD A15 P1 -44 A19 J15 -44 OPTICAL ENC A 

A 15 EDGE CARD A15 P1 -45 A19 J15 -45 +5V 

A 15 EDGE CARD A 15 P1 -46 A19 J15 -46 +5V

A 15 EDGE CARD A15 P1 -47 A19 J15-47 NC 

A 15 EDGE CARD A15 P1 -48 A19 J15 -48 NC

A 15 EDGE CARD A15 P1-49 A19 J15 -49 HORIZ INPUT

A 15 EDGE CARD A15 P1 -50 A19 J15 -50 HORIZ TO SCOPE AMP

A 15 EDGE CARD A15 P1 -51 A19 J15 -51 +12V

A 15 EDGE CARD A15 P1 -52 A19 J15 -52 +12V 

A 15 EDGE CARD A15 P1 -53 A19 J15 -53 -12V 

A 15 EDGE CARD A15 P1 -54 A19 J15 -54 -12V

A 15 EDGE CARD A 15 P1 -55 A19 J15 -55 EXT HORIZ SEL

A 15 EDGE CARD A15 P1 -56 A19 J15 -56 100 MS/DIV SWP SEL

A 15 EDGE CARD A15 P1 -57 A19 J15 -57 10 MS/DIV SWP SEL 

5-85

8 9 

APPROX USE 

LENGTH FIND 

(INCHES) NO. 



1 

WIRE 

NO. 

AF DATA 

AF DATA 

AF DATA 

AF DATA 

Table 5-20. System Wirelist-Front-Panel Interface Board (A15) (Cont) 

2 3 4 5 6 7 

WIRE RUNS FUNCTION 
COLOR SIZE NOTE NOTE ROUTING 

AWG FROM OR TO OR 

VIEW VIEW 
REMARKS 

A 15 EDGE CARD A 15 P1 -58 A19 J15 -58 1 MS/DIV SWP SEL 

A 15 EDGE CARD A 15 P1 -59 A19 J15 -59 100 µS/DIV SWP SEL 

A 15 EDGE CARD A15 P1 -60 A19 J15 -60 10 µS/DIV SWP SEL 

A 15 EDGE CARD A 15 P1 -61 A19 J15 -61 1 µS/DIV SWP SEL 

A 15 EDGE CARD A15 P1 -62 A19 J15 -62 AF ADD BUS 0 

A 15 EDGE CARD A15 P1 -63 A19 J15 -63 AF ADD BUS 1 

A 15 EDGE CARD A15 P1 -64 A19 J15 -64 AF ADD BUS 2 

A 15 EDGE CARD A15 P1 -65 A19 J15 -65 AF ADD BUS 3 

A 15 EDGE CARD A15 P1 -66 A19 J15 -66 AF DATA BUS 3 

A 15 EDGE CARD A15 P1 -67 A19 J15 -67 AF DATA BUS 2 

A 15 EDGE CARD A15 P1 -68 A19 J15 -68 AF DATA BUS 1 

A 15 EDGE CARD A 15 P1 -69 A19 J15 -69 AF BUS EN 2 

A 15 EDGE CARD A15 P1 -70 A19 J15 -70 AF DATA BUS 0 

A 15 EDGE CARD A15 P1 -71 A19 J15 -71 +8V OUT 

A 15 EDGE CARD A15 P1 -72 A19 J15 -72 -8V OUT

A 15 EDGE CARD A 15 P1 -73 A19 J15 -73 IMAGE HI/LO

A 15 EDGE CARD A15 P1 -74 A19 J15 -74 ATTN X 0.01

A 15 EDGE CARD A 15 P1 -75 A19 J15 -75 ATTN X 0.001 

A 15 EDGE CARD A 15 P1 -76 A19 J15 -76 OFFSET ATTEN EN

A 15 EDGE CARD A 15 P1 -77 A19 J15 -77 DC SELECT 

A 15 EDGE CARD A 15 P1 -78 A19 J15 -78 MON + DSB/GEN 

A 15 EDGE CARD A 15 Pl -79 A19 J15 -79 ATTN X 0.1 

A 15 EDGE CARD A 15 P1 -80 A19 J15 -80 EXT INPUT SEL 

A 15 EDGE CARD A 15 P1 -81 A19 J15-81 MON/GEN

A 15 EDGE CARD A 15 P1 -82 A19 J15 -82 ATTN X 1.0 

A 15 EDGE CARD A 15 P1 -83 A19 J15 -83 COLUMN 1

A 15 EDGE CARD A 15 P1 - 84 A19 J15 -84 COLUMN 0 

A 15 EDGE CARD A 15 P1 -85 A19 J15 -85 ROW 1

A 15 EDGE CARD A15 Pl -86 A19 J15 -86 ROW 2 

A 15 EDGE CARD A15 P1 -87 A19 J15-87 ROW 3 

A 15 EDGE CARD A 15 P1 -88 A19 J15 -88 COLUMN 3 

A 15 EDGE CARD A 15 P1 -89 A19 J15-89 COLUMN 2 

A 15 EDGE CARD A 15 P1 -90 A19 J15 -90 KEY ROW 4 

A 15 EDGE CARD A 15 P1 -91 A19 J15 -91 POWER OFF

A 15 EDGE CARD A15 Pl -92 A19 J15 - 92 ROW 0 

A 15 EDGE CARD A15 P1 -93 A19 J15 -93 OVEN LED CATH 

A 15 EDGE CARD A15 P1 -94 A19 J15 -94 POWER ON 

A 15 EDGE CARD A 15 Pl -95 A19 J15 -95 DC LED CATH

A 15 EDGE CARD A 15 Pl -96 A19 J15 -96 OVEN LED ANODE

A 15 EDGE CARD A15 Pl -97 A19 J15 -97 AC LED 

A 15 EDGE CARD A 15 Pl -98 A19 J15 -98 DC LED 

A 15 EDGE CARD A 15 Pl -99 A19 J15 -99 GND

A 15 EDGE CARD A15 Pl -100 A19 J15 -100 GND

CABLE ASSEM, RIBBON A15J1-1 A18A1 J1 -1 AF DATA BUS 0 

CABLE ASSEM, RIBBON A15 J1 -2 A18A1 J1 -2 AF DATA BUS 1

CABLE ASSEM, RIBBON A15 J1 -3 A18A1 J1 -3 AF DATA BUS 3 

CABLE ASSEM, RIBBON A15 J1 -4 A18A1 J1 -4 AF DATA BUS 2 

5-86

8 9 

APPROX USE 

LENGTH FIND 

(INCHES) NO. 

055 

055 

055 

055 



1 

WIRE 

NO. 

AF DATA 

AF DATA 

AF DATA 

AF DATA 

AF DATA 

AF DATA 

AF DATA 

AF DATA 

AF DATA 

AF DATA 

AF DATA 

AF DATA 

KEY DATA 

KEY DATA 

KEY DATA 

KEY DATA 

KEY DATA 

KEY DATA 

KEY DATA 

KEY DATA 

KEY DATA 

KEY DATA 

KEY DATA 

KEY DATA 

KEY DATA 

KEY DATA 

KEY DATA 

KEY DATA 

Table 5-20. System Wirelist - Front-Panel Interface Board (A15) (Cont) 

2 3 4 5 6 7 

WIRE RUNS 
FUNCTION 

COLOR SIZE NOTE NOTE ROUTING 
AWG FROM OR TO OR 

VIEW VIEW REMARKS 

CABLE ASSEM, RIBBON A 15 J1 - 5 A18A1 J1 - 5 rn 

CABLE ASSEM, RIBBON A 15 J1 - 6 A18A1 J1 - 6 m 

CABLE ASSEM, RIBBON A 15 J1 - 7 A18A1 J1 - 7 OVEN LED ANODE 

CABLE ASSEM, RIBBON A 15 J1 - 8 A18A1 J1 - 8 OVEN LED CATHODE 

CABLE ASSEM, RIBBON A 15 J1 - 9 A18A1 J1 - 9 DC LED CATHODE 

CABLE ASSEM, RIBBON A 15 J1 - 10 A 18A 1 J1 - 10 DC LED ANODE 

CABLE ASSEM, RIBBON A 15 J 1 - 11 A 18A 1 J 1 - 11 AC LED 

CABLE ASSEM, RIBBON A 15 J 1 - 12 A18A1 J1 - 12 ITT 

CABLE ASSEM, RIBBON A 15 J1 - 13 A18A1 J1 - 13 +5V 

CAllLE ASSEM, RIBBON A 15 J1 - 14 A18A1 J1 - 14 +5V 

CABLE ASSEM, RIBBON A 15 J1 - 15 A 18A 1 J1 - 15 GND 

CABLE ASSEM, RIBBON A 15 J1 - 16 A 18A 1 J1 - 16 GND 

CABLE ASSEM, RIBBON A 15 J2 - 1 A 18A 1 J2 - 1 ROW 4 

CABLE ASSEM, RIBBON A 15 J2 - 2 A18A1 J2 - 2 ROW 3 

CABLE ASSEM, RIBBON A15 J2 - 3 A18A1 J2 - 3 NC 

CABLE ASSEM, RIBBON A 15 J2 - 4 A18A1 J2 - 4 COLUMN 3 

CABLE ASSEM, RIBBON A 15 J2 - 5 A 18A 1 J2 - 5 ROW 1 

CABLE ASSEM, RIBBON A 15 J2 - 6 A18A 1 J2 - 6 ROW 2 

CABLE ASSEM, RIBBON A 15 J2 - 7 A18A1 J2 - 7 COLUMN 0 

CABLE ASSEM, RIBBON A 15 J2 - 8 A 18A 1 J2 - 8 COLUMN 1 

CABLE ASSEM, RIBBON A 15 J2 - 9 A18A1 J2 - 9 COLUMN 2 

CABLE ASSEM, RIBBON A 15 J2 - 10 A 18A 1 J2 - 10 ROW 0 

CABLE ASSEM, RIBBON A 15 J2 - 11 A18A1 J2 - 11 CSSG CONT 

CABLE ASSEM, RIBBON A 15 J2 - 12 A 18A 1 J2 - 12 CSSG BURST 

CABLE ASSEM, RIBBON A 15 J2 - 13 A18A 1 J2 - 13 POWER OFF 

CABLE ASSEM, RIBBON A 15 J2 - 14 A18A 1 J2 - 14 POWER ON 

CABLE ASSEM, RIBBON A 15 J2 - 15 A 18A 1 J2 - 15 MON/GEN 

CABLE ASSEM, RIBBON A 15 J2 - 16 A18A1 J2 - 16 SPARE BIT 

5-87

8 9 

APPROX USE 

LENGTH FIND 

(INCHES) NO. 

055 

055 

055 

055 

055 

055 

055 

055 

055 

055 

055 

055 

055 

055 

055 

055 

055 

055 

055 

055 

055 

055 

055 

055 

055 

055 

055 

055 



1 

WIRE 

NO. 

A 19008 

W4 

W4 

W4 

W4 

W4 

W4 

W4 

W4 

A16W1 

250 

250 

250 

1 

WIRE 

NO. 

RIBBON 

RIBBON 

RIBBON 

RIBBON 

RIBBON 

RIBBON 

RIBBON 

RIBBON 

RIBBON 

RIBBON 

RIBBON 

RIBBON 

RIBBON 

RIBBON 

RIBBON 

RIBBON 

RIBBON 

RIBBON 

RIBBON 

RIBBON 

RIBBON 

Table 5-2p. System Wirelist - Frequency-Standard Interface Board (A16) 

2 

COLOR SIZE 

AWG 

COAX ASSEMBLY 

RIBBON CABLE 

RIBBON CABLE 

RIBBON CABLE 

RIBBON CABLE 

RIBBON CABLE 

RIBBON CABLE 

RIBBON CABLE 

RIBBON CABLE 

COAX ASSEMBLY 

WHT TEF 22 

WHT TEF 22 

WHT TEF 22 

2 

COLOR SIZE 

AWG 

A 17 SYSTEM INTER 

A 17 SYSTEM INTER 

A 17 SYSTEM INTER 

A 17 SYSTEM INTER 

A 17 SYSTEM INTER 

A 17 SYSTEM INTER 

A 17 SYSTEM INTER 

A 17 SYSTEM INTER 

A 17 SYSTEM INTER 

A 17 SYSTEM INTER 

A 17 SYSTEM INTER 

A 17 SYSTEM INTER 

A 17 SYSTEM INTER 

A 17 SYSTEM INTER 

A 17 SYSTEM INTER 

A 17 SYSTEM INTER 

A 17 SYSTEM INTER 

A 17 SYSTEM INTER 

A 17 SYSTEM INTER 

A 17 SYSTEM INTER 

A 17 SYSTEM INTER 

3 4 5 6 7 

WIRE RUNS 
FUNCTION 

NOTE NOTE ROUTING 
FROM OR TO OR 

VIEW VIEW 
REMARKS 

A16 J1 A 19 E15 10 MHZ REF 

A 16 J2 -1 A19J16-1 FREQ STD SUPPLY 

A 16 J2 -2 A 19 J16 -2 GND 

A 16 J2 -3 A 19 J16 -3 NC 

A16 J2 -4 A 19 J16 -4 NC 

A 16 J2 -5 A 19 J16 -5 OVEN LED ANODE 

A 16 J2 -6 A 19 J16 -6 OVEN LED CATHODE 

A 16 J2 -7 A 19 J16 -7 NC 

A 16 J2 -8 A 19 J 16 -8 +12V

A 16 E18 J17 10 MHZ IN/OUT 

A16 E1 TCXO -1 10 MHZ STD + 9V 

A16 E2 TCXO -2 GND 

A16 E3 TCXO -3 10 MHZ STD OUT 

Table 5-2q. System Wirelist - RF Input Module (Al 7) 

3 4 5 6 7 

WIRE RUNS 
FUNCTION 

NOTE NOTE ROUTING 
FROM OR TO OR 

VIEW VIEW REMARKS 

A17P1-1 A 19 J 17 -1 +5V

A17P1-2 A19J17-2 -5V

A17P1-3 A 19 J17 -3 +33V 

A17P1-4 A 19 J17 -4 OFFSET ON/OFF 

A17P1-5 A 19 J17 -5 OFFSET A TTEN EN 

A17 P1 -6 A 19 J17 -6 DATA CLOCK 

A17P1-7 A 19 J17 -7 DATA LATCH 

A17P1-8 A 19 J17 -8 OFFSET DATA 

A17P1-9 A 19 J17 -9 ANT EN 

A 17 P1 -10 A 19 J17 -10 RF INPUT PWR 

A 17 P1 -11 A19 J17 -11 GND 

A 17 P1 -12 A 19 J17 -12 GND 

A 17 P1 -13 A19 J17 -13 0.01 - 1 AGC 

A17P1-14 A 19 J17 -14 AM MOD + DC REF (0) 

A 17 P1 -15 A19 J17 -15 EXT FWD PWR 

A 17 P1 -16 A19 J17 -16 WB AMP LO/HI 

A 17 P1 -17 A 19 J17 -17 EXT REF PWR 

A17P1-18 A19 J17 -18 OFFSET MOD 

A17P1-19 A 19 J17 -19 DSBSC MOD 

A17P1-20 A19 J17 -20 RF OVER TEMP 

A17P1-21 A19J17-21 CARRIER + MOD LVL 

5-88

8 9 

APPROX USE 

LENGTH FIND 

(INCHES) NO. 

8 

W004 

W004 

W004 

W004 

W004 

W004 

W004 

W004 

W001 

2.75 6 

2.75 6 

2.75 6 

8 9 

APPROX USE 

LENGTH FIND 

(INCHES) NO. 

W001 

W001 

W001 

W001 

W001 

W001 

W001 

W001 

W001 

W001 

W001 

W001 

W001 

W001 

W001 

W001 

W001 

W001 

W001 

W001 

W001 



1 

WIRE 

NO. 

RIBBON 

RIBBON 

RIBBON 

RIBBON 

RIBBON 

RIBBON 

RIBBON 

RIBBON 

RIBBON 

RIBBON 

RIBBON 

RIBBON 

RIBBON 

RIBBON 

RIBBON 

RIBBON 

RIBBON 

RIBBON 

RIBBON 

RIBBON 

RIBBON 

RIBBON 

RIBBON 

RIBBON 

RIBBON 

RIBBON 

RIBBON 

RIBBON 

RIBBON 

A17W1 

A17W2 

W3 

W2 

A17W4 

A17A2W1 

520 

522 

523 

524 

525 

526 

527 

528 

529 

530 

531 

Table 5-2q. System Wirelist - RF Input Module (Al 7) (Cont) 

2 3 4 5 6 7 

WIRE RUNS 
FUNCTION 

COLOR SIZE NOTE NOTE ROUTING 
AWG FROM OR TO OR 

VIEW VIEW REMARKS 

A 17 SYSTEM INTER A17 P1 - 22 A19 J17 - 22 MOD + DSB/GEN 

A 17 SYSTEM INTER A17 P1 - 23 A19 J17 - 23 +12V 

A 17 SYSTEM INTER A17 P1 - 24 A19 J17 - 24 -12V 

A 17 SYSTEM INTER A 17 P1 - 25 A19 J17 - 25 NC 

A 17 SYSTEM INTER A17 P1 -26 A19 J17 - 26 NC 

A 17 SYSTEM INTER A 17 P1 - 27 A19 J17 - 27 NC 

A 17 SYSTEM INTER A17 P1 - 28 A19 J17 -28 NC 

A 17 SYSTEM INTER A17 P1 - 29 A19 J17 - 29 NC 

A 17 SYSTEM INTER A 17 P1 - 30 A19 J17 - 30 NC 

A 17 SYSTEM INTER A 17 P1 - 31 A19 J17 - 31 NC 

A 17 SYSTEM INTER A17 P1 - 32 A19 J17 - 32 NC 

A 17 SYSTEM INTER A 17 P1 -33 A19 J17 - 33 NC 

A 17 SYSTEM INTER A17 P1 - 34 A19 J17 - 34 NC 

A 17 SYSTEM INTER A17 P1 - 35 A19 J17 -35 NC 

A 17 SYSTEM INTER A 17 P1 -36 A19 J17 -36 NC 

A 17 SYSTEM INTER A 17 P1 -37 A19 J17 -37 NC 

A 17 SYSTEM INTER A17 P1 -38 A19 J17 -38 NC 

A 17 SYSTEM INTER A17 P1 - 39 A19 J17 - 39 GND 

A 17 SYSTEM INTER A17 P1 - 40 A19 J17 -40 NC 

A 17 SYSTEM INTER A17 P1 -41 A19 J17 - 41 NC 

A 17 SYSTEM INTER A17 P1 - 42 A19 J17 -42 NC 

A 17 SYSTEM INTER A17 P1 - 43 A19 J17 - 43 NC 

A 17 SYSTEM INTER A17 P1 - 44 A19 J17 - 44 NC 

A 17 SYSTEM INTER A17 P1 -45 A19 J17 - 45 NC 

A 17 SYSTEM INTER A17 P1 -46 A19 J17 - 46 NC 

A 17 SYSTEM INTER A17 P1 -47 A19 J17 - 47 NC 

A 17 SYSTEM INTER A17 P1 - 48 A19 J17 - 48 NC 

A 17 SYSTEM INTER A17 P1-49 A19 J17 - 49 NC 

A 17 SYSTEM INTER A17 P1 -50 A19 J17 - 50 NC 

COAX ASSEMBLY A17 J2 A17AT1 J1 STEP ATTEN IN/OUT 1 

COAX ASSEMBLY A17 J3 A17 JB ANTENNA 

COAX ASSEMBLY A17 J4 A9 J1 SYNTH RF 

COAX ASSEMBLY A17 J5 AB J1 10.7 MHZ IF 

COAX ASSEMBLY A17 JS A17 J9 DUPLEX OUTPUT 

COAX ASSEMBLY A17A2 J1 A17AT1 J2 STEP ATTEN IN/OUT 2 

WHT TEF 22 A17A4 -E1 S1 -15 +5V 

A17A4 - E2 NC 

WHT TEF 22 A17A4 - E3 A17A3 -P5 +33V

WHT TEF 22 A17A4 - E4 A17 S2 - 2 OFFSET ON/OFF 

WHT TEF 22 A17A4 -E5 A17A3 - P9 OFFSET ATTEN EN 

WHT TEF 22 A17A4 -ES A17A3 -P1 DATA CLOCK 

WHT TEF 22 A17A4 -E7 A17A3 - P3 DATA LATCH 

WHT TEF 22 A17A4 -EB A17A3 -P2 OFFSET DATA 

WHT TEF 22 A17A4 - E9 A17A1 - PS ANT EN 

WHT TEF 22 A17A4 - E10 A17A1 - P2 RF INPUT PWR 

WHT TEF 22 A17A4 -E11 A17A1 -E1 GND 

WHT TEF 22 A17A4 - E12 A17A1 -E1 GND 

5-89

8 9 

APPROX USE 

LENGTH FIND 

(INCHES) NO. 

W001 

W001 

W001 

W001 

W001 

W001 

W001 

W001 

W001 

W001 

W001 

W001 

W001 

W001 

W001 

W001 

W001 

W001 

W001 

W001 

W001 

W001 

W001 

W001 

W001 

W001 

W001 

W001 

W001 

W001 

W002 

W003 

W002 

W004 

W001 

16.15 

16.75 

18.20 

14.90 

18.50 

17.25 

17.10 

13.70 

16.75 

14.25 

14.25 



1 

WIRE 
NO. 

532 

533 

534 

535 

536 

537 

538 

539 

540 

541 

542 

543 

544 

545 

546 

547 

548 

549 

550 

551 

552 

553 

554 

555 

556 

557 

558 

560 

561 

562 

563 

564 

1 

WIRE 
NO. 

2 

COLOR 

WHT TEF 22 

WHT TEF 22 

WHT TEF 22 

WHT TEF 22 

WHT TEF 22 

WHT TEF 22 

WHT TEF 22 

WHT TEF 22 

WHT TEF 22 

WHT TEF 22 

WHT TEF 22 

WHT TEF 22 

WHT TEF 22 

WHT TEF 22 

WHT TEF 22 

WHT TEF 22 

WHT TEF 22 

WHT TEF 22 

WHT TEF 22 

WHT TEF 22 

WHT TEF 22 

WHT TEF 22 

WHT TEF 22 

WHT TEF 22 

WHT TEF 22 

WHT TEF 22 

WHT TEF 22 

WHT TEF 22 

WHT TEF 22 

WHT TEF 22 

WHT TEF 22 

WHT TEF 22 

2 

Table 5-2q. System Wirelist - RF Input Module (Al 7) (Cont) 

SIZE 
AWG 

3 

FROM 

A 17A4 -E13 

A17A4 -E14 

A17A4 -E15 

A17A4 -E16 

A17A4 -E17 

A17A4 -E18 

A17A4 -E19 

A17A4 -E20 

A 17A4 -E21 

A17A4 -E22 

A17A4 -E23 

A17A4 -E24 

A17A4 -E25 

A17A4 -E26 

A17A4 -E27 

A17A4 -E28 

A17A4 -E29 

A17A4 -E30 

A17A4 -E31 

A17A4 -E32 

A17A4 -E33 

A17A4 -E34 

A17A4 -E35 

A 17A4 -E36 

A 17A4 -E37 

A 17A4 -E38 

A17A4 -E39 

A 17 -C10 

A 17 -C9 

A17 -C9 

A17 -FL7 

A 17 -E3 

4 5 

WIRE RUNS 

NOTE 
OR TO 

VIEW 

A17A2 - PS 

A17A2 - P7 

A17 J7 -C6 

A17A2 -P5 

A17 J7 -C7 

A17A3 -P4 

A17A2 -P10 

A17A1 -P4 

A17A2 -PB 

A17A2 -P4 

A17A3 -P7 

A17A1 -P1 

A17S1-4 

A17S1-5 

A 17 S1 -6 

A17S1-7 

A17S1-8 

A17 S1 -9 

A 17 S1 -10 

A17S1-11 

A 17 S1 -12 

A 17 S1 -13 

A 17 S1 -14 

A17S1-1 

A17S1-2 

A17S1-3 

A17 E2 

A 17 S1 -15 

A 17 FL 1 

A17 C3 

A 17 C1 

A 17 S2 -1 

6 7 

FUNCTION 
NOTE ROUTING 
OR 

VIEW REMARKS 

0.01 - 1 AGC 

AM MOD + D C  REF (0) 

EXT F WD PWR 

WB AMP HI/LO 

EXT RFL PWR 

OF FSET MOD 

DSBSC MOD 

OV ER TEMP 

CARRIER + MOD LVL 

MON + DSB /GEN 

+ 12V 

-12V 

130 DB 

120 DB 

110 DB 

100 DB 

90 DB 

80 DB 

70 DB 

60 DB 

50 DB 

40 DB 

30 DB 

20 DB 

10 DB 

0 DB 

GND 

+5V

+12V 

+ 12V 

-12V 

GND 

Table 5-2r. System Wirelist - Front Panel Assembly (A18) 

3 4 5 6 7 

WIRE RUNS FUNCTION 
COLOR SIZE NOTE NOTE ROUTING 

AWG FROM OR TO OR 
REMARKS VIEW VIEW 

RIGHT FLEX, SCOPE A 18 P/0 P1 -1 A 19 P1 -1 +33V 

RIGHT FLEX, SCOPE A 18 P/0 P1 -2 A 19 P1 -2 NC 

RIGHT FLEX, SCOPE A18 P/O P1-3 A 19 P1 -3 GND 

RIGHT FLEX, SCOPE A 18 P/0 P1 -4 A 19 P1 -4 NC 

5-90

8 9 

APPROX USE 
LENGTH FINO 

(INCHES) NO. 

3.25 

4.00 

13.30 

3.65 

13.65 

15.90 

5.35 

16.75 

4.50 

3.50 

3.85 

5.20 

15.00 

15.25 

15.25 

15.75 

16.12 

16.25 

14.75 

14.25 

13.25 

13.00 

12.87 

13.50 

13.37 

13.75 

3.25 

12.75 

16.45 

5.00 

19.25 

5.80 

8 9 

APPROX USE 
LENGTH FIND, 

(INCHES) NO. 

034 

034 

034 

034 



1 

WIRE 

ND. 

Table 5-2r. System Wirelist - Front Panel Assembly (A18) 

2 3 4 5 6 7 

WIRE RUNS 
FUNCTION 

COLOR SIZE NOTE NOTE ROUTING 
AWG FROM OR TO DR 

VIEW VIEW 
REMARKS 

RIGHT FLEX, SCOPE A 18 P/0 P1 - 1 
. 

A 19 P1 - 1 +33V

RIGHT FLEX, SCOPE A 18 P/0 P1 - 2 A 19 P1 - 2 NC 

RIGHT FLEX, SCOPE A18 P/0 P1 - 3 A 19 P1 -3 GNO

RIGHT FLEX, SCOPE A18 P/0 P1 - 4 A19 P1 - 4 NC

RIGHT FLEX, SCOPE A18 P/0 P1 -5 A 19 P1 - 5 ANT SEL

RIGHT FLEX, SCOPE A18 P/0 P1 - 6 A19 P1 - 6 NC 

RIGHT FLEX, SCOPE A 18 P/0 P1 - 7 A19 P1 - 7 GND

RIGHT FLEX, SCOPE A 18 P/0 P1 - 8 A19 P1 - 8 5 voe+ AM MOD

RIGHT FLEX, SCOPE A18 P/0 P1 - 9 A19 P1 -9 AM MOD + DC REF (I)

RIGHT FLEX, SCOPE A18 P/0 P1 - 10 A19 P1 - 10 FOCUS LVL

RIGHT FLEX, SCOPE A18 P/0 P1 - 11 A19 P1 - 11 INTENSITY LVL

RIGHT FLEX, SCOPE A18 P/0 P1 - 12 A19 P1 - 12 -5V

RIGHT FLEX, SCOPE A18 P/0 P1 - 13 A19 P1 - 13 +5V

RIGHT FLEX, SCOPE A18 P/0 P1 -14 A 19 P1 -14 NC

RIGHT FLEX, SCOPE A18 P/0 P1 -15 A 19 P1 - 15 +BV

RIGHT FLEX, SCOPE A18 P/0 P1 - 16 A 19 P1 - 16 SWP VERNIER VOLT

RIGHT FLEX, SCOPE A18 P/0 P1 - 17 A19 P1 - 17 DISPERSION SWP RTN

RIGHT FLEX, SCOPE A18 P/0 P1 - 18 A 19 P1 - 18 DISPERSION SWP RTN

RIGHT FLEX, SCOPE A18 P/0 P1 -19 A 19 P1 -19 SYNTH SWP

RIGHT FLEX, SCOPE A18 P/0 P1 -20 A19 P1 -20 SYNTH SWP

RIGHT FLEX, SCOPE A18 P/0 P1 - 21 A19P1-21 DISPERSION SWP

RIGHT FLEX, SCOPE A18 P/0 P1 - 22 A19 P1 - 22 DISPERSION SWP

RIGHT FLEX, SCOPE A18 P/0 P1 -23 A19 P1 -23 -5V

RIGHT FLEX, SCOPE A18 P/0 P1 -24 A19 P1 -24 -5V

RIGHT FLEX, SCOPE A18 P/0 P1 - 25 A19 P1 - 25 HORIZ POS

RIGHT FLEX, SCOPE A18 P/0 P1 - 26 A 19 P1 - 26 HORIZ POS

RIGHT FLEX. SCOPE A18 P/0 P1 - 27 A 19 P1 - 27 NC

RIGHT FLEX, SCOPE A18 P/0 P1 - 28 A 19 P1 - 28 NC

RIGHT FLEX, SCOPE A18 P/0 P1 -29 A 19 P1 - 29 +5v

RIGHT FLEX, SCOPE A18 P/0 P1 -30 A19 P1 -30 +sv

RIGHT FLEX, SCOPE A18 P/0 P1 - 31 A 19 P1 -31 GND

RIGHT FLEX, SCOPE A18 P/0 P1 -32 A 19 P1 -32 GND

RIGHT FLEX, SCOPE A18 P/0 P1 - 33 A 19 P1 -33 NC

RIGHT FLEX, SCOPE A18 P/0 P1 - 34 A 19 P1 -34 AUTO/NORM TRIG

RIGHT FLEX, SCOPE A18 P/0 P1 -35 A19 Pl-35 -5V

RIGHT FLEX, SCOPE A18 P/0 P1 - 36 A 19 P1 -36 -5V

RIGHT FLEX, SCOPE A18 P/0 P1 -37 A 19 P1 -37 TRIG LVL

RIGHT FLEX, SCOPE A18 P/0 P1 -38 A19 P1 -38 TRIG LVL

RIGHT FLEX, SCOPE A18 P/0 P1 -39 A 19 P1 -39 VERT POS

RIGHT FLEX, SCOPE A18 P/0 P1 - 40 A 19 P1 -40 VERT POS

RIGHT FLEX, SCOPE A18 P/0 P1 - 41 A 19 P1 -41 VERT GAIN

RIGHT FLEX, SCOPE A18 P/0 Pl - 42 A19 P1 -42 VERT GAIN

RIGHT FLEX, SCOPE A18 P/0 P1 - 43 A19 P1 - 43 VERT GAIN RTN

RIGHT FLEX, SCOPE A18 P/0 P1 -44 A19 P1 -44 VERT GAIN RTN

RIGHT FLEX, SCOPE A18 P/0 P1 -45 A19 P1 -45 OPTICAL ENC A

5-91

8 9 

APPROX USE 

LENGTH FIND 

(INCHES) NO. 

034 

034 

034 

034 

034 

034 

034 

034 

034 

034 

034 

034 

034 

034 

034 

034 

034 

034 

034 

034 

034 

034 

034 

034 

034 

034 

034 

034 

034 

034 

034 

034 

034 

034 

034 

034 

034 

034 

034 

034 

034 

034 

034 

034 

034 



1 

WIRE 

NO. 

Table 5-2r. System Wirelist - Front Panel Assembly (A18) (Cont) 

2 3 4 5 6 7 

WIRE RUNS 
FUNCTION 

COLOR SIZE NOTE NOTE ROUTING 
AWB FROM OR TD OR 

VIEW VIEW REMARKS 

RIGHT FLEX, SCOPE A18 P/0 P1 -46 A19 P1 -46 NC 

RIGHT FLEX. SCOPE A18 P/0 P1 -47 A19 P1 -47 OPTICAL ENC B 

RIGHT FLEX, SCOPE A18 P/0 P1 -48 A19 P1 -48 NC 

RIGHT FLEX, SCOPE A18 P/0 P1 -49 A19 P1 -49 10V /DIV RNG SEL 

RIGHT FLEX. SCOPE A18 P/0 P1 -50 A19 P1 -50 10V /DIV RNG SEL 

RIGHT FLEX. SCOPE A18 P/0 P1 -51 A19P1-51 1V /DIV RNG SEL 

RIGHT FLEX, SCOPE A18 P/0 P1 -52 A19 P1 -52 1V /DIV RNG SEL 

RIGHT FLEX, SCOPE A18 P/0 P1 -53 A 19 P1 -53 0.1V /DIV RNG SEL 

RIGHT FLEX, SCOPE A18 P/0 P1 -54 A19 P1 -54 0.1V /DIV RNG SEL 

RIGHT FLEX, SCOPE A18 P/0 P1 -55 A19 P1 -55 GND 

RIGHT FLEX, SCOPE A18 P/0 P1 -56 A19 P1 -56 GND 

RIGHT FLEX. SCOPE A18 P/0 P1 -57 A19 P1 -57 0.01V/DIV RNG SEL 

RIGHT FLEX, SCOPE A18 P/0 P1 -58 A19 P1 -58 0.01V/DIV RNG SEL 

RIGHT FLEX, SCOPE A18 P/0 P1 -59 A19 P1 -59 HORIZ INPUT 

RIGHT FLEX, SCOPE A18 P/0 P1 -60 A 19 P1 -60 HORIZ INPUT 

LEFT FLEX, DISPLAY A 18 P/0 P2 -1 A19 P2 -1 +12V

LEFT FLEX, DISPLAY A 18 P/0 P2 -2 A19 P2 -2 SQUELCH LVL 

LEFT FLEX, DISPLAY A 18 PIO P2 -3 A19 P2 -3 VOL CNTL AUDIO RTN 

LEFT FLEX, DISPLAY A 18 PIO P2 -4 A19 P2 -4 VOL CNTL AUDIO 

LEFT FLEX, DISPLAY A18 P/0 P2 -5 A19P2-5 WB/NB 

LEFT FLEX, DISPLAY A18 P/0 P2 -6 A19P2-6 NC 

LEFT FLEX, DISPLAY A18 P/0 P2 -7 A19P2-7 EXT HORIZ SEL 

LEFT FLEX, DISPLAY A 18 P/0 P2 -8 A19P2-8 100 MS/DIV SWP SEL 

LEFT FLEX, DISPLAY A18 P/0 P2 -9 A19P2-9 10 MS/DIV SWP SEL 

LEFT FLEX, DISPLAY A18 PIO P2 -10 A18 P2 -10 1 MS/DIV SWP SEL 

LEFT FLEX, DISPLAY A18 P/0 P2 -11 A19 P2 -11 100 µS/DIV SWP SEL 

LEFT FLEX, DISPLAY A18 P/0 P2 -12 A19 P2 -12 10 µS/DIV SWP SEL 

LEFT FLEX, DISPLAY A18 P/0 P2 -13 A19 P2 -13 1 µS/DIV SWP SEL 

LEFT FLEX, DISPLAY A18 P/0 P2 -14 A19 P2 -14 NC 

LEFT FLEX, DISPLAY A18 P/0 P2 -15 A19 P2 -15 +5V

LEFT FLEX, DISPLAY A18 P/0 P2 -16 A19 P2 -16 GND 

LEFT FLEX, DISPLAY A18 P/0 P2 -17 A19 P2 -17 SIG PRES LED 

LEFT FLEX, DISPLAY A18 P/0 P2 -18 A19 P2 -18 BFO FREQ CNTL 

LEFT FLEX, DISPLAY A18 P/0 P2 -19 A19 P2 -19 GND 

LEFT FLEX, DISPLAY A18 P/0 P2 -20 A19 P2 -20 GND 

LEFT FLEX, DISPLAY A18 P/0 P2 -21 A 19 P2 -21 MON/GEN 

LEFT FLEX, DISPLAY A18 P/0 P2 -22 A19 P2 -22 NC 

LEFT FLEX, DISPLAY A18 P/0 P2 -23 A19 P2 -23 IMAGE HI/LO 

LEFT FLEX, DISPLAY A18 P/0 P2 -24 A19 P2 -24 NC 

LEFT FLEX, DISPLAY A18 P/0 P2 -25 A19P2-25 NC 

LEFT FLEX, DISPLAY A18 P/0 P2 -26 A19 P2 -26 NC 

LEFT FLEX, DISPLAY A18 P/0 P2 -27 A19 P2 -27 HDST AUDIO 

LEFT FLEX, DISPLAY A18 P/0 P2 -28 A19 P2 -28 NC 

LEFT FLEX, DISPLAY A18 P/0 P2 -29 A19 P2 -29 MIC INPUT 

LEFT FLEX, DISPLAY A18 P/0 P2 -30 A19P2-30 NC 

LEFT FLEX, DISPLAY A18 P/0 P2 -31 A 19 P2 -31 NC 

LEFT FLEX, DISPLAY A18 P/0 P2 -32 A19P2-32 NC 

5-92

8 9 

APPROX USE 

LENGTH FIND 

(INCHES) NO. 

034 

034 

034 

034 

034 

034 

034 

034 

034 

034 

034 

034 

034 

034 

034 

033 

033 

033 

033 

033 

033 

033 

033 

033 

033 

033 

033 

033 

033 

033 

033 

033 

033 

033 

033 

033 

033 

033 

033 

033 

033 

033 

033 

033 

033 

033 

033 



1 

WIRE 

NO. 

A18055 

A18055 

A18055 

A18055 

A18055 

A18055 

A18055 

A18055 

A18055 

A 18055 

A18055 

A18055 

A 18055 

A 18055 

A 18055 

A 18055 

A18055 

A 18055 

A18055 

Table 5-2r. System Wirelist - Front Panel Assembly (A18) (Cont) 

2 3 4 5 6 7 

WIRE RUNS 
FUNCTION 

COLOR SIZE NOTE NOTE ROUTING 
AWG FROM OR TO DR 

VIEW VIEW REMARKS 

LEFT FLEX, DISPLAY A18 P/0 P2 -33 A 19 P2 -33 NC 

LEFT FLEX, DISPLAY A18 P/0 P2 -34 A 19 P2 -34 NC 

LEFT FLEX, DISPLAY A 18 P /0 P2 -35 A19 P2 -35 NC 

LEFT FLEX, DISPLAY A 18 P /0 P2 -36 A 19 P2 -36 NC 

LEFT FLEX, DISPLAY A18 P/0 P2 -37 A 19 P2 -37 NC 

LEFT FLEX, DISPLAY A 18 P/0 P2 -38 A 19 P2 -38 NC 

LEFT FLEX, DISPLAY A18 P/0 P2 -39 A 19 P2 -39 NC 

LEFT FLEX, DISPLAY A 18 P /0 P2 -40 A19 P2 -40 NC 

LEFT FLEX, DISPLAY A18 P/0 P2 -41 A 19 P2 -41 NC 

LEFT FLEX, DISPLAY A18P/OP2-42 A 19 P2 -42 NC 

LEFT FLEX, DISPLAY A18 P/0 P2 -43 A19 P2 -43 NC 

LEFT FLEX, DISPLAY A18 P/0 P2 -44 A19 P2 -44 NC 

LEFT FLEX, DISPLAY A 18 P/0 P2 -45 A19 P2 -45 NC 

LEFT FLEX, DISPLAY A 18 P /0 P2 -46 A19 P2 -46 NC 

LEFT FLEX, DISPLAY A18 P/0 P2 -47 A 19 P2 -47 INT MOD (I) 

LEFT FLEX, DISPLAY A 18 P/0 P2 -48 A19 P2 -48 INT MOD (I) 

LEFT FLEX. DISPLAY A 18 P /0 P2 -49 A19 P2 -49 INT MOD RTN (I) 

LEFT FLEX, DISPLAY A 18 P/0 P2 -50 A 19 P2 -50 INT MOD RTN (I) 

LEFT FLEX, DISPLAY A18 P/0 P2 -51 A 19 P2 -51 GND 

LEFT FLEX, DISPLAY A 18 P /0 P2 -52 A19 P2 -52 GND 

LEFT HEX. DISPLAY A18P/OP2-53 A 19 P2 -53 1 KHZ S INE RTN (I) 

LEFT FLEX, DISPLAY A 18 P/0 P2 -54 A19 P2 -54 1 KHZ S INE RTN (I) 

LEFT FLEX, DISPLAY A18 P/0 P2 -55 A 19 P2 -55 1 KHZ S INE (I) 

LEFT FLEX, DISPLAY A18P/OP2-56 A19 P2 -56 EXT MOD RTN (I) 

LEFT FLEX, DISPLAY A 18 P/0 P2 -57 A19 P2 -57 +5V

LEFT FLEX, DISPLAY A 18 P/0 P2 -58 A 19 P2 -58 EXT MOD (I) 

LEFT FLEX, DISPLAY A 18 P /0 P2 -59 A19 P2 -59 GND 

LEFT FLEX, DISPLAY A18 P/0 P2 -60 A 19 P2 -60 GND 

RIBBON CABLE A18A1 J1 -1 A 15 J 1 -1 AF DATA BUS 0 

RIBBON CABLE A18A1 J1 -2 A 15 J 1 -2 AF DATA BUS 1 

RIBBON CABLE A18A1 J1 -3 A 15 J1 -3 AF DATA BUS 3 

RIBBON CABLE A18A1J1-4 A15 J1 -4 AF DATA BUS 2 

RIBBON CABLE A18A1 J1 -5 A 15 J 1 -5 ITT 

RIBBON CABLE A18A1J1-6 A15J1-6 ITT 

RIBBON CABLE A 18A 1 J1 -7 A 15 J 1 -7 OVEN LED ANODE 

RIBBON CABLE A18A1 J1 -8 A 15 J 1 -8 OVEN LED CATHODE 

RIBBON CABLE A18A1 J1 -9 A 15 J 1 -9 DC LED CATHODE 

RIBBON CABLE A 18A 1 J1 -10 A 15 J 1 -10 DC LED ANODE 

RIBBON CABLE A18A1 J1 -11 A 15 J 1 -11 AC LED 

RIBBON CABLE A 18A 1 J1 -12 A 15 J 1 -12 LS 0 

RIBBON CABLE A18A1 J1 -13 A 15 J1 -13 +5V 

RIBBON CABLE A 18A 1 J 1 -14 A 15 J1 -14 +5V

RIBBON CABLE A18A1J1-15 A 15 J1 -15 GND 

RIBBON CABLE A18A1 J1 -16 A 15 J1 -16 GND 

RIBBON CABLE A 18A 1 J2 -1 A 15 J2 -1 ROW 4 

RIBBON CABLE A18A1 J2 -2 A 15 J2 -2 ROW 3 

RIBBON CABLE A18A 1 J2 -3 A 15 J2 -3 NC 
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APPROX USE 

LENGTH FIND 

(INCHES ) NO. 

033 

033 

033 

033 

033 

033 

033 

033 

033 

033 

033 

033 

033 

033 

033 

033 

033 

033 

033 

033 

033 

033 

033 

033 

033 

033 

033 

033 

055 

055 

055 

055 

055 

055 

055 

055 

055 

055 

055 

055 

055 

055 

055 

055 

055 

055 

055 



1 2 

WIRE COLOR 

NO. 

A18055 RIBBON CABLE 

A18055 RIBBON CABLE 

A18055 RIBBON CABLE 

A 18055 RIBBON CABLE 

A18055 RIBBON CABLE 

A18055 RIBBON CABLE 

A18055 RIBBON CABLE 

A18055 RIBBON CABLE 

A18055 RIBBON CABLE 

A18055 RIBBON CABLE 

A 18055 RIBBON CABLE 

A18055 RIBBON CABLE 

A 18055 RIBBON CABLE 

W5 RIBBON CABLE 

W5 RIBBON CABLE 

W5 RIBBON CABLE 

W5 RIBBON CABLE 

W5 RIBBON CABLE 

W5 RIBBON CABLE 

W5 RIBBON CABLE 

W5 RIBBON CABLE 

COAX CABLE 

COAX CABLE 

COAX CABLE 

COAX CABLE 

Table 5-2r. System Wirelist - Front Panel Assembly (A18) (Cont) 

3 4 5 6 7 

WIRE RUNS 
FUNCTION 

SIZE NOTE NOTE ROUTING AWG FROM OR TD OR 

VIEW VIEW REMARKS 

. 

A18A1 J2 -4 A15 J2 -4 COLUMN 3 

A18A1 J2 -5 A15J2-5 ROW 1 

A18A1 J2 -6 A15 J2 -6 ROW 2 

A18A1 J2 -7 A15 J2 -7 COLUMN 0 

A18A1 J2 -8 A15 J2 - 8 COLUMN 1 

A18A1 J2 -9 A15 J2 -9 COLUMN 2 

A18A1 J2 -10 A15 J2 -10 ROW 0 

A18A1 J2 -11 A15 J2 -11 CSSG CONT 

A18A1 J2 - 12 A15 J2 -12 CSSG BURST 

A18A1 J2 -13 A15 J2 -13 POWER OFF 

A18A1 J2 -14 A15 J2 -14 POWER ON 

A18A1 J2 -15 A15 J2 -15 MON/GEN 

A18A1 J2 -16 A15 J2 -16 SPARE BIT 

A18A1 J4 -1 A18A2 J3 -1 CSSG BURST EN 

A18A1 J4 -2 A18A2 J3 -2 GND 

A18A1 J4 -3 A18A2 J3 -3 GND 

A18A1 J4 -4 A18A2 J3 -4 NC 

A18A1 J4 -5 A18A2 J3 -5 MON/GEN 

A18A1 J4 -6 A18A2 J3 -6 POWER ON EN 

A18A1 J4 - 7 A18A2 J3 -7 POWER OFF EN 

A18A1 J4 - 8 A18A2 J3 - 8 CSSG CONT EN 

A18 J3 A19 E1 EXT MOD IN 

A18 J4 A19 E2 MOD OUT 

A18 J6 A19 E3 DEMOD OUT 

A18 J7 A19 EB EXT INPUT 
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APPROX USE 

LENGTH FINO 

(INCHES) NO. 

055 

055 

055 

055 

055 

055 

055 

055 

055 

055 

055 

055 

055 

052 

052 

052 

052 

052 

052 

052 

052 

005 

005 

006 

005 
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TRACK CUTTll6 IN F!lliNl'ITION 

CU T  TRACK 

(rRON T CF BMRO l  

TIWK C UTT IN:, CIET AI L  FOR V IEW B 

L /iP  SOI. DER

VIEW g 
� OETAIL Ni!,JlV [.  RlR TMC K C IJTTIIG 1 �14,1\ netl

36930
- 99A 

Fi nd Qty. 
No. Req. 

00 5  3 

0 06 

00 7  
00 8  
C 001 
C 002 
DS001 
DS002 
J 0 0 1  
J 0 0 2  
J 0 03 
J 0 0 4  
J 0 0 5  
J 0 06 
J 0 0 7  
J 0 0 8  
J 009 
J 010 
J 01 1  
J 0 1 2  
J 013 
J 0 14  
J 01 5  
J 01 6  
J 017 
J 0 1 8  
R 00 1  
R 0 02 
RV001 
RV0 02 
S 0 0 1  

005 

0 0 6

SY S TE M  M O THE R BOAR D  (A 19) 

Part No. No m enc latu r e

30-803438 9 7 C A B L E  A SS E M BLY 

30-8 0 3 43 8 9 8  CAB LE ASSEM8L Y 

3 0-8 0 3 4 389 9 CAB L E  ASSEMBLY 
3 0-8 0 34 4 801 CAB L E  ASSEMBLY 
21-8 0 3 4 48 3 8 CA P A CITO R
2 1-8 0 3 448 3 8  CAPACITO R
6 5-80339807 LA M P, N E O N
65-80339807 LAM P, N E O N
0 9-8 0 3 408 3 8 CONNECTO R  
0 9-8 0 3 408 41 CONNECTO R  
0 9-8 0 34 08 3 9 CONNECTO R  
09- 803408 39 CONN ECTOR 

0 9-8 0 3 408 3 9 CONNECTO R 

09-80 3 408 4 0 CONNECTOR 
09-8 0 3 408 4 3

CO NN EC
T

OR 

0 9-8 0 3 4084 1  CO NNECTOR 
09-80 3 40 841 C O NNECTOR 

0 9-80 3 4 084 1  CO N N
EC

TO R  
0 9-8 0 3 408 4 3 CONNECTO R  
0 9-8 0 3 4 084 3 CON N E CTO R
0 9-8 0 3 408 4 3 CONNECTOR 
0 9-8 0 3 4 084 3  CO N N E CTOR 
0 9-8 0 3 40843 CO N NECTO R  
0 9-8 0331 A9

5 S OCKET, SO LDER DIP 
28-8 0 3 4385 5 CO N N E CTOR 
0 9-8 033 1  A 96 S O C K ET, SOLDER  DIP 
0 6-00 1 24 A  11 R ES IS T O R  
06-0 01 2 4 A  11 RE SIS TOR 
06-8 0 339883 VA

RIS
TO

R 

06-80339883 VARISTOR 

4 0-8 03398 8 4  SWITCH 

Cabl e Assembl y  (A 18/A 19) 
30-8 0 3 4 3B9 7

2 8-8 0 3428 9 0 C ONN

EC T OR, BN C

Cab le As se mb ly (
A18J24/A 19E3) 

3 0-80 34 3B98 

28-80342890 
C

O NNE
C

TOR, 8NC 

Part Value 

A18/A19 

A18J24/A1 9 E3 

A 1 9 E6 /SPEAKER 
A19E15/A16J 1  
0 4 7 UF-1 0-1 0 0
0 4 7 U F-10-1 00 

8 P I N  

1 4  P IN 
2 7-5-1 /4 
2 7-5-1 /4 

S Y S T E M  MOTHERBOARD 
(
A 1 9

) 

Figu re  5
-
1a. Pri nted Wiring Bo ard As s embly 

and Par ts List (S heet 1 of 2) 
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SYSTEM MOTHERBOARD (A 19) 
Figure 5-1 b. Printed Wiring Board Assembly 

and Parts List (Sheet 2 of 2) 
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COMPONFNTS AND COMPONENT 

SIDE TRACK SHOWN IN BLACK 

SOLDER-SIDE TRACK SHOWN 

IN ORANGE 



6 PL 

84-7661 

Figure S-2a. Front Panel Chassiii Assembly - Had, View

SEE COMMUNICATIONS SYSTEM 
ANAL YZEA PARTS LIST 

Figure 5-2b. Front Panel Chassis Assembly - Top View, Cover Removed

Find 

No. 

003 

005 
006 
007 
011 
018 
019 
025 
026 
028 
031 
047 
050 
052 
F 001 
F 003 
J 014 
J 015 
J 016 

W 002 
W 003 

050 

001 
002 
008 
010 

W002 

P 001 

W003 

P 001 

018 

002 
V 001 

004 
005 
007 
013 
014 
015 
017 
019 
020 

Qty. 

Req. 

3 

1 
2 
2 

1 
2 
14 
1 
2 

2 

2 
AR 
2 
2 
2 
2 
2 
2 
2 

FRONT-PANEL CHASSIS ASSEMBLY FRONT· PANEL CHASSIS ASSEMBLY 

Figure 5-2a and b. Back and Top Views 

Part No. Nomenclature Part Value and Parts List 

03-8034 1 B37 SCREW.PH ASSEMBLED 6-32X.312 
WASHER 

75-80343B05 FOOT.TOP 
75-80343B06 FOOT.BOTTOM 
75-80343B07 FOOT.BATTERY HOLDER.LG 
42-80343B08 RETAINER 
50-83205 B03 SPEAKER 
55-80343B39 HANDLE 
61-80331 A44 WINDOW.EM! 
61-80381 A42 CR T GRAT IC LE 
38-80370A52 SEALING CAP 
09-80344B34 FUSE HOLDER. 250 VOLT 
04-80335A99 WASHER .156 
01-80341 B33 FAN ASSEMBLY 
42-80343B20 CLIP MOUNTING 
65-0001 0266 FUSE 250V-10A 
65-00020404 FUSE 250V-3A 
15-10811A07 CONNECTOR.BATTERY 4-PIN MALE 
09-80339B05 CONNECTOR. POWER INPUT 
09-80340B74 SOCKET.BLOWER 

CONNECTOR 
30-80344B11 CABLE ASSEMBLY A17J5 TO A8 
30-80344 B 12 CABLE ASSEMBLY A17J4 TO A9 

Fan Assembly 
01-80341 B33

59-80339B02 FAN 
35-80341 839 GUARD. FINGER 
30-80344B20 POWER CORD 
28-80343877 CONNECTOR. PLUG 

Cable Assembly 
30-80344B 11

09-80343B87 CONNECTOR 

Cable Assembly 
30-80344 B 12

09-80343B87 CONNECTOR 

Chassis System 

02-14048A02 NUT, PLATE .138-32 

CRT Assembly 

75-80335A51 ISOLATOR. REAR CRT 

96-80396A98 CATHODE RAY TUBE 

Cover, Front 

55-80335A90 STOCKER. TAKE-APART HINGE 
55-80340B49 HINGE. BUTT 
55-80340B76 CATCH. ONLY 
55-80343B69 RECEPTACLE. CLIP-ON 
55-80343B66 STUD, 114 TURN 
04-80343B68 WASHER 
42-80343B67 RETAINER SPLIT RING 
43-80342B28 SPACER. CATCH 
43-80342B29 SPACER. HINGE 
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COMMUNICATIONS 

SYSTEM ANALYZER 

Figure 5-3. Bottom View, Cover Removed, 
and Parts List 
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Pi!{urf' 5-3. Communications System Analyzer - Bottom View, Cover Removed

; 

--,-

·"'

Find Qty. 

No. Req. 

002 

003 , 

012 10 

018 2 

019 5 

040 4 

woo, 

W 004 

002 

003 2 

003 

001 , 

003 2 

W001 

002 

P 001 

P 002 

P 003 

002 

003 

004 

005 

006 

007 

008 

009 

001 

002 

001 

COMMUNICATIONS SYSTEM ANALYZER 

Part No. Nomenclature Part Value 

01-8034 1 B34 COVER ASSEMBLY.TOP 

01-80341829 COVER ASSEMBLY.BOTTOM 

03-80341 83 7 SCREW.PH ASSEMBLED 

WASHER 

43-80343B73 SPACER .2500 X 44L 

43-80343B76 STANDOFF 1;4· HEX 

04-80335A99 WASHER .156 

30-80344 610 CABLE ASSY.A 17 A4 TO A19J17 TO A19J18 

30-80344815 CABLE ASSEMBLY A16J16 TO A19J16 

Cover Assembly, Top 

01-80341834

75-80342826 FOOT 

Cover Assembly, Bottom 

01-80341829

1 5-80339B08 COVER BOTTOM 

75-80342826 FOOT 

Cable Assembly (A17A4) 

30-80344B 10

38-80343848 KEY. POLARIZING 

09-80343B5 7 CONNECTOR 

09-80343856 CONNECTOR 

28-8034384 7 CONNECTOR 

Front Cover Assembly Kit 

30-80336A36 CORD. LINE 

TEKA-24A ANTENNA 

15-80342B27 COVER CRT-SUN 

RTL-401 lA SCOPE PROBE 

RTM-40008 TEST MIKE 

RTL-40558 WATT METER ADAPTER 

54-80338A82 WARRANTY CARD 

68-80309A54 PPR CARD 

Accessory Kit 

15-10811A08 CONNECTOR.4 PIN 

15-10812A01 CLAMP 

Standard Connector Kit 

RTC-4032A PRINTED WIRING BOARD JUMPER CARD 
ASSY 



6.1 DESCRIPTION 

The High-Voltage Power Supply provides the CRT 
with bias and drive voltages. The power supply con
verts a nominal input voltage of 12.4 V de to output 
voltages of +4 kV and -2 kV. This power supply also 
contains control circuits for the CRT focus and inten
sity grids. 

WARNING 

The System Analyzer uses voltages of +4 kV 
and -2 kV in the High-Voltage Power Supply 
(Al) and near the cathode ray tube (CRT). 
Handle this monitor with extreme care to 
avoid electrical shock. 

A wirelist of the High-Voltage Power Supply is 
shown at the end of this section in Table 6-1, a block 
diagram in Figure 6-1, a schematic in Figure 6-2, the 
printed wiring board assembly and parts list in Figure 
6-3, and the assembly and parts list in Figure 6-4.

6.2 THEORY OF OPERATION 

6.2.1 VOLTAGE REGULATION CIRCUIT 

At the center tap of the high-voltage transformer, 
the chopper switches 9 V de through the transformer 
primary winding at the rate of 20 kHz. The drive sig
nals for the chopper originate in the Low-Voltage 
Power Supply's Control board (A4). One secondary 
transformer winding provides a CRT-heater voltage of 
6.3 Vac. The other transformer winding provides 1 kV, 
which is then doubled to 2 kV. This voltage is regu
lated by comparing a reference voltage of 6.3V to a 
voltage divider placed across the 2-kV output. The 

SECTION 6. 
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resultant signal controls the level of the de input at the 
center tap of the high-voltage transformer. 

6.2.2 MULTIPLIERS 

The 1-kV secondary winding is multiplied by 4 and 
by 2. The output of the X4 multiplier, a nominal +4.25 
kV, is the CRT-anode voltage. The output of the X2 
multiplier, a nominal -2 kV, provides the cathode 
voltage and is applied to the intensity and focus mod
ulators. 

6.2.3 INTENSITY MODULATOR 

The intensity modulator controls the grid voltage, 
with the control range set by VRl. The intensity mod
ulator has two paths: one for low frequency and one for 
high frequency. The low-frequency path is the 
INTENSITY TRACKING VOLTAGE (TV), which 
drives the grid via an opto-isolator. This INTENSITY 
TV signal results from the comparison of the intensity 
sample signal and the high-voltage reference on the 
Scope Amplifier board (A2). The high-frequency path 
is the CRT Z-axis, which is capacitively coupled to the 
CRT grid. 

6.2.4 FOCUS MODULATOR 

In response to the focus TV input signal, the focus 
modulator controls the focus voltage. The control range 
is set by resistor R5 in the bias divider. The focus TV 
signal drives the focus grid via an opto-isolator. 

6.2.5 TRANSIENT PROTECTOR (A 1 A2) 

The Transient Protector provides over-voltage pro
tection for the CRT's vertical and horizontal deflec
tion plates. Figure 6-5 at the end of the section shows 
the assembly and parts list of the Transient Protector. 
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WIRE 
COLOR 

SIZE 

NO. AWG 

White 

White 

,ihite 

White 

l,hite 24 

White 24 

White 24 

Hhite 22 

White 22 

vlhite 22 

l•/hite 22 

White 

,ihite 24 

vJh i te 22 

vlhite 22 

White 22 

White 22 

White 16 

Table 6-1. Wirelist for the High-Voltage Power Supply 

3 4 5 6 

WIRE RUNS FUNCTION 

NOTE NOTE ROUTING 
FROM 

. ,. 

TO 

7 

OR OR 

VIEW VIEW REMARKS 

AlA2 P2-l AlAl Tl-4 

AlA2 P2-2 AlAl P2-2 

AlA2 P2-3 AlAl P2-3 

A1A2 P2-4 AlAl P2-4 

A1A2 P2-5 AlAl P2-5 

A1A2 P2-6 AlAl P2-6 

AlA2 P2-7 AlAl P2-7 

AlA2 P2-8 AlA2 8 

A1A2 P2-9 AlA2 9 

AlA2 P2-10 AlA2 10 

AlA2 P2-ll AlA2 11 

AlA2 P2-14 AlAl Tl-5 

AlA2 P2-1 AlA2 P2-2 

AlA2 2 P3-2 

AlA2 3 P3-3 

A1A2 4 P3-4 

AlA2 5 P3-5 

A1A2 7 

6-2

8 9 

USE 
APPROX FIND
LENGTH 

NO. 
INCHES 

10.5 4 

10.5 4 

11 4 

11. 5 4 

12.5 5 

13 5 

13 5 

1 2 

1 2 

1 2 

1 2 

10 .5 4 

1.S 5 

11 2 

12 2 

11. 75 2 

13 2 

4 3 















7 .1 DESCRIPTION 

The Scope Amplifier board contains the horizontal 
and vertical deflection amplifiers, the horizontal time
base generator, control circuitry for focus and inten
sity, and miscellaneous CRT bias adjustments. 

The Scope Amplifier operates in an auto or normal 
mode. When a triggerable vertical signal is present, a 
sweep is developed in both auto and normal modes. 
When a triggerable signal is not present, the sweep is 
blanked in the normal mode and free-running in the 
auto mode. An external horizontal input is available at 
the front panel. 

A block diagram of the Scope Amplifier board is 
shown in Figure 7-1, a schematic in Figure 7-2, and the 
printed wiring board assembly and parts list in Figure 
7-3.

7 .2 THEORY OF OPERATION 

7.2.1 DEFLECTION AMPLIFIERS 

The vertical and horizontal deflection amplifiers are 
identical. The input signal is initially amplified and 
split into two signals, 180 degrees out of phase. Each 
of these signals is then further amplified to become a 
CRT deflection-plate signal. The amplifiers provide 
200V peak-to-peak signal capability with a frequency 
bandwidth of 1 MHz. 

7.2.2 HORIZONTAL TIMEBASE GENERATOR 

7.2.2.1 General 

The horizontal timebase generator provides cali
brated sweep rates over a six-decade range from 1 µsec 
to 100 msec per division. Sweep-rate selection origi
nates from the processor via the signal lines for the · 
SCOPE SWEEP CONTROL 0-3. Vernier control over 
the sweep rate is generated by the sweep-vernier volt
age input from the front panel. 

7.2.2.2 Ramp Generator 

The ramp signal is developed using an integrator 
(U3) with a constant voltage. The sweep rate is deter
mined by R5, R6, R7 and C3, C4, and C5. The combi
nation of the RC network produces the six sweep rates. 

7.2.2.3 Blanking and Trigger Hold-Off Circuitry 

When the ramp voltage reaches +2.7V, the output 
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of Ul 1B produces a blanking pulse which is used to 
short-circuit the ramp integrator and trigger the hold
off integrator (U5). The hold-off rate is determined by 
R19, Cl 4, and C15. The combination of the RC net
work produces two hold-off times, one for msec and one 
for µsec. When the hold-off ramp reaches +2.7V, the 
output of UllA short-circuits the hold-off integrator, 
and the sweep generator awaits a sweep trigger. 

Sweep trigger is either in auto or normal mode as 
selected by the AUTO/NORMAL trigger-select via the 
front panel. In the normal mode, UllB is always dis
abled, thus keeping the blanking signal high and pre
venting the ramp from starting until a trigger pulse is 
present. In the auto mode, if the SYNC PRESENT 
input is high, indicating no sync, the scope sweep is 
self-triggered. If there is a sync, the sweep will wait for 
a pulse on the TRIG PULSE line to start the sweep. 

NOTE 

The entry of a scope trigger delay 
will prevent operation of scope 
triggering as long as the unit is set 
on "MODULATION, Tone Seq." 

7.2.3 HORIZONTAL SWITCHING 

The input to the horizontal deflection amplifier is 
selected between two sources. The first source is the 
INT HORIZ IN signal line, which provides the hori
zontal character sweep and the horizontal spectrum
analyzer sweep. The other source is the scope-mode 
signal path from the horizontal positioning-summing 
amplifier. The scope-mode signal is the output of either 
the horizontal timebase generator or the EXT HORIZ

INPUT from the front panel. The SCOPE MODE EN 
line from the processor selects either internal horizon
tal or scope-mode horizontal inputs. The EXT HORIZ 
EN line selects one of the two scope-mode signals. 

7.2.4 Z-AXIS MODULATOR 

A crossover network provides CRT Z-AXIS modu
lation from de to 1 MHz. A high-pass and low-pass 
network on the High-Voltage Power Supply board (Al) 
produces a crossover frequency of 16 Hz. The Z-AXIS 
modulator circuit is the high-frequency modulation 
path, 16 Hz to 1 MHz. 

The resulting CRT Z-AXIS signal is capacitively 
coupled on the High-Voltage Power Supply board (Al) 
to the CRT grid. The low-frequency path, de to 16 Hz, 
is through the intensity-control circuit. 



7.2.5 INTENSITY CONTROL 

The INTENSITY LEVEL signal from the front 
panel control is gated with the SCOPE Z-AXIS signal 
by the intensity-level gate (Q6). The gated signal is 
summed (U25) with the HIGH VOLTAGE REF and 
INTENSITY SAMPLE VOLTAGE signals, to pro
vide the INTENSITY TRACKING VOLTAGE (TV) 
signal. The INTENSITY TV is the low-frequency 
control path which drives the intensity opto-isolator in 
the High-Voltage Supply. 

7.2.6 FOCUS CONTROL 

The FOCUS TRACKING VOLTAGE (TV) signal 
is obtained by comparing the FOCUS LEVEL control 
line to the FOCUS SAMPLE VOLT signal. The TV 
signal drives an opto-isolator circuit in the High-Volt
age Supply which controls the CRT focus voltage. 
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7.2.7 ASTIGMATISM, GEOMETRY, AND TRACE 
ROTATION 

The CRT alignment controls for astigmatism, 
geometry and trace rotation are obtained from the 
respective wipers of three potentiometers. Each 
potentiometer is connected between supply voltages 
equal to the required adjustment range. 















SECTION 8. 
LOW-VOLTAGE POWER SUPPLY (A3-A6) 

8.1 DESCRIPTION 

The Low-Voltage Power Supply consists of four 
boards: 1) Battery Charger board (A3), 2) Control 
board (A4), 3) Output board (A5), and 4) Switcher 
board (A6). This power supply converts an ac or a de 
voltage input to the de voltages required to power the 
System Analyzer. In ac mode, the power supply oper
ates as an off-line, half-bridge converter for inputs of 
100 to 130 V ac or 200 to 260 Vac at 50 to 400 Hz. In de 
mode, the power supply operates as a push-pull con
verter for inputs of 11 to 19 Vdc. 

When connected to an ac power source, the unit 
automatically switches to the ac operating mode. The 
Battery Charger is included in this power supply for 
charging the optional external battery pack. A standby 
mode allows the operator to shut off power to all mod
ules in the System Analyzer except the OCXO/TCXO 
and the Battery Charger. 

The Low-Voltage Power Supply contains protec
tion circuitry that will shut down or lock out the power 
supply for the following conditions: 1) a power-supply 
short circuit, 2) high and low input voltages, and 3) 
high internal temperatures. 

A block diagram of the Low-Voltage Power Supply 
is shown at the end of this section in Figure 8-1. 

8.2 THEORY OF OPERATION 

8.2.1 BATTERY CHARGER BOARD (A3) 

8.2.1.1 General 

The Battery Charger board contains the rectifier 
circuitry for the ac off-line switching power supply and 
part of the input filtering. A line transformer supplies 
the external battery pack with charging voltage, sup
plies bias voltage to the control circuitry for the power 
supply, and powers the 10-MHz Frequency-Standard 
Interface board (A16). A separate -5V regulator for 
the RF Synthesizer module (A9) is also included, along 
with a 6.2V zener diode (VR3) that provides an outer 
voltage clamp on the +5V output line of the Low
Voltage Power Supply. 

A schematic of the Battery Charger board is shown 
at the end of this section in Figure 8-2, the printed 
wiring board and parts list in Figure 8-3, and the 
assembly and parts list in Figure 8-4. 
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8.2.1.2 Rectifier/Doubler 

The bridge rectifier (BRl) and the filter capacitors 
(Cl, C2, C5, and C6) rectify and filter the raw ac input 
to a de output on the V c + and V c - lines. Some of the 
filter capacitors are on the A3 board; the rest (C3, C4, 
Cl2, and C13) are on the Switcher board (A6). A nom
inal 230-Vac input uses the AC INPUT and 220 
RETURN lines, which are connected to the inputs of 
the bridge rectifier. The bridge rectifier provides full
wave rectification of the ac input, and the filter capac
itors filter the signal to a nominal level of 325 V de. For 
a nominal 115-Vac input, half of the bridge rectifier is 
used (the AC INPUT line) in conjunction with the fil
ter capacitors (the 110 RETURN line) to provide a 
full-wave voltage doubler. The voltage doubler then 
produces a nominal 325-V de output. Thermistors RTl 
and RT2 limit the initial in-rush current to the filter 
capacitors. 

8.2.1.3 Line Transformer 

The line transformer (Tl) has two primary wind
ings and a single, center-tapped secondary. The two 
primary windings are switched on the System Moth
erboard (A19) by the 110/220 switch - in series for 
220V operation and in parallel for ll0V operation. This 
provides the same voltage on the secondary winding for 
operation at inputs of both 110 and 220 Vac. The sec
ondary winding provides two outputs. One output, AC 
VOLTAGE SENSE/BATTERY CHARGER, is full
wave rectified by bridge rectifier BR2 and filtered by 
capacitor C4 to a level of 27 to 35 V de. The other out
put, FREQUENCY STANDARD SUPPLY, is half
wave rectified by CR8 and filtered by capacitor C3 to 
a level of 15 to 16 Vdc. 

8.2.1.4 Battery Charger 

The Battery Charger circuitry is selected by the 
POWER ON line coming from the front panel. A no
connect on the POWER ON line will turn transistor 
Q2 on, which enables transistor QL Transistor Ql is 
biased for constant current operation (1.2A) by resis
tor R7 and diodes CR5, CR6, and CR7. 

8.2.2 CONTROL BOARD (A4) 

8.2.2.1 General 

The Control board controls, protects, and regulates 
the System Analyzer's Low-Voltage Power Supply. On 



the Control board are the error amplifier, the pulse
width modulator, and the Switcher drive-circuitry 
portion of the converter's regulation control loop. 
There is also a pulse-width modulator which drives the 
switching transistor for the High-Voltage Power Sup
ply. The Control board protects the converter with 
lockouts under four conditions: output overvoltage, 
input ac and de under/overvoltage, output overload or 
short-circuit, and high internal temperatures. 

A block diagram of the Control board is shown at the 
end of this section in Figure 8-5, a schematic in Figure 
8-6, and the printed wiring board assembly and parts
list in Figure 8-7.

8.2.2.2 AC/DC Switch-Over 

The ac/dc switch-over section provides 1) the volt
age for the Control board, and 2) the switch-over cir
cuitry to change between ac and de operation. For de 
operation, the de input is connected to DC BUS input 
via the input filter (Cl, C2 and Ll) on the Switcher 
board. During switch-over, transistor Q2 is off, which 
means there is no AC VOLTAGE SENSE, which ena
bles transistors Ql and Q3. Q3 then energizes relay Kl 
on the Switcher board. This switches the de primary 
to the chopping transformer and disconnects the ac 
primary. Ql then switches the DC BUS through CR16 
to the FREQUENCY STD SUPPLY line and the 
voltage regulator (U9 and UlO). U9 and UlO supply 
power to Vs and VL on the Control board. For ac oper
ation, the FREQUENCY STD SUPPLY line supplies 
power to the two regulators, U9 and UlO. AC opera
tion overrides de operation through the AC VOLT
AGE SENSE line, which turns Q2 on and Q3 off. This 
pulls the RELAY ON line high, up to the DC BUS, 
causing relay Kl to switch the ac primary to the chop
ping transformer. 

8.2.2.3 Loop Filter 

The loop filter consists of a combination error 
amplifier/filter which controls the bandwidth and sta
bility of the control loop. The error amplifier com
pares the + 5V output with the reference voltage set 
by potentiometer R6. R6 is adjusted to provide a 
+5.2V output. The loop filter provides a 1-kHz, 3-dB
bandwidth.
8.2.2.4 Drivers and Control

The low-voltage driver and control section contains 
the pulse-width modulator, dead-time select, and ac/ 
de drivers. The error voltage from the loop filter is 
connected to the pulse-width modulator U2 for duty
cycle control of switchers. Pulse-width modulator U2 
provides two 40-kHz complementary outputs. RlO and 
C7 control the frequency. Dead time between the two 
complementary drive signals ensures that the two 
transistor switches (QI and Q2, or Q3 and Q4 on the 
A6 board) never turn on at the same time. The dead 
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time is selected by Q6 via the DC BUS line for 0.5 µsec 
in the de mode (R63 and C7) and 2 µsec in the ac mode 
(R9 and C7). The complementary outputs are switched 
by U3 to either the ac drivers (U11) or the de drivers 
(U12). The driver-select circuitry (Q15 and U5) is con
trolled by the AC VOLTAGE SENSE line. U2 uses the 
timing capacitor (CS) to soft-start the power supply. 

8.2.2.5 Lockout for Output Overvoltage 

Output-overvoltage lockout protects modules and 
boards in the System Analyzer from high voltages on 
outputs of the Low-Voltage Power Supply. The+ 12V 
and -12V outputs are monitored by comparator U7. 
When it detects an overvoltage, this comparator will 
shut down the power supply via the input to the pulse
width modulator. The +5V output is protected against 
overvoltage by zener diode VR3 on the A3 board. The 
+ 33V and -5V outputs are protected by VRl and
VR2 on the A5 board.

8.2.2.6 Current-Limit Lockout 

The current-limit lockout is used to monitor the 
power the System Analyzer draws from the power 
supply. This monitoring measures the instantaneous 
current in the switching transistors. In de mode, the 
switching current is measured by R20 (Sm V / A) on the 
Switcher board and then compared by U6B to a de 
reference, thus providing a current limit of 25A. In ac 
mode, the switching current is monitored by Tl 
(100/1 turns ratio) on the Output board. The signals 
AC CURRENT SENSE and AC CURRENT SENSE 
are full-wave rectified by CR5-CR8, which are loaded 
with 100 ohms by R29. The resulting voltage is 1 V /A 
of the de switching current. U6A compares this volt
age to a de reference, providing a current limit of 1.5A. 
When the current limit is exceeded, U6A sets the cur
rent-limit latch (U84), shutting down the power sup
ply via the shut-down pin on U2. The current latch is 
reset by toggling the POWER switch on the front 
panel. 

8.2.2.7 Lockout for Input Over/Undervoltage 

For voltages outside the specified input range of 100 
to 130 Vac, 200 to 260 Vac, or 11 to 19 V de, the circuit
ry for over/undervoltage lockout shuts down the power 
supply via the soft-start pin on U2. Lockout of ac and 
de input undervoltage uses the same circuitry. The ac 
input voltage is monitored via the FREQUENCY STD 
SUPPLY line, and the de input voltage is monitored 
via the DC BUS line. When the output of U9 drops 
below 8.2V, the zener diode VR4 will drop out, turning 
Q4 off. This will allow CR19 to turn Q5 on, causing the 
power supply to shut down via the soft-start pin on U2. 
When the DC IN line goes above 19V, VR3 will zener, 
turning Q5 on. For ac overvoltage, the AC VOLTAGE 
SENSE signal is divided by R30 and Rl and then 



compared by U6D to a de reference. When an overvol
tage occurs, the output of U6D will shut down the sup
ply via the soft-start. 

8.2.2.8 Lockout for High Internal Temperature 

When the internal temperature of the power supply 
rises above 85°C, switch SI will close, shutting down 
the power supply via the soft-start on U2. 

8.2.2.9 High-Voltage Driver 

The oscillator output of the pulse-width modulator 
(U2) is fed to a divide-by-two frequency divider (U8B). 
This output is used to synchronize the constant duty 
cycle pulse-width modulator (U4) that drives the 
switching transistors for the High-Voltage Power 
Supply. This modulator operates at a constant duty 
cycle of 20 kHz, with a dead time of 2 µsec. R4 7 and 
C13 control the operating frequency, while R27 and 
C13 control the dead time. Modulator U4 provides 
± 5V complementary output, allowing more efficient 
drive of the switching transistors; this is because the 
bases are switched negative to sweep out the charge for 
turn-off. 

8.2.2.10 Control Logic Functions 

Table 8-1 shows the control logic functions for the 
A4 board. 

8.2.3 OUTPUT BOARD (A5) 

8.2.3.1 General 

The Output board contains the chopping trans
former, rectifiers and filters for the Low-Voltage Power 
Supply. The chopping transformer (Tl) has two pri
mary windings (one for ac and one for de operation) 
and a multiple-output secondary which provides ±5V, 
± 12V, ± ll0V, and +33V. Also included on this board 

is a current-sensing transformer (T2) for sensing pri
mary current on the ac off-line side of the chopping 
transformer. 

A schematic of the Output board is shown at the end 
of this section in Figure 8-8, and the printed wiring 
board assembly and parts list in Figure 8-9. 

8.2.3.2 AC Operation 

During ac operation, the half-bridge switching tran
sistors (QI and Q2) on the Switcher board (A6) drive 
the chopping transformer via the XFMR AC DR and 
XFMR AC DR primary winding. The transistors drive 
current into and then out of the primary winding. To 
ensure that both QI and Q2 are off, dead time between 
these two transistors is important. Without dead time, 
there will be a short-circuit across the primary wind
ing. The rectified-average ac voltage at the primary 
winding is a nominal 87V. During ac operation, the 
primary current is monitored by the current-sensing 
transformer (T2). The ratio for the current-sensing 
transformation is 100 to 1, and the secondary is loaded 
with 100 ohms on the Control board (A4). This pro
duces a secondary output of 1 V / A of primary current 
in the chopping transformer. If the primary current in 
the chopping transformer rises above 1.5A (due to an 
excessive load or a short on the secondaries), the power 
supply will shut down. 

8.2.3.3 DC Operation 

During de operation, the push-pull switching tran
sistor (Q3 and Q4) on Switcher board A6 drives the 
chopping transformer via DC CENTER TAP, XFMR 
DC DR, and XFMR DC DR. This primary winding is 
center-tapped. A de voltage is applied to the center tap, 
and XFMR DC DR and XFMR DC DR are alter
nately pulled low by switching transistors. The nomi
nal de voltage at the DC CENTER TAP is 11.7 Vdc 
for an input of 12.0 Vdc. The primary current in de 
operation is monitored on Switcher board A6. 

Table 8-1. Control Logic Functions 

INPUTS OUTPUTS 

PWR ON PWR OFF AC DEAD PULSE AC DC AC DC RELAY 
VOLTAGE TIME WIDTH DRIVER DRIVER LED LED ON 

SENSE MODULATOR DRIVER DRIVER 

HIGH HIGH HIGH 2 µSEC OFF OFF OFF ON OFF HIGH 

HIGH HIGH LOW 0.5 µSEC OFF OFF OFF OFF ON LOW 

HIGH LOW HIGH 2 µSEC OFF OFF OFF ON OFF HIGH 

HIGH LOW LOW 0.5 µSEC OFF OFF OFF OFF OFF HIGH 

LOW HIGH HIGH 2 µSEC ON ON OFF ON OFF HIGH 

LOW HIGH LOW 0.5 µSEC ON OFF ON OFF ON LOW 

LOW LOW HIGH INVALID STATE 

LOW LOW LOW INVALID STATE 

36930-124 
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8.2.3.4 Outputs 

The secondary-winding outputs of the chopping 
transformer are all full-wave center-tapped rectified. 
Each of these outputs is filtered by an LC low-pass fil
ter. The output voltages are listed in Table 8-2. These 
voltages are specified when the +5V output is adjusted 
for 5.2V ± 1 percent. This adjustment is located at R6 
on Control board A4. The + 33V and -5V outputs are 
protected against overvoltage by this board's zener 
diodes, VRl and VR2. The + 5V output is protected 
against overvoltage by a zener diode (VR3) on the 
Battery Charger board (A3). The + 12V and -12V 
outputs are protected against overvoltage by a com
parator (U7) on the Control board, which shuts down 
the power supply when it detects an overvoltage. 

Table 8-2. Output Voltages 

Output Voltage (Volts) 

+5V

-5V

+12V

-12V

+33V

+uov

-llOV

8.2.4 SWITCHER BOARD (A6) 

8.2.4.1 General 

+5.2 ± E,,

-5.2 ± 5'.'i,

+12.4 ± 5�;,

-12.4 ± 5�;,

+31 ± 5�o

+110 ± 5 °,,

-110 ± 5'",,

The Switcher board contains the main switching 
transistors for the ac off-line and low-voltage de
switching converters. The A6 board also contains the 
de-input filter, which provides filtered de to the DC 
BUS, the DC CENTER TAP, and the ac/dc relay. 

A schematic of the Switcher board is shown at the 
end of this section in Figure 8-10, the printed wiring 
board assembly and parts list in Figure 8-11, and the 
assembly and parts list in Figure 8-12. 
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8.2.4.2 AC/DC Relay 

Relay Kl switches either the DC CENTER TAP 
signal to the de primary of the chopping transformer 
for de operation, or the XFMR DC DR signal to the ac 
primary for ac operation. For de operation, the de input 
is applied to voltage regulator Ul, which will energize 
relay Kl when the Control board's RELAY ON input 
line goes low. For ac operation, the RELAY ON line is 
either floating or pulled high, which disables regulator 
Ul and relay Kl. AC operation will always override de 
operation. 

8.2.4.3 DC Switches 

Field-effect transistors Q3 and Q4 are the de-oper
ation switches, connected in a push-pull configura
tion. These transistors are driven by complementl!!Yi_ 
pulse-width-modulated signals (DC DRIVE and DC 
DRIVE) coming from the Control board. The fre
quency of the signals is 40 kHz, with a dead time 
between the signals of greater than 0.5 µsec. The cur
rent being switched in the primary of the chopping 
transformer is monitored by resistor R20. 

8.2.4.4 AC Switches 

Field-effect transistors Ql and Q2 are the ac-oper
ation switches, connected in a half-bridge configura
tion. AC DRIVE and AC DRIVE, the complementary, 
pulse-width-modulated signals coming from the Con
trol board, drive the ac switches via transformer Tl. 
The frequency of the drive signal is 40 kHz, with a dead 
time of greater than 2 µsec. The rectified and filtered 
ac input, Ve+ and Ve-, is further filtered by LC fil
ters L2, C3, C12 and L3, C4, Cl3. This signal is con
nected to the ac switches. 

8.2.5 REAR PANEL 

The rear panel contains the ac line filter, the de and 
ac input fuse, the 110/220 switch, and the external de
input connector. The System Motherboard contains 
the line transient protectors, neon bulbs (NEl and 
NE2) and varistors (VRl and VR2). 



































9.1 DESCRIPTION 

The primary function of the Scope/DVM Control 
board is to route the required measurement and view
ing signals to the digital voltmeter (DVM) and scope 
circuitry. A large portion of the displayed data is 
determined by DVM measurements on internal signal 
points. Thus, for a rapid update of several data dis
plays, several internal signal points must be time-divi
sion multiplexed to the DVM. The DVM Control 
circuitry and the system processor provide this func
tion. 

With the Scope Control circuitry, the user can 
choose to display either data information, or signals for 
internal modulation or demodulation, or external scope 
inputs. The horizontal sweep provided for the spec
trum-analyzer display is coherent with the synthesizer 
sweep generator. The coherent horizontal sweep and 
synthesizer sweep can be used for an external filter
alignment display. An external horizontal input is also 
possible. 

The Scope/DVM Control board also contains the 
1-kHz notch filter and the rectifier circuit used for dis
tortion measurements.

A block diagram of the Scope/DVM Control board 
is shown at the end of this section in Figure 9-1, a 
schematic in Figure 9-2, and the printed wiring board 
assembly and parts list in Figure 9-3. 

9.2 THEORY OF OPERATION 

9.2.1 SCOPE VERTICAL CONTROL 

The input to the scope vertical amplifier is switched 
by the scope vertical-select switch (U6) to one of four 
sources: the range switch (VERT FROM RNG SW), 
the vertical character-sweep generator, the spectrum 
analyzer (SPECT ANA VERT), or the 700-kHz IF. 
Inputs to the range switch, which are routed through 
the range switch on the Front-Panel Interface board. 
(A15), come from either 1) the scope's vertical-input 
port on the front panel or 2) the internal modulation 
signals, as selected by this board's control circuitry for 
modulation display. The vertical character sweep is a 
sawtooth waveform generated by the vertical charac
ter-sweep generator and synced by the VERT CHAR 
SYNC signal from the character generator on the Pro
cessor board (A14). The detected and amplified out
put of the Receiver logarithmic IF is the vertical input 
for the spectrum analyzer. The remaining signal source 
is the second IF signal from the Receiver for IF enve
lope observation. 
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SECTION 9. 
SCOPE/DVM CONTROL BOARD (A7) 

9.2.2 DUAL-DISPLAY CONTROL 

The dual-display control circuitry produces a screen 
with a single row of characters at the top of the CRT 
and a display for either the spectrum analyzer or the 
scope. This function is implemented with the vertical 
sweep control by alternating the signal for the spec
trum analyzer or the range switch with the signal for 
the vertical character sweep. 

The dual-display sequence starts with the synthe
sizer sweep generator (Ul2, U51A, U59A), which is 
common to the displays for both the spectrum ana
lyzer and the scope. This sweep generator is started 
with a pulse of the SYNTH 100 Hz input signal, which 
fires the one-shot U12B. This also enables the scope Z
axis. Now the display for either the spectrum analyzer 
or the scope is being traced on the CRT. 

When the synthesizer sweep reaches 2.5 Vdc (that 
is, the scope's horizontal sweep is at the edge of the 
screen), the dual-display control circuitry (UlOB, Ull, 
U12A, Q6) activates the CHAR GEN RST line. This 
switches the scope's vertical and horizontal inputs to 
the character-sweep generators. The vertical sweep 
generator (U3, U4) determines the CRT frame rate of 
61 Hz. The horizontal character-sweep generator (U60) 
determines the row rate of 7812.5 Hz; eight rows make 
a character height. The vertical and horizontal char
acter generators are synchronized by the character 
generator on the Process9r board (A14). 

When the first line of characters has been traced, a 
transition on the LINE 1 input from the A14 board 
resets both character-sweep generators, and incre
ments the character counter (U13). This causes LINE 
1 to be traced again. This process is repeated four 
times, at which point the counter output resets the 
scope inputs to "spectrum analyzer" or "range switch." 
During the retrace time, the scope Z-axis is blanked by 
U30D and is held off until the synthesizer sweep starts. 
The timing of the process allows the four character 
traces to be completed before the next synthesizer 
sweep-sync. 

9.2.3 SCOPE HORIZONTAL CONTROL 

Switching for the scope horizontal input is divided 
between two boards. The timebase generator and the 
external horizontal input are selected on the Scope 
Amplifier board (A2). The horizontal character-sweep 
generator and the signals for the synthesizer sweep 
generator are selected on the A 7 board by the scope 
horizontal switches (U52A and U52D) and sent to the 
INT SCOPE HORIZ signal line. 



For the dual-display modes, the horizontal switch 
switches the horizontal input between the synthesizer 
sweep and the character sweep. This switching is 
simultaneous with that in the scope vertical control, as 
described in paragraph 9.2.2. The horizontal switch 
control also provides the SCOPE MODE EN line to the 
scope amplifier to enable the horizontal inputs for the 
scope mode. 

9.2.4 SYNTHESIZER SWEEP CONTROL 

The control circuitry for the synthesizer sweep 
(U52B and U52C) controls the amplitude and range of 
the synthesizer's sweep-generator signal. Two sweep 
ranges, 1 to 10 MHz and 0.01 to 1 MHz, are provided 
by the control circuitry. The control circuitry has two 
fixed attenuations of 1.0 and 0.1. The variable sweep 
range is provided by the dispersion sweep control on 
the front panel. To control the bottom range of the 
sweep, a 10-to-1 resistor change in the sweep return 
line is simultaneous with the attenuator change. 

9.2.5 SCOPE Z-AXIS CONTROL 

The SCOPE Z-AXIS signal has three possible 
sources, as selected by the Z-axis control circuitry (U55, 
U61A and U61B). For character displays, the Z-axis 
signal is the CHAR GENZ-AXIS from the character 
generator on A14. For the scope mode, the SWP 
BLANKING signal from the horizontal timebase gen
erator on A2 is switched to the scope Z-axis. For the 
remaining modes (spectrum analyzer and scope 
sweep), a logic zero level is gated to the Z-axis input. 

9.2.6 MODULATION-DISPLAY CONTROL 

The select circuitry for the internal scope and peak 
detector (U20A, U20B, and U20C) switches the 
DEMOD CAL AUDIO, AM CARRIER + MOD 
LEVEL, or MOD CAL AUDIO signals to the internal 
scope and peak detectors. The signals are gain adjusted 
by processor select before exiting the module from the 
INT SCOPE TO RNG SW output. 

For FM, the MOD CAL AUDIO input from the 
Audio Synthesizer board (AlO) is calibrated to 5 
kHzN for narrowband and to 20 kHzN for wideband. 
These signals are gain adjusted by gain amplifier U23B 
to a level of 25 kHzN and become the INT SCOPE TO 
RNG SW output. 

The DEMOD CAL AUDIO signal from the Receiver 
is either AM, FM, or SSB, as determined by the oper
ating mode. The peak signal on this line is calibrated 
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to 10 kHzN for FM and 10 percentN for AM. These 
signals are gain adjusted by gain amplifier U23B to a 
level of 25 kHzN and 25 percentN. This gain-adjusted 
signal becomes the INT SCOPE TO RNG SW output. 
SSB signals are not calibrated. 

For AM, the CARRIER + MOD LEVEL input from 
the output detector on the Wideband Amplifier board 
(Al 7 A2) provides a direct display of the modulation. 
This input is a de-level representative of the average 
output level, plus an ac signal representative of the 
amplitude modulation on the output. For the scope's 
modulation display, the de level is blocked by C49 so 
that only the ac component is observed. This input is 
uncalibrated for absolute ac levels. The percent of AM 
is determined from the peak ac and average de level of 
the CARRIER + MOD LEVEL signal. The average de 
signal is obtained by a low-pass filter (U19). 

9.2.7 PEAK DETECTOR 

Each of the modulation and demodulation inputs 
can be switched to the peak-detecting circuitry (U21-
U23, U26, U54) to determine the percent AM or kHz 
deviation. The peak-detector circuitry provides de 
outputs equal to the negative and positive peak values 
of the input signal. These peak values are relative to 
the average de level of the input signal. The de levels 
are then digitized by the DVM and input to the Pro
cessor. 

9.2.8 DVM CONTROL 

Any one of nine internal measurement points may 
be switched to INT DVM TO AID. This signal is 
routed to the Processor Interface board (All) where it 
is multiplexed with external DVM data to the input of 
the analog-to-digital (AID) converter. In general, sev
eral internal measurement points must be input to the 
AID converter to obtain all the display data. There
fore, the processor continuously cycles the Internal 
DVM Select switch (U20D and U28) through the 
required measurement points, stopping at each one 
long enough to digitize and input the data to the pro
cessor. 

The Internal DVM Select switch is followed by a 
range attenuator (U29 and Q5). As the processor cycles 
through each input, it sets the range attenuator 
according to the last cycle reading made at that input. 
Thus, each internal input is auto-ranged over two dec
ades to give 3-digit accuracy up to a maximum input 
of 10V. The internal DVM inputs and their functions 
are listed in Table 9-1. 



Table 9-1. Internal DVM Inputs 

DVM Inputs Function 

+ Peak Voltage Positive modulation measurements 

- Peak voltage N egative modulation measurements 

Carrier Level RF output level 

RF INPUTPWR Power level applied to the RF Input/Output port 

EXTFWDPWR Forward power level on external inline-wattmeter element 

EXT RFLPWR Reflected power level on external inline-wattmeter element 

BATT VOLT Voltage level at de input port on the rear panel divided by 10 

SIG STRENGTH DC level proportional to the level in dB m of the received 
VOLTAGE signal 

Distortion Meter Input DC level proportional to the signal power at the input of the 
SINAD/DISTORTION notch filter 

9.2.9 EXTERNAL DVM/DISTORTION CONTROL 

External DVM and distortion inputs to the front 
panel port are ranged by processor control over four 
decades on the Front-Panel Interface board (A15). The 
resulting output is routed to the DVM FROM RNG 
SWITCH input of the A 7 board. This signal is input 
to the DVMIDistortion Select circuitry (U30B and 
U30C) and the gain stage of 6.5 (U62) preceding the 
1-kHz notch filter.

9.2.10 DISTORTION MEASUREMENT 

In the distortion mode, the DVM/Distortion Select 
circuitry routes the output of the 1-kHz notch filter 
(U62 and U63) to the EXTERNAL DVM TO AID 

output pin. This output pin is connected to the rms
to-dc converter on the Al 1 board. The output of the 
rms-to-dc converter is multiplexed to the AID con
verter and read by the processor. The input to the 
notch filter is rectified and filtered by U3, and applied 
to the Internal DVM Select for reading by the proces
sor (as discussed in paragraph 9.2.8). To obtain the 
percent distortion for a 1-kHz input, the processor 
divides the rms output voltage of the notch filter by the 
average rectified input voltage to the notch filter. The 
notch filter has a processor-controlled gain that is 
switched to either X 10 or X 1.0, depending on input 
distortion and signal levels. 

9.2.11 EXTERNAL DVM MEASUREMENT 

In the external DVM mode, the DVM FROM RNG 
SWITCH input is routed by the DVMIDistortion 
Select circuitry directly to the EXT DVM TO AID 

output. At this point, it is connected to the rms-to-dc 
converter on the Al 1 board. The output of the rms-to
dc converter is multiplexed to the AID converter, 
where it is read by the processor. 

9.2.12 AUDIO AMPLIFIER AND ALARM

GENERATOR 

An astable multi-vibrator (U61 and U50) operating 
at 1.2 kHz is the alarm generator. The alarm signal, 
controlled by the processor, is summed with the VOL 
CNTL AUD RTN signal at the input of the audio 
amplifier (U7). The SPEAKER AUDIO output of the 
amplifier has a 0.5W capability and is connected 
directly to the system speaker. 

9.2.13 BOARD CONTROL 

Processor control of the Scope/DVM Control board 
is via three signal lines: the AF ADD BUS 0-3, the AF 
DAT A BUS 0-3, and the AF BUS EN 1. The four 
address bits are decoded by the address decoder (U46) 
to determine which control latch the four bits of data 
will be latched into. The latching process is synchro
nized by the AF BUS EN 1 line. Control latches in 
addition to those necessary for controlling this board 
(A 7) provide control for the Scope Amplifier board 
(SCOPE SWP 0-2) and part of the RF Input module 
(ANTENNA ENABLE). 
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10.1 DESCRIPTION 

The Receiver board recovers baseband signals and 
determines input-carrier levels. The 10.7-MHz IF 
input signal can be amplitude (AM), frequency (FM), 
or single sideband (SSB) modulated with the base
band information. 

Separate detectors are provided for AM, FM, and 
SSB; the demodulated outputs are routed to the audio 
filters. 

Selectable high-pass and low-pass filters then fur
ther process the baseband signal before it leaves the 
Receiver board. Separate board outputs provide base
band signals to the front panel, to the circuitry for 
determining modulation level, and to the speaker 
amplifier. 

Input-carrier level is determined by a logarithmi
cally responding amplifier. The amplitude of the out
put signal from the log amplifier is proportional to the 
log of the input-carrier level. This output, which is used 
for the spectrum-analyzer mode, also provides a sig
nal-strength level for the squelch circuitry. 

The system processor provides primary control of 
the Receiver board's functions via a serial data bus. 
The data bus uses a single data line, a clock line, and 
a latch-enable line to serially shift control information 
from the Processor board to the Receiver board. 

Block diagrams of the Receiver board and its func
tions are shown at the end of the section in Figure 
10-la-e, a schematic in Figure 10-2, and the printed
wiring board assembly and parts list in Figure 10-3.

10.2 THEORY OF OPERATION 

10.2.1 LINEAR IF SECTION 

10.2.1.1 General 

The linear IF section consists of 1) a tuned, gain
controlled filter amplifier with switchable band
widths, 2) an AGC amplifier, 3) an overload detector 
driven by the AM-detected output, and 4) an AM 
detector. RF outputs are provided to the scope, the FM 
limiter, the SSE-product detector and the logarithmic 
amplifier. The AM demodulated audio signal is pro
vided to the audio-filter circuits. 

A block diagram of the linear IF amplifier is shown 
in Figure 10-1 b at the end of the section. 
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10.2.1.2 Pre-Selector 

The linear IF is preceeded by a pre-selector. This 
limits the number of out-of-band signals reaching the 
pre-amplifier and provides a good termination for the 
first mixer/low-pass filter located on Al 7 A2. The pre
selector is fixed-tuned without adjustment and has a 
bandwidth of 2 MHz (Q = 5). 

10.2.1.3 Pre-Amplifier/Filter 

The pre-selector is followed by a low-noise pre
amplifier(a grounded gate with a source follower) with 
a gain of 28 dB. This pre-amplifier provides good 
impedance-matching for input/output of the mixer and 
FL301 (a 6-pole ceramic filter with a bandwidth of 280 
kHz), as well as the ability to handle high-level sig
nals. The high gain of this pre-amplifier negates both 
the 9-dB loss associated with FL301 and the 3-dB 
power-split following the filter. FL301 determines the 
wideband frequency response and rejection of the 
Receiver and logarithmic amplifier (log amp). 

10.2.1.4 Active Power Split 

A matched pair of parallel, grounded-gate J Fet 
amplifiers equally split the received signal between the 
linear IF and log IF. The grounded-gate amplifier pro
vides isolation between the two IF strips as well as a 
good impedance match for the output of FL301. No 
automatic gain control (AGC) is applied before this 
point to maintain calibration of the log amp. This 
requires a high dynamic-range amplifier inherent in 
the grounded-gate approach. 

10.2.1.5 Switched IF Filters and 10. 7-MHz Amplifier 

The IF bandwidth is determined by a wideband/ 
narrowband filter-set, selectable under software con
trol. Switching occurs downstream of the log-amp pick
off, in order to maintain log-amp calibration. FL303, 
(a 2-pole, wideband ceramic filter) reduces image noise 
to the mixer in wideband mode. FL302 sets the nar
row band pre-detection bandwidth and adjacent
channel rejection of the Receiver. Q305 serves as an 
AGC'd amplifier to terminate the filters and isolate 
them from the active mixer (U302). Diodes driven by 
U301 (an RS232 driver) do the filter-switching. This 
provides level translation and drive capability from the 
control circuit. 



10.2.1.6 Second Mixer and Local-Oscillator (L.0.) 
Filter 

The IF signal is down-converted to 700 kHz by U302 
(an active AGC'd mixer) for two reasons: 1) to trans
late the IF into a range usable by the scope's IF dis
play, and 2) to distribute the IF gain between two 
different frequency-amplifier strips in order to ease 
isolation and shielding requirements. To maintain 
frequency accuracy, the second L.O. is generated by 
filtering the 10-MHz system reference. 

10.2.1.7 70-kHz IF Amplifier 

The remainder of the IF gain is provided at 700 kHz 
by AGC'd amplifier U303 and Q303-Q304; these form 
a feedback amplifier for low-output impedance, to 
drive the detectors and buffer amplifiers. 

10.2.1.8 AM Detector 

U304A, CR307, and CR308 form a biased-diode peak 
detector for maximum sensitivity and linearity. U304B 
forms a 2-pole, low-pass, gain-of-10 active filter with 3 
functions: 1) removal of the residual RF from the 
detected baseband, 2) baseband amplification, and 3) 
low-output impedance to drive the audio-filter strip 
and associated outputs. The average detected de from 
the AM detector is filtered and then routed to the AGC 
amplifier for level-control. 

10.2.1.9 AGC Amplifiers and Overload Detector 

U305 and U306 form the AGC and delayed AGC 
(DAGC) amplifiers, respectively. To provide the level
accuracy necessary for the AM modulation measure
ments, the AGC loop is a single integrator. AGC to 
Q305 is delayed to prevent deterioration of the 
Receiver's noise figure under initial gain-reduction. 
U316 monitors the DAGC output to determine AGC 
saturation and to signal the computer of overload con
ditions in AM and SSB. 

10.2.1.10 IF Buffer Amplifiers 

The IF output is buffered and amplified by Q309 and 
Q312 before it is applied to the Scope Amplifier and 
the FM limiter. 

10.2.2 LOGARITHMIC AMPLIFIER 

10.2.2.1 General 

The log IF section consists of a 3-stage, synchron
ously-tuned amplifier operating at 460 kHz with taps 
to a logging IC at each stage's output. The linear IF 

provides an output after FL301 for the log amp. This 
output signal is down-converted via U201 and the on
board, 10.24-MHz, XTAL oscillator, Q204. The out
put of the logging IC is amplified, peak-detected, and 
then gain- and offset-scaled to provide the log-amp 
output to the spectrum analyzer and to the DVM. 

A block diagram of the logarithmic amplifier is 
shown in Figure 10-lc at the end of the section. 

10.2.2.2 Down-Converter and XTAL Oscillator 

The IF signal from Q302 is down-converted by active 
mixer U201. A thermistor at the mixer input (R205) 
provides temperature compensation for the linear IF 
amplifiers. The 10.24-MHz L.O. is generated by XTAL 
oscillator Q204. Frequency-calibration of the 10.24-
MHz oscillator is done via C236. 

10.2.2.3 Synchronous-Tuned Amplifiers 

A 3-stage, synchronous-tuned amplifier provides the 
inputs to the logging IC. The amplifier consists of three 
series-tuned, interstage bandpass filters - C208, C213, 
C218 are the associated trim capacitors - and three 
amplifier stages. The first stage is a buffer amplifier 
driven by the active mixer. The second and third stages 
are differential amplifiers with controlled limiting. 
R219, R226, and R229 balance the gain between the 
stages; R229 is an attenuation. 

10.2.2.4 Logging Integrated Circuit 

U204 performs the logging function. It consists of 
four pairs of differential amplifiers with paralleled 
outputs. Each successive input is driven by a signal 15 
dB larger than the last. (Each of the four inputs drives 
two stages separated by a 15-dB internal attenuator.) 
As the input level increases, successive stages satu
rate, thereby piece-wise approximating the log func
tion. 

10.2.2.5 Log Post-Amplifier 

The log-amp output is amplified and buffered by the 
post-amplifier to provide a high-level, low-impedance 
drive to a biased-diode detector. For gain stability, 
Q202 forms a common-emitter amplifier with ac and 
de emitter-degeneration. Emitter-follower Q203 buff
ers Q202's output to provide a low-impedance output. 

10.2.2.6 Log-Amp Peak Detector 

A biased-diode peak detector converts the logging IC 
output to a baseband de le�el. Buffered diode bias 
minimizes the quiescent diode-current requirements, 
and allows equal bias current in both diodes to mini
mize offset voltage and temperature drift. 
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10.2.2.7 Log-Amp Gain and Offset Adjust 

To convert the log-amp detector's output to the 
required level for the Scope Amplifier's input, an 
operational amplifier (U206A) is configured as an 
inverting amplifier to perform the overall gain and off
set scaling. To compensate the TC of the logging IC, 
the offset voltage is temperature-tracked via CR204. 
The output voltage is 50 mV/dB with -80 dBm, pro
viding 0.0 V de out. The absolute output depends on the 
losses in the Al 7. 

10.2.2.8 Base-Line Limiter 

The spectrum-analyzer display is base-line limited 
to prevent the display from dropping below the bot
tom of the screen. A precision rectifier circuit (U206 
and CR203) clamps the log-amp output whenever it 
goes below -2.000 volts. 

10.2.2.9 Offset Buffer Amplifier 

The log-amp's calibrated output from U206A is 
amplified and offset to conform with the System Ana
lyzer's internal DVM. This DVM requires a unipolar 
input with a O to lOV range. 

10.2.3 FM/SSB/WB SIGNAL-PRESENT 
DETECTORS 

10.2.3.1 General 

In addition to AM detection, which is described in 
the linear IF section 10.2.1.8, the Receiver incorpo
rates a pulse-counting FM discriminator, a product 
detector/BFO for SSB/CW demodulation, and a 
wideband signal-present detector. The latter tests for 
the presence of a sufficiently strong signal for the Scan 
Lock function and flags the CPU when a signal of suf
ficient amplitude is present. 

A block diagram of the FM/SSB/WB signal-present 
detector is shown at the end of the section in Figure 
10-ld.

10.2.3.2 IF Limiter 

The IF output is hard-limited by Q310/Q311 con
figured as an emitter-coupled amplifier with positive 
feedback. A high-speed, CMOS hex-inverter (U310) 
buffers the limiter's output to the pulse-counting dis
criminator and to the IF/BFO frequency-counter select 
gate. The limiter will provide an accurate frequency to 
the counter in the presence of as much as 90 percent 
AM. 

10.2.3.3 Pulse-Counting Discriminator 

The pulse-counting (averaging) technique is used for 
FM demodulation. That is, a constant width and 
amplitude pulse is generated for each zero-crossing of 
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the IF signal. The pulses are then averaged in an RC 
low-pass filter to generate a voltage proportional to the 
input frequency. The output is then a de voltage pro
portional to the average frequency, with the FM
demodulated signal riding on top. The Receiver uses a 
dual-edge, triggered monostable (U311/U312) to pro
vide a pulse with each zero-crossing, thereby doubling 
the carrier frequency and easing the filtering require
ments. Differential amplification by U313 removes the 
de offset and increases detection-gain by 6 dB. The 
pulse width is set for a 50 percent duty cycle at 700 
kHz, the nominal IF-center frequency. U314A pro
vides additional filtering and FM-gain calibration. 

10.2.3.4 Product Detector 

Reinjection of the carrier in a product detector 
demodulates SSB and CW. An active mixer (U317) 
performs the detection; it requires a low-level BFO
injection signal minimizing shielding requirements. 
Q313 and Q314 form a feedback filter amplifier to 
1) amplify the detected SSB/CW output, 2) filter the
IF/BFO components, and 3) provide a low output
impedance to the audio filters.

10.2.3.5 BFO 

The BFO (Q306) is a modified Colpitts-type oscil
lator with gate-bias AGC. The oscillator nominal fre
quency of 700 kHz is adjustable ± 3 to 5 kHz from the 
front panel. Select-in-test C377 provides centering of 
C394's adjustment range. As a buffer, Q307 isolates the 
BFO from the product detector and the frequency 
counter. Under software control, Q315 disables the 
BFO when the Receiver is not in SSB mode. 

10.2.3.6 Wideband Signal-Present Detector 

The wideband signal-present detection circuit is 
used only for the Scan Lock function. U307 provides 
an amplified (40 dB) signal to the frequency counter 
via counter-output select gate U315, which, in con
junction with the 20-MHz low-pass filter following the 
first mixer on Al 7 A2, allows the System Analyzer to 
determine the frequency of a signal within 20 MHz of 
the L.O. frequency. U308 monitors the signal strength 
of the incoming signals. When the input signal is of suf
ficient level and the L.O. is within 20 MHz, U308 flags 
the microprocessor, which then determines the fre
quency. U308 is set to trip at a nominal level of -50 
dBm into A8Jl, the Receiver input. 

10.2.3.7 Counter-Output Select Gate 

The BFO, the limited-IF output, or the wideband 
signal-present output are selected and routed to the 
internal frequency counter under software control via 
U315. The Processor board then determines the error 
frequency relative to the programmed L.O. frequency 
that is displayed on the CRT in receive mode. 



10.2.4 BASEBAND AUDIO-PROCESSING 
CIRCUITS 

10.2.4.1 General 

Under processor control, the audio-processing cir
cuits provide filtering, polarity inversion, gain scaling, 
squelch, and detector selection. With the special func
tion codes, the operator has override control of certain 
filter selections. 

A block diagram of the baseband audio-processing 
circuits is shown at the end of the section in Figure 
10-le.

10.2.4.2 Modulation Selection/Squelch Gate 

Analog gate UlOl, under direct processor control, 
selects modulation, routing the AM, FM, or product
detector output to the squelch gate, which is also part 
of Ul0l. To provide the squelch-gate drive, the log
amp output is compared to a reference level derived 
from the front panel's Squelch control. The log-amp 
output provides a stable, logarithmic, linear-squelch 
control. 

10.2.4.3 Speaker Buffer Amplifier 

The squelch-gate output is routed directly to the 
speaker audio amplifier on the Scope/DVM Control 
board (A7). This output goes through the front panel's 
Volume control and the Receiver buffer amplifier 
(U314), bypassing the Receiver audio filters. To main
tain output volume, the buffer amplifier provides a 
20-dB gain boost in narrowband FM. U106 serves as a
processor-controlled speaker-enable. A series-output
capacitor serves as a 1-pole, 300-Hz, high-pass filter,
while a low-pass filter on the A7 board selects either a
3-dB, 1-kHz, 1-pole roll-off or a 75-µs equalization at
the speaker audio amplifier.

10.2.4.4 Audio Low-Pass Filters 

A 4-pole, selectable bandwidth, low-pass filter pro
vides 300-Hz, 3-kHz or 20-kHz filtering. The filter is 
split into two 2-pole sections to 1) initially filter wide
band noise and RF residual at the detector outputs and 
2) suppress wideband noise introduced by the various
high-pass filters, the polarity-inversion amplifier, and
the circuit-board pickup at the output.

10.2.4.5 Modulation-Sense Amplifier 

Because the System Analyzer can select either high
or low-side mixing, the FM-detector output must be 
polarity-selectable to maintain correct digital-data 

sense as in DPL etc. Under processor control, U103 
performs this function by providing a gain of ± 1. 

10.2.4.6 Audio High-Pass Filters 

A 4-pole, selectable-bandwidth, high-pass filter 
provides 300-Hz and 3-kHz high-pass filtering. The 
filter can be bypassed for low-frequency signals. U105A 
and B, which provide two poles each, are cascaded to 
form the 4-pole active filter. 

10.2.4.7 Audio Output-Buffer Amplifiers 

To prevent limiting in the audio filters, the audio 
signals are filtered at low level and then amplified 12 
dB by U108. U108 provides audio to the 
detectors and scope. Ql0l, Q102, and U207B 
a buffered, uncalibrated audio output to the front
panel port. U207B provides a processor-selectable 
of lX/lOX for narrowband 
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10.2.5 DIGIT AL CONTROL AND 

CONDITIONING 

10.2.5.1 General 

The Receiver is programmed by a serial data stream 
to minimize the system's interconnect complexity. 
Detector accuracy requires a stable, accurate power 
supply. A precision reference provides the Receiver 
with a temperature-stable reference from which all 
critical voltages are generated. 

10.2.5.2 Digital Control 

Digital control is provided by a pair of cascaded, 
latching, 8-bit, serial-in, parallel-out, CMOS shift reg
isters. To obtain the processor-programming data, the 
Receiver strips off the last 16 bits of the Synthesizer's 
control-data stream and routes the shift-register out
put to the Synthesizer. Tables 10-1 through 10-4 detail 
functions of the digital control bits. 

10.2.5.3 Power Conditioning 

Ul 15 provides the Receiver's power-supply refer
ence of 2.5V. Ulll and associated components gener
ate -2.5V, +5V Ref., and ±9V for the various 
Receiver circuits. No current limiting is provided on
board; therefore, the Receiver's voltage regulators 
depend upon the current limit of the system's power 
supply. This is particularly important if a test fixture 
is used. 



· Table 10-1. Functions of Digital Control Bits

Bit No. Name Function 

0 IFCNTEN Logic 0 enables IF frequency to 

IF /BF O Output 

1 WBDETEN Logic 0 enables the Wideband 
Detector 

2 NB FM GAIN Xl0 Logic 0 increases Audio Gain 20 dB 

3 SPARE -

4 SPARE -

5 SPKR EN Logic 0 enables the Speaker Audio 
--

BIT 12 Soft Inverter 

7 DEMOD INV Logic 1 inverts the Receive Signal 

-/+ 

8 WB/NB Logic 1 selects the Wide IF 
Bandwidth 

9 LPFL 300 Logic 0 selects the 300-Hz LPFL 

10 LPFL3K Logic 0 selects the 3-kHz LPFL 

11 HPFL 3-kHz Logic 0 select the 3-kHz HPFL 

12 HPFL 300-Hz and Logic 0 selects the 300-Hz HPFL 

HPFEN and Enables HPFL 

13 AMEN Logic 0 enables the AM Output 

14 FMEN Logic 0 enables the FM Output 

15 SSBEN Logic 0 enables the SSB Output 

Table 10-2. Low-Pass Filter-Control-Bit Patterns 

Bit Patterns 

Function 9 10 

300-HzLPF 0 1 

3-kHzLPF 1 0 

20-HzLPF 1 1 

Table 10-3. High-Pass Filter-Control-Bit Patterns 

Bit Patterns 

Function 6 11 12 

5-Hz HPF 0 1 1 

300-HzHPF 1 1 0 

3-kHz HPF 1 0 0 

Table 10-4. Modulation-Select-Control-Bit 
Patterns 

Bit Patterns 

Function 0 1 2 8 13 14 15 

AMWB 0 1 1 1 0 1 1 

AMNB 0 1 1 0 0 1 1 

SSB WB 1 1 1 1 1 0 

SSB NB 1 1 1 0 1 1 0 

FMWB 0 1 1 1 1 0 1 

FMNB 0 1 0 0 1 0 1 

WBDETEN 1 0 X X 1 1 1 
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C223 

36930-39A C224 

C225 

C226 

C227 

C228 

C229 

C230 

RECEIVER BOARD (A8) 
RTL-1019A 

Qty. Part No. Nomenclature 
Req. 

45-80339828 CARO EJECTOR 

45-80339841 CARO EJECTOR 

09-80344823 CONNECTOR 

08-80343812 CAPACITOR 

21-80342841 CAPACITOR 

21-80341 849 CAPACITOR 

21-80341890 CAPACITOR 

21-80341886 CAPACITOR 

08-80343819 CAPACITOR 

21-80341883 CAPACITOR 

21-80341883 CAPACITOR 

21-80341883 CAPACITOR 

21-80341883 CAPACITOR 

08-80343814 CAPACITOR 

21-80342838 CAPACITOR 

21-80341 867 CAPACITOR 

21-80341 848 CAPACITOR 

21-80341 84 7 CAPACITOR 

21-80342835 CAPACITOR 

21-80342810 CAPACITOR 

21-80342810 CAPACITOR 

21-80342810 CAPACITOR 

21-80342810 CAPACITOR 

21-80342810 CAPACITOR 

21-80342810 CAPACITOR 

21-80342810 CAPACITOR 

21-80342814 CAPACITOR 

21-80342814 CAPACITOR 

21-80342810 CAPACITOR 

21-80342810 CAPACITOR 

21-80342810 CAPACITOR 

21-80342810 CAPACITOR 

21-80342810 CAPACITOR 

21-80342810 CAPACITOR 

21-80342810 CAPACITOR 

21-80342810 CAPACITOR 

21-80342810 CAPACITOR 

23-80341 B 11 CAPACITOR 

21-80342810 CAPACITOR 

23-80341 B 11 CAPACITOR 

23-80341 807 CAPACITOR 

21-80342810 CAPACITOR 

23-80341 807 CAPACITOR 

23-80341811 CAPACITOR 

21-80342810 CAPACITOR 

21-80342810 CAPACITOR 

21-80342810 CAPACITOR 

21-80342B10 CAPACITOR 

21-80342810 CAPACITOR 

23-80341 B 11 CAPACITOR 

21-80342810 CAPACITOR 

21-80342B10 CAPACITOR 

21-80342809 CAPACITOR 

21-80342809 CAPACITOR 

21-80342810 CAPACITOR 

21-80341 B93 CAPACITOR 

21-80341 B82 CAPACITOR 

20-80343837 CAPACITOR, VARIABLE 

20-80396 A5 7 CAPACITOR 

21-80342809 CAPACITOR 

21-80342810 CAPACITOR 

21-80342810 CAPACITOR 

21-80342B10 CAPACITOR 

20-80396 A57 CAPACITOR 

21-80342B09 CAPACITOR 

21-80342810 CAPACITOR 

21-80342B10 CAPACITOR 

21-80342810 CAPACITOR 

20-80396 A57 CAPACITOR, VARIABLE 

21-80342B10 CAPACITOR 

21-80342B10 CAPACITOR 

21-80342810 CAPACITOR 

2 1 -80342810 CAPACITOR 

21-80342810 CAPACITOR 

21-80342B10 CAPACITOR 

21-80342801 CAPACITOR 

21-80342B10 CAPACITOR 

21-80341869 CAPACITOR 

21-80342B10 CAPACITOR 

21-80342810 CAPACITOR 

21-80342810 CAPACITOR 

Part Value 

MARKED 

.lUF-10-100 

8200PF-5-50 

1200PF-5-50 

820PF-5-50 

5600PF-5-50 

.068UF-5-63 

4 700PF-5-50 

4700PF-5-50 

4 700PF-5-50 

4 700PF-5-50 

.22UF-10-100 

.02UF-5-50 

3000PF-5-20 

120PF-S-50 

11 OOPF-5-50 

.012UF-10-50 

.lUF-20-50 

.lUF-20-50 

.lUF-20--50 

.lUF-20-50 

.lUF-20-50 

. lUF-20-50 

. lUF-20-50 

.47UF-20-50 

.47UF-20-50 

.lUF-20-50 

. lUF-20-50 

. lUF-20-50 

. lUF -20-50 

. lUF-20-50 

.lUF-20-50 

.lUF-20-50 

.1 UF-20-50 

.1 UF-20-50 

47UF-20-16 

.1 UF-20--50 

47UF-20-16 

100UF-10V 

.lUF-20-50 

100UF-10V 

47UF-20-16 

. lUF-20-50 

.1UF-2Q..50 

.1UF-20-SO 

. lUF-20-50 

.1UF-20-SO 

47UF-20-16 

.lUF-20-50 

. lUF-20-50 

.01 UF-20-50 

.01 UF-20-50 

.1 U F -20-50 

1OOOPF-20--100 

470PF-5-50 

15 TO 60PF-200 

9 TO 35PF-200 

.01 UF-20-50 

.lUF-20-50 

.lUF-20-50 

.lUF-20--50 

9 TO 35PF-200 

.01 UF-20-50 

.lUF-20--50 

.lUF-20-50 

.1 UF-20-50 

9-35PF 

.lUF-20-50 

.1UF-2Q..50 

.lUF-20-50 

.lUF-20-50 

.lUF-20-50 

. lUF -20-50 

.022UF-1Q..100 

. lUF-20-50 

330PF-5-50 

.1UF-20-50 

. lUF-20-50 

.lUF-20--50 

RECEIVER BOARD (AS) 
{RTL-1019A) 

Figure 10-3b. Printed Wiring Board 
Assembly and Parts List (Sheet 2 of 4) 
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11.1 GENERAL 

The RF Synthesizer module consists of 6 sub-mod
ules: 

• Reference and Control Board (A9Al)
• 310 to 440-MHz Loop Board (A9A2)
• Synthesizer Output Board (A9A3)
• 60.5-MHz Loop Board (A9A4)
• GHz Loop Board (A9A5)
• 640-MHz Loop Board (A9A6)

plus the Synthesizer Motherboard (A9A7). The 6 sub
modules, which are arranged three per side on the 
Synthesizer Motherboard, are individually covered to 
provide EMI shielding. 

A block diagram of the RF Synthesizer board is 
shown at the end of this section in Figure 11-1, and the 
locations of the 6 sub-modules are shown with the 
assembly and parts list in Figure 11-2. 

The RF Synthesizer module provides RF frequen
cies from 10 kHz to 1 GHz in 100-Hz steps at the out
put port. The Synthesizer module is the primary signal 
source for the system's generator output and the local
oscillator source for the system's receive function; it 
also provides the 10-MHz TTL reference signal 
required by the system. The reference signal for the RF 
Synthesizer is provided by the system's 10-MHz mas
ter oscillator. 

Programming control of the Synthesizer module is 
via four serial data busses with common clock and latch 
lines. The system processor provides the program
ming signals. 

11.2 THEORY OF OPERATION 

The 310 to 440-MHz Loop board (A9A2) provides 
synthesized frequencies between 310 and 440 MHz in 
125-kHz steps, as programmed by the system proces
sor. That signal is mixed with the divide-by-two signal
from the 500 to 1000-MHz voltage-controlled oscilla
tor (VCO) on the GHz Loop board (A9A5). The result
ing difference frequency is compared to the 60.5-MHz
( ± 125 kHz) output from the 60.5-MHz Loop board
(A9A4).

The output of the 60.5-MHz Loop board is pro
grammable from 60.375 MHz to 60.625 MHz in 50-Hz 
steps. The error signal resulting from the frequency 
comparison drives the 500 to 1000-MHz VCO so that 
the divide-by-two output is equal to the 310 to 440-
MHz frequency, plus or minus the 60.5 ±0.25-MHz 
frequency. The plus or minus condition is selected by 
the processor during the programming process and 
involves changing the sense of the 500 to 1000-MHz 
loop. 

SECTION 11. 
RF SYNTHESIZER MODULE (A9) 

The net result of the process is 1) an output from the 
500 to 1000-MHz VCO that covers the range from 500 
to 1000-MHz in 100-Hz steps, and 2) an output from 
the divide-by-two which covers the range from 250 to 
500 MHz in 50-Hz steps. The 50-Hz increment is not 
allowed by the system processor, however, so the oper
ator will only have 100-Hz increments in this range. 
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For output frequencies below 250 MHz, the output 
of the 500 to 1000-MHz VCO is mixed with a fixed 
640-MHz signal from the 640-MHz Loop board
(A9A6). The 500 to 1000-MHz output is programmed
so that the difference between it and 640 MHz is equal
to the desired output frequency. A select switch on the
Synthesizer Output board (A9A3) chooses the appro
priate signal path to the output port, depending on the
desired output frequency.

The Reference and Control board (A9Al) provides 
the reference frequencies required by the other Syn
thesizer boards and the rest of the system, and pro
vides data-buffering and level-shifting for the 
programming information from the processor. 

The Synthesizer Motherboard (A9A7) intercon
nects signals and power-supply voltages between the 
Synthesizer's 6 sub-modules and the System Mother
board (A19). 

11.2.1 REFERENCE AND CONTROL BOARD 
(A9A1) 

11.2.1.1 General 

The Reference and Control board provides the four 
necessary interface functions between the RF Synthe
sizer and the System Analyzer: 1) sinewave-to-TTL
level translation of the system's 10-MHz reference, 
2) derivation of reference signals needed by other RF
Synthesizer sub-modules, 3) filtering of the +33V
input, and 4) serial-to-parallel conversion of Synthe
sizer control data.

Block diagrams of the Reference and Control board 
are shown at the end of the section in Figures 11-3a and 
b, a schematic in Figure 11-4, and the printed wiring 
board assembly and parts list in Figure 11-5. 

11.2.1.2 Theory of Operation 

The system's 10-MHz standard is converted from a 
sinewave to two TTL-compatible signals by Ql, Q2, 
Q3, and U2. One of the TTL 10-MHz signals is .sent 
out to the Receiver board (AS) and the Processor 
Interface board (All). The other is divided-down to 
provide 1-MHz references for the 310 to 440-MHz 



Loop board (A9A2) and the 60.5-MHz Loop board 
(A9A4). The 1-MHz signal is further divided to 50 kHz, 
and then is mixed with 1 MHz to provide the 1.05-MHz 
reference for the 24-MHz loop on A9A4. 

The +33V filter, shown in Figure ll-3a, provides 
isolation between the system's +33V line and the sub
modules in the RF Synthesizer where + 33V is used. 

Figure ll-3b shows the level translator (U9) and the 
shift register (UlO). The level translator converts three 
serial-data inputs, plus the clock input and the latch 
input (all of which come from A9, the Processor Inter
face board), as well as one of the Synthesizer's control 
bits (5V, 300 to 350 clamp) from a logic of 0 to +5V to 
a logic of O to +8V. These O to +8V logic levels are 
required by the 310 to 440-MHz Loop board (A9A2), 
the 60.5-MHz Loop board (A9A4), and the GHz Loop 
board (A9A5). 

Serial-to-parallel conversion of eight bits of Synthe
sizer control data is done by shift register UlO. The 
serial input comes from the Processor Interface board 
(All). The eight output bits are used by the RF Syn
thesizer to produce the desired output frequency. 

11.2.2 310 TO 440-MHz LOOP BOARD (A9A2) 

11.2.2.1 General 

The 310 to 440-MHz Loop board provides RF fre
quencies between 310 and 440 MHz in 125-kHz steps. 
This output is used as the translation frequency in the 
GHz Loop board (A9A5). 

Also, the 310 to 440-MHz Loop board contains cir
cuitry which selects Synthesizer modulation and mod
ulation sense. The selected modulation goes to the 
60.5-MHz Loop board (A9A4). 

Frequency programming and modulation selection 
are controlled by data, clock, and latch lines which 
come from the Reference and Control board (A9Al). 

A block diagram of the 310 to 440-MHz Loop board 
is shown at the end of the section in Figure 11-6, a 
schematic in Figure 11-7, and the printed wiring board 
assembly and parts list in Figure 11-8. 

11.2.2.2 Theory of Operation 

The 310 to 440-MHz Loop board consists of two 
main sections: the 310 to 440-MHz loop and the cir
cuitry for selecting modulation. The 310 to 440-MHz 
loop consists of the reference divider and the phase 
detector (Ul), the loop filter (U2), the voltage-con
trolled oscillator (VCO) (Ql), the RF amplifier (Q2), 
the two-modulus divider (U3 and U4), the divide-by
N and divide-by-A counters and the counter control 
logic (Ul). 

The reference divider divides the 1-MHz reference 
frequency by eight. The resulting 125-kHz signal is 
compared by the phase detector to the divided-down 
VCO output coming from the divide-by-N. The phase 
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detector then generates an output that locks the phase 
of the VCO output to the phase of the 125-kHz refer
ence. That phase-detector output drives the loop fil
ter. The loop filter sets the bandwidth and stability of 
the loop and attenuates the reference-frequency com
ponents coming from the phase detector. The output 
of the loop filter tunes the VCO frequency to the 
required value to maintain phase-lock. Following the 
VCO is an RF amplifier which provides a nominal 
power of + 7 dBm to the RF output. A small portion 
of this output is used to drive the two-modulus divider. 
When the modulus control line is low, the modulus is 
41; when high, the modulus is 40. The output of the 
two-modulus divider feeds the divide-by-A and divide
by-N counters. The 8V, 310 to 440 DATA line pro
grams the values of N and A, depending upon the 
desired output frequency � 

f31oto44o = 125 kHz (N 40+A). 
The counter control logic coordinates the operation of 
the divide-by-A counter, the divide-by-N counter, and 
the two-modulus divider to achieve the proper divi
sion of the VCO frequency. 

11.2.3 OUTPUT BOARD (A9A3) 

11.2.3.1 General 

The Output board provides a combination of 
switching, filtering and mixing to generate the Syn
thesizer's 0.01 to 1000-MHz output. This board also 
controls the output level for frequencies below 1 MHz. 

A block diagram of the Output board is shown at the 
end of the section in Figure 11-9, a schematic in Figure 
11-10, and the printed wiring board assembly and parts
list in Figure 11-11.

11.2.3.2 Theory of Operation 

The Output board provides its 10-kHz to 1-GHz 
frequency range in four bands: Band A-10 kHz to 
249.9999 MHz; Band B-250 to 349.9999 MHz; Band 
C-350 to 499.9999 MHz; and Band D-500 to 1000
MHz. Comparators U6 and U7 control pin diodes,
which, in turn, control band switching.

11.2.3.2. 1 Band A 

The 10-kHz to 249.9999-MHz band is provided by 
mixing the 640-MHz Loop board's output with the 
GHz Loop board's output of 500 to 1000 MHz (fctt,), 
For a particular output frequency, f0, the GHz loop is 
programmed to fcttz = f0 + 640 MHz. The resulting 
difference frequency at the output of mixer (U2) is then 
equal to f

0
• 

Pin diode CR4 switches the 500 to 1000-MHz input 
to the input of amplifier U5. The output of U5 drives 
the L.O. port of mixer U2. The 640-MHz input drives 
the RF port of mixer U2. By controlling the current 



through pin diodes CRl 7 and CRIB, voltage-to-c·ur
rent converter QI controls the level of the 640-MHz 
drive (and thus the level of the 10-kHz to 249.9999-
MHz output). The input of Ql is driven by the 0.01 to 
1 AGC signal from the Wideband Amplifier (Al 7 A2). 

In addition to the desired difference frequency, other 
signals are contained in the output of mixer U2. These 
signals include 640-MHz and fcttz feedthrough, the 
sum frequency, and higher-order mixer p.roducts. 
Microstrip traps, which are tuned by C4 and C5, 
attenuate 640-MHz and fcttz feedthrough. A low-pass 
filter (Ll, L2, C7 and CB) attenuates the sum fre
quency and higher-order mixer products, as well as 
640-MHz and fcttz feedthrough. R49 and C6 improve
gain-flatness-with-frequency by providing fr�quency
compensation. After filtering and compensat10n, the 
IO-kHz to 249.9999-MHz signal is amplified by U3, 
switched through relay Kl, and amplified by U4. 

11.2.3.2.2 Bands B and C 

The 50 to 349.9999-MHz and 350 to 499.999-MHz 
bands are provided by filtering harmonics from the 
GHz Loop board's 250 to 500-MHz output. For oper
ation from 250 to 349.9999 MHz, pin diodes CR12 and 
CR13 steer the 250 to 500-MHz input through a 350-
MHz low-pass filter (C3B, C39, C40, L11 and L12). For 
operation from 350 to 499.9999 MHz, pin diodes CRlO 
and CR11 steer the 250 to 500-MHz input through a 
500-MHz low-pass filter (C34, C35, C36, LB, and L9).
For either band, pin diode CR15 steers the low-pass
filter's output to amplifier U4. For operation in other
bands, pin diode CR14 isolates the 250 to 500-MHz
input from the SYNTH RF output.

11.2.3.2.3 Band D 

The 500 to 1000-MHz band is provided by fre
quency-compensating the GHz Loop board's 500 to 
1000-MHz output. Pin diodes CR5, CR7, and CR9 
steer that input through frequency-compensation cir
cuits R31, C54, R33, and C30 and then to amplifier U4. 
For operation in other bands, pin diodes CR6 and CRB 
isolate the 500 to 1000-MHz input from the SYNTH 
RF output. 

11.2.4 60.5-MHz LOOP BOARD (A9A4) 

11.2.4.1 General 

The 60.5-MHz Loop board provides an output fre
quency (variable in 50-Hz steps over a range of 60.5 
±0.25 MHz) to the GHz Loop board. In addition, the 
60.5 MHz Loop board provides the modulation and 
sweep capability for the Synthesizer. 

A block diagram of the 60.5-MHz Loop board is 
shown at the end of the section in Figure 11-12, a sche
matic in Figure 11-13, and the printed wiring board 
assembly and parts list in Figure 11-14. 
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11.2.4.2 Theory of Operation 

The 60.5-MHz Loop board consists of three sections: 
1. A translation loop, comprising a phase-locked-loop

(PLL) IC (U9), a loop filter (Ul, UlO, U11), a V�O
(Q3, Q4), a buffer amplifier (Q5, Q6), a translat10n
mixer (U14), a filter amplifier (Q7), and a two�
modulus pre-scaler (QB, Ul2, U13).

2. A modulation control circuit (U3).
3. An offset loop, consisting of a PLL IC (U6), a loop

filter (U7), a VCO (Ql), a buffer amplifier (Q2),
and a pre-scaler (UB).

The PLL I Cs (U6, U9) provide digital dividers, con
trol functions, and the phase detector on on� IC. The
reference input is divided by 1000 and apphed to the 
on-chip phase detector, where it is compared against 
the reference divider's output. 

The phase detector's output in each_ loop is appli�d
to the loop filter, which sets the bandwidth and stabil
ity of the loop and attenuates reference-frequency 
components coming from the phase detector. 

Modulation and spurious requirements cause the 
translation loop filter to be considerably more com
plex than the offset loop filter. l1_1 addition to t�e stan
dard filter amplifier, the translat10n loop filter mcludes 
bandwidth switching and an elliptic low-pass filter. 
Bandwidth switching prevents the translation loop 
from tracking-out sweep modulation. 

In each loop, the loop filter's output tunes the VCO 
output, putting the phase detector's inputs in phase. 

The proper frequency for the offset loop is deter
mined by the values programmed into the N and A 
registers of U6 -

foFF = 1.05 kHz (NoFF 64 + AoFF). 
The output frequency of the translation loop is deter
mined by the programmed values of N and A in the 
registers of U9 and the frequency of the offset loop -

fT = 1 kHz (NT12B + Ar) - foFF· 
Mixer U14 sums the output frequencies of both loops. 
The output of U14 is filtered by the filter amplifier (Q7) 
and is then applied to QB, U12 and U13, which form a 
divide-by-2B/129, two-modulus divider. 

For modulation control, the switch outputs of U6 
and U9 control an analog multiplexer (U3). R13 con
trols the modulation sensitivity. To adjust R13, refer 
to Section 3 on alignment. 

11.2.5 GHz LOOP BOARD (A9A5)

11.2.5.1 General 

The GHz Loop board provides RF outputs of 500 to 
1000-MHz and 250 to 500 MHz. It obtains these out
puts by using the output of the 60.5-MHz Loop board 
(A9A4) as a reference frequency and by using the out
put of the 310 to 440-MHz Loop board (A9A2) as a 
translation frequency. The reference, f60, can be pro
grammed in the range of 60.5 ±0.125 MHz in 50-Hz 



steps, while the translation frequency, f34, can be pro
grammed from 310 to 440 MHz in 0.125-MHz steps. 
Since a mixer-phase detector and a frequency-trans
lation mixer are used in the loop, two lock-points exist 
for each combination of f34 and f6o• 

When the loop is locked in the positive sense, 
f 2 = f34 + f50, 

and when it is locked in the negative sense, 
f2 = f34 - f50. 

With the proper control, therefore, f
0 

may be pro
grammed in the range of 500 to 1000 MHz in 100-Hz 
steps, and f 2 may be programmed in the range of 250 
to 500 MHz in 100-Hz steps. 

A block diagram of the GHz Loop board is shown at 
the end of the section in Figure 11-15, a schematic in 
Figure 11-16, and a printed wiring board assembly and 
parts list in Figure 11-1 7. 

11 .2.5.2 Theory of Operation 

11.2.5.2. 1 GHz Loop 

Ul compares the GHz loop's reference signal (a 
phase-shifted version of f60) to a frequency which 
equals the difference between f34 and f2. During phase
lock, the phase detector generates an error signal which 
keeps the difference frequency phase-locked to f60. 
This error signal drives the loop filter (U2) which, in 
turn, drives the switched VCOs (Ql-Q6). The switched 
VCOs then drive an RF amplifier (U3), the output of 
which is split between the 500 to 1000-MHz output and 
the divide-by-2 input. The divide-by-2 (Ul0) has two 
outputs. One off these provides the 250 to 500 MHz 
output. The other output drives an RF amplifier (U9), 
which, in turn, drives the RF port of the translation 
mixer (U8). 

The frequency of the signal out of U8 during phase
lock equals f60. This signal drives the bandpass ampli
fier (Q7 and Q8). The phase of the inverting output of 
the bandpass amplifier is compared to the phase
shifted version of f60. The non-inverting output of the 
bandpass amplifier drives the L.O. port of the lock
detect mixer (U7). When the loop is locked in the pos
itive sense, the lock-detector voltage is positive; how
ever, if the loop is locked in the negative sense, the lock
detector voltage is negative. When the loop is unlocked, 
the lock-detector voltage is zero. 

11.2.5.2.2 Acquisition Circuit 

Another important part of the GHz loop is the 
acquisition circuit. This circuit helps the loop acquire 
the lock point and ensures that the loop locks in the 
desired sense. When the loop is unlocked, a current is 
applied to the loop filter, which causes the VCO con
trol voltage, and thus the VCO frequency, to sweep. 
When the loop acquires a lock point, the lock detector 
will indicate the sense of the lock point. If the desired 

lock point has been acquired, the sweep circuit will 
turn off, allowing the loop to remain locked. If, how
ever, the undesired lock point has been acquired, the 
honker circuit will turn on, force the VCO frequency 
to its maximum or minimum point, and turn off. As the 
VCO sweeps back in the opposite direction, it will 
encounter the desired lock point first. 

Correct operation of the acquisition circuit depends 
on proper phasing of the inputs of the lock detector 
(U7). With the loop in lock and no applied loop stress 
(i.e. the slew and the honk are turned off and there is 
no frequency modulation on the reference), the mag
nitude of the lock-detector voltage should be at its 
maximum. The relative phase of the lock detector's 
input is adjusted by a variable capacitor (C24) in the 
phase-shift network. 

11.2.6 640-MHz LOOP BOARD (A9A6) 

11.2.6.1 General 

The 640-MHz Loop board provides a 640-MHz sig
nal to the Output board where it is used to mix-down 
the 500 to 1000-MHz output to between 10 kHz and 
250 MHz. 

A block diagram ·of the 640-MHz Loop board is 
shown at the end of the section in Figure 11-18, a sche
matic in Figure 11-19, and the printed wiring board 
assembly and parts list in Figure 11-20. 

11.2.6.2 Theory of Operation 
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The 640-MHz Loop board provides a 640-MHz sig
nal to the Synthesizer Output board (A9A3) where it 
is used to mix down the 500 to 1000-MHz output of the 
GHz Loop board (A9A5) to between 10 kHz and 250 
MHz. 

The 10-MHz reference feeds a power splitter formed 
by T2 and R35. One half of the reference power is sent 
to the Reference and Control board. The other half of 
the power drives crystal filter FLl, which removes 
noise picked up between the Frequency-Standard 
Interface board (A16) and the RF Synthesizer module 
(A9). The phase of the divided-down 640-MHz output 
from Ul (divide-by-64) is compared to the phase of the 
filtered reference by the phase detector (U2), an ana
log-multiplier IC. 

Since U2 does not detect the frequency difference 
when the loop is out of phase-lock, an acquisition-assist 
circuit (Ql, RIO, Rl2, Rl3, and C12) is required. RIO 
offsets the phase detector's output when the loop is 
disabled, forcing the loop filter's output voltage low. 
When the 640-MHz output is enabled, a beat fre
quency (the difference in frequency between the 10-
MHz reference and the output of Ul) is detected at the 
output of the phase detector by Ql. QI then applies 
this signal to the inverting input of the loop-filter 
amplifier (U3), forcing its output voltage, and hence 



the VCO frequency, to increase. As the phase-locked
loop comes within pull-in range of the lock point, it 
snaps into lock and drives the beat frequency to zero. 
When this happens, Ql, which is biased Class C, loses 
its drive signal and shuts off, effectively disconnecting 
the acquisition circuit from the loop filter. The loop 
then begins normal operation. 

Loop-filter amplifier U3 drives the voltage-con
trolled oscillator, Q2, which is a Colpitts-type oscilla
tor. The VCO tuning curve is controlled by the length 
of LS. A resistive pad (R23, R25, and R41) and isola
tion amplifier U4 buffer the VCO output from the 
module output. Part of the VCO output is tapped by a 
resistor pad (R24, R39, R40) and fed back to the 

divide-by-64 (Ul) ·input. The high-pass filter formed 
by C33, C34, and L12 prevents the divider from con
taminating the VCO output. 

The board is controlled by switching off the -8V 
supply via Q3. This is done by raising the reference 
voltage of U6 (the -8V regulator) to + 1.2V, thus 
forcing the regulator output to zero volts. 

11.3 SYNTHESIZER MOTHERBOARD (A9A7) 

Figure 11-21 at the end of the section shows the 
printed wiring board assembly and parts list for the 
Synthesizer Motherboard. 
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SYNTH SWEEP 

SYNTH FM 

CONTROL 

WB AMP LO/HI 

10 MHz REF 

.01-1 AGC 

POWER 
±5V, ± 12V, +33V 

25, 26 

29, 30 

A9A1 , 3-14 
REF/CONT 
MODULE 

15, 16 I t 
39, 40 

33, 34 

43, 52 
� 

1 MHz REF 

A9A4 60.5 ± 
1.05 MHz REF 125 KHz 60.5 MHz LOOP 

CONTROL 50 Hz STEPS 
-

MODULATION , CONTROL_ 

-

A9A2 
310-

-

440 MHz 
1 MHz REF 310-440 MHz LOOP

- 125 KHz STEPS

CONTROL 
-

CONTROL 

10 MHz REF A9A6 
640 MHz LOOP 

640 MHz 

CONTROL 

PHASE DETECTOR 

+ 

-

A9A5 
GHz LOOP 

A9A3 
OUTPUT 
MODULE 

Kq> 

' -

-

VGA 

,, 

LOOP 
FILTER 

-;-2 

250-500 MHz

• 

LOW 
PASS 

FILTERS 

vco 

500-1000 MHz

LOW 
PASS 

FILTERS 

OUTPUT � 

SELECT 

17, 18 
-

-

SYNTH
10 MHz

.01-1000 MHz 
100 Hz STEPS 

39630-42 

RF SYNTHESIZER MODULE (A9) 
(RTC-1007 A) 

Figure 11-1. Block Diagram 
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RF SYNTHESIZER MODULE (A9) RF SYNTHESIZER MODULE (A9) 

(RTC-1007 A) 
RTC-1007A 

Figure 11-2. Assembly and Parts List © © Find Qty. Nomenclature Part Value (t) © No. Req. 
Part No. 

0 © 007 2 32 -80342B 93 GASKET,EMI 

0 
012 35 43 -80343B70 SPACER 1/4"HEX 

013 17 43 -80343B72 SPACER 1/4"ROUND 

A001 1 RTC-403 9A REF & CONTROL ASSY(A9A 1) 

A002 1 RTC-4040A 310-440 MHZ LP ASSY(A9A2) 

(±) (±) © 
A003 1 RTC-4041A SYNTH OUTP UT ASSY(A9A3) 

A004 1 RTC-4042A 60 .5 MHZ LOOP ASSY(A9A4) 

© A005 1 RTC-4043A P RINTED WIRING B OARD .5 -1 G HZ LOOP (A9A5) 

0 ASSY 

A00 6 RTC-4044A 640 MHZ LOOP ASSY(A9A6) 

A007 RTC-4045A SYNTH. MOTHERB D
ASSY(A9A7) 

© 
0 

© 

BAC I< ':>IOE. 

0 

0 

0 0 

© 

0 

0 

© © 

,RON, 510£. 

36930-130 
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RF SYNTHESIZER 

SYNTHESIZER MOTHERBOARD (A9A 7) 

(RTC-4045A) 

Figure 11-21 b. Printed Wiring Board 
Assembly and Parts List (Sheet 2 of 2) 
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COMPONENTS AND BACKSIDE 

OF BOARD SHOWN IN BLACK. 

INNER LAYER OF BOARD 

SHOWN IN ORANGE 

... 

(See Sheet 1, p. I 1-35, for Parts List) 



12.1 DESCRIPTION 

The Audio Synthesizer board generates and pro
cesses baseband signals, providing the composite 
modulating signal for RF-signal generation. The AlO 
board consists of an Audio Synthesizer that generates 
frequencies in the range of 5 to 19999.9 Hz, a digital 
private line (DPL) generator, and a fixed 1-kHz source. 
The A 10 board provides external microphone and 
external audio inputs, and sums all modulation sources 
to form the composite modulation source. 

A block diagram of the Audio Synthesizer board is 
shown at the end of this section in Figure 12-1, a sche
matic in Figure 12-2, and the printed wiring board 
assembly and parts list in Figure 12-3. 

12.2 THEORY OF OPERATION 

12.2.1 AUDIO SYNTHESIZER 

12.2.1.1 General 

Audio frequencies from 5 to 19999.9 Hz, in incre
ments of 0.1 Hz, are synthesized using a phase-accu
mulative technique. Consider the 360 degrees in a cycle 
to be divided into 220 pieces. A 20-bit digital accumu
lator, incrementing at some fixed rate, could then at 
any instant represent a fixed point in the 360-degree 
cycle. That is, if the accumulator were half full, it would 
represent the 180-degree point, and if totally full, 
would represent the 360-degree point. The number of 
times per second that the accumulator goes through a 
complete cycle determines the output frequency. If the 
increment rate is fixed, the time required to accumu
late 220 bits can be varied by changing the number of 
bits added at each time increment. 

12.2.1.2 Clock Generator 

The 104.8576-kHz clock generator (U6 and U7) pro
vides the increment rate for the Audio Synthesizer. If 
only one bit were added each time, the time to com
plete one cycle would be 10 seconds. Processor-loaded 
control latches U40-U44 determine the number of bits 
to be added at each time increment and, thus, the final 
output frequency. A 20-bit adder (U26-U30) adds the 
control word to the current word in the 20-bit accu
mulator latch (U14-U18). At the next time increment, 
the adder output is latched, becoming the next input 
to the adder. 
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12 .2 .1 .3 Digital-To-Analog Conversion 

The linear digital output of the 20-bit latch accu
mulator is converted into a sinusoidal digital output by 
the decode EPROM (Ull). Following the decode 
EPROM is a digital-to-analog converter (U3) which 
converts the sinusoidal information into a quantized 
sinewave with a period equal to the cycle time of the 
20-bit accumulator latch.

12.2.1.4 Bandpass Filter 

Bandpass filter Ul and U2, with a passband of 5 to 
10 kHz, filters the quantized waveform to a sinewave 
having less than 1 percent distortion. The level of the 
sinewave is processor-controllable by a programmable 
attenuator (U23C and U23D) having dB settings of 0, 
10, and 30. 

12.2.2 DPL GENERATOR 

12.2.2.1 General 

The 23-bit digital private line (DPL) word is gener
ated by the processor from the 3-digit code. The 23-bit 
word is then transferred to a serial shift register and 
clocked out at a rate of 133 Hz. Connecting the output 
of the shift register back to its input causes the 23-bit 
word to be continuously repeated. 

12.2.2.2 Shift Register 

There are two modes to the DPL generator. During 
the load mode, the shift-register control (U34 and U36) 
gates a control latch to the input of the shift register 
(U20 and U3). Twenty-three data bits and clock pulses 
are then provided by the processor to load the DPL 
word. At the completion of the load mode, the shift
register control switches back to the output mode, 
which cycles the DPL word through the shift register 
at a 133-Hz clock rate. The 133-Hz clock comes from 
one of the sinusoidal digital lines on the Audio Syn
thesizer (U4 PIN 15). 

12.2.2.3 Bandpass Filter 

Bandpass filter U8, with a 0.2 to 135-Hz bandpass, 
follows the shift-register output to remove the higher 
frequency components of the digital signal. For the 
DPL off-code (133-Hz tone), the processor switches the 
INT MOD line to the Audio Synthesizer's output, 
outputting a 133-Hz sinewave. 



12.2.3 1-KHz TONE

A filtered, I-kHz square wave provides the fixed, 
I-kHz modulation source. The SYNTH I KHz signal
from the Processor Interface board (All) is filtered to
less than I percent distortion by bandpass filter U46.

12.2.4 INTERNAL MODULATION 

The internally generated modulation consists of the 
output of either the audio synthesizer or the DPL gen
erator. 

12.2.5 EXTERNAL MODULATION 

External modulation can come from either the 
microphone input or the external modulation input 
port (Ext Mod In) on the front panel. An instanta
neous deviation-control (IDC) circuit (U45) amplifies 
and limits the microphone signal (MIC IN) before 
summing it with the signal EXT MOD IN from the 
front panel's port. The resulting signal is the EXT 
MOD source. 

12.2.6 MODULATION CONTROL 

The three modulation sources, internal, exterrral, 
and 1-kHz, are level-controlled by either the front 
panel controls or the IEEE Interface board (AI3). The 
level-adjusted sources are then returned to the Audio 
Synthesizer board, where they are summed together 
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and de-adjusted by U38 for O Vdc, forming the com
posite modulation audio. The composite signal is 
routed to four places: the modulation-select switch, the 
MOD CAL AUDIO line to the Scope/DVM Control 
board (A7), the F.P. MOD OUTPUT line to the front 
panel, and VOL CONTROL AUDIO line to the 
speaker (for generate modes only). 

The modulation-select switch (U24) routes the 
composite modulation signal to any of the four mod
ulators: to the double sideband-suppressed carrier
modulator (DSBSC MOD) for sideband modulation, 
to the RF Synthesizer for frequency modulation (FM 
MOD), to the Duplex Generator for frequency modu
lation (OFFSET MOD), and to the RF output-level
ing loop for amplitude modulation. U47 sums the signal 
for amplitude modulation with a 5-V de level and then 
routes it to the variable RF Level control on the front 
panel (5 VDC + AM MOD). At the RF Level control, 
the signal is attenuated according to the level setting 
to give the de-plus-AM reference signal for the out
out-leveling loop. 

12.2.7 BOARD CONTROL 

The AF bus provides all the control inputs for the 
Audio Synthesizer board. The 4-bit address bus (AF 
ADD BUS 0-3) is decoded by the address decoder 
(U35) to determine which control latch is to be 
accessed. Control data is transferred to the accessed 
latch on the 4-bit data bus (AF DATA BUS 0-3). Syn
chronization of the data transfer is the function of the 
AF BUS EN I signal line. 
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SOLDER-SIDE TRACK SHOWN 
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94990 ASS'I' 01•P22100E001 

SERNO 
·J·
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C?'Z. 

36930-63 

Find 

No. 

004 
005 
coo, 

C 002 
C 003 
C 004 
C 005 
C 006 
C 007 
C 008 
C 010 
C 011 
C012 
C 013 
C 014 
C 015 
C 016 
C017 
C 018 
C 019 
C 020 
C021 
C022 
C023 
C024 
C025 
C026 
C027 
C028 
C 029 
C 030 
C 031 
C 032 
C 033 
C 034 
C 035 
C 036 
C 037 
C 038 
C 039 
C 040 
C 041 
C 042 
C 043 
C 044 
C045 
C047 
C048 
C049 
coso 

cos, 

C052 
C053 
C 054 
COSS 
C056 
C057 
C059 
C060 
C061 
GROOS 
CR006 
CR007 
CR00B 
L 001 
L 002 
L 003 
0001 
0002 
0003 
0004 
0005 
R 001 
R 002 
R 003 
R 004 
R 005 
R 006 
R 007 
R 008 
R 009 
R 010 
R 011 

Qty. 

Req. 

AUDIO SYNTHESIZER BOARD (A10) 

RTC-1008A 

Part No. Nomenclature 

45-80339B28 CA R D  EJECTOR 
45-80339B29 CA R D  EJECTOR 
23-84665 F03 CAPACITOR 
23-84665 F03 CAPACITOR 
23-80341 B 15 CAPACITOR 
23-80341 B 15 CAPACITOR 
21-80342B 10 CAPACITOR 
21-80342B 10 CAPACITOR 
21 -80342B 10 CAPACITOR 

21-80369 A90 CAPACITOR 
21-80342B 10 CAPACITOR 

21-80342B 10 CAPACITOR 
21-80341 B80 CAPACITOR 
21-00850118 CAPACITOR 
21-80342B 10 CAPACITOR 
21-80342B 10 CAPACITOR 
21-80342B 10 CAPACITOR 
21-80342B 10 CAPACITOR 
21-80342B 10 CAPACITOR 
08-84326 A27 CAPACITOR 
21-80341 B47 CAPACITOR 
21-80342B 10 CAPACITOR 
21-80342B 10 CAPACITOR 

21-80342B10 CAPACITOR 
21-80342B 10 CAPACITOR 
21-80342B10 CAPACITOR 
21-80342B10 CAPACITOR 
21-80342B 10 CAPACITOR 
21-80339B18 CAPACITOR 
21-80339B19 CAPACITOR 
21-80339B 15 CAPACITOR 
08-84326 A48 CAPACITOR 
08-84326 A48 CAPACITOR 
21-80342B10 CAPACITOR 
21-80342B 10 CAPACITOR 
21-80342B10 CAPACITOR 
21-80342B10 CAPACITOR 
23-80341 B 15 CAPACITOR 
21-80342B 10 CAPACITOR 
21-80369 A94 CAPACITOR 
21-80369 A94 CAPACITOR 
21-80342B10 CAPACITOR 
21-80342B10 CAPACITOR 
21-80342B46 CAPACITOR 
21-80342B46 CAPACITOR 
08-84326 A48 CAPACITOR 
21-80342B01 CAPACITOR 
23-80341 B 15 CAPACITOR 
21-80339B 15 CAPACITOR 

23-80341 B 1 5 CAPACITOR 
23-80341 B 15 CAPACITOR 
21-80342B46 CAPACITOR 
21-80341B92 CAPACITOR 
23-80341 B 15 CAPACITOR 
21-80342B10 CAPACITOR 
21-80342B13 CAPACITOR 
21-80341B46 CAPACITOR 
21-80341 B95 CAPACITOR 
21-00850118 CAPACITOR 
21-80339822 CAPACITOR 
48-84463K02 D IODE 
48-84463K02 D IODE 
48-84463K02 D IODE 

48-84463K02 D IODE 
24-80348 A83 COIL 
24-80348 A83 COIL 
24-80369 A31 COIL 
4 8 -80340B85 TR ANSISTOR 
48-80340B86 TR ANSISTOR 

48-80340B86 TR ANSISTOR 
48-80340B85 TR ANSISTOR 
48-80340B86 TR ANSISTOR 
06-11009C73 RESISTOR 

06-11009C73 RESISTOR 
06-11009 D06 RESISTOR 
06-11009C73 RESISTOR 
06-11009C29 RESISTOR 
06-10621 B94 RESISTOR 
06-10621 C23 RESISTOR 
06-10621 Cl 5 RESISTOR 

06-10621894 RESISTOR 
06-10621062 RESISTOR 
06-1 0621062 RESISTOR 

Part Value 

M A RKED 
1 00UF-20-25 
1 00UF-20-25 
10UF-20-50 
10UF-20-50 
1 UF-20-50 
.1UF-20-50 
. lUF-20-50 
33PF-5-500 
.1 UF-20-50 
1 UF-20-50 
430PF-5-50 
1 00PF-5-500 
.1 UF-20-50 
. lUF-20-50 
lUF-20-50 

. lUF-20-50 

.1 UF-20-50 

.0557UF-2-50 
1100PF-5-50 
1 UF-20-50 
.1UF-20-50 
.1UF-20-50 
1UF-20-50 
. lUF-20-50 
.1UF-20-50 
.1 UF-20-50 
82PF-5-500 
330PF-5-100 
39PF-5-500 
.022UF-1-50 
.022UF-1-50 
.1UF-20-50 
lUF-20-50 

.1UF-20-50 

.1UF-20-50 
10UF-20-50 
.1UF-20-50 
150PF-5-500 
1 S0PF-5-500 
.1UF-20-50 
. lUF-20-50 
1 UF-20-50 
1 UF-20-50 
.022UF-1-50 
.022UF-10-100 
10UF-20-50 
39PF-5-500 
10UF-20-50 
I0UF-20-50 
lUF-20-50 
1OOOPF-10-100 
10UF-20-50 
.lUF-20-50 
.04 7UF-20-50 
1 000PF-5-50 
.01UF-20-100 
1 00PF-5-500 
270PF-5-300 

470UH 
470UH 
22UH 
MPS6519 
MPS6520 
MPS6520 
MPS6519 
MPS6520 
l0K-5-1/4 
l0K-5-1/4 
220K-5-1/4 
l0K-5-1/4 
150-5-1/4 
1K-1-1/4 
1.96K-1-1/4 
1.62K-1-1/4 
1K-1-1/4 
53.6K-1-1/4 
53.6K-1-1/4 

AUDIO SYNTHESIZER BOARD (A10) 
(RTC-1008A) 

Figure 12-3. Printed Wiring Board Assembly 
and Parts List 
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13.1 DESCRIPTION 

The Processor Interface board contains the digital 
voltmeter (DVM), frequency counter, system timer, 
and the processor interface for the two system control 
busses: audio frequency (AF bus) and radio frequency 
(RF bus). The DVM can measure both de and ac rms 
(root-mean-square) voltages. The frequency counter 
uses two different measuring techniques: the direct 
count and the reciprocal count. 

A block diagram of the Processor Interface board is 
shown at the end of this section in Figure 13-1, a sche
matic in Figure 13-2, and the printed wiring board 
assembly and parts list in Figure 13-3. 

13.2 THEORY OF OPERATION 

13.2.1 SYSTEM CONTROL-BUS INTERFACE 

13.2.1.1 General 

Interface between the processor busses and the sys
tem is through peripheral-interface adapters (PIA). 
The PIA is a single integrated-circuit chip that pro
vides 16 input/output latches (PA0-PA7 and PB0-
PB7) which can either be read from or written into by 
the processor. The PIA also contains four control lines: 
two of these, CAl and CBl, act as input-only lines for 
processor interrupts, and the other two, CA2 and CB2, 
act as output-only control lines. The two system con
trol busses (AF and RF) use a single PIA (Ul). 

13.2.1.2 AF Control Bus 

The AF control bus consists of eight lines split into 
four data lines (PB0-PB3) and four address lines (PB4-
PB7). The address lines define the particular latch in 
which the data is to be stored, or the buffer from which 
data is to be obtained. One additional address line, the 
bus-enable line, is required to enable the address
decoding circuitry. The AF control bus has two bus
enable lines, AF BUS EN 1 and AF BUS EN 2, which 
provide a total control-bus capability of 128 bits. The 
AF BUS EN 2 line enables the address-decoder cir
cuitry on the Front-Panel Interface board (A15) and 
the Processor Interface board (All). The AF BUS 

· EN 1 line, which comes from the Processor board
(A14), enables the address-decoder circuitry on the
ScopelDVM Control board (A 7) and the Audio Syn
thesizer board (AlO).

SECTION 13. 
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13.2.1.3 RF Control Bus 

The RF control bus is a clocked serial bus which 
consists of five data lines (PAl, PA3-PA6), a data clock 
line (CA2), and a latch line (PA7). The data stream is 
24 bits long. Four of these data lines (OFFSET DATA, 
310-440 DATA, 24 DATA, and 60.5 DATA) program
the phase-locked-loop (PLL) ICs on the Duplex Gen
erator and the RF Synthesizer. These ICs disregard the
first 5 bits of the serial data stream and latch-in the
last 19 bits. The other data line, PA6 system control,
controls the Receiver board (AS) and RF Synthesizer
board (A9). The RF Synthesizer is programmed by the
first 8 bits of the system-control data line, and the
Receiver by the last 16 bits.

13.2.1.4 Timer 

The timer (U35) provides interval timing to the 
processor for tone encoding and decoding and other 
functions. In the encode interval-timing mode, the 
processor programs the desired interval and initiates 
the timer with control words on the data lines and an 
enable pulse on the E line. The timer will interrupt the 
processor when the programmed interval is com
pleted. In the decode interval-timing mode, the pro
cessor will start and stop the timer. The processor will 
then read the interval time from the timer. The timer 
reference frequency is the SYNTH 1 KHz, a 1-kHz 
square wave locked to the system's reference fre
quency. 

13.2.2 DIGITAL VOLTMETER (DVM) 

13.2.2.1 General 

The DVM measures either the nine internal voltage 
points or the external voltages. The levels of the inputs 
to the DVM are auto-ranged for 3-digit accuracy. The 
DVM consists of an analog-to-digital (AID) converter, 
a root-mean-square (rms) converter, and the DVM/ 
FREQ COUNTER PIA which provides the interface 
between the DVM and the processor. 

13.2.2.2 A/D Converter 

The AID converter (U29) converts positive de volt
ages between 0 and 1023 m V into a 10-bit digital word. 
For negative voltages, the signal is converted to a pos
itive voltage by the rms converter (U27), with the 



polarity information detected by the SIGN DETEC
TOR (U34). The information bit for the sign detector 
is latched into the DVM/counter buffer (U20). The 
processor initiates an AID conversion with a pulse on 
the start line (U29 PIN21). The AID converter signals 
the processor that the conversion is complete by a pulse 
on the end line (U29 PIN23). The processor, in turn, 
enables the output drivers on the AID, sets the DVM/ 
COUNTER buffer to the DVM mode, and inputs the 
10-bit word from the AID and the sign bit.

13.2.2.3 Internal DVM 

Internal DVM voltages in the System Analyzer are 
all positive and proportional to certain parameters in 
the system. (See Section 9, ScopelDVM Control board 
A7, paragraph 9.2.8.2.) These signals are auto-ranged 
over two decades to a 0 to 1-V de range on the A 7 board 
and routed to the INT DVM TO AID input on the All 
board. The processor makes an internal measurement 
by selecting the internal path which routes the signal 
directly to the AID converter for conversion, as 
described in paragraph 13.2.2.2. 

13.2.2.4 External DVM 

13.2.2.4.1 General 

In the external DVM mode, voltages applied to the 
input jack on the front panel are auto-ranged on the 
Front-Panel Interface board (A15) to provide four full
scale displays of 1, 10, 100, and 300V. From Al5, the 
signal is passed directly through the A 7 board to the 
EXT DVM TO AID input on the All board. The 
resulting dynamic voltage range at the EXT DVM TO 
AID input is Oto 1 Vrms. This signal is amplified at 
U28 by a voltage gain of 3.5 and applied to the rms-to
dc converter. The resulting output is applied to atten
uator R22 with a voltage gain of 1/3.5. The amplifier 
and attenuator allow the rms-to-dc converter to work 
with larger signal levels. This provides a net increase 
in conversion speed. The output of the attenuator is 
then routed to the AID converter for conversion, as 
described in paragraph 13.2.2.2. 

13.2.2.4.2 DC/AC Mode 

In the de mode, inputs are low-pass filtered in the 
A15 board before entering the All board. The rms-to
dc converter reads true rms; therefore, the output for 
a de input is the positive square root of the input 
square - that is, the absolute value of the input volt
age. The polarity of the signal is determined by the sign 
detector, U34. In the ac mode, inputs are capacitor
coupled in the A15 board. Therefore, only the rms 
voltage of the ac component is measured. 
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13.2.2.5 Distortion Reading 

In the distortion-measurement mode, the 1-kHz 
fundamental of the input is filtered out by a notch fil
ter on the A 7 board. The distortion products are routed 
to the EXT DVM TO AID input of the All board for 
input to the processor by the AID converter. The input 
to the notch filter is rectified and averaged on the A 7 
board and then routed through the internal DVM cir
cuitry for measurement. To obtain the percent of dis
tortion for a 1-kHz input signal, the processor divides 
the rms output voltage of the notch filter by the aver
age rectified input voltage to the notch filter. 

13.2.3 FREQUENCY COUNTER 

13.2.3.1 General 

The frequency counter uses two methods to deter
mine frequency: direct counting and reciprocal count
ing. In this manual the direct method will be called 
"frequency counter" and the reciprocal method will be 
called "period counter." 

In the direct method, the counter counts cycles of the 
unknown signal for a precisely known length of time, 
called a gate time. The resolution of the measured sig
nal is directly proportional to the gate time, one Hertz 
in one second. The reciprocal method measures fre
quency by counting the number of internal clock cycles 
per one period of the unknown signal. This technique 
makes the resolution of the measured frequency pro
portional to the frequency of the internal clock. For a 
1-MHz internal clock, the measurement of a 1-kHz
signal would take 1 msec and provide a resolution of
1 Hz.

Three possible signal sources are available to the 
frequency counter for frequency determination. The 
desired signal is selected and sent to the counter by 
select switch U8. For external inputs, the EXTER
NAL COUNTER lines from the Front-Panel Inter
face board (A15) provide the input which is buffered 
by U3B, Q4 and Q5 on the All board. The signal for 
off-the-air tone-sequence decode is DEMOD CAL 
AUDIO, which is routed through the A7 board to the 
INT SCOPE TO RNG SW line. This signal is con
nected to Al5, where it is routed through the range 
switch to the EXTERNAL COUNTER input. Moni
tor frequency error is determined from the IF/BFO 
FREQ line by comparing that frequency to 700 kHz. 

13.2.3.2 Frequency Counter 

The frequency counter consists of a gate-time gen
erator (U9-U13), an accumulator (Ul8, U19), a buffer 
(DVM/COUNTER BUFFER U20-U22), a PIA (U2, as 
described in paragraph 13.2.1.1), and control circuitry 



(Ul5, U16, Ul 7B). The control circuitry and the gate
time generator are sequentially gated by a 1-kHz clock. 
A measurement cycle for the frequency counter begins 
with a START pulse from PIA line CA2. This pulse 
resets the gate-time generator and clears the accumu
lator via the control circuitry (U16A and U16B). On the 
next cycle of the 1-kHz clock, the accumulator input 
gate (Ul 7B) is enabled by the control circuitry (U15A). 
The accumulator will total the cycles of the unknown 
signal until the time-out of the gate timer or until an 
accumulator overflow is detected by U8D, Ul 7 A, and 
Ul 7C. This will disable the accumulator input and 
signal the processor (via the PIA pin, CAl) that the 
count is complete. The processor, in turn, disables the 
AID output drivers, switches the DVM/COUNTER 
BUFFER to the counter mode, and inputs the 16-bit 
accumulator information. 

The gate-time generator provides gate times of 0.001, 
0.01, 0.1, 1, and 10 seconds, which translate to resolu
tions of 1000, 100, 10, 1, and 0.1 Hz. These gate times 
are user-selectable or can be auto-selected by the pro
cessor to give a 5-digit frequency display with a reso
lution of 0.1 Hz. 

13.2.3.3 Period Counter 

The period counter consists of a clock generator 
(U46-U49), a positive-edge detector (U39B), control 
circuitry (036-40), and the same accumulator, buffer, 
and PIA as the frequency counter. The control circui
try is sequentially gated at the same rate as the clock 
generator. A period-counter measurement begins with 

a START pulse from PIA line CA2. This pulse clears 
the accumulator (U18, U19) and control circuitry (U38, 
U39A). The period counter then waits for U39B to 
detect a positive rising edge of the unknown signal. 
When a positive edge is detected, the control circuitry 
will enable the accumulator input gate (U40B). The 
accumulator will count the cycles of the period-counter 
clock until the next positive rising edge of one period 
of the unknown signals. This will disable the accumu
lator input and signal the processor (via PIA pin CAl) 
that the count is complete. The processor will then 
input the data as described above for the frequency 
counter. 

The period-counter clock generator (U47-U49) takes 
the RF Synthesizer's 10-MHz signal and divides it 
down to 1 MHz and 100 kHz. These three signals (10 
MHz, 1 MHz, and 100 kHz) are selected and sent to 
the counter by switch U46. These clock rates produce 
period-counter resolutions of 0.1 Hz, 1 Hz, 10 Hz, 100 
Hz, and 1 kHz. The resolutions are user-selectable or 
can be auto-selected by the processor. 

13.2.4 BOARD CONTROL 

The processor on the AF control bus controls this 
board. The 4-bit address (AF ADD BUS 0-3) is 
decoded by the address decoder (U5, U33, U43) to 
determine in which control latch (U6, U7, or U42) the 
control data is to be stored. The four data bits (AF 
DATA BUS 0-3) are then stored in the selected con
trol latch by a pulse on the AF BUS EN 2 line. 

13-3 /( 13-4 blank)
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Qty. 

Req. 

PROCESSOR INTERFACE BOARD (A11) 

RTC-1009A 

Part No. Nomenclature Part Value 

45-80339B28 CARO EJECTOR 

45-80339B30 CARO EJECTOR MARKED 

21-80342B 1 0 CAPACITOR 1 UF-20-50 

21-80342B 1 0 CAPACITOR 1 UF-20-50 

23-80341 B02 CAPACITOR 2.2UF-20-20 

21-80396A4 7 CAPACITOR 68PF-5-500 

21-80339B22 CAPACITOR 270PF-5-300 

21-80342B 10 CAPACITOR 1 UF-20-50 

21-80342B 1 0 CAPACITOR 1 UF-20-50 

23-80341 B 1 5 CAPACITOR lOUF-20-50 

21-80342B 1 0 CAPACITOR IUF-20-50 

23-80341 B 15 CAPACITOR lOUF-20-50 

21-80342B 1 0 CAPACITOR IUF-2 0 -50 

21-80342B 10 CAPACITOR IUF-20-50 

21-80342B 10 CAPACITOR IUF-2 0 -50 

21-80342B 10 CAPACITOR IUF-20-50 

21-80342B10 CAPACITOR . IUF-20-50 

21-80342B10 CAPACITOR 1 UF-20-50 

23-80341 Bl 5 CAPACITOR IOUF-20-50 

21-80342B10 CAPACITOR .1UF-20-50 

21-80342B10 CAPACITOR .1UF-20-50 

21-80369A89 CAPACITOR 27PF-5-500 

21-80342B10 CAPACITOR 1 UF-20-50 

21-80369A95 CAPACITOR 180PF-5-500 

23-80341 B 15 CAPACITOR IOUF-20-50 

23-80341 B 15 CAPACITOR lOUF-20-50 

21-80342B10 CAPACITOR .lUF-20-50 

21-80342B10 CAPACITOR . lUF-20-50 

21-80342B 10 CAPACITOR . lUF-20-50 

21-80342B10 CAPACITOR 1UF-20-50 

21-80342B10 CAPACITOR . lUF-20-50 

21-80342B10 CAPACITOR 1UF-20-50 

21-80342B10 CAPACITOR .1UF-20-50 

21-80342B10 CAPACITOR .1UF-20-50 

21-80342B 10 CAPACITOR .1UF-20-50 

21-80342B10 CAPACITOR .1UF-20-50 

21-80342B10 CAPACITOR lUF-20-50 

21-80342B 10 CAPACITOR . lUF-20-50 

21-80342B10 CAPACITOR lUF-20-50 

21-80342B10 CAPACITOR .lUF-20-50 

21-80342B 10 CAPACITOR .lUF-20-50 

21-80342B 10 CAPACITOR .1UF-20-50 

21-80342B10 CAPACITOR .1UF-20-50 

21-80342B10 CAPACITOR lUF-20-50 

21-80342B 1 0 CAPACITOR .1 UF-20-50 

21-80342B10 CAPACITOR 1UF-20-50 

21-80342B10 CAPACITOR .1 U F -20-50 

21-80342B10 CAPACITOR 1UF-20-50 

21-80342B10 CAPACITOR .1 UF-20-50 

21-80342B10 CAPACITOR .1UF-20-50 

23-80341 B02 CAPACITOR 2.2UF-20-20 

21-80342B10 CAPACITOR .1UF-20-50 

21-80342B10 CAPACITOR .1UF-20-50 

21-80342B 10 CAPACITOR .1 UF-20-50 

21-80342B10 CAPACITOR 1UF-20-50 

21-80342B10 CAPACITOR .1 UF-20-50 

21-80342B10 CAPACITOR .1 UF-20-50 

21-80342B10 CAPACITOR .1UF-20-50 

48-80340B85 TRANSISTOR MPS6519 

48-80340B85 TRANSISTOR MPS6519 

48-80340B85 TRANSISTOR MPS6519 

48-80340B85 TRANSISTOR MPS6519 

48-80340B86 TRANSISTOR MPS6520 

06-11009C35 RESISTOR 270-5-114 

06-l 1009C35 RESISTOR 270-5-114 

06-11 009C42 RESISTOR 510-5-114 

06-11009C42 RESISTOR 510-5-114 

06-11 009C4 1 RESISTOR 470-5-114 

06-1 1009C43 RESISTOR 560-5-114 

06-11 009C61 RESISTOR 3.3K-5-1/4 

06-11 009C4 2 RESISTOR 510-5-114 

06-1 1 009C4 2 RESISTOR 510-5 -114 

06-80396A66 RESISTOR 249K-.5-118 

06-80396A6 7 RESISTOR 3.32K-.5-l/8 

06-80396A69 RESISTOR 7.5K- 5-1/8 

18-83452F01 RESISTOR.VARIABLE 2K 

06-11009D16 RESISTOR 560K-5-114 

18-83452F15 RESISTOR.VARIABLE 20K 

06-11009C60 RESISTOR 3K-5-1;4 

18-83452F15 RESISTOR.VARIABLE 20K 

06-11009C7 3 RESISTOR lOK-5-1/4 

06-11 009C7 3 RESISTOR lOK-5-1/4 

PROCESSOR INTERFACE 

BOARD (A11) 
(RTC-1009A) 

Figure 13-3. Printed Wiring Board Assembly 
and Parts List 
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14.1 DESCRIPTION 

The Processor board provides primary control and 
data manipulations for the System Analyzer. This 
board contains the microprocessor, program read-only 
memory (ROM), nonvolatile memory (NVM), ran
dom-access memory (RAM), peripheral-interface 
adapter (PIA), timing generator, and character gen
erator. Input. and output information is transferred 
through the PIA and the address, data, and control 
busses. The board uses a Motorola M6800-series 
microprocessor, 2KX8 of RAM, 1KX8 of NVM, and 
24KX8 of paged ROM. 

A block diagram of the Processor board is shown at 
the end of this section in Figure 14-2, a schematic in 
Figure 14-3, and the printed wiring board assembly and 
parts list in Figure 14-4. 

14.2 THEORY OF OPERATION 

14.2.1 MICROPROCESSOR 

An M6809 microprocessor controls the System Ana
lyzer's operating modes. The device has an 8-bit data 
bus, a 16-bit address bus, and a control bus which syn
chronizes data transfer and specialized processor 
functions. The microprocessor uses the 4-MHz crystal 
(Yl) to provide an operating frequency of 1 MHz on 
the E and Q lines. 

ADDRESS PAGE 1 

0 

2000 

XROM 1 

OPTION B 

4000 

XROM 2 

OPTION A 

6000 

XROM 3 

OPTION A 

6000 

AOOO 

cooo 

EOOO 

FFFF 

SECTION 14. 
PROCESSOR BOARD {A14) 

. 14.2.2 MEMORY 

14.2.2.1 Memory Access 

To allow the microprocessor's 16-bit address to 
access more than 64K of memory, the memory is 
structured in pages, as shown in Figure 14-1. The pages 
are broken down into chip-select blocks. To select a 
page of memory, the processor uses two outputs (PBl 
and PB2) from PIA U22. (See the All section, para
graph 13.2.1.1 for a description of the PIA.) These two 
signals work in conjunction with the address decoders 
(U23, U50, and U51) to select the proper memory 
device. 

14.2.2.2 Program Read-Only Memory (ROM) 

The program memory for the main System Ana
lyzer is located on page 2 of the memory map. The 
ROM consists of three 8192 X 8-bit and two 16,384 X 
8-bit read-only memory devices. The program mem
ory for the IEEE option (Option B) and the cellular 
mobile telephone option (Option A) is contained on 
pages 1 and 3. Option B uses a single 8192 X 8-bit 
ROM device, while Option A uses two 16,384 X 8-bit 
ROM devices. 

PAGE 2 PAGE 3 

RAM 

AND 

1/0 

X DROM 
ROM 1 

OPTION B 

DROM ROM 2 

OPTION A 

ROM 3 

OPTION A 

ROM 4 

ROM 5 

ROM 6 

ROM 7 

36930-122 

Figure 14-1. Memory Map 
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14.2.2.3 Random-Access Memory (RAM) 

The random-access memory provides temporary 
data storage for the processor and for the CRT alpha
numeric display. The RAM for the main program and 
all options is located on page 2 of memory. The main 
program's RAM can store 1024 eight-bit words, of 
which 512 are used for the CRT display data. Option 
A has provisions for a 1024 X 8-bit RAM device. 

14.2.2.4 Nonvolatile Memory (NVM) 

The nonvolatile memory provides storage for 1024 
8-bit words. Data that is to be held during power-off is
held in the NVM, which consists of a battery-backed
RAM. When the power is turned on, the microproces
sor reads the NVM contents to obtain its start-up
mode, the RF and tone-memory presets, and the
remainder of the preset data. If the operator changes
a preset, the microprocessor changes the data in the
NVM to remember the new preset.

14.2.3 INPUT/OUTPUT 

Peripheral-interface adapters provide input and 
output latches for external data to and from the pro
cessor. The PIA on this board (U22) provides for nine 
inputs from the keyboard, four column inputs (COL 0-
3 ), and five row inputs (ROW 0-4). When the two 
inputs OPT A DET and OPT B DET are pulled low, 
they signal the processor that the Option A or Option 
B boards are installed. Another input (OPTO DIR) 
provides the processor with the optical encoder's 
direction of rotation. Two outputs, PB0 and PBl, 
select the memory page. 

14.2.4 CHARACTER DISPLAY 

14.2.4.1 General 

Characters are displayed on the CRT as 8-by-8 dot 
matrices. Thirty-two dot matrices, of which the last 
two are always blank, make one character line. Sixteen 
character lines, of which the last one is always blank, 
make a display frame. Thus, the total number of ma
trices available for character display is 30 X 15 or 450. 
The two blank matrices and the blank line are used for 
horizontal and vertical retrace blanking, respectively. 
The display is generated by dot rows. As the CRT 
sweeps the first dot row of a character line, the char
acter generator outputs a serial-bit pattern of l's and. 
O's that turns the CRT intensity on and off. The result 
is a row of dots that, when combined with the next 
seven rows, forms a character. 

The frame display is stored at U27 in 32 X 16 bytes 
of RAM; this RAM is shared by the character genera
tor and the processor. The two are synchronized to 
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access the RAM during alternate half cycles of the 
master E clock. The RAM multiplexer (U24-U26) 
allows both the processor and the character generator 
to have non-interference access to the RAM every 
other 0.5 microsecond. In RAM, the processor stores 
an 8-bit word representing the character to be dis
played. 

14.2.4.2 Timing Generator 

The timing generator provides timing signals for the 
character generator. All the timing signals are syn
chronized to the 1-MHz E clock from the micropro
cessor. The E and Q clocks are exclusive-OR'd to 
provide a 2-MHz signal which is used to clock the 8-
bit shift register (U13). This clock signal provides the 
dot rate. The 1-MHz E clock is divided-by-four by U19, 
and the resulting signal is used to latch one dot-matrix 
row into Ull. This provides a dot-matrix rate of 250 
kHz. The divided-by-four signal is further divided by. 
a 12-bit binary counter (UlO and U15), to provide a row 
rate of 7812.5 Hz, a character line rate of 976.5 Hz, and 
a frame rate of 61.04 Hz. 

14.2.4.3 Character Generator 

The character generator simultaneously scans the 
RAM in sequence with the CRT display scan. The sig
nals for the CRT display scan come from the horizon
tal and vertical character-sweep generators on the 
Scope Amplifier board (A 7). The 12-bit binary counter 
provides the 9 bits of information stored in RAM. As 
each location in RAM is addressed, the 8-bit word 
stored at that location is latched into the 8-bit latch 
(Ull) at the dot-matrix rate of 250 kHz. Seven of the 
bits are held in the latch and are applied to the char
acter ROM (U12); the remaining bit is not used. An 
additional 3 bits from the 12-bit binary counter tell 
which row of dots is being scanned. Thus, the 10 bits 
being applied to the character ROM define a particu
lar dot row of a particular character. The 8-bit pattern 
that defines this dot row is then available at the out
put of the character ROM. This output is parallel
loaded into the 8-bit shift register, U13. The 8 bits are 
serially shifted out on the CHAR GENZ-AXIS line at 
a dot rate of 2 MHz. The 12-bit binary counter also 
provides synchronizing signals for the character-sweep 
generators on the A 7 board. The horizontal and verti
cal character-sweep generators are reset and started by 
one-shots U34A and U34B, respectively. The horizon
tal one-shot enable is located at the end of a dot row. 
The vertical one-shot enable has two sources: the 
CHAR GEN RESET line for dual-display mode, and 
the 12-bit binary counter end-of-frame for character 
display. Also provided is a signal LINE 1 which signals 
the dual-display control on the Scope/DVM Control 
board that the first character line has been traced. 
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SOLDER-SIDE TRACK SHOWN 

IN ORANGE 

Find 

No. 
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Qty. 

Req. 

PROCESSOR BOARD (A 14) 
RTC-1010A 

Part No. 

45-80339B28 

4 5 -80339B33 

09-80339B81 

60-80396 A01 

23-8034161 5 

21-80342B 10 

21-80342B 10 

2 1 -80342B 10 

2 1 -80342B 10 

21-80342B 10 

21-00850118 

21-80342B10 

21-80342B 10 

21-80342B10 

23-84665 F25 

21-80342B10 

21-80342B10 

21-80342B10 

21-80342B10 

21-80342B10 

21-80342B10 

21-80342B10 

21-80342B10 

21-80342B10 

21-80342B10 

21-80342810 

21-80342B10 

21-80339B14 

21-80339B14 

21-80342B10 

21-80342B10 

21-80342B10 

21-80342B10 

21-80342B10 

21-80342B10 

21-80342B10 

21-80342B10 

21-80342B10 

21-80342B10 

21-80342B10 

21-80342B10 

21-80342B10 

21-80342B10 

21-80342B10 

21-80342B10 

21-80342B10 

21-80342B10 

21-80341 B93 

21-80341 B9 7 

21-80342B 10 

21-80342B10 

21-80342B10 

21-80342B 10 

21-80342B 10 

21-80341 B99 

48-80396 A27 

48-80396 A2 7 

48-80396 A2 7 

48-84463K02 

48-80341 B22 

06-10621 C39 
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06-11 009C61 
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PROCE$SOR BOARD (A14) 
(RTC-101 QA) 

Figure 14-4. Printed Wiring Board Assembly 
and Parts List 
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SECTION 15. 
FRONT-PANEL INTERFACE BOARD {A15) 

15.1 DESCRIPTION 

The Front-Panel Interface board provides two sys
tem functions. The first of these is to interface the sys
tem's Processor board (A14) with other system 
modules: primarily the Receiver board (AS), the Front
Panel Interface board itself, the RF Input module 
(Al 7), and the Front Panel (AlS). The second func
tion is to provide an analog interface between 1) exter
nal signals or internal-modulation/demodulation 
signals and 2) the basic measurement functions in the 
System Analyzer, the DVM, the scope, and the fre
quency counter. 

A block diagram of the Front-Panel Interface board 
is shown at the end of this section in Figure 15-1, a 
schematic in Figure 15-2, and the printed wiring board 
assembly and parts list in Figure 15-3. 

15.1.1 PROCESSOR-CONTROL INTERFACE 

Control information for the front panel is carried by 
the AF DATA BUS in 4-bit groups. Information that 
the microprocessor reads from the Front-Panel Inter
face includes encoded data from the RF ATTN 0-130 
and horizontal SWP SEL inputs, data from the verti
cal RNG SEL INPUTS, and data from other miscel
laneous inputs. Information that the microprocessor 
sends to the Front-Panel Interface includes data that 
controls the input switches (Q2, Q3, Q6), the range 
attenuator (Q4, Q5, Q7, QS), and the LEDs on the front 
panel. 

Data is transferred to the AF DATA BUS by 3-state 
input buffers U13, Ul 7, Ul9, and U20, and it is trans
ferred from the AF DATA BUS by latches US and U9. 
The microprocessor sequentially addresses each buffer 
and latch through the AF ADD BUS and address 
decoder U21. Data is transferred to/from the selected 
latch/buffer while the AF BUS EN 2 signal is low. 

15.1.2 ANALOG INTERFACE 

The analog outputs of the Front-Panel Interface are 
driven by four amplifiers: the scope-vertical pre
amplifier (U3, Q9, Q13, Q14), the DVM buffer ampli
fier (U5, U6, U4B), the frequency-counter pre-ampli
fier (Q12, U7) and the scope-horizontal pre-amplifier 
(U4A). Circuits for input selection (K2-K4, Q2, Q3, 
Q6), the range attenuator (K5-KS, Q4, Q5, Q7, QS), and 
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the unity-gain buffer amplifier (Ql) drive the inputs 
of the first three amplifiers. The input to the scope
horizontal pre-amplifier comes directly from the edge
card connector. 

15.2 THEORY OF OPERATION 

15.2.1 PROCESSOR-CONTROL INTERFACE 

15.2.1.1 AF Bus 

Information is carried between the microprocessor 
and the Front-Panel Interface by the AF Bus. It con
sists of a 4-bit, tri-state data bus (AF DATA BUS 0.:fil. 
and a 4-bit address bus (AF ADD BUS 0-3). When AF 
BUS EN 2 is asserted low, the input/output (1/0) 
function of the AF DATA BUS lines is determined by 
the address on the AF ADD BUS lines. Depending on 
that address, address decoder U21 can select the fol
lowing 1/0 devices: 1) data buffers U13, Ul 7, U19, and 
U20; 2) data latches US and U9; and data latches 
A1SU6, A1SU7, and Al SUS. 

A summary of the functions of the AF DATA BUS 
lines for each state of the AF ADD BUS is given in 
Table 15-1. 

15.2.1.2 LED Control 

The AF BUS ADDRESSES 0, 1, and 2 control the 
output to the display, function, and modulation LEDs 
on the Front-Panel Display board (AlSAl). Latch
selects LS0, LSI, and LS2 are asserted low to latch the 
data that is present on the AF ADD BUS. These latch
selects and the AF DATA BUS are connected to the 
Display board (AlSAl) via Jl and a ribbon cable 
assembly. 

Table 15-2 shows which LED is selected when the 
state of the AF DATA BUS is as shown and the appro
priate latch-select (LS0, LSI, or LS2) is strobed low. 

15.2.1.3 Range-Attenuator Control (ATTN X1, X0.1, 
X0.01, X0.001) 

Location 3 of the AF BUS accesses outputs which 
control the range attenuator. Table 15-3 shows the 
allowable states of these four control bits, and the 
function of those states. 



Table 15-1. AF ADD and DATA BUS 

AF ADD BUS 

AFBUS 
Lines 

EN2 3 2 1 

0 0 0 0 

0 0 0 0 

0 0 0 1 

0 0 0 1 

0 0 1 0 

0 0 1 0 

0 0 1 1 

0 0 1 1 

0 1 0 0 

0 1 0 0 

0 1 0 1 

0 1 0 1 

0 1 1 X 

I X X X 

AF DATA BUS Lines 

0 1 2 3 

0 0 0 0 

0 0 0 1 

0 0 1 0 

0 0 1 1 

0 1 0 0 

0 1 0 1 

0 1 1 0 

0 1 1 1 

1 0 0 0 

1 0 0 1 

1 0 1 0 

1 0 1 1 

1 1 0 0 

1 1 0 1 

1 1 1 0 

1 1 1 1 

INPUT/ LSX 

0 OUTPUT ASSERTED AFDATAB US3 AFDATABUS 2 AFDATABUSl 

0 I 0 DISPLAY3 DISPLAY 2 DISPLAY I 

1 I 1 FUNCTION3 FUNCTION 2 FUNCTION I 

0 I 2 MODE3 MODE 2 MODEl 

1 I 3 ATTEN X 0.001 ATTENX0.01 ATTENX0. 1 

0 I 4 Not Used Not Used EXT INPUT 

SELECT 

1 0 5 RFATTEN3 RFATTEN 2 RFATTENl 

0 0 6 RF OVER WB SIG PRES ANT SEL 
TEMP 

1 0 7 IF OVERLOAD SIG PRES OFFSET ON/ 

OFF 

0 0 8 CSSG CONT EN CSSGBURST IMAGE HI/LO 
EN 

1 0 9 l0V/DIV RNG l V/DIV RNG 0.l V/DIV RNG 
SEL SEL SEL 

0 0 10 SPARE BIT SWP SEL2 SWP SEL 1 

1 X N X X X 

X X N X X X 

X X N X X X 

*LS0-LS2 are decoded and sent to A18. Decoding of data shown is done on A18.

Table 15-2. Decoding for Display, Function, and Modulation LEDs 

AFDATABUS0 NOTE 

DISPLAY0 • 

FUNCTION0 • 

MODE0 • 

ATTENX 1 

DC SELECT 

RFATTEN0 

SPARE 

WB/NB 

MON/GEN 

0.01 V /DIV RNG 

SEL 

SWP SEL0 

X 

X 

X 

Display LED Selected Function LED Selected Modulation LED Selected 
(LS0 Strobed Low) 

Gen/Mon Mtr 

Modulation 

Spect Analyzer 

Duplex Gen 

RF Memory 

Signaling Seq 

Freq Counter 

DVM/DIST 

Ext W attmeter 

IF 

Scope AC 

Scope DC 

Not Allowed 

Not Allowed 

Not Allowed 

Not Allowed 

FM 

cw 

AM 

(LSI Strobed Low) 

SSB/DSBSC 

SWP 1-10 MHz 

SWP 0.01-1 MHz 

Not Allowed 

Not Allowed 

Not Allowed 

Not Allowed 

Not Allowed 

Not Allowed 

Not Allowed 

Not Allowed 

Not Allowed 

Not Allowed 

15-2

(LS2 Strobed Low) 

PL/DPL 

PL/DPL INV 

Tone A 

ToneB 

Tone Seq 

Tone Remote 

Not Allowed 

Not Allowed 

Not Allowed 

Not Allowed 

Not Allowed 

Not Allowed 

Not Allowed 

Not Allowed 

Not Allowed 

Not Allowed 



Table 15-3. Range-Attenuator Switching 

ATTEN Line s Ga in from Selected Input to Sensitivity of EXT FREQ. 

Ga in from Selected Input to VERT FROM RNG SW Output CNTR and EXT FREQ. CNTR 

Attenuati on X0.001 X0.01 XO.I XI DVM FROM RNG SW Output (VERNI ER CAL POS) Outputs to Selected Input 

XI 0 0 0 1 1 

XO.I 0 0 1 0 0.1 

X0.01 0 1 0 0 0.01 

X0.001 1 0 0 0 0.001 

15.2.1.4 Input-Switching Control 

Location 4 of the AF BUS accesses outputs which 
control selection of the external (Pl-1) or internal (Pl-
24) inputs and ac or de coupling of the external input.
This control is achieved with data-bus bits O and 1 as
shown in Table 15-4.

Table 15-4. Input Switching 

EXTINPUT D C

SELECT SELECT Input Source Cou pling 

1 1 EXTINPUT de 

1 0 EXTINPUT a c  

0 X I NT SCO PE TO RNG SW de 

50 30MV 

5 300MV 

0.5 3V 

0.05 30V 

15.2.1.5 RF-Attenuator Encoding 

The RF ATTEN 0-130 dB inputs indicate the set
ting of the RF step attenuator in the RF Input module 
(Al 7). When one of these inputs is driven high, the 
corresponding attenuation has been selected. These 
fourteen inputs are converted to a 4-bit code (RF 
ATTEN 0-3) by priority encoders UlO and U12 and 
OR gates U12. Location 5 of the AF BUS accesses these 
outputs. Table 15-5 shows the encoding of the RF 
ATTEN 0-130 dB inputs into the RF ATTEN 0-3 out
put. 

Table 15-5. RF-Attenuator Encoding 

RF A TTEN Line s RF A TTEN Bits 

130dB 120dB ll0dB lOOdB 90dB SO dB 70dB 60dB 50dB 40dB 30dB 20dB IO dB 0dB 3 2 1 0 

0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 1 

0 0 0 0 0 0 0 1 0 

0 0 0 0 0 0 1 0 0 

0 0 0 0 0 1 0 0 0 

0 0 0 0 1 0 0 0 0 

0 0 0 1 0 0 0 0 0 

0 0 1 0 0 0 0 0 0 

0 1 0 0 0 0 0 0 0 

1 0 0 0 0 0 0 0 0 

15.2.1.6 Miscellaneous Inputs 

Locations 6-8 of the AF BUS access miscellaneous 
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0 0 0 0 0 0 0 0 0 

0 0 0 0 1 0 0 0 0 

0 0 0 1 0 0 0 0 1 

0 0 1 0 0 0 0 1 0 

0 1 0 0 0 0 0 1 1 

1 0 0 0 0 0 1 0 0 

0 0 0 0 0 0 1 0 1 

0 0 0 0 0 0 1 1 0 

0 0 0 0 0 0 1 1 1 

0 0 0 0 0 1 0 0 0 

0 0 0 0 0 1 0 0 1 

0 0 0 0 0 1 0 1 0 

0 0 0 0 0 1 0 1 1 

0 0 0 0 0 1 1 0 0 

0 0 0 0 0 1 1 0 1 

data inputs. Table 15-1 gives the specific location of 
each input on the bus. Table 15-6 gives a brief descrip
tion of each input. 



Input 

RF OVER TEMP 

WB SIG PRES 

ANT SEL 

IF OVERLOAD 

SIG PRES 

OFFSET ON/OFF 

WB/NB 

CSSGCONT EN 

and 
CSSG BURST EN 

IMAGE HI/LO 

MON/GEN 

Table 15-6. Functions of Miscellaneous Inputs 

Function 

When high, indicates the Wattmeter (Al 7 Al) is overheated. 

Comes from the Receiver (AS) - during the system's scan-acquisition, indicates the presence of a 

signal at the monitor input. 

Comes from the Front Panel (A18) - selects the system's 1/0 port. When the variable RF Level 
control is pulled out, this signal goes high, selecting the Antenna port. When the control is pushed in, 

this signal goes low, selecting the RF In/Out port. 

Comes from the Receiver - indicates the monitor is being over-driven. 

Comes from the Receiver - indicates the presence of a signal on the monitor input which is 

sufficiently high to open the Receiver squelch. 

Indicates the position of the Duplex Gen switch on the RF Input module (Al 7). 

Indicates the position of the bandwidth (BW) switch on the front panel. 

Indicate whether the front panel's Modulation switch is set to Cont or Burst, respectively. 

Indicates the position of the Image/Duplex switch on the front panel. 

Indicates the position of the Function switch on the front panel. 

15.2.1.7 Range-Select Inputs 15.2.1.8 Sweep-Select Encoding 

The 0.01 to lOV /Div RNG SEL inputs indicate 
which scope vertical-input sensitivity has been 
selected. When one of these inputs is low, the corre
sponding sensitivity has been selected. The micropro
cessor programs the appropriate attenuation in the 
range attenuator via the ATTN X0.001 to 1 signals. 
Location 9 on the AF BUS accesses the 0.01 to lOV / 
Div RNG SEL inputs. 

The 1 µs to 100 ms/DIV SWP SEL and EXT HORIZ 
SEL inputs indicate the position of the Oscilloscope 
Horiz switch on the front panel. When one of these 
inputs is high, the corresponding switch position has 
been selected. These inputs are converted to a 3-bit 
code, SWP SEL 0-2, by priority encoder U18, accord
ing to the algorithm in Table 15-7. Location 10 on the 
AF BUS accesses the SWP SEL 0-2 outputs. 

Table 15-7. Sweep-Select Encoding 

SWP SEL Lines 

EXT HORIZ SEL lOOms/DIV lOms/DIV 1 ms/DIV 

0 0 0 0 

0 0 0 0 

0 0 0 0 

0 0 0 0 

0 0 0 1 

0 0 1 0 

0 1 0 0 

1 0 0 0 

15.2.1.9 RF-Scan Encoding 

The OPTICAL ENC A and B inputs carry infor
mation from the RF Scan optical encoder on the front 
panel. This encoder is interfaced to the system micro
processor by U22, U23, and Q16 on the Front-Panel 
Interface. As the RF Scan control is rotated, each 
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SWP SEL Bits 

100 µs/DIV 10 µs/DIV 1 µs/DIV 2 1 0 

0 0 0 0 0 0 

0 0 1 0 0 0 

0 1 0 0 0 1 

1 0 0 0 1 0 

0 0 0 0 1 1 

0 0 0 1 0 0 

0 0 0 1 0 1 

0 0 0 1 1 0 

change in the OPTICAL ENC A input causes the FIRQ 
output, which goes to the microprocessor, to pull low 
for approximately 10 µs. The OPTO CCW output, 
which goes to a PIA on the Processor board (A14), 
indicates the direction of the scanning. This output is 
generated by latching the OPTICAL ENC B input and 
exclusively ORing it with the OPTICAL ENC A input. 



15.2.1.10 Input/Output Characteristics 

All digital inputs and outputs are interfaced to 'B' 
series CMOS logic, which operates from 0V /5V sup
plies. To facilitate interface with a mechanical switch, 
some inputs have pull-up or pull-down resistors. 

15.2.1.11 Miscellaneous Front-Panel 
Interconnections 

The Front-Panel Interface provides miscellaneous 
interconnections between the front panel and the rest 
of the system. These connections come from the front 
panel through two ribbon cables and connectors, Jl 
and J2. They are then routed through edge connector 
Pl. 

15.2.2 ANALOG INTERFACE 

15.2.2.1 Input Switching (K2-K4, 02, 03, 06) 

The input to the range attenuator can be selected 
from either the EXT INPUT or the INT SCOPE TO 
RNG SW inputs. Ac or de coupling may be selected for 
the external input. Input switching is controlled by the 
DC SELECT and EXT INPUT SELECT signals, as 
shown in Table 15-4. The generation of these signals 
is discussed in paragraph 15.2.1.4. 

15.2.2.2 Range Attenuator (K5-K8, 04, 05, 07, 
� 

The range attenuator provides four selectable val
ues of attenuation: Xl, X0.1, X0.01, and X0.001. 
Attenuation is controlled by the A TTEN X0.001 to 1 
signals, as shown in Table 15-3. Compensation capac
itor Cll is adjusted for maximum bandwidth. To 
adjust Cll, see Section 3 on alignment. 

15.2.2.3 Unity-Gain Buffer Amplifier 

Unity-gain buffer amplifier Qll buffers the signals 
under test from the frequency-counter pre-amplifier, 
the DVM buffer amplifier, and the scope's vertical pre
amplifier inputs. R54 (coarse) and R55 (fine) are 
adjusted so that there is a voltage gain of one from the 
EXT INPUT to TPl. To align R54 and R55, see 
Section 3 on alignment. 

15.2.2.4 Scope Vertical Pre-Amplifier (U3, 09, 013, 
014) 

The scope's vertical pre-amplifier has a nominal gain 
of 50 when the front panel's vertical-gain potentiom-

eter (which is connected between VERT GAIN and 
VERT GAIN RETURN) is set to 0 ohms. When the 
gain potentiometer is set at 5K ohms, the gain of the 
amplifier is less than or equal to 5. The front panel's 
5K ohm vertical-position potentiometer (which is 
connected between VERT POSITION and ground) 
varies the de offset of the amplifier. This amplifier 
drives the VERT FROM RNG SW output. R19 and 
R25 adjust the gain and balance, respectively, of the 
vertical pre-amplifier. To align R19 and R25, see 
Section 3 on alignment. 

Table 15-3 shows, as a function of the range-atten
uator setting, the vertical pre-amplifier's gain from the 
selected input to the VERT FROM RNG SW output. 

15.2.2.5 DVM Buffer Amplifier 

The DVM buffer amplifier provides switched-band
width buffering between the unity-gain amplifier (Qll) 
and the DVM circuitry on the Scope/DVM Control 
board(A 7). In ac mode, operational amplifier U7 oper
ates as a unity-gain amplifier with a gain flatness of ± 2 
percent out to 20 kHz. In de mode, analog switches 
U6A and U6C switch C26 and C22, respectively, into 
the amplifier circuit. In this configuration, the ampli
fier has a de gain of 1 and a minimum attenuation of 
30 dB at 50 Hz. The amplifier bandwidth is controlled 
by a signal from latch U9, which has the opposite sense 
of the DC SELECT signal. U4B inverts the sense of 
this signal and then translates it from a logic level of 0 
to +5V to a logic level of -8 to +8V. The signal is now 
compatible with the control inputs of U6A and U6C. 
R41 is adjusted for a gain of one from TPl to the DVM 
FROM RNG SW output. To adjust R41, see Section 3 
on alignment. 

Table 15-3 shows the gain from the selected input to 
the DVM FROM RNG SW output as a function of the 
range-attenuator setting. 

15.2.2.6 Frequency-Counter Pre-Amplifier 

The frequency-counter pre-amplifier (Q12 and U7) 
converts the output of unity-gain buffer Qll to ECL 
levels. The output is differentially connected through 
the EXT FREQ CNTR and EXT FREQ CNTR out
puts to the Processor Interface board (All). Table 
15-3 shows the sensitivity of this amplifier as a func
tion of the range attenuator.

15.2.2.7 Scope Horizontal Pre-Amplifier 

The scope's horizontal pre-amplifier provides a 
nominal voltage gain of 5 between the HORIZ INPUT 
and the HORIZ TO SCOPE AMP output. 
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COMPONENTS ANO COMPONENT 

SIDE TRACK SHOWN IN BLACK. 

SOLDER SIDE TRACK SHOWN 

IN ORANGE 

01-P22150EO Find 

No. 

004 

005 

C 001 

C 002 

C 003 

C 004 

C 005 

C 006 

C 007 

C 010 

C 011 

C 012 

C 013 

C 014 

C 015 

C 016 

C 017 

C 018 

C 019 

C 020 

C 022 

C 023 

C 026 

C 029 

C 030 

C 031 

C 032 

C 034 

C 035 

C 036 

C 037 

C 038 

C 039 

C 040 

C 042 

C 044 

C 045 

C 046 

C 047 

C 048 

CR002 

CR003 

CR004 

GROOS 

CR006 

CR007 

CR008 

CR009 

CR010 

CR011 

J 001 

J 002 

K 002 

K 003 

K 004 

K 005 

K 006 

K 007 

K 008 

L 001 

0002 

0003 

0004 

0005 

0006 

0007 

0008 

0009 

0010 

0011 

0012 

0013 

0014 

0016 

R 001 

R 005 

R 006 

R 007 

R 008 

R 009 
R 010 

R 011 

R 012 

Oty. 

Req. 

FRONT-PANEL INTERFACE BOARD (A15) 

RTC-1011A 

Part No. 

45-80339B34 

45-80339B28 

08-80343B09 

23-80341 B 15 

23-80341 B 15 

23-80341 B 15 

23-80341 B 15 

23-80341 B 15 

21-80342B 10 

08-80343B 11 

20-80370A32 

21-80341 B92 

21-80369A90 

21-80339B27 

21-80369A96 

21 80342B10 

21-80342B 10 

21-80342B 10 

21-80342B09 

21-80341892 

21-80342B 11 

21-80342B 10 

21-80342B46 

21-80342B46 

21-80342B 10 

21-80342B I 0 

21-80342B 10 

23-84665F26 

21-80339B21 

21-80339B21 

21-80342B 10 

21-80342B 10 

21-80342B I 0 

21-80342B 10 

21-80342B09 

21-80369A94 

21-80369A94 

23-80341 B 15 

21-80342B09 

23-84665F26 

48-84463K02 

48-84463K02 

48-84463K02 

48-84463K02 

48-84463K02 

48-84463K02 

48-84463K02 

48-84463K02 

48-84463K02 

48-84463K02 

09-80331 A97 

09-80331 A97 

80-80346A0 1 

80-80346A01 

80-80346A0 I 

80-80346A01 

80-84157B01 

80-84157B01 

80-84157801 

24-80369A43 

48-80340B86 

48-80340B86 

48-80340B86 

48-80340B86 

48-80340B86 

48-80340B86 

48-80340B86 

48-80340B85 

48-80345A4 1 

48-80368A 90 

48-80345A41 

48-80340B86 

48-80340B86 

48-80341 B23 

06-11009C27 

06-11009C65 

06-11009C65 

06-11009C97 

06-11009C73 

06-11009C65 

06-11009C65 

06-80396A 73 

06-80396A71 

Nomenclature 

CARD EJECTOR 

CARD EJECTOR 

CAPACITOR 

CAPACITOR 

CAPACITOR 

CAPACITOR 

CAPACITOR 

CAPACITOR 

CAPACITOR 

CAPACITOR 

CAPACITOR 

CAPACITOR 

CAPACITOR 

CAPACITOR 

CAPACITOR 

CAPACITOR 

CAPACITOR 

CAPACITOR 

CAPACITOR 

CAPACITOR 

CAPACITOR 

CAPACITOR 

CAPACITOR 

CAPACITOR 

CAPACITOR 

CAPACITOR 

CAPACITOR 

CAPACITOR 

CAPACITOR 

CAPACITOR 

CAPACITOR 

CAPACITOR 

CAPACITOR 

CAPACITOR 

CAPACITOR 

CAPACITOR 

CAPACITOR 

CAPACITOR 

CAPACITOR 

CAPACITOR 

DIODE 

DIODE 

DIODE 

DIODE 

DIODE 

DIODE 

DIODE 

DIODE 

DIODE 

DIODE 

SOCKET.SOLDER DIP 

SOCKET.SOLDER DIP 

RELAY.REED 

RELAY.REED 

RELAY.REED 

RELAY.REED 

REED RELAY 

REED RELAY 

REED RELAY 

COIL 

TRANSISTOR 

TRANSISTOR 

TRANSISTOR 

TRANSISTOR 

TRANSISTOR 

TRANSISTOR 

TRANSISTOR 

TRANSISTOR 

TRANSISTOR 

TRANSISTOR 

TRANSISTOR 

TRANSISTOR 

TRANSISTOR 

TRANSISTOR.MOSFET. 

RESISTOR 

RESISTOR 

RESISTOR 

RESISTOR 

RESISTOR 

RESISTOR 

RESISTOR 

RESISTOR 

RESISTOR 

Part Value 

MARKED 

.047UF-5-600 

I0UF-20-50 

10UF-20-50 

10UF-20-50 

I0UF-20-50 

10UF-20-50 

. IUF-20-50 

.01UF-10-400 

2-8PF-250V 

1000PF-10-100 

33PF-5-500 

470PF-5-500 

4700PF-5-500 

.1UF-20-50 

.1UF-20-50 

.lUF-20-50 

.01 UF-20-50 

1OOOPF-10-100 

.22UF-20-50 

.1UF-20-50 

1 UF-20-50 

1 UF-20-50 

1UF-20-50 

. IUF-20-50 

.lUF-20-50 

I00UF-20-16 

390PF-5-100 

390PF-5-100 

. IUF-20-50 

.lUF-20-50 

.lUF-20-50 

.IUF-20-50 

.01 UF-20-50 

1 S0PF-5-500 

150PF-5-500 

l0UF-20-50 

.01 UF-20-50 

100UF-20-16 

16 PIN 

16 PIN 

IA-500V 

IA-S00V 

IA-S00V 

IA-500V 

IA 

IA 

1A 

2200UH 

MPS6520 

MPS6520 

MPS6520 

MPS6520 

MPS6520 

MPS6520 

MPS6520 

MPS6519 

N-CHANNEL JFET 

DUAL N-CHANNEL JFET 

N-CHANNEL JFET 

MPS6520 

MPS6520 

N-CHANNEL 

120-5-114 

4.?K-5-114 

4.7K-5-1/4 

IO0K-5-1/4 

I0K-5-1/4 

4.7K-5-1/4 

4.7K-5-1/4 

909K-.1-114 

90 9K- 1-1/4 

FRONT-PANEL INTERFACE 

BOARD (A15) 
(RTC-1011 A) 

Figure 15-3. Printed Wiring Board Assembly 
and Parts List 
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SECTION 16. 
FREQUENCY-STANDARD INTERFACE BOARD (A16) 

16.1 DESCRIPTION 

The Frequency-Standard Interface board provides 
the 10-MHz timebase for the System Analyzer and the 
interface for an external 10-MHz input. A standard 
temperature-compensated crystal oscillator (TCXO) 
provides stability of± 1 PPM. An optional oven-com
pensated crystal oscillator (OCXO) provides stability 
of ± 0.05 PPM over temperature variation. 

A block diagram of the 10-MHz Frequency-Stan
dard Interface board is shown in Figure 16-1, a sche
matic in Figure 16-2, the printed wiring board 
assembly and the parts list in Figure 16-3, and the 
assembly and parts list in Figure 16-4. 

16.2 THEORY OF OPERATION 

16.2.1 INTERNAL SOURCE 

Oscillator Al6A2 generates a 10-MHz signal that is 
split to two amplifiers. One amplifier (Q3) provides the 

FREQUENCY 
STANDARD 
SUPPLY 

10.0 MHz 
TCXO 
(OR) 
OVXO 

U1,Q1 

R18 

GAIN 
ADJUST 

internal timebase; the other amplifier (Q2) provides 
the external timebase. The two identical amplifiers 
provide a peak-to-peak signal of 1 to 2V (as adjusted 
by R18) into a 50-ohm load. 

A voltage regulator (Ul and Ql) on the board sup
plies the voltage to the oscillator and monitors the 
supply current. For the ovenized option, at power on, 
the oven draws high current at approximately lA. As 
the oven warms up, the current decreases, reaching 
some low value when the operating temperature is 
reached. A current detector turns the oven-ready indi
cator on when the current has decreased to the stabi
lized value of approximately 325 mA. 

16.2.2 EXTERNAL SOURCE 

An external 10-MHz timebase can be used by 
switching Sl (accessible from the bottom of the Ana
lyzer) to the external position. The external source is 
amplified by Q3, which has an input impedance of lOK 
ohm. The external source signal must be between 175 
m Vrms and 2.0 Vrms into l0K ohm. 

S1 

I 
I 
I 

SYNTH 10 MHz >----_;.;;�J1

L __ 

EX 10 MHz 
---.

-o
_---=.:.IN:.:..P.::.UT.:.:.l �OU::.:.T.:..:PU�T--4 Pl

>---o 
S1 

OVEN LED CATHODE 
JlS-S

VOLTAGE 
REGULATOR 

J16-1 -----....i AND 
OVEN IND 
DRIVER 

OVEN LED ANODE r-------------------...:::.!.:::.:!..:�.!!!!��J16-5
36930-80 

Figure 16-1. Frequency-Standard Interface Board ( A16) - Block Diagram 
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COMPONENTS ANO COMPONENT 

SIDE TRACK SHOWN IN BLACK. 

SOLDER-SIDE TRACK SHOWN 

IN ORANGE 

36930 8 I 

Find 

No. 

C 00l 

C 002 

C 003 

C 004 

C 005 

C 008 

C 009 

C 010 

C 011 

C 012 

C 013 

C 014 

C 015 

C 016 

C 017 

C 018 

CR00l 

CR002 

J 001 

J 002 

L00l 

L002 

L003 

L004 

LOOS 

0 001 

0002 

0003 

R 001 

R 002 

R 003 

R 004 

R 005 

R 006 

R 007 

R 008 

R 009 

R 010 

R 011 

R012 

R 013 

R014 

R015 

R016 

R017 

R 018 

R 019 

R020 

R 021 

R 022 

R 023 

R 024 

S 001 

U 001 

VR001 

VR002 

VR003 

W 001 

FREQUENCY-STANDARD INTERFACE BOARD (A16) 

RTL-1020A 

Qty. 
Part No. Nomenclature Part Value 

Req. 

23-80341 Bl 5 CAPACITOR l0UF-20-50 
21-80341693 CAPACITOR l000PF-20-100 
23-80341627 CAPACITOR 15UF-20-50 

23-80341 B27 CAPACITOR 15UF-20-50 

21-80342B09 CAPACITOR .01 UF-20-50 
23-80341 B 1 5 CAPACITOR l0UF-20-50 
23-80341 B27 CAPACITOR lSUF-20-50 

21-80342B 10 CAPACITOR lUF-20-50 

21-80369A94 CAPACITOR 1 S0PF-5-500 

21-80339B23 CAPACITOR 300PF-5-300 

21-80342B09 CAPACITOR .0lUF-20-50 

23-80341 B 1 5 CAPACITOR l0UF-20-50 

21-80369A94 CAPACITOR 1 S0PF-5-500 
21-80342B10 CAPACITOR lUF-20-50 

21-80339B23 CAPACITOR 300PF-5-300 

21-80342B10 CAPACITOR . lUF-20-50 

48-80339B87 DIOD E 

48-84463K02 DIOD E 

09-80344B23 CONNECTOR 

09-80331 A95 SOCK ET .SOLD ER DIP 8 PIN 

24-80340B59 COIL 82UH 

24-80369A32 COIL 2.2UH 

24-80340B59 COIL 82UH 

24-80340B59 COIL 82UH 

24-80369A32 COIL 2.2UH 

48-80340B31 TRANSISTOR 

48-00869878 TRANSISTOR N CHANNEL JFET 

48-00869878 TRANSISTOR N CHANNEL JFET 

06-1 0621 C59 RESISTOR 4.64K-1-1/4 

06-10621 C91 RESISTOR lOK-1-1/4 

06-11 009C4 9 RESISTOR IK-5-1/4 

06-11 009C6 7 RESISTOR 5.6K-5-1/4 

06-11 009C4 2 RESISTOR 510-5-1/4 

06-11009C92 RESISTOR 62K-5-1/4 

06-11009C90 RESISTOR 51K-5-1/4 

18-83452F13 RESISTOR.VARIABLE 10K 

06-11009C81 RESISTOR 22K-5-1/4 

06-11009C81 RESISTOR 22K-5-1/4 

06-80037 GO 1 RESISTOR 1-5-1/2 

06-80037G0 1 RESISTOR 1-5-1/2 

06-11009C35 RESISTOR 270-5-1/4 

06-11009C32 RESISTOR 200-5-1/4 

06-11009C73 RESISTOR I0K-5-114 

06-11009C28 RESISTOR 130-5-1/4 

06-11009C25 RESISTOR 100-5-1/4 

18-83452F09 RESISTOR.VARIABLE 1K 

06-11009C25 RESISTOR 100-5-1/4 

06-11009C29 RESISTOR 150-5-1/4 

06-11009C42 RESISTOR 510-5-1/4 

06-11009C61 RESISTOR 3.3K-5-1/4 

06-11009C29 RESISTOR 150-5-1/4 

06-11 009C4 9 RESISTOR IK-5-1/4 

40-80340B12 SWITCH,DPDT 

51-82848M17 INT EGRATED CIRCUIT 

48-83461 E03 DIODE,ZENER 3.3V-5-.5 

48-83461 E03 D,OD E,ZENER 3.3V-5-.5 

48-83461 E36 DIOD E.ZENER 6.2V-5-.5 

30-80343B94 CABLE ASSY,A 16 BACK PANEL 

FREQUENCY - ST AND ARD 

INTERFACE BOARD (A16) 
(RTL-1020A) 

Figure 16-3. Printed Wiring Board Assembly 
and Parts List 
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17 .1 DESCRIPTION 

The RF Input module comprises four sections: 

1) the Wattmeter board (A17Al),
2) the Wideband Amplifier board (Al 7 A2),
3) the Duplex Generator board (Al 7A3), and
4) the mechanical assembly.

The chassis uses feed-through filters and capacitors 
to interconnect the three printed circuit boards. The 
mechanical assembly includes a Oto 130-dB rotary step 
attenuator with associated co-axial cables, Antenna, 
RF In/Out and Duplex Generator ports, and the 
Duplex Generator On/Off switch. 

Electrically, the RF Input module provides five pri
mary RF functions: 

1) High-level generate (GENERATE ANTENNA
PORT) provides an RF-output signal (AM,FM, or
CW; 10 kHz to 1 GHz) adjustable over a range of
+ 13 dBm to -135 dBm;

2) Low-level generate (GENERATOR RF IN/OUT
PORT) provides an RF-output signal (as above, for
GENERATE ANTENNA PORT), adjustable over
a range of -17 dBm to -165 dBm;

3) High-level power monitor (MONITOR RF IN/
OUT PORT) provides a means of measuring RF
power (1 MHz to 1 GHz; 1 to 125W at ± 10 per
cent accuracy);

4) Sensitive monitor (MONITOR ANTENNA
PORT) provides off-the-air reception;

5) Duplex Generator (DUPLEX GEN) provides an
RF -output signal, offset in frequency (0 to 10 MHz
or fixed 45 MHz) from the received signal.

A wirelist of the RF Input module is shown at the 
end of the section in Table 17-2, a block diagram in 
Figure 17 -1, and an interconnect diagram in Figure 17 -
2. Following that, Figure 17 -3 coordinates a parts list
with the assembly of the RF Input module and with
the printed wiring board assembly of the RF Input Flex
Standard.

17.2 THEORY OF OPERATION 

17.2.1 WATTMETER BOARD (A17A1) 

17.2.1.1 General 

RF power to and from the System Analyzer passes 
through the W attmeter board to one of two ports, 
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Antenna or RF In/Out. In the sensitive monitor mode 
(less than 100 milliwatts) or in high-level generate 
mode, the signal is either transmitted or received 
through the Antenna port. In the high-level RF-input 
mode, power enters the module through the RF In/Out 
port. This port is -30 dB below the Antenna port. This 
board also contains the circuitry for the wattmeter. 

A block diagram of the Wattmeter board is shown at 
the end of the section in Figure 17 -4, a schematic in 
Figure 17 -5 and the printed wiring board assembly and 
parts list in Figure 17 -6. 

17.2.1.2 Wattmeter 

In the monitor-RF-power mode, the signal applied 
to the RF In/Out port (Jl) is first attenuated by a 
14-dB, 125W attenuator (AT2). This reduced power
level is applied to 50-ohm load AT3. Diode CRl detects
the peak of the voltage produced across the load, and
the resulting de level is applied to a three-stage,
instrumentation-style amplifier (UlA, UlB, and UlC).

Thermistor RT2 compensates for changes in the 
internal temperature of the compartment. Diode CR3 
and operational amplifier UlA provide temperature 
compensation for diode CRl. UlB amplifies the 
detected signal, and then UlC differentially sums 
UlB's output with the output of the reference ampli
fier, UlA. The signal at the output of UlC is con
nected to the Scope/DVM Control board (A7), where 
it is routed to the DVM. Because of diode detector 
CRl, this output is directly proportional to the square 
root of the power applied (Power in watts = l.25*V2). 
Potentiometer R20 provides offset adjustment, while 
R7 provides gain adjustment. For 125W of input 
power, 50-ohm load AT3 dissipates only 5W, with the 
balance absorbed by the 14-dB, 125W attenuator, AT2. 

17.2.1.3 Over-Temperature Protection 

The 14-dB, 125W attenuator (AT2) can dissipate 
125 watts for approximately 1.5 minutes, at which time 
the temperature of the device exceeds the tempera
ture rating of 100 °C. Thermistor RTl, recessed into 
the flange that A T2 is soldered to, decreases in resist
ance to lOK ohm, causing the output of comparator 
U2A to go high. This signal causes the processor to 
activate the System Analyzer's audible alarm and to 
flash a warning signal on the CRT until the applied RF 
power is removed and AT2 has had ample time to cool 
off. 



17 .2 .1 .4 Port Selection 

The Antenna and RF In/Out port signal is routed to 
the Wideband Amplifier board (Al 7 A2) by relay KL 
The Antenna port is selected by turning on transistor 
QI. This path starts at the connector, passes through 
fuse Fl and relay Kl, connecting to the Wideband 
Amplifier via the rotary step attenuator, ATL Follow
ing loads AT2 and AT3, the RF In/Out port is simi
larly connected to the Wideband Amplifier via rotary 
step attenuator ATL Both the Antenna and RF In/Out 
port can receive and transmit signals from the Wide
band Amplifier. 

17.2.2 WIDEBAND AMPLIFIER BOARD (A17A2) 

17.2.2.1 General 

The Wideband Amplifier board performs three 
functions: 1) amplification and leveling of the RF Syn
thesizer's output; 2) RF-switching, which allows the RF 
Synthesizer's output to be used as the system's RF
generator output or as the local oscillator (L.O.) for the 
system's monitor function; and 3) frequency-transla
tion, converting the RF input to 10.7 MHz when the 
system is in monitor mode. 

A block diagram of the Wideband Amplifier board 
is shown at the end of the section in Figure 17 -7, a 
schematic in Figure 17 -8, and a printed wiring board 
assembly and parts list in Figure 17-9. 

17.2.2.2 Generate Mode 

When the system's FUNCTION control is set to 
Generate FM, Generate CW, Generate AM, or SWP, 
or when the DISPLAY control is set to Spect Ana
lyzer, the MON+ DSB/GEN input is low, putting the 
Wideband Amplifier in generate mode. In this mode, 
the Wideband Amplifier's output is directed through 
relay Kl and out the ATTENUATOR OUT/IN port. 
The RF -leveling loop allows control of the level of the 
RF output. Using the variable RF Level control on the 
front panel, the operator can vary the level at the 
Antenna port between - 3 dBm and + 13 dBm. 

17.2.2.2. 1 Voltage-Controlled Attenuator (VGA) 

The RF Synthesizer's (A9) output drive to amplifier 
U4 is controlled by the VCA (Q2, CRl, CR2, CR3). As 
the voltage on the base of Q2 is varied, the currents 
through PIN diodes CRl, CR2, and CR3 are changed, 
thus varying the attenuation. Minimum attenuation 
occurs when the voltage on the base of Q2 is at its 
maximum (approximately 11 volts). Over the full range 
of de control voltages, the VCA range is greater than 
50 dB. 
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17.2.2.2.2 Wideband Amplifiers 

The VCA is followed by three stages of amplifica
tion at U4, US, and Q7. This cascade has a nominal gain 
of about 35 dB and can linearly deliver + 16 dBm to a 
50-ohm load. U4 and US are biased with constant cur
rent sources Q4 and Q5, respectively. Q7 is biased in a
slightly different manner by Q6. Q6 samples the col
lector current of Q7 and adjusts the base bias accord
ingly, to achieve a collector current of 57 mA.

17.2.2.2.3 Detector and Detector Amplifier 

The output voltage of the Wideband Amplifier is 
sampled by detector CRlO. Accuracy at low output 
levels is improved by slightly forward-biasing CRlO 
with resistors R29-R31 and R33. Operational ampli
fier U7 amplifies the detector output and drives the 
CARRIER + MOD LVL output and one input of the 
summing amplifier. The CARRIER + MOD LVL 
output is used to measure the output level and percent 
AM of the signal at the generator output. Gain poten
tiometer R34 and offset potentiometer R38 are 
adjusted so that the CARRIER + MOD LVL is 8 times 
the rms voltage at the output of the front panel's 
Antenna port. 

17.2.2.2.4 Summing Amplifier and ALC-Reference 
Selection 

As mentioned in the previous paragraph, one input 
of the summing amplifier, U8, is driven by the detec
tor amplifier. The other input is driven by the ALC
reference selector, U9. The summing amplifier com
pares the detector amplifier's output with the selected 
ALC reference and then adjusts the VCA's drive to 
correspond to the desired output level indicated by the 
ALC-reference voltage. In generate mode, the AM 
MOD + DC REF input is selected as the ALC refer
ence. When AM is not the selected function, this sig
nal is a de voltage, controlled by the variable RF Level 
control on the front panel. The range of this voltage is 
sufficient to allow an output-power range of -3 dBm 
to + 13 dBm at the front panel's Antenna port. When 
AM is the selected function, the AM MOD + DC REF 
input consists of ac and de components. The ratio of 
the ac component to the de component determines the 
percent AM at the generator output. This ratio and the 
type of modulation signal are controlled by the front 
panel's MODULATION controls. 

17.2.2.2.5 HI/LO Band Switching 

To operate over the full band of 10 kHz to 1 GHz, 
the Wideband Amplifier is operated in either HI-band 
mode or LO-band mode. The mode is controlled by the 
WB AMP HI/LO input. In HI-band mode, the VCA 



on the Wideband Amplifier controls the level (1 MHz 
to 1 GHz), and diodes CR6 and CR7 are switched into 
amplifiers U4 and U5, respectively. These diodes, when 
switched on, reduce the low-frequency gain of U4 and 
U5, keeping the ALC loop stable. In LO-band mode, 
0.01 to 1 MHz, the VCA on the Wideband Amplifier is 
set to minimum attenuation by U9, and the output 
level is controlled by a VCA in the RF Synthesizer. 
This VCA is controlled by the 0.01 to 1 AGC output of 
the Wideband Amplifier. Also, during LO-band mode, 
C30 is switched into the detector circuit. This increases 
the detector time constant so that the detector oper
ates properly at lower frequencies. 

Switching of CR6, CR7, CR9 is controlled by com
parators on U6. 

17.2.2.2.6 RF-Switching 

In generate mode, the output of the Wideband 
Amplifier is switched by relay Kl to the A TTENUA
TOR OUT/IN port. This signal then goes through the 
step attenuator and to the Wattmeter board where it 
is switched to either the Antenna port or the RF In/ 
Out port. The operator can select the Antenna or RF 
In/Out port by pulling out or pushing in the variable 
RF Level control on the front panel. 

17.2.2.3 Monitor Mode 

In monitor mode, the MON + DSB/GEN input is 
taken high. This switches a fixed reference into sum
ming amplifier U8, which is set by R58, resulting in a 
fixed local-oscillator drive level out of Q7. This also 
energizes relay Kl, causing mixer UlO to mix the mon
itor input from the ATTENUATOR OUT/IN port 
with the local-oscillator signal. 

A portion of the local-oscillator output is sent to the 
Duplex Generator (Al 7 A3) through the L.O. OFFSET 
OSC OUT port. The output of mixer UlO is sent 
through the 20-MHz low-pass filter and then to the 
Receiver through the 10.7 MHz IF OUT port. 

17.2.2.4 Double Sideband-Suppressed Carrier 
(DSBSC) Mode 

For DSBSC mode, the Wideband Amplifier is con
figured as in the monitor mode, except that modula
tion is applied to the DSBSC MOD input through the 
isolation network to mixer UlO. The resulting DSBSC 
output is coupled through relay Kl, to the ATTEN
UATOR OUT/IN port. 

17 .2.3 DUPLEX GENERATOR BOARD (A 17 A3) 

17.2.3.1 General 

The Duplex Generator board provides an RF out
put whose frequency is offset from the Receiver's cen
ter frequency by either a fixed 45 MHz or an adjustable 
0 to 10 MHz in 5-kHz steps. The 45-MHz offset is 
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obtained by mixing the local-oscillator signal from the 
Wideband Amplifier (L.O. OFFSET), which is offset 
by 10. 7 MHz from the desired Receiver signal, with a 
34.3-MHz signal generated by a. phase-locked-loop 
(PLL). The O to 10-MHz adjustable offset is obtained 
by mixing the L.O. OFFSET signal with a 0.7 to 
10. 7 -MHz signal. This signal is generated by mixing the
34.3-MHz PLL with a 35 to 45-MHz PLL.

A block diagram of the Duplex Generator board is 
shown at the end of the section in Figure 17 -10, a sche
matic in Figure 17 -11, and the printed wiring board 
assembly and parts list in Figure 17-12. 

17 .2.3.2 Phase-Locked-Loop (PLL) Control 

The phase-locked-loops on the Duplex Generator 
board use a PLL integrated circuit (IC). This IC pro
vides digital dividers, control functions, the phase 
detector, and a reference-frequency oscillator. The 
reference oscillator is divided-down by the reference 
divider to set the reference frequency of the PLL. This 
signal is applied to the phase detector, where it is com
pared to the output of the divide.r chain (divide-by-N 
and divide-by-A). The selection of the dividers (ref
erence, divide-by-N, and divide-by-A) can be pro
grammed by using either hard wiring or serial data 
lines. The serial-data-programmable IC provides two 
latched open-drain outputs that can be used for exter
nal switching. 

17.2.3.3 35 to 45-MHz PLL 

17.2.3.3. 1 General 

The 35 to 45-MHz PLL consists of a serial-input 
PLL IC, a loop filter, a voltage-controlled oscillator 
(VCO), an amplifier, and a two-modulus pre-scaler. 

The reference oscillator on the PLL IC (U2) uses 
crystal Yl to generate a 10.24-MHz source. The ref
erence divider on U2 divides this signal by 2048, pro
viding a reference frequency of 5 kHz. The phase 
detector then compares this signal to the divided-down 
VCO output coming from the divide-by-N. The PLL 
uses a divide-by-32/33, two-modulus pre-scaler (U4) 
which, in conjunction with dividers N and A, divides 
the VCO output of 35 to 45 MHz down to 5 kHz. The 
two-output phase detector is connected to the loop fil
ter. 

17.2.3.3.2 Loop Filter 

Loop filter U6 sets the bandwidth and stability of the 
loop and attenuates the reference-frequency compo
nents coming from the phase detector. The 3-dB 
bandwidth of the 35 to 45-MHz loop is 22 Hz. The loop 
filter incorporates a lead-lag network (R29, R30, and 
C38) to reduce the resistor values of R21-R25. This 
allows for a faster loop-lock time. Diodes CR7 and CR8 
help the operational amplifier (U6) slew the large-value 
capacitor (C38). The output of the loop filter tunes the 



VCO frequency to the value needed to maintain phase 
lock. 

17.2.3.3.3 VCO and Amplifier 

The 35 to 45-MHz VCO (Q3 and Q4) is a series
tuned oscillator that resonates varactor diodes CR5 
and CR6 with the inductance in the 26 turns of trans
former Tl. Transistor Q7 is the VCO ON/OFF switch 
which is controlled by the PLL IC (Ul) via the SWl 
output. The amplifier (Q5) following the VCO pro
vides an output of + 7 dBm. This signal is attenuated 
by R39 and R40 before going to the two-modulus pre
scaler, U4. 

17.2.3.4 34.3-MHz PLL 

17.2.3.4. 1 General 

The 34.3-MHz PLL has the same components as the 
35 to 45-MHz PLL, except that the PLL IC (Ul) is 
hard-wired to provide one frequency of operation, 34.3 
MHz. The PLL IC (Ul) uses the 10.24-MHz source 
from U2. The reference divider on Ul divides this 
10.24-MHz signal by 512 to provide a reference fre
quency of 20 kHz. As with the 35 to 45-MHz PLL, the 
phase detector then compares this signal to the 
divided-down VCO output coming from the divide-by
N. The PLL uses a divide-by-32/33, two-modulus pre
scaler (U3) which, in conjunction with dividers N and 
A, divides the VCO output of 34.3 MHz down to 20 
kHz. The two-output phase detector is connected to 
the loop filter. 

17.2.3.4.2 Loop Filter 

Loop filter U5 sets the bandwidth and stability of the 
loop and attenuates the reference-frequency compo
nent coming from the phase detector. The 3-dB band
width of the 34.3-MHz PLL is 5 Hz. The loop filter 
incorporates a lead-lag network (R8, R73, and C85) to 
reduce the resistor values of Rl-R4. This allows for a 
faster loop-lock time. Diodes CR14 and CR15 help the 
operational amplifier (U5) slew the large-value capac
itor (C85). The output of the loop filter tunes the VCO 
frequency to the value needed to maintain phase lock. 

17.3.3.4.3 VCO and Amplifier 

The 34.3-MHz VCO (Ql) is a Colpitts-type oscilla
tor that resonates CR2, CR3, ClO, Cll, C47, and C68 
with the inductance of transformer Tl. Capacitor C68 
is adjusted to provide a tuning voltage of 8 to lOV at 
TPl when the loop is locked. Transistor Q8 is the VCO 
ON/OFF switch, which is controlled by PLL IC Ul via 
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the SW2 output. The amplifier (Q2) foilowing the VCO 
provides an output of +7 dB. This signal is atten
uated by R37 and R38 before going to the two-modu
lus pre-scaler, U3. 

17.2.3.5 Offset Selection 

The 45-MHz offset is generated by routing the 34.3-
MHz PLL through relay U7 (which is controlled by the 
SWl output on U2), to the L.O. offset-mixer, UlO. Here 
the 34.3-MHz signal is mixed with the L.O. OFFSET 
signal coming from the Wideband Amplifier board. 
Amplifier U14 provides a gain of 8 dBm to the -20 
dBm L.O. OFFSET input signal. The output of the 
L.O. mixer (Ul0) is routed through relay U12 to the
Duplex output port, J6. To generate the O to 10-MHz 
offset, mixer U9 mixes the 34.3-MHz PLL with the 35 
to 45-MHz PLL. The output of mixer U9 is low-pass 
filtered by C54, C56, and LS to obtain the difference 
product. This signal is amplified by amplifier Q6 from 
approximately 0 dBm to +7 dBm. The output of 
amplifier Q6 is applied to the L.O. offset mixer, UlO, 
where it is mixed with the L.O. OFFSET signal and 
routed to the Duplex output port, J6. 

17.2.3.6 Modulation 

FM modulation of the Duplex Generator is accom
plished by directly modulating the VCO in the 34.3-
MHz PLL. The sensitivity of this input port is adjusted 
by R69 to 5 kHzN. The frequency response of the 
modulation input is 1 Hz to 20 kHz. 

17.2.3.7 Board Control 

The Duplex Generator board is controlled by PLL 
IC U2, which uses the RF control bus coming from the 
Processor Interface board (All). (See the All section, 
paragraph 13.2.1.3 for a description of this bus.) The 
PLL IC uses the last 19 bits of the RF data bus. The 
first two bits of these 19 bits control the two output 
switches (SWl and SW2), as shown in Table 17-1. The 
next ten bits control the divide-by-N, and the last 
seven bits control the divide-by-A. 

Table 17 -1. Switch Control 

Switch Position 
Result 

SWl SW2 

0 0 0 to 10-MHz OFFSET 

0 1 Not Allowed 

1 0 45-MHz OFFSET

1 1 Duplex Generator OFF 



1 2 

WIRE 
COLOR 

SIZE 

NO. AWG 

3 

Table 17-2. RF Input Module-Wirelist 

I 4 I 5 I 6

WIRE RUNS 

NOTE NOTE 
FROM OR TO OR 

VIEW VIEW 

A4-El ClO 

A4-E2 

A4-E3 Cll 

A4-E4 A4Sl Center Pin 

A4-E5 ca 

A4-E6 W7 

A4-E7 ws 

A4-E8 W6 

A4-E9 cs 

A4-El0 C2 

A4-Ell El 

A4-El2 E3 

A4-El3 FL4 

A4-E14 FLS 

A4-El5 C6 

A4-El6 FL3 

A4-E17 C7 

A4-E18 wa 

A4-El9 FL8 

A4-E-20 C4 

A4-E21 , FL6 

A4-E22 FL2 

A4-E23 Fll 

A4-E24 FL7 

A4-E25 Sl-4 

A4-E26 Sl-5 

A4-E27 Sl-6 

A4-E28 Sl-7 

A4-E29 Sl-8 

A4-E30 Sl-9 

A4-E31 Sl-10 

A4-E32 Sl-11 

A4-E33 Sl-12 

A4-E34 Sl-13 

A4-E35 Sl-14 

A4-E36 Sl-1 

A4-E37 Sl-2 

A4-E38 Sl-3 

A4-E39 E2 

A4-E40 
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7 8 9 

FUNCTION USE 

ROUTING 
APPRO� FIND
LENGTH NO.

REMARKS 

+5 Vol ts

SPARE 

+33 Volts

OFFSET ON/OFF

OFFSET ATTEN EN

DATA CLOCK

DATA LATCH

OFFSET DATA

ANT ENABLE

RF INPUT PWR

GND

GND

.01-1 Klz AGC

AM 11,()D +DC REF.

EXT FWD PWR

WB AMP H1/LO

EXT RFL PWR

OFFSET MOD

DSBSC MOD

OVERTEHP

CARRIER+ MOD LVL

HON+ DSB/GEN

+12V

-12V

RF ATTEN 130 

RF ATTEN 120 

RF ATTEN 110 

RF ATTEN 100 

RF ATTEN 90 

RF ATTEN 80 

RF ATTEN 70 

RF ATTEN 60 

RF ATTEN 50 

RF ATTEN 40 

RF ATTEN 30 

RF ATTEN 20 

RF ATTEN 10 

RF ATTEN 0 

GND 

SPARE 



1 2 

WIRE 
COLOR 

SIZE 
NO. AWG 

ClO 

C9 

C9 

FL7 

E3 

Table 17-2. RF Input Module-Wirelist (Cont) 

3 4 5 6 

WIRE RUNS FUNCTION 

NOTE NOTE ROUTING 
FROM OR TO 

7 

OR 
VIEW VIEW REMARKS 

S1-15 +5 Volts

Fll +12

CJ +12

Cl -12

A4S1 TOP PIN GND 
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8 9 

USE 
APPRO) FIND
LENGTH NO.











ANTENNA 
ENABLE 

P6 >------------1 ----+12V 

ANTENNA ATTENUATOR 
PB· ,-...------------------r--,:io IN/OUT P7 

---0--+-----------..;..;..-4 

J1 

RF 
IN/OUT 14 dB 

ATTENUATOR 

AT2 

RT1 

CR1 POWER 

16 dB 
ATTENUATOR 

AT3 

DETECTOR 

K1 

RF INPUT POWER P2 

OVERTEIV)P P4 

36930-90 

RF WATTMETER BOARD (A17A1) 

(RTL-4158A) 

Figure 17-4. Block Diagram 
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COMPONENTS AND COMPONENT 

SIDE TRACK SHOWN IN BLACK. 

SOLDER-SIDE TRACK SHOWN 

IN ORANGE 

94990 ASSY 

01-P22280E001

SERNO

&®- f984 ___ 7
___,

36930-88 

Find 

No. 

coo, 

C 002 

C 004 

coos 

C 006 

C 007 

coos 

CR003 

K 001 

L 002 

P 001 

P 002 

P 003 

P 004 

P 005 

P 006 

P 007 

POO S 

0001 

R 001 

R 002 

R 004 

ROOS 

R 006 

R 007 

R 008 

R 009 

R 010 

R 011 

R 012 

R 013 

R 014 

R 015 

R 016 
R 017 

R 018 

R 019 

R 020 

R 021 

R 022 

R 023 

R 024 

R 025 

R 026 

R 027 

R 029 

R 030 

RT002 

U 001 

U 002 

Qty. 

Req. 

WATTMETER BOARD (A17A1) 
RTL-4158A 

Part No. 

21-80370A14 

21-80370A24 

21-80370A14 

21-80342B09 

21-80342B09 

21-80369A94 

21-80342B09 

48-87643C01 

80-80343B61 

24-80369A25 

09-80344B25 

09-80344625 

09-80344B25 

09-80344B25 

09-80344B25 

09-80344B25 

09-80344B25 

09-80344B25 

48-80340B86 

06-11009C49 

06-11009C49 

06-10621C75 

06-10621048 

06-10621049 

18-83452F10 

06-11009C56 

06-10621 C99 

06-10621 C83 

06-10621694 

06-10621 C83 

06-10621 C99 

06-10621B94 

06-10621C19 

06-10621C91 

06-10621C91 

06-11 009C86 

06-1 1 009C53 

18-83452F10 

06-10621C19 

06-10621 C91 

06-10621 C91 

06-11 009C25 

06-11009C73 

06-11 009C89 

06-1 1 009C89 

06-11 009C69 

06-11009C65 

06-83600K0S 

51-80396A16 

51-80345A10 

Nomenclature 

CAPACITOR 

CAPACITOR 
CAPACITOR 

CAPACITOR 

CAPACITOR 

CAPACITOR 

CAPACITOR 

DIODE 

RELAY 

COIL 

RECEPTACLE 

RECEPTACLE 

RECEPTACLE 

RECEPTACLE 

RECEPTACLE 

RECEPTACLE 

RECEPTACLE 

RECEPTACLE 

TRANSISTOR 

RESISTOR 

RESISTOR 

RESISTOR 

RESISTOR 

RESISTOR 

RESISTOR.VARIABLE 

RESISTOR 

RESISTOR 

RESISTOR 

RESISTOR 

RESISTOR 

RESISTOR 

RESISTOR 

RESISTOR 

RESISTOR 

RESISTOR 

RESISTOR 

RESISTOR 

RESISTOR.VARIABLE 

RESISTOR 

RESISTOR 

RESISTOR 

RESISTOR 

RESISTOR 

RESISTOR 

RESISTOR 

RESISTOR 

RESISTOR 

THERMISTOR 

INTEGRATED CIRCUIT 

INTEGRATED CIRCUIT 

Part Value 

22PF-5-100 

2200PF-20-100 

22PF-5-100 

.01 UF-20-50 

.01 UF-20-50 

1 S0PF-5-500 

.01 UF-20-50 

22UH 

MPS6520 

lK-5-1/4 

1K-5-1/4 

6.SlK-1-1/4 
38.3K-1-1/4 

39.2K-1-1/4 
1K 

2 0K-5-1I4 

12.1K-1-114 

8.25K-1-1/4 
1K-1-1/4 

8.25K-1-1/4 

12.lK-1-1I4 
1K-1-1/4 

1.78K-1-1/4 

l0K-1-1I4 

10K-1-1I4 

36K-5-1I4 

1.SK-5-1I4 

1K 

1.78K-1-1/4 

l0K-1-1I4 

l0K-1-1/4 

100-5-114 

10K-5-1I4 

47K-5-1/4 

47K-5-114 

6.SK-5-1/4 

4.7K-5-1I4 

LM324N SCREENED 

LM393N SCREENED 

RF INPUT MODULE 

RF WATTMETER BOARD (A17A1) 

(RTL-4158A) 

Figure 17-6. Printed Wiring Board Assembly 
and Parts List 
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Find Qty. 
No. Req. 

COOl 

C002 

C003 

C004 

coos 

C006 

C007 
C008 

C009 
C010 

C011 

C012 

C013 

C014 

C015 
C016 

C017 

C018 

C019 

C020 

C021 

C022 

C023 

C024 
C025 

C026 

C027 

C028 

C029 

C030 

C031 
C032 
C033 

C034 

C035 
C036 

C037 

C038 

C039 

C040 

C041 

C042 
C043 

C044 

C045 
C046 

coso 

C052 

C053 

C054 

COSS 

CR001 

CR002 

CR003 

CR004 
CR005 

CR006 
CR007 

CR009 

CR010 

CR011 

CR013 

CR014 

CR015 

CR016 
KOOl 

L001 

L002 

L003 

LOOS 
L006 
L007 

LOOB 

COMPONENTS AND COMPONENT 
L009 

L010 

SIDE TRACK SHOWN IN BLACK. L011 

SOLDER-SIDE TRACK SHOWN 
L012 

L014 

IN ORANGE L015 

36930-91 L016 

L017 

L019 

WIDEBAND AMPLIFIER BOARD (A 17 A2) 
RTL-4156A 

Part No. Nomenclature Part Value 

21-80342810 CAPACITOR .lUF-20-50 
23-80341815 CAPACITOR 1 OUF--20-50 
21-80339866 CAPACITOR 390PF-5-100 
23-83441815 CAPACITOR 1.0UF-20-35 
21-80342850 CAPACITOR 470PF-5-50 
21-80339869 CAPACITOR 680PF-10-100 
23-83441815 CAPACITOR 1.0UF-20-35 
23-80341815 CAPACITOR lOUF-20-50 
23-80341 803 CAPACITOR 10UF-10-35 
21-ao370A24 CAPACITOR 2200PF-20-50 
23-80341 805 CAPACITOR lOUF-20-10 
21-ao370 A23 CAPACITOR 220PF-20-50 
21-80339866 CAPACITOR 390PF-5-100 
23-83441 815 CAPACITOR 1.0UF-20-35 
21-80342850 CAPACITOR 470PF-5-50 
23-80341 815 CAPACITOR lOUF-20-50 
21-80339869 CAPACITOR 680PF-10-100 
23-83441815 CAPACITOR 1.0UF-20-35 
23-83441 815 CAPACITOR 1.0UF-20-35 
23-80341 815 CAPACITOR lOUF-20-50 
21-80339869 CAPACITOR 680PF-10-100 
23-83441 815 CAPACITOR 1.0UF-20-35 
21-ao370 A24 CAPACITOR 2200PF-20-50 
23-83441 815 CAPACITOR 1.0UF-20-35 
21-80339866 CAPACITOR 390PF-5-100 

23-83441 815 CAPACITOR 1.0UF-20-35 
21-80339869 CAPACITOR 680PF-10-1 00 
23-83441815 CAPACITOR 1.0UF-20-35 
21-ao370 A22 CAPACITOR 1 OOOPF-20-50 
21-80342810 CAPACITOR .lUF-20-50 
21-80342810 CAPACITOR .lUF-20-50 
21-ao370A24 CAPACITOR 2200PF-20-50 

23-83441815 CAPACITOR 1.0UF-20-35 
21-80342810 CAPACITOR .lUF-20-50 
21-80341852 CAPACITOR 1300PF-5-50 
21-80342810 CAPACITOR .1UF-20-50 
21-80342810 CAPACITOR .lUF-20-50 
21-80342810 CAPACITOR .lUF-20-50 
23-80341815 CAPACITOR lOUF-20-50 

23-80341815 CAPACITOR lOUF-20-50 
21-80342810 CAPACITOR .lUF-20-50 

21-80342810 CAPACITOR .lUF-20-50 
21-80342810 CAPACITOR .1UF-20-50 
21-80342810 CAPACITOR . lUF-20-50 

21-00850118 CAPACITOR 1 OOPF-5-500 
23-80341815 CAPACITOR lOUF-20-50 
21-80339872 CAPACITOR .001 UF-10-200 
21-00850118 CAPACITOR lOOPF-5-500 
21-80341857 CAPACITOR 180PF-5-50 
21-80341857 CAPACITOR 180PF-5-50 
21-80344837 CAPACITOR, CHIP .033UF-10-50 

48-80342819 DIODE 

48-80342819 DIODE 

48-80342819 DIODE 

48-84463K02 DIODE 

48-84463K02 DIODE 

48-84463K02 DIODE 

48-84463K02 DIODE 

48-&4463K02 DIODE 

48-80396A27 DIODE 
48-84463K02 DIODE 
48-87643C01 DIODE 

48-80396A27 DIODE 

48-&4463K02 DIODE 

48-84463K02 DIODE 

80-80343861 RELAY 

24-80369 A23 COIL .15UH 

24-83961801 CHOK E 
24-83961801 CHOKE 

24-83961801 CHOK E 

24-83961801 CHOK E 

24-83961801 CHOKE 

24-83961801 CHOK E 

24-83961801 CHOK E 
24-80369 A42 COIL 1000UH 

24-83961801 CHOK E 
24-00342870 COIL 

2�2879 COIL.TOR OID 

24-83961801 CHOK E 

24-a0069A23 COIL .15UH 

24-80369A23 COIL .15UH 

24-a0340653 COIL .82UH 

RF INPUT MODULE 

WIDEBAND AMPLIFIER BOARD (A17A2) 

(RTL-4156A) 

Figure 17-9. Printed Wiring Board Assembly 
and Parts List 
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COMPONENTS ANO COMPONENT 

SIDE TRACK SHOWN IN BLACK. 

SOLDER-SIDE TRACK SHOWN 

IN ORANGE 

36930-�4 

Find Qty. 

No. Req. 

coo, 

C002 

C003 

C004 

coos 

C006 

COO? 

coos 

C009 

C 010 

co,, 

C012 

C013 

C014 

C015 

C016 

C017 

C018 

C019 

C020 

C021 

C022 

C023 

C024 

C027 

C028 

C029 

C030 

C031 

C032 

C033 

C034 

C035 

C036 

C037 

C038 

C039 

C040 

C041 

C042 

C043 

C044 

C045 

C046 

C047 

C050 

C051 

C052 

C053 

C054 

C055 

C056 

C057 

C058 

C059 

C060 

C061 

C062 

C063 

C064 

C065 

C066 

C067 

C068 

C073 

C074 

C075 

C076 

C077 

C078 

C079 

coao 

C081 

C082 

C 083 

C084 

C085 

CR001 

CR002 

CR003 

CR004 

CROOS 

CR006 

DUPLEX GENERATOR BOARD (A17A3) RF INPUT MODULE 
RTL-4157A 

DUPLEX GENERATOR BOARD (A17A3) 

Part No. Nomenclature Part Value (RTL-4157 A) 

Figure 17- 12. Printed Wiring Board 
21-80341 894 CAPACITOR .01UF-10-100 Assembly and Parts List 
21-80341894 CAPACITOR .01UF-10-100 

08-80343816 CAPACITOR 2.2UF-5-100 

08-80343816 CAPACITOR 2.2UF-5-100 

21-80341893 CAPACITOR 1OOOPF-20-100 

23-80344836 CAPACITOR 1.SUF-10-35 

21-80339821 CAPACITOR 390PF-5-100 
21-80341893 CAPACITOR 1OOOPF-20-100 

23-80341 807 CAPACITOR 1OOUF-20-10 

2 1 -00840811 CAPACITOR 10PF-N470 

21-80369 A94 CAPACITOR 150PF-5-500 

21-80369 A85 CAPACITOR 5PF-.5PF-500 

23-80341815 CAPACITOR l0UF-20-50 
21-80341893 CAPACITOR 1OOOPF-20-100 

21-80341893 CAPACITOR 1OOOPF-20-100 

21-00850118 CAPACITOR 1 OOPF-5-500 
21-80339826 CAPACITOR 220PF-5-500 

23-80341815 CAPACITOR l0UF-20-50 

21-80342807 CAPACITOR .056UF-10-100 

21-80342807 CAPACITOR .056UF-10-100 

08-80343813 CAPACITOR 1.0UF-10-100 

08-80343813 CAPACITOR 1.0UF-10-100 

21-80341893 CAPACITOR 1OOOPF-20-100 

23-80340899 CAPACITOR .39UF-10-35 

21-80341693 CAPACITOR 1OOOPF-20-100 

23-80341 807 CAPACITOR 1OOUF-20-10 

21-80339872 CAPACITOR .OOlUF-10-200 

21-80339872 CAPACITOR .OOlUF-10-200 

21-00859934 CAPACITOR 1 0PF-.5PF-500 
21-80339826 CAPACITOR 220PF-5-500 

21-80341893 CAPACITOR 1OOOPF-20-100 

23-80341B15 CAPACITOR l0UF-20-50 

21-80341893 CAPACITOR 1OOOPF-20-100 

21-80339818 CAPACITOR 82PF-5-500 

21-80369 A94 CAPACITOR 150PF-5-500 

23-84665 F03 CAPACITOR 1 OOUF-20-25 

23-80341815 CAPACITOR l0UF-20-50 

20-80396 A57 CAPACITOR 9 TO 35PF-200 

21-80339818 CAPACITOR 82PF-5-500 

21-80339813 CAPACITOR 18PF-5-500 

23-80341815 CAPACITOR l0UF-20-50 

21-80341 893 CAPACITOR 1OOOPF-20-100 

21-80341 893 CAPACITOR 1OOOPF-20-100 

23-80341815 CAPACITOR l0UF-20-50 

21-80339811 CAPACITOR 7PF-.5PF-500 

23-80341815 CAPACITOR l0UF-20-50 

23-80341815 CAPACITOR 10UF-20-50 

21-80341893 CAPACITOR 1OOOPF-20-100 

21-80342809 CAPACITOR .01 UF-20-50 

21-80342809 CAPACITOR .01 UF-20-50 

23-80341815 CAPACITOR l0UF-20-50 

21-80339826 CAPACITOR 220PF-5-500 

21-80339826 CAPACITOR 220PF-5-500 

21-80339826 CAPACITOR 220PF-5-500 

21-80342B09 CAPACITOR .01 UF-20-50 

21-80342809 CAPACITOR .01 UF-20-50 

21-80342809 CAPACITOR .01 UF-20-50 

2 1 -80341893 CAPACITOR 1OOOPF-20-100 

21-80339872 CAPACITOR .001UF-10-200 

21-80339872 CAPACITOR .001UF-10-200 

23-80341 815 CAPACITOR l0UF-20-50 

23-80341 815 CAPACITOR l0UF-20-50 

21-80339872 CAPACITOR .001UF-10-200 

20-80343B36 CAPACITOR, VA RIABLE 2.5 T011PF 

21-80342810 CAPACITOR . lUF-20-50 

21-80341893 CAPACITOR 1OOOPF-20-100 

21-80341893 CAPACITOR 1OOOPF-20-100 

21-80341 893 CAPACITOR 1OOOPF-20-100 

21-80342B10 CAPACITOR . lUF-20-50 

21-80341893 CAPACITOR 1OOOPF-20-100 

21-80341893 CAPACITOR lOOOPF-20-100 

21-80341893 CAPACITOR 1OOOPF-20-100 

23-80341 815 CAPACITOR l0UF-20-50 

21-80341893 CAPACITOR 1OOOPF-20-100 

21-80341893 CAPACITOR 1OOOPF-20-100 

21-80341893 CAPACITOR 1OOOPF-20-100 

23-84665 F03 CAPACITOR 1 OOUF-20-25 

48-84463K02 DIODE 

48-80340860 VARACTOR 

48-80340860 VA RACTOR 

48-84463K02 DIODE 

48-80340860 VA RACTOR 

48-80340860 VA RACTOR 
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SECTION 18. 
FRONT PANEL ASSEMBLY (A18) 

18.1 DESCRIPTION 

The Front Panel assembly (A18} contains controls, 
switches, and LEDs which control the System Ana
lyzer. It also contains miscellaneous input and output 
ports. Most of the control devices are mounted directly 
to the Front Panel; however, some of them are 
mounted on the Display board (A18Al}. Front Panel 
circuitry is connected to the rest of the system by two 
flexible printed wiring boards - the Front Panel Left 
Flex, which connects the Display board to the System 
Motherboard (A19}, and the Right Flex, which con
nects th� Scope controls to the Motherboard (A19}. A 
ribbon cable assembly also connects the Display board 
to the Front-Panel Interface board (A15}. 

with the printed wiring board assemblies of the Left 
and Right Flexes, and with the Switch Interconnect 
board. 

A schematic of the Display board follows these 
figures in Figure 18-3, with the printed wiring board 
assembly and parts list in Figure 18-4. 

18.2 CONTROLS, SWITCHES AND LEDs 

Table 18-1 describes each control device on the 
Front Panel, including those on the Display board 
(A18Al}. (See Figure 18-2a at the end of the section 
for exact positions of these controls.} 

The step-attenuator control knob (Step}, the 
Antenna port, the RF In/Out port, the Duplex Gen
erator Output port, and the Duplex Generator On/Off 
switch are part of the RF Input module (Al 7). For 
information on these ports and switches, refer to 
Section 17 on the Al 7 module. 

A schematic of the Front Panel assembly is shown 
at the end of this section in Figure 18-1. This is fol
lowed by Figure 18-2a-f, which coordinates the Front 
Panel parts list with three views of the Front Panel, 

Table 18-1. Controls, Switches and LEDs on the Front Panel 

Control, Switch, or LED Function 

Main Switches 

POWER(S3) In the On position, the system is powered up. In the Standby and DC Off 

positions during ac operation, and in the Standby position during de operation, 

all modules are powered down except the Frequency-Standard Interface board 

(A16). In the DC Off position during de operation, all modules are powered 

down. 

FUNCTION (S2) Determines whether the system is in Generate or Monitor mode. 

MODULATION (SU Determines whether the modulation generator output is continuously on (Cont), 

Off, or Burst. 

RF SECTION Controls 

RF Level (R12 and R26) Regulates the RF output power by controlling the reference voltage applied to 

the ALC loop on the Wideband Amplifier board (Al 7 A2). 

RF PortSel Controls which port (Antenna or RF In/Out) is enabled. 

Pulled out enables Antenna port. 

Pushed in enables RF In/Out port. 

Ports: Antenna, RF In/Out, and Ext See Section 17 on the RF Input module (Al 7). 

Wattmeter 

OSCILLOSCOPE Controls 

Vert (S12 and Rll) 

S12 Selects from 4 values of vertical-input sensitivity: 0.01 V, 0.1 V, 1 V, and lOV /Div. 

When one of the 0.01 V to l0V /Div RNG SEL outputs is low, the corresponding 

vertical-input sensitivity has been selected. These outputs are interfaced to the 

Processor board by circuitry on the Front-Panel Interface board. 

Rll Provides a continuously variable but uncalibrated vertical-input sensitivity. 

When turned fully clockwise, calibrates the vertical-input sensitivity. 
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Table 18-1. Controls, Switches and LEDs on the Front Panel (Cont) 

Control, Switch, or LED Function 

OSCILLOSCOPE Controls 

Trig Level/Position (Sll and RIO) 
SIi Selects automatic or normal triggering. In automatic mode, the AUTO/NOR 

TRIG SEL output, which goes to the Scope Amplifier board (A2), is -5V. In 
this mode, the scope sweep free-runs when there is no triggering. In normal 

mode, the AUTO/NOR TRIG SEL output is pulled to +5V by a pull-up resistor 

on A2, and the scope sweep is blanked in the absence of triggering. 

RIO Adjusts the reference (Trig Level) to which the input signal is compared for 
scope triggering. The triggering circuit is on the Scope/DVM Control board 

(A7). 

Horiz (S10, R9, R8) 
Sill Selects one of six horizontal-sweep speeds or external horizontal input. When 

one of the SWP SEL or EXT HORIZ SEL outputs is high, the corresponding 

horizontal mode has been selected. These outputs are interfaced to processor 
control by circuitry on the Front-Panel Interface board. 

H9 Provides a continuously variable de voltage at the SWP VERNIER VOLT 
output, which goes to the Scope Amplifier board, and thus provides a 
continuously variable horizontal-sweep speed. When R9 is fully clockwise, the 

horizontal-sweep speed is calibrated. 

RH In external horizontal mode, adjusts the horizontal-input sensitivity over a 
range of 0.1 V /Div to 10V /Div. 

Vert (1{14) and Horiz (Rlfil 

RI4 Adjusts the scope's vertical position by adjusting the offset in the vertical pre-
amplifier on the Front-Panel Interface board. 

RJ;i Adjusts the scope's horizontal position by adjusting the offset in the horizontal 

amplifier on the Scope Amplifier board. 

Port: Vert/Sinad/Dist/DVM/Counter In - Most of the basic measurement functions of the System Analyzer can be 

l\lultipurpose Input performed on signals connected to this port. The particular measurement being 

performed is indicated by the display LEDs. 

Port: 1<:xt Horiz (External Horizontal Input) Controls the scope's horizontal sweep in external-horizontal mode. R8 controls 

input sensitivity of 0.1 V /Div to lOV /Div. 

MONITOR Controls 

Squelch (R7) Controls the de voltage at the SQUELCH LEVEL output (which goes to the 

Receiver), and thus controls the RF level below which the Receiver is squelched. 

\'olume (R6) Controls the volume of the speaker output. 

lmage/Dplx (S17) - Image/Duplex Switch Selects high-side or low-side mixing during normal monitor operation, and 
selects high-side or low-side offset during Duplex operation. During high-side 
mix or high-side offset, S17 is open and the IMAGE HI/LO signal is pulled up to 

+5V by a resistor on the Front-Panel Interface board. During low-side mix or
low-side offset, S17 is closed and the IMAGE HI/LO signal is pulled low. The

IMAGE HI/LO output is interfaced to processor control by circuitry on the

Front-Panel Interface board.

BW (S16) - Bandwidth Switch Controls the generator's FM sensitivity, the Receiver's demodulation sensitivity, 
and audio filters in the Receiver. In wideband mode, S16 is open, and the WB/ 

NB output is pulled up to + 5V by a resistor on the Front-Panel Interface board. 

In narrowband mode, S16 is closed, and the WB/NB output is pulled low. The 

WB/NB output is interfaced to processor control by circuitry on the Front-
Panel Interface board. 

BFO (R18l Controls the de voltage at the BFO FREQ CNTL output, and thus controls the 

frequency of the varactor-tuned BFO on the Receiver board. 

Port: Demod Out In monitor mode, the Receiver's demodulation output comes out of this port. In 
FM, the output level is 1 volt-peak per kHz of peak deviation in narrowband, 
and 1 volt-peak per 10 kHz of peak deviation in wideband. In AM, the output 

level is a nominal 1 volt-peak per 10 percent AM. 
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Table 18-1. Controls, Switches and LEDs on the Front Panel (Cont) 

Control, Switch, or LED Function 

Code Synth Lvl (R5), Ext Level (R4), 

I KHz Level (R13) 

Switch S15 

Port: Mod Out 

Port: Ext Mod In 

Port: Mic (Microphone Input) 

Intensity (R2) and Focus (I{;!) 

Dispr/Sweep (RI) 

HF Srnn 

l,e�·pad Switches (SI-S-1 I 

SI 

S:!.S:l,S4 

Display. Function and Modulation LEDs 

(l)SI-DS:W

Hatt and AC Ll<�Ds (l)S2!i, DS26) 

Oven-Heady LED 

MODULATION Controls 

Adjust the amplitude of the signals that modulate the RF signal generator. 

Turns the 1 KHz signal on and off. 

Connects to the modulation generator's output. In generate mode, this port is 

the modulation source for the signal generator. 

Allows external signals to be summed into the output of the modulation 

generator. The sensitivity of this output to the EXT MOD input is adjusted 

with the Ext Level control. 

Allows voice information to be incorporated into the internal modulation. Its 

level is set by the Ext Level control. 

Miscellaneous Controls 

Control the intensity and focus of the CRT by controlling the de level on the 

INTENSITY LEVEL and FOCUS LEVEL signals going to the Scope Amplifier 

board (A2). 

Controls the amplitude of the SY NTH SWEEP signal going to the RF 

Synthesizer and thus controls the dispersion of the spectrum-analyzer sweep or 

the frequency range of the sweep generator's output. 

Scans the RF Synthesizer frequency up or down. When the optical encoder is 

rotated clockwise, the OPTICAL ENC B signal leads the OPTICAL ENC A 

signal by 90° . When the optical encoder is rotated counter clockwise, OPTICAL 

ENC A leads OPTICAL ENC B by 90° . The OPTICAL ENC A and B signals go 

to circuitry on the A15 board, which interfaces these signals with the Processor 

board. 

DISPLAY BOARD (Al8Al) Controls 

Contains 12 switches which control the cursor and allow entry of numeric data. 

Control system display, function, and modulation, respectively. The particular 

display, function, and modulation modes are indicated by LEDs DS1-DS24. 

Pressing any of these switches connects a unique combination of row and 

column lines. A PIA on the Processor board detects this, and the processor takes 

the appropriate action. 

Indicate display, function, and modulation status. Control output to these LEDs 

is accomplished via AF BUS addresses 0, 1, and 2 on the Front-Panel Interface 

board. Latch-selects LS0, LSI, and LS2 are pulsed low to latch the data on the 

AF DATA BUS into latches on U6, U7, and U8, respectively, when the 

corresponding address is enabled on the AF ADD BUS. This data is decoded (as 

shown in Table 18-2) by U6, U7, and U8, and the appropriate LEDs are lit by 

drivers Ul-U4. For more information on the AF BUS, refer to Section 15 on the 

Front-Panel Interface board. 

Indicate application of de and ac power, respectively. 

Indicates when the oven has reached operating temperature on System 

Analyzers that have the ovenized frequency standard. 
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18.3 DECODING FOR DISPLAY, FUNCTION AND 
MODULATION LEDs 

Table 18-2 shows which LED is selected for each 
state of the AF DATA BUS when the appropriate 
latch-select (LSO, LSl, or LS2) is strobed low. 

Table 18-2. Decoding for Display, Function, and Modulation LEDs 

Configuration of AF DATA BUSSES 
Display LED Selected Function LED Selected Modulation LED Selected 

() 1 2 3 (LS0 strobed low) (LSI strobed low) (LS2 strobed low) 

0 0 0 0 Gen/Mon Mtr FM PL/DPL 

() 0 0 1 Modulation cw PL/DPL INV 

0 0 1 0 Spect Analyzer AM Tone A 

0 0 1 1 Duplex Gen SSB/DSBSC Tone B 

0 1 0 0 RF Memory SWP 1-l0MHz Tone Seq. 

0 1 0 1 Signaling Seq SWP 0.01-1 MHz Tone Remote 

0 1 1 0 Freq Counter Not Allowed Not Allowed 

0 1 1 1 DVM/DIST Not Allowed Not Allowed 

1 0 0 0 Ext W attmeter Not Allowed Not Allowed 

1 0 0 1 IF Not Allowed Not Allowed 

1 0 I 0 Scope AC Not Allowed Not Allowed 

1 0 1 1 Scope DC Not Allowed Not Allowed 

1 1 0 0 Not Allowed Not Allowed Not Allowed 

I 1 0 1 Not Allowed Not Allowed Not Allowed 

I 1 1 0 Not Allowed Not Allowed Not Allowed 

I 1 1 1 Not Allowed Not Allowed Not Allowed 
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FRONT PANEL ASSEMBLY (A 18) 

FRONT PANEL 
Figure 18-2a. Photo and Parts List 

(Sheet 1 of 4) 

18-6
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B4-7662 36930-20 

Figure 18-2a. Front Panel Photo (See Sheet 4, p. 18-9, for Parts List) 



84- 7673 

POSITION PER 

FLEX PRINT 

POSITION PER 

FLEX PRINT 

POSITION PER 

FLEX PRINT 

TO RIGHT 

FLEX 

Figure 18- ::!b Inside Frnnl Panel 
-

Photo (See Sheet 1, p. 18-9, for Parts List)

POSITION PER 

FLEX PRINT 

36930-27 

52 

0 

VIE.W A-A 
ROTATED 1eo 0 

+ 

D 

P0'51TION PE.R 
FLE.X PRINT 

POSITION PE:.R 
FLEX PRINT 

I POSITION PER
PO'51TI0N PtR FLEX PRINT 

FLD PRINT 

36930-123 B 

Figure 18-2c. Inside Front Panel - Drawing (See Sheet 4, p. /8-9, for Parts List)

FRONT PANEL ASSEMBLY (A18) 

INSIDE FRONT PANEL 

Figure 1 B-2b. Photo and Parts List 
Figure 1 B-2c. Drawing and Parts List 

(Sheet 2 of 4) 
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FRONT PANEL ASSEMBLY (A18) 

FRONT PANEL LEFT AND RIGHT FLEXES 

Figure 18-2d. and 18-2e. Printed Wiring 
Board Assemblies and Parts List 
(Sheet 3 of 4) 
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COMPONENTS AND COMPONENT 

SIDE TRACK SHOWN IN BLACK. 

SOLDER-SIDE TRACK SHOWN 

IN ORANGE 

0 
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36930-120 

Figure 18-2d. Front Panel Left Flex (Display) (See Sheet 4, p. 18-9, for Parts List) 

COMPONENTS AND COMPONENT 

SIDE TRACK SHOWN IN BLACK. 

SOLDER-SIDE TRACK SHOWN 

IN ORANGE 

0 

Figure J8-2e. Front Panel Right Flex (Scope) (See Sheet 4, p. 18-9, for Parts List) 

36930-119 



0 
COMPONENTS AND COMPONENT 

SIDE TRACK SHOWN IN BLACK. 

SOLDER-SIDE TRACK SHOWN 

IN ORANGE 

S2 

94990 ASSY 

SERNO 

© l/tllOTOROL.A, INC. 1984 

Figure 18-2/. Switch Interconnect Board - Printed Wiring Board Assembly

0 

S3 

36930-118 

Find 

No. 

002 
003 
010 
011 
012 

013 
015 
016 
017 
018 
020 
021 
022 
023 
024 
025 
026 
027 
028 
029 
030 

031 
032 
036 
037 
038 
039 
047 
048 
049 
052 
053 
054 
055 
057 
058 
059 

060 
A 001 
DS003 
J 001 
R 001 
R 005 

R 006 
R 007 
R 012 
R 018 
R 019 
R 020 
R 021 
R 022 
R 023 
R 026 
R 028 
S 001 
S 002 
S 003 
S 008 
S 016 
S 017 

002 

Qty. 

Req. 

1 
2 
1 
2 
2 
2 
8 

FRONT PANEL ASSEMBLY (A18) 

Part No. 

02-80342823 
02-80342824 
40-80335A 78 
40-80335A 77 
40-80335A 76 

18-80346A 13 
18-80346A 13 
18.80346A 18 
1 8-8034 6A 18 
64-80343859 
38-80331 A49 
38-80331 AS0 
38-80331 AS 1 
38-80331 A52 
38-80331 A53 
38-80331 A54 
38-80331 ASS 
38-80331 ASS 
38-80331 A57 
38-80331 ASS 
38-80331 A48 

09-80340840 
15-80341 826 
04-00007699 
36-80343803 
36-80343804 
36-80343801 
75-80335A50 
13-80331 A99 
36-80342899 
30-80343891 
36-80343802 
09-80331 A95 
30-80343890 
55-80335A89 
55-00847016 
03-80341 837 

30-80343896 
RTC-4049A 
48-84404E03 
09-008304 1 8 
18-80346A 15 
18-80346A16 

18-80346A14 
18-80346A I 4 
18-80342831 
18-80346A 14 
06-11009C57 
06-11009C57 
06-11009C53 
06-11009C53 
06-11009C35 
06-11009C44 
06-11045A69 
40-80335A82 
40-80335A80 
40-80335A81 
18-80340B84 
40-80335AB0 
40-80335A80 

Nomenclature 

NUT. COMPONENT 
NUT COMPONENT 
SWITCH RESISTOR VARIABLE 
SWITCH RESISTOR VARIABLE 
SWITCH/DUAL RESISTOR. 
VAR. 
RESISTOR. VARIABLE 
RESISTOR. VARIABLE 
RESISTOR, VARIABLE SWITCH 
RESISTOR. VARIABLE SWITCH 
OVERLAY. FRONT PANEL 
PUSHBUTTON, SWITCH-0 
PUSHBUTTON, SWITCH-I 
PUSHBUTTON. SWITCH-2 
PUSHBUTTON. SWITCH-3 
PUSHBUTTON, SWITCH-4 
PUSHBUTTON. SWITCH-S 
PUSHBUTTON. SWITCH-6 
PUSHBUTTON. SWITCH-? 
PUSHBUTTON. SWITCH-8 
PUSHBUTTON, SWITCH-9 
PUSHBUTTON. SWITCH. 
DELTA 
CONNECTOR 
HOLDER 
WASHER. COMP 
KNOB 
KNOB 
KNOB.DUAL 
ISOLATOR. FRONT CAT 
BEZEL 
KNOB. DUAL 
CABLE ASSEMBLY. RIBBON 
KNOB. DUAL 
SOCKET. SOLDER DIP 
CABLE ASSEMBLY. RIBBON 
HINGE 
STRIKE. CATCH 
SCREW. PH ASSEMBLED 
WASHER 
CABLE ASSEMBLY 

DISPLAY BOAAD ASSY A18A1 
LED 
CONNECTOR. MIC 
RESISTOR. VAR. DISPR1SWP 
RESISTOR. VAR, INT, MOD. 
LVL 
RESISTOR, VARIABLE 
RESISTOR. VARIABLE 
RESISTOR. VARIABLE 
RESISTOR. VAR 
RESISTOR 
RESISTOR 
RESISTOR 
RESISTOR 
RESISTOR 
RESISTOR 
RESISTOR 
SWITCH TOGGLE 
SWITCH TOGGLE 
SWITCH. TOGGLE 
SOFTPOT. AF SCAN 
SWITCH. TOGGLE 
SWITCH. TOGGLE 

Cable Assembly (A 18J5/FLEX) 

30-80343B96

28-80342B90 CONNECTOR. BNC 

Part Value 

318-32 
1 4-32 
SCOPE TRIG 
SCOPE VERT. 
SCOPE HOAIZ 

60 PIN W O  EARS 

1 8 SHAFT 
1 4 SHAFT 
1 8-1 4 SHAFT 

1 8-1 4 SHArT 

158. 238 SHAFT 
8 PIN 

6-32X 312 

A 18JS FLEX 

l0K-10-1 4 
SK 

SK 

SK 
SK WITH SWITCH 
SK 

2.2K-S-1 4 
2.2K-5-l/4 
1.SK-5-1 4 
1 SK-S-114 
270-5-1 4 
620-5-1 4 
6.BK-5-1 2 

SPST. WB NB 
SPST. IMAGE 

FRONT DA '_L ASSErJB .... Y (A 18) 

SWITCH INTERCONNECT BOARD (A 18A2) 

Figure 18-2f. Printed Wiring Board 
Assembly and Parts List (Sheet 4 of 4) 
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Find Qty. 

No. Req. 

DS001 

DS002 

DS003 

DS004 

DS005 

DS006 

DS007 

DS00B 

DS009 

DS010 

--... 
"\ 

DS011 

DS012 

DS013 

' 

I 

DS014 

DS015 

DS016 

/ 
_., 

DS017 

DS018 

DS019 

........ DS020 

\ DS021 

\ DS022 

DS023 

DS024 

/ 
DS025 

DS026 
/ DS027 

--
'\. 

\ 

J 001 

J 002 

J 003 

R 001 

I 
R 002 

R 003 

I S 001 

,./ 001 

S 002 

001 

S 003 

001 

S 004 

001 

U001 

U002 

U003 

U 004 

U 006 

U 007 

U 008 

U 011 

36930-97 

DISPLAY BOARD ASSEMBLY (A18A1) 
RTC-4049A 

Part No. Nomenclature 

48-80396A26 LED 

48-80396A26 LED 

48-80396A26 LED 

48-80396A26 LED 

48-80396A26 LED 

48-80396A26 LED 

48-80396A26 LED 

48-80396A26 LED 

48-80396A26 LED 

48-80396A26 LED 

48-80396A26 LED 

48-80396A26 LED 

48-80396A26 LED 

48-80396A26 LED 

48-80396A26 LED 

48-80396A26 LED 

48-80396A26 LED 

48-80396A26 LED 

48-80396A26 LED 

48-80396A26 LED 

48-B0396A26 LED 

48-80396A26 LED 

48-80396A26 LED 

48-B0396A26 LED 

48-80396A26 LED 

48-80396A26 LED 

48-80396A26 LED 

09-80331A97 SOCKET. SOLDER DIP 

09-80331 A97 SOCKET. SOLDER DIP 

09-80331 A95 SOCKET. SOLDER DIP 

06-11 009C29 RESISTOR 

06-11 009C29 RESISTOR 

06-11 009C29 RESISTOR 

40-80396A32 SWITCH, PUSHBUTTON 

40-80335A64 SWITCH ASSEMBLY 

40-80369A09 SWITCH, PUSHBUTTON 

40-80369A 10 SWITCH, STRIP 

40-80369A09 SWITCH, PUSHBUTTON 

40-80369A 10 SWITCH, STRIP 

40-B0369A09 SWITCH. PUSHBUTTON 

40-80369A 10 SWITCH, STRIP 

51-82884L70 INTEGRATED CIRCUIT 

51-82884L70 INTEGRATED CIRCUIT 

51-82884L70 INTEGRATED CIRCUIT 

51-82884L70 INTEGRATED CIRCUIT 

51-82884L32 INTEGRATED CIRCUIT 

51-82884L32 INTEGRATED CIRCUIT 

51-82884L32 INTEGRATED CIRCUIT 

51-05596E02 INTEGRATED CIRCUIT 

Part Value 

16 PIN 

16 PIN 

SPIN 

150-5-1/4 

150-5-1/4 

150-5-1/4 

12 POS 

3 X 4 

2 POS 

M/F 1KS208 

2 POS 

M/F 1KS208 

2 POS 

M/F 1KS208 

FRONT PANEL ASSEMBLY 

DISPLAY BOARD (A 18A 1) 

(RTC-4049A) 

Figure 18-4. Printed Wiring Board Assembly 
and Parts List 

18-11 /( 18-12 blank)





19.1 DESCRIPTION 

The RTP-1002A Battery Assembly consists of a 
battery pack and charger designed to be mounted to 
the back of the R2001D Communications System 
Analyzer (Figure 19-1). The unit contains battery 
capacity to operate the System Analyzer for approxi
mately one hour. A constant-current charging system 
can recharge the batteries in 16 hours. 

A schematic of the battery pack is shown at the end 
of the section in Figure 19-2, and the printed wiring 
board assembly and a parts location detail are coordi
nated with the parts list in Figure 19-3. 

RTP-1002A 

BATTERY PACK 

SECTION 19. 

BATTERY ASSEMBLY 

19.2 INSTALLATION 

The battery pack is quickly installed on the R2001D 
System Analyzer. With the Analyzer disconnected 
from the ac line, remove the blower ac connector from 
the socket on the rear panel of the unit. Remove the 
two thumbscrews and clips that hold the blower to the 
rear panel. Lift the blower off and set it aside, noting 
the position of the blower in relation to the two locat
ing pins on the rear panel. Reverse this procedure to 
reinstall the blower. Put the caution label (PIN 54-
80379A 76) on the rear panel of your System Analyzer. 

Place the battery pack's left edge tabs into the left 
feet slots on the Analyzer's rear panel. Two captive 
screws on the battery pack's right edge engage 
threaded holes in the rear panel's right feet. Tighten 
these screws snugly, but do not overtighten. Install the 
cable from the battery pack in the DC IN jack on the 
rear panel of the unit, and reconnect the ac line cord. 

CAPTIVE 

SCREWS 

R2001D 

COMMUNICATIONS 

SYSTEM ANALYZER 

84-7665 Figure 19-1. Battery Pack - Mounting Detail 36930-23 
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19.3 OPERATION 

The battery pack is automatically engaged when no 
ac power is present, and when the POWER switch is 
set at either ON or STANDBY. When ac power is 
applied, the Analyzer automatically switches the bat
tery pack out of the circuit and draws its power from 
the ac power source. 

When the POWER switch is set at OFF or 
STANDBY, and ac power is applied to the System 
Analyzer, the battery pack draws de current from the 
Analyzer to activate the charging circuit. The charg
ing circuit delivers approximately 750 mA of current 
until the battery voltage reaches 14V. As the battery 
voltage reaches 14V, the current drops to approxi
mately 25 mA, and the high-charge indicator LED goes 
out. 

To extend the time the battery can operate the Sys
tem Analyzer, keep the unit's POWER switch set at 
STANDBY whenever possible. Because of the low 

PI-J REl>-WHT 

Cl 

I

O.I 

••o

-=-

R4 

R!5 

I 

2 

3 
UI 

4 

220 

trickle-charge rate, the batteries can be left charging 
indefinitely without damage from overcharging. 

At high ambient temperature, if you plan to operate 
the Analyzer from the ac line for long periods of time, 
remove the battery pack and reinstall the blower 
assembly. 

- CRI 

0.68 

RT 
IOK 

* RI 
2K 
R9 

CAUTION 

Do NOT permit battery dis
charge below 10.4 Vdc (as indi
cated on the CRT in DVM 
display mode); immediately turn 
the unit OFF. Allowing battery 
discharge below this level may 
permanently damage the battery. 
To recharge the batteries, plug 
the System Analyzer into ac 
power (117 /234 Vac) with the 
POWER switch set at OFF or 
STANDBY. 

,, 

P'S RED Ill 

J3� 
AMP 

=-•ff 

JIil 
P1,-uc �ILK 

9.fK ,__ _____________ ...;B
:;.:
L
:.:.;
K

--< Pl-4

* WITH THE BATTERIES REMOVED (BT1 AND BT21 

AND A 30-OHM; 10 WATT RESISTOR I� PLACE 

36930-131 

OF THE BATTERIES, SET RB FOR 14.45V .± 50MV USING

A DIGITAL VOLTMETER ACROSS THE BATTERY 

TERMINALS. 

Figure 19-2. Battery Pack - Schematic
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COMPONENTS ANO COMPONENT 

SIDE TRACK SHOWN IN BLACK. 

SOLDER-SIDE TRACK SHOWN 

IN ORANGE 

BT1. 2 

0S1 36930-133 

Figure 19-3b. Battery Pack - Parts Location Detail 
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Figure I 9-3a. Battery Pack - Printed Wiring Board Assembly 

Find 

No. 

BT001 
BT002 
C 001 
C 002 
CR001 
DS001 
F 001 
0001 
0002 
R 001 
R 002 
R 003 
R 004 

Qty. 

Req. 
Part No. 

60-80340A88 
60-80340A88 
8-82096J18 
21-83596E 10 
48-82525G01 
48-82019L05 
65-804906 
48-869302 
48-869302 
17-80344A60 
6-124C37 
6-126C45 
6-125B70 

V 
I 

a: 
0 
z 
(!) 

o - s: a,u,. co a a• a

R7 

• 

BATTERY PACK 
RTP-1002A 

Nomenclature 

BATTERY. 12V 
BATTERY, 12V 
CAPACITOR, FIXED 
CAPACITOR, FIXED 
DIODE. SILICON 
LED 
FUSE 
TRANSISTOR 
TRANSISTOR 
RESISTOR 
RESISTOR 
RESISTOR 
RESISTOR 

"'"' 
a.. a.. 

++ 
-.=: ;: 
I- I
C( C(
ID ID

0.0
w ILi 
a: a:: 

Part Value 

6-CELL 
6-CELL 
lµF-10-250 

220pF-20-500 

15A SLOW BLOW 
NPN: TYPE M9302 
NPN: TYPE M9302 
10-10-10 
330-10-1/4 

680-10-1 
1 -5-1/2 

(\J 

' 
a: a: I 

ii: ++ 
--

I- I- I-
:;) ti .-: a.. CD � 
z 

± 
0 0 
ILi l&J 
fl) 
:;) 

0 LL LL 

I- 0 0 
:I: w w 
:j: a: a: 
I 

0 

a: 

Find 

No. 

R 005 
R 006 
R 007 
R 008 
R 009 
U 001 

Qty. 

Req. 

4 

4 
5 
2 
5 

Part No. 

6-125B70 
17-80344A71 
6-124A73 
18-80342A10 
6-124A72 
51-80342A59 

15-80340A92 
3-120938 
4-7667 

64-80342A54 
2-7005 
4-7666 

14-80340A91 
75-82566B01 
3-80342A46 
3-136774 
3-132840 
4-7667 

54-80379A76 
42-850925 

15-10811A08 
9-83741F01 
42-80340A90 
2-2888 

27-80335A41 
3-80340A89 
41-80342A53 

Nomenclature 

RESISTOR 
RESISTOR 
RESISTOR 
RESISTOR. VARIABLE 
RESISTOR 
INTEGRATED CIRCUIT 

COVER. BATTERY CASE 
SCREW, MACHINE 
WASHER. LOCK: NO.4 
EXTERNAL TOOTH 
PLATE. HEATSINK 
NUT. HEX 
WASHER. LOCK. NO.6 
EXTERNAL TOOTH 
INSULATOR BOARD 
FOOT. RUBBER 
SCREW. MACHINE 
SCREW. MACHINE 
SCREW. MACHINE 
WASHER. LOCK: NO.4 
EXTERNAL TOOTH 
LABEL, CAUTION 
CLAMP 

Cable Assembly (P1) 
(1-80303A91) 

HOUSING. CONNECTOR 
CONTACT.RECEPTACLE 
CLAMP. CABLE 
NUT, HEX 

Battery Case 
(1-80304A71) 

CASE, BATTERY 
SCREW. CAPTIVE 
SPRING, CLIP 

Circuit Board Assembly 
(1-80304A72) 

42-82690A01 
43-865080 

CLIP. FUSEHOLDER 
STANDOFF. THREADED 

Lead Assembly, Battery (Red) 
(1-80304A 73) 

30-10310A26 
29-859118 

WIRE. NO. 16 STRANDED 
CONTACT.RECEPTACLE 

Lead Assembly, Battery (Black) 
(1-80304A74) 

10-134301 
29-859118 

WIRE. NO. 16 STRANDED 
CONTACT.RECEPTACLE 

Part Value 

1 -5-1/2 
.68-5-2 
lOK-5-1/4 
2K-20-1/2 
9.lK-5-114 
MC1723CL 

4-40 X 5/16" 

6-32 

6-32 X 1/2" 
4-40 X 1/4" 
8-32 X 518-

4-PIN 

5/8-24 

6-32 X 21/32' 

4-1/2" 

4-112" 

BATTERY PACK 

(RTP-1002A) 

Figure 19-3a. Printed Wiring Boar(! 
Assembly and Parts List 

Figure 19-3b. Parts Location Detail and 
Parts List 
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SECTION 20. 
CELLULAR-TELEPHONE TEST BOARD (A12) - OPTION A 

20.1 GENERAL 

Cellular telephones can be tested using the Cellu
lar-Telephone Test board. By selecting tests from a 
menu on the screen, the operator can use the board to 
provide the data and generate the tones necessary to 
communicate with a Cellular telephone. This board 
also contains circuitry to test a Cellular telephone in 
the Manual Mode and to send the results of an Auto
Test to a printer. 

A block diagram of the Cellular-Telephone Test 
board is shown at the end of the section in Figure 
20-1, a schematic in Figure 20-2, and the printed wir
ing board assembly and parts list in Figure 20-3.

20.2 THEORY OF OPERATION 

20.2.1 TRANSMITTED DATA 

The system microprocessor generates all data trans
mitted to the Cellular telephone under test. A syn
chronous serial-data adapter (SSDA) (US) on the 
Cellular-Telephone Test board transforms the data 
from a parallel to a serial format. The transmitted data 
is then Manchester-encoded at Ul and filtered by U24. 

The transmit clock is divided down to 10 kHz from 
the 3.84-MHz master oscillator by U3 and U7. 

20.2.2 RECEIVED DATA 

The data received from the Cellular telephone under 
test is filtered by U40. A hard limiter (Ul 7) shapes the 
Manchester-encoded data to CMOS levels. 

The data enters a synchronizer IC (U3) where a bit
sync detector derives the receive clock. The received 
data is then Manchester decoded, and the synchro
nizer looks for word sync, which is an 11-bit sequence. 
When it detects word sync, U3 signals the SSDA that 
valid data is available. The data is then clocked into 
the SSDA and read by the microprocessor. 

20.2.3 CONTROL 

The microprocessor controls all data and signal 
paths through U9, an on-board peripheral-interface 
adapter (PIA). This PIA disables all analog signals 
when data is being transmitted, and disables the data 
path when data is not being transmitted. 

20.2.4 MODULATION 

The audio-modulation paths are enabled or dis
abled, depending on whether or not a Cellular test is 
in progress. As long as there is no Cellular test, the 

-20-1

EXT MOD RTN (0), INT MOD RTN (0), and 1 KHz 
SINE RTN (0) paths are enabled. During a Cellular 
test, whenever data is not being transmitted, MIC IN, 
EXT MOD INPUT, INT MOD (I) and 1 KHz SINE 
RTN (0) are enabled. 

During a Cellular test, the System Analyzer trans
mits a supervisory audio tc;me (SAT) with a frequency 
of 5970 Hz, 6000 Hz, or 6030 Hz. This tone comes to 
the board via the INT MOD (I) line. The SAT passes 
through an automatic gain control (AGC) circuit (U23 
and U25). U25B full-wave rectifies the SAT, and 
amplifier U23A sets the output level. U23B then com
pares the average voltage of the rectified signal with 2.5 
V de. The output of U23B drives the gate of Q2, which 
acts as a voltage-variable resistor to attenuate the 
input SAT. 

The microphone input port (Mic) on the front panel 
allows voice to be transmitted to the Cellular tele
phone under test. The incoming signal is amplified and 
filtered before it enters compressor U21, which con
denses amplitude variations by attenuating high-level 
signals and amplifying low-level ones. The signal enters 
a pre-emphasis circuit, and then, to limit the FM 
deviation to a specified level, an instantaneous devia
tion control (IDC) circuit. To attenuate harmonics 
created by the IDC, a splatter filter follows. 

The 1 KHz SINE RTN (0) line can be used to 
measure receiver distortion and sensitivity. EXT MOD 
INPUT can be used to add an external modulation 
source. 

20.2.5 10-KHz DETECTION 

Detect circuitry measures the duration of the Cel
lular telephone's 10-kHz signaling tone. The received 
signaling tone comes in via DEMOD CAL AUDIO, 
where it is filtered to eliminate noise and unwanted 
signals before becoming an input for a 10-kHz detec
tor (U12). The output of this detector is normally a 
logic 1. However, when it detects a 10-kHz signal, U12 
outputs a logic O for the duration of the 10-kHz signal. 
A timer IC (UlO) measures the duration of the logic 0. 

20.2.6 MANUAL-MODE CONTROL 

With the Manual-Mode Test, the transceiver por
tion of the Cellular telephone can be manually tested. 
The Manual-Mode Test connector (CELL BUS) is 
located on the back of the System Analyzer. 

A handshaking (asynchronous) process transfers 
data to and from the transceiver. The microprocessor 
controls the signals and their direction through a PIA 
(U15). All control and data lines are buffered by GPIB 
transceivers U35 and U36. 



20.2.7 PRINTER 

The Manual-Mode Test connector also contains the 
three data and control lines necessary to interface with 
a printer. The Cellular-Telephone Test board pro
vides the circuitry for these three lines: a ground line 
(GND), the PRINTER DATA line, which serially out-

puts data to the printer, and the DATA TERMINAL 
READY line, which is an input to the Cellular-Tele
phone Test board. The output-signal levels are in 
accordance with EIA RS232C. 

The printer can provide a hard copy of the results 
from the Cellular Auto-Test. It can also print out test 
results displayed on any screen. 
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SEE 
DETAIL 
BELOW 

COMPONENTS AND COMPONENT 

SIDE TRACK SHOWN IN BLACK. 

SOLDER-SIDE TRACK SHOWN 

IN ORANGE 

@ 
DETAIL ' 

WRAP LEADS OF C'lO AROUND 

LEADS OF RS, WRAP ONE LEAD u 
OF R82 AROUND C29 AND INSERT 
THE'. 0TH£R IN VIA 14OL.E AS SHOWN. 

t :; :�: j· ;- ��- $ ,. 
94990 ASSY 01-,1.'22..:l2.l)E001 

L - - ...J 

36930-69 

E.00'2: WJ ITE.D Klt-!GDOM VE.�SION I':. 10 
1-\A.VE JUMPER ADDE.D FROM E: I 1"0 E. '2 
24 GA. SU:.E..VE..D eus� WIRE. 
P/N �0-1402.9A40 

Find 

No. 

005 
006 
009 
coo, 
C 002 
C 003 
C 004 
C 005 
C 006 
C 007 
C 008 
C 009 
C 010 
C 011 
C 012 
C 013 
C 014 
C 015 
C 016 
C017 
C 018 
C019 
C020 
C021 
C022 
C023 
C 024 
C 025 
C 026 
C 027 
C028 
C029 
C030 
C031 
C032 
C033 
C034 
C035 
C036 
C037 
C038 
C039 
C 040 
C041 
C042 
C 043 
C 044 
C045 
C046 
C047 
C048 
C049 
C 050 
C051 
C052 
C053 
C054 
C 055 
C056 
C059 
C060 
C061 
C 062 
C 064 
C 065 
C 066 
C067 
COSS 
C069 
C 070 
C 071 
C072 
C 073 
C 074 
C 075 
C076 
C077 
C078 
C 079 
C 080 
C 081 

Qty. 

Req. 

1 
2 

CELLULAR-TELEPHONE TEST BOARD (A 12) 

OPTION A 
RTC-1012A 

Part No. Nomenclature 

45-80339B28 CARD EJECTOR 
45-80339B31 CARD EJECTOR 
09-80343B85 SOCKE T 
21-80342B10 CAPACITOR 
21-80342B10 CAPACITOR 
21-80342B 1 0 CAPACITOR 
21-80342B10 CAPACITOR 
21-80342B10 CAPACITOR 
21-80342B10 CAPACITOR 
21-80342B10 CAPACITOR 
21-80342B 1 0 CAPACITOR 
21-80342B 10 CAPACITOR 
21-80342B10 CAPACITOR 
21-80342B10 CAPACITOR 
21-80342B10 CAPACITOR 
21-80342B09 CAPACITOR 
21-80342B09 CAPACITOR 
21-80342B 10 CAPACITOR 
21-80342B 10 CAPACITOR 
21-80342B14 CAPACITOR 
21-80342B10 CAPACITOR 
21-80342B 1 0 CAPACITOR 
21-80341B75 CAPACITOR 
21-80341 B80 CAPACITOR 
21-80342B10 CAPACITOR 
21-80342B10 CAPACITOR 
21-80342B 1 0 CAPACITOR 
21-80341 B46 CAPACITOR 
21-80341B46 CAPACITOR 
21-80342B 10 CAPACITOR 
21-80341B77 CAPACITOR 
21-80342B36 CAPACITOR 
21-80342B46 CAPACITOR 
21-80342B 12 CAPACITOR 
21-80342B 1 0 CAPACITOR 
21-80342B46 CAPACITOR 
21-80342B10 CAPACITOR 
21-80342B10 CAPACITOR 
21-80341B76 CAPACITOR 
21-80342B46 CAPACITOR 
21-80342B 10 CAPACITOR 
21-80342846 CAPACITOR 
21-80342B 10 CAPACITOR 
21-80339B 19 CAPACITOR 
21-80342B46 CAPACITOR 
21-80342B46 CAPACITOR 
21-80342B46 CAPACITOR 
21-80342B46 CAPACITOR 
21-80342B46 CAPACITOR 
21-80342B 1 0 CAPACITOR 
21-80342B10 CAPACITOR 
21-80339B 18 CAPACITOR 
21-80342B 10 CAPACITOR 
21-80342B10 CAPACITOR 
21-80342B10 CAPACITOR 
21-80342B10 CAPACITOR 
21-80342B10 CAPACITOR 
21-80342B10 CAPACITOR 
21-80342B 1 0 CAPACITOR 
21-80342B10 CAPACITOR 
21-80342B 10 CAPACITOR 
21-80341B51 CAPACITOR 
21-80339B43 CAPACITOR 
21-80342B 1 0 CAPACITOR 
21-80342B 1 0 CAPACITOR 
21-80342B46 CAPACITOR 
21-80342B09 CAPACITOR 
21-80339B22 CAPACITOR 
21-80342B 10 CAPACITOR 
23-84665 F24 CAPACITOR 
21-80342B10 CAPACITOR 
21-80342B 1 0 CAPACITOR 
21-80342B 10 CAPACITOR 
21-80342B10 CAPACITOR 
21-80342B 10 CAPACITOR 
21-80342B10 CAPACITOR 
21-80342B10 CAPACITOR 
21-80342B 10 CAPACITOR 
21-80339B 13 CAPACITOR 
21-80342B09 CAPACITOR 
21-80342B 10 CAPACITOR 

Part Value 

MAR KED 
28 PIN 
.1 UF-20-50 
.1UF-20-50 
.1 UF-20-50 
. IUF-20-50 
.IUF-20-50 
. IUF-20-50 
.1 UF-20-50 
. IUF-20-50 
.IUF-20-50 
.IUF-20-50 
. IUF-20-50 
.1UF-20-50 
.01 UF-20-50 
.01 UF-20-50 
.1 UF-20-50 
.1 UF-20-50 
.47UF-20-50 
.1 UF-20-50 
.1 UF-20-50 
510PF-5-50 
430PF-5-50 
.1 UF-20-50 
.1 UF-20-50 
.1 UF-20-50 
1 000PF-5-50 
1 000PF-5-50 
.1 UF-20-50 
680PF-5-50 
.018UF-5-50 
1UF-20-50 
.33UF-20-50 
.1 UF-20-50 
IUF-20-50 
. lUF-20-50 
.1UF-20-50 
560PF-5-50 
IUF-20-50 
.lUF-20-50 
IUF-20-50 
.1 UF-20-50 
330PF-5-100 
IUF-20-50 
lUF-20-50 
IUF-20-50 
lUF-20-50 
IUF-20-50 
.1 UF-20-50 
. lUF-20-50 
82PF-5-500 
.1UF-20-S0 
.1 UF-20-50 
.1 UF-20-50 
. lUF-20-50 
.1UF-20-50 
. lUF-20-50 
.1UF-20-50 
.lUF-20-50 
. lUF-20-50 
13PF-5-50 
15 TO S0PF-200 
.1UF-20-50 
.1UF-20-50 
lUF-20-50 
.01 UF-20-50 
270PF-5-300 
.1UF-20-50 
33UF-20-16 
.1 UF-20-50 
.1 UF-20-50 
.1 UF-20-50 
. IUF-20-50 
. IUF-20-50 
. lUF-20-50 
.1 UF-20-50 
.1 UF-20-50 
lBPF-5-500 
.01 UF-20-50 
.1 UF-20-50 

CELLULAR-TELEPHONE TEST 

BOARD (A 12) - OPTION A 
(RTC-1012A) 

Figure 20-3. Printed Wiring Board 

Assembly and Parts List 
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SECTION 21. 
IEEE INTERFACE BOARD (A13) - OPTION B 

21.1 GENERAL 

An IEEE-488 bus and the IEEE Interface board 
provide remote control of the system. The IEEE 
Interface board provides the interface for the 488 bus, 
thus allowing processor-control of most of the func
tions normally controlled from the front panel. The 
IEEE Interface board also contains a multipurpose 
input/output (1/0) port, which can b� used to control
equipment, to output data, or to momtor data. 

A block diagram of the IEEE Interface board is 
shown at the end of the section in Figure 21-1, a sche
matic in Figure 21-2, and the printed wi�ing board
assembly and parts list in Figure 21-3. Figure 21-4 
shows the assembly and parts list of the Al 7 RF Input 
module's IEEE option. 

21.2 THEORY OF OPERATION 

21.2.1 IEEE BUS INTERFACE 

The IEEE bus interface circuit provides for bus 
buffering and interface protocol as defined by the 
IEEE-488 specification. The system processor accesses 
the interface directly through its address, data, and 
control busses, which are used for reading from or 
writing to the IEEE bus. 

The address of the System Analyzer's IEEE bus is 
set on the IEEE Interface board via the top four 
switches on a dip switch. The least significant bit is the 
top switch. Using the binary equivalent of the address 
number, the operator can set the address. Setting the 
switches to ON gives a logic 1. 

21.2.2 RF-LEVEL CONTROL 

The circuitry for RF -level control selects either the 
5 VDC + AM MOD input for remote control or the 
AM MOD + DC REF (I) input for local control. For 
remote control, the 5 VDC + AM MOD input is elec
tronically attenuated to provide the requested RF 
output level. For local control, the attenuator is pro
grammed for unity gain so that the AM MOD + DC 
REF (I) signal from the front panel's RF-level poten
tiometer controls the RF output level. 

For the IEEE control option, an electronically pro
grammable RF step attenuator is installed in the sys
tem. The processor then controls the attenuator 
through the address-decode and control-latch circui
try on the IEEE Interface board. 

21.2.3 MODULATION CONTROL 

The IEEE Interface board can individually control 
each of the three modulation sources. For remote con
trol, the respective modulation input - INT MOD (I), 
EXT MOD (I), and 1 KHz SINE (I) - is switched to 
a programmable attenuator. The system processor 
selects the level of attenuation necessary to provide the 
requested level of modulation. For local control, the 
attenuators are programmed for unity gain, and the 
respective modulation signal from the front panel's 
level control - INT MOD RTN (I), EXT MOD RTN 
(I) and 1 KHz SINE RTN (I) - is· selected and sent
to the attenuator to control the modulation level.

21.2.4 ADDRESS-DECODE AND 
CONTROL-LATCH CIRCUITRY 

With the address-decode and control-latch circui
try, the system processor has direct control over the 
programmable attenuators on the board. Control data 
on the data bus (D0-D7) is latched at the control latch 
indicated by the address bus (A0-A15). 

21.2.5 MULTIPURPOSE INPUT/OUTPUT AND 
RELAY PORTS 

A side-panel connector provides 16 multipurpose 
input/output (1/0) ports and two pairs of relay ports. 
The 1/0 ports can be configured as either inputs or 
outputs. Data is written to or read from these ports via 
the IEEE bus. All these ports meet TTL logic-level 
requirements for positive logic. As inputs, 1/0 1 to 1/0 
8 represent no more than two standard TTL loads 
each, while 1/0 9 to 1/0 16 are high-impedance loads. 
As outputs, each port can drive up to two standard 
TTL loads. 1/0 9 to 1/0 16 can also supply a minimum 
of 1 mA at 1.5V. 

Two pairs of ports are connected to relays in such a 
way that the two ports of each set are normally uncon
nected. However, when the relay is activated, the ports 
are shorted together. Each relay port can switch a 
maximum of 28 V de at 0.8A. Each relay port is also 
isolated from the system chassis to a voltage level of 
500 Vdc. 
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COMPONENTS AND COMPONENT 
SIDE TRACK SHOWN IN BLACK. 

SOLDER-SIDE TRACK SHOWN 
!N ORANGE

IEEE 1/0 (RIBBON CABLE) LOCATION IEEE BUS (RIBBON CABLE) LOCATION 

36930-72 

Find 

No. 

004 
005 
006 
C001 
C002 
C003 
C004 
coos 

C006 
C007 
coos 

C 010 

C011 
C012 
C013 
C014 
C015 
C016 
C017 
C018 
C019 
C020 
C021 
C 023 
C 024 
C027 
C029 
C 030 
C 031 
C 032 
C 033 
C050 
C051 
C 052 
C 053 
CR001 
CR002 
CR003 
CR004 
CR005 
J 001 
J 002 
J 003 

K 001 
K 002 
L 001 
0001 
0002 
R 001 
R 002 
R 004 
R 005 
R 006 
R 007 
R 008 
R 009 
R 010 
R 011 
U 001 
U 002 
U 010 
U 011 
U 012 
U 013 
U 014 
U 015 
U 016 
U 017 
U 018 
U 021 
U 024 
U 025 
U 026 
U 027 
U 031 
U 034 
U 035 
U 036 
U 037 
U 044 
U045 

Qty. 

Req. 

IEEE INTERFACE BOARD (A13) 
OPTIONS 

RTC-1013A 

Part No. 

45-80339B28 
45-80339B32 
09-80339B81 
21-80369 A94 
21-80369 A94 
21-80369 A94 
21-80369 A94 
21-80339 B26 
21-80339B26 
21-80339B26 
21-80339B26 
21-80342B09 
21-80342B09 
21-80342B09 
21-80342B09 
21-80342B09 
21-80342B09 
21-80342B09 
21-80342B09 
21-80342B09 
21-80342B09 
21-80342B09 
21-80342B09 
21-80342B09 
21-80342B09 
21-80342 B09 
21-80342 B09 
21-80342B09 
21-80342B09 
21-80342B09 
21-80342 B09 
23-80341 B 15 
23-80341 B 15 
23-80341 B 15 
23-80341B15 
48-84463K02 
48-84463K02 
48-84463K02 
48-84463K02 
48-84463K02 
09-80331 A95 
28-80343B51 
28-80343B51 
80-80339B76 
80-80339B76 
25-80342B79 
48-80341823 
48-80341 B23 
51-80343B80 
06-80340B11 
51-80368 A 7 8 
51-80368 A 7 8 
51-80368 A 7 8 
51-80368 A 7 8 
51-80368 A78 
06-10621025 
06-10621 025 
06-11009 C81 
51-80340B22 
51-82807K20 
51-80346 A63 
51-80340B82 
40-80369 A07 
51-84561 L41 
51-84561 L41 
51-80340B20 
51-80340B20 
51-80340B20 
51-80340B20 
51-83627M89 
51-83627M89 
51-83627M89 
51-83627M89 
51-83627M89 
51-83627M89 
51-83627 M 89 
51-83627M89 
51-83627M89 
51-83627M89 
51-80345 A98 
51-80345 A98 

Nomenclature 

CARD EJECTOR 
CARD EJECTOR 
SOCK ET 
CAPACITOR 
CAPACITOR 
CAPACITOR 
CAPACITOR 
CAPACITOR 
CAPACITOR 
CAPACITOR 
CAPACITOR 
CAPACITOR 
CAPACITOR 
CAPACITOR 
CAPACITOR 
CAPACITOR 
CAPACITOR 
CAPACITOR 
CAPACITOR 
CAPACITOR 
CAPACITOR 
CAPACITOR 
CAPACITOR 
CAPACITOR 
CAPACITOR 
CAPACITOR 
CAPACITOR 
CAPACITOR 
CAPACITOR 
CAPACITOR 
CAPACITOR 
CAPACITOR 
CAPACITOR 
CAPACITOR 
CAPACITOR 
DIODE 
DIODE 
DIODE 
DIODE 
DIODE 
SOCK ET.SOLDER DIP 
CONNECTOR 
CONNECTOR 
RELAY ,ELECTRONIC 
RELAY ,ELECTRONIC 
COIL,TOROID 
TRANSISTOR 
TRANSISTOR 
RESISTOR NETWORK 
RESISTOR NETWORK 
RESISTOR NETWORK 
RESISTOR NETWORK 
RESISTOR NETWORK 
RESISTOR NETWORK 
RESISTOR NETWORK 
RESISTOR 
RESISTOR 
RESISTOR 
INTEGRATED CIRCUIT 
INTEGRATED CIRCUIT 
INTEGRATED CIRCUIT 
INTEGRATED CIRCUIT 
SWITCH,6 STATION 
INTEGRATED CIRCUIT 
INTEGRATED CIRCUIT 
INTEGRATED CIRCUIT 
INTEGRATED CIRCUIT 
INTEGRATED CIRCUIT 
INTEGRATED CIRCUIT 
INTEGRATED CIRCUIT 
INTEGRATED CIRCUIT 
INTEGRATED CIRCUIT 
INTEGRATED CIRCUIT 
INTEGRATED CIRCUIT 
INTEGRATED CIRCUIT 
INTEGRATED CIRCUIT 
INTEGRATED CIRCUIT 
INTEGRATED CIRCUIT 
INTEGRATED CIRCUIT 
INTEGRATED CIRCUIT 
INTEGRATED CIRCUIT 

Part Value 

M ARK ED 
28 PIN 
150 PF-5-500 
150 PF-5-500 
150 PF-5-500 
150 PF-5-500 
220 PF-5-500 
220 PF-5-500 
220 PF-5-500 
220 PF-5-500 
.01 UF-20-50 
.01 UF-20-50 
01 UF-20-50 

.01 UF-20-50 

.01 UF-20-50 
01 UF-20-50 

.01 UF-20-50 
.01 UF-20-50 
.01 UF-20-50 
.01 UF-20-50 
.OlUF-20-50 
.01 UF-20-50 
.01 UF-20-50 
01 UF-20-50 
.01 UF-20-50 
.01 UF-20-50 
01 UF-20-50 
.01 UF-20-50 
.01 UF-20-50 
.01 UF-20-50 
lOUF-20-50 
lOUF-20-50 
lOUF-20-50 

10 UF-20-50 

SPIN 

26 PIN HEADER 
26 PIN HEADER 

HEX SIP 470 
HEX SIP 22K 
QUAD SIP 22K 
QUAD SIP 22K 
QUAD SIP 22K 
QUAD SIP 22K 
QUAD SIP 22K 
22.1K-1-1/4 
22.1K-1-1/4 
22K-5-1/4 

AD7531 JPN SCREENED 
AD7531 JPN SCREENED 

IEEE INTERFACE BOARD (A13) 

OPTION B 
(RTC-1013A) 

Figure 21-3. Printed Wiring Board 

Assembly and Parts List 
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