
HARRIS 
RF COMMUNICATIONS 

PUBL!CATION NUMBER: 0759-9001G/9002G 
APRIL 1983 

PUBLICATIONS DEPARTMENT 
FILE COPY 

Not For Issue 
Return To File 

RF-131 EXCITER 
n ~-""' ~ - ~- U1J r;. c::- .~ r-- .. n,n r -~ - -{1 n r c- n· 
1

1 

I I { rt --i ~) I ' i ~ i i , ~. : 1jl ~ ~ I I ~v A ! t. : ~ · i 1 J : / L 1 L 
LJ U ~ '--._:_} ...J ~ u , \:.!_) .J ~ '~1 U \J UVU L-- U \J \.J L'"""'--1 L:= 

f-:c 
-· c 

• --

.;to __ 

c 

• ... 
~ tr="" ~­
t=,:.. [.::... ~ 

~ ~~,:,-';' r;:. Q-•-~.. ·::::: -.., '!.•· <;~ _6; J ~ A - -·;;. ;:-.:.: ~ ~ ~-
;:.;.;. ___.J _ _____.:::::. -· - --..- __ -.;,;-=----- -' , . .. . . ~ 

RF.J_31 TWO CHANNEL EXCITER MODEL 

-· '-::" "":" ~ -
(' c C'"" 0 

• • • • c 
~':' --

WVf:Joll -- -~.J ~I::Jrg: 
.li -

~~--t ~. ··" .,.,.-- ,.,._ ..... 

"" , 
::- ~j 

- ~-

-
~-

~lGOt__:_c~ 

RF-131 FOUR CHANNEL EXCITER MODEL 

·•" -><\~·. 

..... :,l· 

------- ---

" ¥ 



:,:-J HA.RRIS 

LIMITED ONE YEAR WARRANTY 
HARRIS CORPORATION (RF COMMUNICATIONS GROUP) 

FROf\1 '-fARRIS TO YOU- This warranty is extended to the original buyer and applies to all Harris Corporation, 
RF Cornmunicat1ons Group equipment purchased and employed for the service normally 1ntended. except those 
produc~s specifically excluded. 

l.fi.U,IIAT 'NE WILL DO - If your Harns Corporation, R F Communications Group equipment purchased from us 
for u5e outside the United States fails in normal use because of a defect ;n worl<manship or materials within one 
year '-o....-, the date of shipment, we will repair or replace (at our option) the equipment or part without charge to 
you, a: our factory. If the product ·.vas purchased for use in the United States, we will repair or replace (at our 
option· :he equipment or part without charge to you at our Authorized Repair Center or factory. 

WHAT YOU MUST DO - You must notify us promptly of a defect within one year from date of shipment. 
Assum•ng that Harris concurs that the complaint is valid, and is unable to correct the problem without having the 
equipment shipped to Harris: 

• Cwstomers with equipment purchased for use outside the United States will be supplied with information 
:or the return of the defective equipment or part to our factory :n Rochester, NY, U.S.A., for repair or 
c-eolacement. You must prepay all transportation, insurance, duty and customs charges. We will pay for 
''"turn to you of the repaired/replaced equipment or part, C.I.F. dest,nation; you must pay any duty, taxes 
or customs charges. 

• Cwstomers with equ1pment purchased for use in the United States must obtain a Return Authorization 
\Jumber, properly pack, insure, prepay the shipping charges and ship the defective equipment or part to 
our factory or to the Authorized Warranty Repair Center indicated by us. 

Harris Corporation 
RF Communications Group 
Customer Service 
1680 University Avenue 
Rochester, NY 14610, U.S.A. 

Telephone: (716) 244-5830 
Telex: 978464 
Cable: RFCOM 

Han1s .·.:II repair or replace the defective equipment or part and pay for its return to you, provided the repair or 
re13lacement is due to a cause covered by this warranty. 

WHAT IS NOT COVERED- We regret that we cannot be responsible for: 

• Defects or failures caused by buyer or user abuse or misuse. 
• Defects or failures caused by unauthorized attempts to repair or alter the equipment in any way. 
• Consequential damages incurred by a buyer or user from any cause whatsoever, including, but not limited 

:o transportation, non-Harris repair or service costs, downtime costs, costs for substituting equipment or 
'oss of anticipated profits or revenue. 

• The performance of the equipment when used in combination with equipment not purchased from Harris. 
e HARRIS MAKES NO OTHER WARRANTIES BEYOND THE EXPRESS WARRANTY AS CONTAINED 

HEREIN. ALL EXPRESS OR IMPLIED WARRANTIES OF FITNESS FOR A PARTICULAR PURPOSE 
OR MERCHANTABILITY ARE EXCLUDED. 

SERVICE WARRANTY - Any repair service performed by Harris under this limited warranty is warranted to be 
·free from defects in material or workmanship for sixty days from date of repair. All terms and exclusions of this 
limited .varranty apply to the service warranty. 

IMPORTANT- Customers who purchased equipment for use in the United States must obtain a Return 
Au tho- Zotion Number before sh1pping the defective equipment to us. Failure to obtain a Return Authorization 
Numbe· ~fore shipment may result in a delay in the repair'replacement and return of your equipment. 

IF YOU HAVE ANY QUESTIONS- Concerning this warranty or equipment sales or services. please contact our 
Customer Service Department. 
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Capacitor C29 matches the leakage of undesired 
spectrum components through the holder 
capacitance of the crystal unit. When C29 is pro­
perly adjusted, its capacitance will be nearly equal 
to the holder capacitance, and only 1. 75 MHz 
coupled through the crystal will produce a net 
signal current in the primary of T2. A power 
amplifier consisting of Ql3 and Q14 provides both 
pull-up and pull-down of load voltage and yields a 
very low output impedance for driving the four 50 
ohm output loads at A2A10P1-T, -V, -W, and -X. 

Integrated circuits Z2, Z3, and Z4 are type 
SN7490N dual counters and provide a divide-by­
two function and a divide-by-five function in the 
same package. The 1 MHz entering at Z2-1 is pro­
gressively counted down to 200 kHz, 100kHz, 50 
kHz, 25 kHz, 5 kHz and 1 kHz. The 100kHz and 1 
kHz outputs are used as reference frequencies by 
the High Band and Low Band PLL Modules A2A8 
and A2A 14 respectively. The 50 kHz and 25 kHz 
outputs are used by the Subcarrier Generator 
Module A2Al3 (in four channel models only). 

SPECIAL FREQUENCIES 

5. RF GENERATOR PWB A2A10A2 
CIRCUIT DESCRIPTION 

Refer to Figure 7. RF Generator PWB A210A2 
develops three injection frequencies, two of which 
are used by Up-Converter Module A2A5 (18.3 
± .05 MHz and 180 MHz) and one by the High 
Band PLL Module A2A8 (200 MHz). 

Development of the 18.3 ± .05 MHz signal 
originates in the Low Band PLL Module A2A14, 
where a 1.6501 to 1.7500 MHz variable frequency 
output (adjustable with the last three digits of the 
Frequency Selector digit switch) is generated. This 
signal is applied to balanced mixer Z 1 on RF 
Generator PWB A2AIOA2 via a low pass filter 
comprised of C28, C29 and L 7. The filter at­
tenuates harmonic frequencies generated by digital 
frequency division in the Low Band PLL Module 
A2Al4. Z1 translates the Low Band PLL Module 
output to the range of 18.3499 to 18.2500 MHz by 
difference mixing it with a 20 MHz fixed frequency 
signal from the Keyed Frequency PWB A2AIOA1. 

TABLE 2. KEYED FREQUENCY PWB A2A10Al Voltage Measurements 

Transistor QI Q2 Q3 Q4 QS Q6 Q7 Q8 

Emitter 2.8V 700mV 850mV 460mV 430mV 170mV 2.6V I. IV 
P-P P-P P-P P-P P-P P-P P-P P-P 

j 

Base 1.35V 1.6V 2.2 460mV 460mV 180mV 2.4V 2.2 
P-P P-P Vdc P-P P-P P-P P-P Vdc 

Collector 4.8Y 3.8Y 3.8V 6Ydc 6Ydc 1.3Y 5.6Y 5.2Y 
P-P P-P P-P P-P P-P P-P 

Transistor Q9 QJO QJJ Ql2 QI3 QJ4 QJS I 

Emitter 1.2Y I.OY 8.8Y 1.3Y 370mY l.OY 0 
P-P P-P P-P P-P P-P P-P 

Base 950mY I. 2m V 5.5 
' 

1.4Y 400mV 1.3Y 1.35V 
P-P P-P P-P P-P P-P P-P 

Collector 6Ydc 6Vdc 3.7Y 3.7V 1.3Y 370m\' 3.6\' 
P-P P-P P-P P-P P-P 

--- -----
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SPECIAL FREQUENCIES 

The 20 MHz is amplified to a level sufficient to 
drive Zl. by a two-stage tuned power amplifier 
consisting of Q 1. Q2 and their associated circuitry. 
Feedback from the emitter of Q2 to the base of Q I. 
via R5. establishes the overall current gain of Ql 
and Q2 and stabilizes the quiesent operating point 
of the transistors through temperature variations. 
The low input impedance of Zl is transformed up 
to the proper collector load for Q2 by a network 
consisting of C6 through CIO and L2. 

A second feedback amplifier and an 18.3 MHz 
bandpass filter follow the balanced mixer. The 
filter eliminates undesired mixer products. and 
passes only the difference frequency to the module 
output. Tl transforms the 100 ohm filter ter­
minating resistance of R16 to the collector load for 
Q4. 

The 180 MHz signal. originates at Y 1. a self con­
tained 180 MHz crystal oscillator unit. Networks 
C15 and R22, C16 and R23 decouple the oscillator 
from the De lines. Broadband amplifier unit ARI 
follows Y 1, and drives two paralleled loads via 
resistive dividers R26 and R27. R30 and R31. The 
dividers provide resistive buffering between the 
two signal paths. One of the paths delivers the 180 
MHz through a high-pass filter. consisting of C21. 
C22 and L4. to A2Al0Pl-F. A narrow. 180 MHz 
bandpass filter located on the main chassis (exter­
nal to the module) passes only the 180 MHz to Up­
Converter Module A2A5 where it serves as the se­
cond injection frequency. The other feeds balanced 
mixer Z2 via amplifier AR2. 

The 200 MHz injection frequency for the High 
Band PLL Module A2A8 is developed at the out­
put of Z2 by additive mixing 180 MHz from AR2 
with the 200 MHz from the Keyed Frequencies 
PWB A2AIOA1. via terminal E3 and amplifier 
stage Q5. Transistor Q5 is a temperature compen­
sated, tuned amplifier providing an approximate 
voltage gain of 3. A narrow 200 MHz bandpass 
filter (A2FL3, located on the chassis external to the 
Module) passes only the 200 MHz component of 
the mixing process to the High Band PLL Module 
A2A8. 

With reference to the overall block diagram of 
the RF-131 Exciter (see Part 4 of the General Infor­
mation Section) it should be noted that frequency 
error in the 180 M Hz crystal oscillator is cancelled 
after final mixing in the RF Output Module A2A 7. 
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6. KEYED FREQUENCIES PWB A2AIOA1 
TEST DATA 

Typical voltage measurement for all transistors 
on the Keyed Frequencies PWB are given in Table 
2. Measurements were taken with a Tektronix 
Model 453 (or equivalent) oscilloscope while the 
module was receiving normal De voltages and 
signal inputs. 

7. RF GENERATOR PWB A2AIOA2 
TEST DATA 

Typical voltage measurements for all transistors 
of the RF Generator PWB A2AIOA2 are given in 
Table 3. The conditions of measurement and the 
type of measuring instruments for both De and RF 
signals are identical to those in paragraph 6. 

TABLE 3. RF GENERATOR PWB A2AlOA2 
Voltage Measurements 

Transistor QI Q2 Q3 Q4 QS 

Emitter 150mV 640mV 0 290mV 160mV 
P-P P-P P-P P-P 

Base 150mV 800mV 46mV 300mV 170mV 
P-P P-P P-P P-P P-P 

Collector 800mV 2.4mV 300mV 4.4V 400mV 
P-P P-P P-P P-P P-P 

The 200 MHz level should be measured at the 
output of A2FL3 (that is. at the input to the High 
Band PLL Module A2A8) where the 160 MHz dif­
ference frequency and the 180 MHz leakage have 
been filtered out. Remove the High Band PLL 
Module from the chassis and measure 28 m V rms 
at A2J8-B using a Boonton 91H (or equivalent) RF 
voltmeter with a 50 ohm adapter added to the 
probe. 
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8. A2Al0 MODULE ADJUSTMENTS 

NOTE 

The following adjustments require the use of 
a non-metalic blade type tuning tool. 

TABLE 4. KEYED FREQUENCY PWB 
A2AIOAI FREQUENCY DIVIDER 
VOLTAGE MEASUREMENTS 

Meas. 
Frequency Volts Peak-Peak Point 

Zl-1 I MHz 2.4V min., 3.6V typical 

Z2-l 1 MHz 2.4V min., 3.6V typical 

Zl-14 500kHz 2.4V min., 3.6V typical 

Zl-11 250kHz 2.4V min., 3.6V typical 

AlE6 100kHz 2.4V min., 3.6V typical 

AlES 50kHz 2.4V min., 3.6V typical 

AlEJO 25kHz 2.4V min., 3.6V typical 

AIE12 I kHz 2.4V min., 3.6V typical 
---~----------·--·~ 

8.1 PRELIMINARY ADJUSTMENT 

Before making adjustments to Special Frequen­
cies Module A2Al0, verify that frequency dividers 
Zl through Z4 on the Keyed Frequencies PWB 
A2AIOA1 are working properly by measuring the 
peak-to-peak voltages at the points indicated in 
Table 4. These measurements should be made us­
ing a Tektronix Model 453 (or equivalent) 
oscilloscope with a XlO probe. 

8.2 KEYED FREQUENCIES PWB A2AIOA1 
ADJUSTMENTS 

The following adjustments apply to the Keyed 
Frequencies PWB A2Al0Al. They should be per­
formed in the order shown. 

NOTE 

Adjustments in paragraph 8.2. I through 8.2.3 
require a spectrum analyzer that has been 
calibrat~d in the linear display mode. To 
calibrate the Hewlett Packard 8553L Spec­
trum Analyzer, refer to its instruction 
manual. If a spectrum analyzer with an ac­
curate linear display is unavailable, a Boonton 
91 H RF Voltmeter with a 50 ohm probe may 
be substituted where the analyzer with linear 
display is required. 

SPECIAL FREQUENCIES 

8.2.1 1.75 MHz Adjustment 

Remove either sideband generator from its 
chassis connector, and connect a Hewlett Packard 
8553L (or equivalent) Spectrum Analyzer with 50 
ohm input impedance to pin C of 12 or J3. With 
the spectrum analyzer in the 10dB log display 
mode, adjust transformers T1 and T2 for a peak 
indication of 1. 75 MHz. 

Set the spectrum analyzer to linear display 
(10mY/DIV.X1) and adjust capacitor A2Al0-
A 1 C28 for a display of 75 m V (7 .5 divisions) of the 
1. 75MHz signal. Set the spectrum analyzer to log 
display and adjust A2AIOA1C29 for minimum 
balanced 250 KHz sidebands on both sides of the 
desired 1. 75MHz signal. Set the spectrum analyzer 
to linear display and check for a 75mV level of the 
l.75MHz output. Readjust capacitor C28, if 
necessary. 

8.2.2 13.5 MHz Adjustment 

Remove Low Band PLL Module A2Al4 from its 
chassis connector, and connect the spectrum 
analyzer (set to IOdB log display mode) to A2J14 
pin E to monitor the 13.5 MHz level. Adjust poten­
tiometer A2AIOA1R32 for a -IOdBm of the 13.5 
MHz signal. Next, adjust capacitor A2AIOA1C17 
for minimum, balanced 500 KHz sidebands on 
both sides of the desired 13.5 MHz signal. Set the 
spectrum analyzer to linear display (lOrn V /DIY 
XI) and check for a 71mV level of the 13.5 MHz 
signal. Adjust A2AIOA1R32, if required. 

8.3 RF GENERATOR PWB A2A10A2 
ADJUSTMENTS 

8.3.1 18.3 MHz Adjustment 

Remove Up-Converter Module A2A5 and High 
Band PLL Module A2A8. Connect an RF 
voltmeter (with a 50 ohm probe) to A2J8-N. Tem­
porarily adjust A2AIOAIR16 to obtain a level of 
approximately -25 dBm (12.6 V). This temporary 
adjustment of the 20 MHz potentiometer allows 
amplifier A2AIOA2 transistors Ql and Q2 to come 
out of saturation. 

Connect the voltmeter to A2J5-A. Adjust 
A2A 10A2C9 for a peak indication on the 
voltmeter. 

Reconnect the voltmeter to A2J8-N and readjust 
A2AIOAIRI6 to obtain a - IOdBm amplitude (70 
mY). Connect the voltmeter to A2J5-A and adjust 
A2Al4A2R2 to obtain a - 8dBm (90 mV) indica­
tion. 

5 



SPECIAL FREQUENCIES 

8.3.2 200 MHz Adjustment 9. MAINTENANCE PARTS LIST 

Connect a Boonton 91H (or equivalent) 
voltmeter equipped with a 50 ohm adapter to 
A2J8-B (with High Band PLL Module A2A8 
removed). Adjust A2Al0A2R43 for an indication 
of 28mV. 

Table 5 is a Maintenance Parts List for the 
Special Frequencies Module A2AIO. Manufac­
turers are referenced by a five digit code. For a 
complete listing of manufacturer codes refer to 
Table 6-3 in the General Information Section. 

Recheck adjustment procedures of paragraph 
8.3.1 and readjust if required. 
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Figure 2. Filter Plate Assembly, A2AlOFLl Component Location 
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Figure 3. Module Chassis Connector A2JIO Top View 
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POWER SUPPLY 

TABLE 6. MAINTENANCE PARTS LIST- POWER SUPPLY MODULE A2All 

Reference :\arne and Description 
Designation 

Reference Name and Description 
Designation 

.. 

A2AII Power Supply Module: R7 Resistor, Fixed Film, 115Kfl 
MFR 14304, PN 0759-4100 ± 1CJ7o, 1/.W: Mil type RN60Dil51F 

Cl, C2 Capacitor, Fixed Electrolytic, 6500 uF, 
15 Ydc: MFR 00853, PN 500-1927-01 

R8, R9 Resistor, Fixed Composition, 2.2KO 
± 5CJ7o, 1!. W: Mil type RC07GF222J 

C3 Capacitor, Fixed Electrolytic, 2600 uF, RIO Resistor, Fixed Composition, 470 0 
50 Ydc: MFR 56289, ± 5CJ7o, 1!. W: Mil type RC07GF471 J 
PN 3GD262G050AB2A Rll ,Not Used 

C4- C8 Capacitor, Fixed, 0.1 uF, SOY: Rl2 Resistor, Fixed Composition, 390 0 
MFR 14304, PN Cll-0005-104 ± 5CJ7o, 1!. W: Mil type RC07GF391J 

CRI, CR2 Diode: MFR 14304, PN 0946-4157 Rl3- Rl6 Not Used 
FLI - FLII Bead Ferrite: Rl7 Resistor, Fixed Composition, 470 n 

MFR 78488, PN 57-0180 ± 5CJ7o, 1!. W: Mil type RC07GF471J 
Ql- Q4 Transistor: MFR 04713, PN 2N6261 Rl8 - R25 Not Used 
Q5 Not Used 

I 

Q6 Transistor: MFR 04713, PN2N6261 
R26 Resistor, Fixed Film: 

MFR14304, PN 0759-4125 C"ote tl 

Tl Transformer, Power: R27 Resistor, Fixed Film, 2.15K fl 
MFR 14304, PN 0759-4106 ±I CJ7o, 1!. W: Mil type RN60D2151F 

A2AIIAI Rectifier Board Assembly: R28- R3l Not Used 
MFR 14304, PN 0946-4155 R32 Resistor, Fixed Wirewound, 0.39 0 

CRI, CR2 Not Used ± 5CJ7o, 2W: MFR 35009, PN BWH-0.39 

CR3- CR8 Diode: MFR 14304, PN 0946-4157 R33, R34 Resistor, Fixed Composition, IOK 0 

MPI PC Board: MFR 14304, PN 0946-4156 ± 5CJ7o, '14 W: Mil type RC07GFI03J 

A2AIIA2 Low Voltage PWB Assembly: 
MFR 14304, PN 0759-4115 

RTl, RT2 Thermistor, I K: 
MFR 73168, PN KA31JI 

Cl Capacitor, Fixed Ceramic, 560 pF: VRI Diode: Mil type I N751 A 

Mil type CK05BX56IK YR2 Diode: Mil type PN I N5374 A 

C2 Capacitor, Fixed Ceramic, 5600 pF: Zl Voltage Regulator Type UA 723C: 
Mil type CK06BX562K MFR 07263, PN UA723HC 

CRI, CR2 Diode: Mil type I N3064 Z2 Not Used 

MPI PC Board: MFR 14304, PN 0759-4116 Z3 Voltage Regulator Type UA 723C: 

PI Connector, Plug, 14 Pin: MFR 07263, PN UA723HC 

MFR 81312, PN MRACI4P A2AIIA3 High Voltage PWB Assembly: 

Ql Transistor: MFR 04713, PN 2N6261 MFR 14304, PN 0759-4120 

Rl Resistor, Fixed Wirewound, 0.47 0 
± Sl1io, 2\\': MFR 35009, PN BWH-0.47 

Cl, C2 Capacitor, Fixed Mica, I 00 pF: 
Mil type CM05FDIOIJ03 

R2 Resistor, Fixed Composition, 390 n 
± 5a'o, '':. W: :VIii type RCR07GF391 J 

C3 Capacitor, Ceramic, 4700 pF: 
i\IFR 31433, PN C312C472M5UIEA 

R3 Resistor. Fixed Composition, 470 n 
±5°'o, :,"\\':\til type RCR07GF471J 

C4 Capacitor, Fixed Mica, 300 pF: 
Mil type CM05FD301 J03 

R4 Not u~ed C5 Capacitor. Fixed, 0.1 uF SOY: 
:'-.1FR 14304. PN C1 1-0005-104 

R5 Re\istor. Fixed Composition, 82 n 
~ 5a·o, 2\\': Mil type RC42GF820J 

C6 Capacitor, Tantalum, I uF: 
:'-.til type l\13900-01 -2357 

R6 Re\istor, Fixed Film: 
l\'1FR 14304, PN 0759-4126 1.'"'" II 

CR1 Diode: l\lil type 1 N3064 

i\1P1 p~,· Board: l\tFR 14304, PN 0759-4121 

Ql Tramistor: i\1FR 04713. PN 2N6261 
-- -- - --
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POWER SUPPLY 

TABLE 6. MAINTENANCE PARTS LIST - POWER SUPPLY MODULE A2All (Continued) 

Reference Name and Description I 
Designation 

Reference Name and Description 
Designation 

A2AIIA3 Rl7, Rl8 Resistor, Fixed Composition, 390 !l 
Rl Resistor, Fixed Wirewound, 2. 7 !l ±5%, li.IW: Mil type RC07GF391J 

± 50Jo, 2W: MFR 35009, PN BWH-2.7 !l Rl9 Resistor, Fixed Film, 4.02K !l 
R2 Resistor, Fixed Film, 22.6K!l ±5%, li.IW: Mil type RN60D402IF 

± 5%, Y4 W: Mil type RN60D2262F R20 Resistor, Fixed Film: 
R3 Resistor, Fixed Film: MFR I4304, PN 0759-4I27 (r-iote n 

MFR I4304, PN 0759-4I29 (Note o R2I, R22 Resistor, Fixed Composition, 3.32K !l 
R4 Resistor, Fixed Composition, 1.8K !l ± 5%, I/8W: Mil type RN55D332IF 

± 5%, Y4 W: Mil type RCR07GI82J R23 Resistor, Fixed Composition, 68 !l 
R5 Resistor, Fixed Composition, 12K !l ± 5%, Y4 W: Mil type RC07GF680J 

± 5%, Y4 W: Mil type RC07GFI23J R24 Not Used 
R6 Resistor, Fixed Composition, 47K !l 

± 5%, Y4 W: Mil type RC07GF473J 
R25 Resistor, Fixed Composition, 560 !l 

± 5%, 2W: Mil type RC42GF561J 
R7 Resistor, Fixed Wirewound, 5.6 !l 

± 5%, 2W: MFR 35009, PN BWH-5.6 !l 
R26 Resistor, Fixed Composition, 68 !l 

± 5%, Y4 W: Mil type RC07GF680J 
R8, R9 Not Used R27 Resistor, Fixed Composition, 22 !l 
RIO Resistor, Fixed Film, 22.6K !l ± 5%, Y4 W: Mil type RC07GF220J 

±5%, IW: Mil type RN60D2262F R28 Resistor, Fixed Wirewound, 0.47 !l 
RII Resistor, Fixed Film: ± 5%, 2W: MFR 35009, PN BWH-0.47 

MFR I4304, PN 0759-4128 (Note n n 
RI2 Resistor, Fixed Composition, I K !l 

± 5%, Y4 W: Mil type RC07GFI02J 

RTl Thermisistor, I K: 
MFR 73168, PN KA31JI 

RI3 Resistor, Fixed Composition, 33K!l VRI Diode: Mil type IN75IA 

± 5%, Y4 W: Mil type RC07GF333J VR2 Diode, Zener: 

RI4 Resistor, Fixed Composition, 8.2K !l MFR 047I3, PN MZ4625 

± 5%, Y4 W: Mil type RC07GF822J Zl Voltage Regulator, Type UA723C: 

RI5 Resistor, Fixed Composition, 220 !l MFR 07263, PN UA 723HC 

±5%, YzW: Mil type RC20GF221J Z2 Not Used 

RI6 Resistor, Fixed Composition, 2.2K !l Z3, Z4 Voltage Regulator, Type UA 723C: 
± 50Jo, Y4 W: Mil type RC07GF222J MFR 07263, PN UA 723HC 

'---~--~ 

10 
:'iote 1: Selected \·alue, see Table 4. 
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Reference 
Designation 

A2Al0 

FLI 

C1, C2 

C3-C12 

C13-C15 

C16-C30 

C3I,C32 

MP1-MP15 

MP16-
MP19 

PI 

A2AlOAI 

C1 

C2, C3 

C4 

C5-C7 

C8 

C9 

ClO 

C11-C14 

Cl5 

Cl6 

Cl7 

CIS 

Cl9 

C20-C24 

C25 

C26 

SPECIAL FREQUENCIES 

TABLE 5. MAINTENANCE PARTS LIST-Special Frequencies Module A2A10 

Name and Description Reference 
Name and Description Designation 

Special Frequencies Module: C27 Capacitor, Mica, 160 pF: 
MFR 14304, PN 0759-4000 Mil type CM05FD161J03 

Filter Plate Assembly: C28 Same as AIOAJC8 

MFR 14304, PN 0759-4004 C29 Capacitor, Variable, 2 to 8 pF: 

Capacitor, Feed Thru, .00175 uF: MFR 72982, PN 538-014, 2-8 pF A 

MFR 72982, PN 1214-001 C30-C32 · Same as AIOA1C2 

Not Used C33 Capacitor, Mica, 270 pF: 

Same as FLIC1 Mil type CM05FD271J03 

Not Used C34 Same as A10A1C2 

Capacitor, Tantalum, 68uF I5VDCW: 
Mil type CSRI3D686ML 

C35 Capacitor, Ceramic, 1800 pF: 
MFR 72982, PN 810 1-050-651-182M 

Pin, Connector: 
MFR 813I2, PN 100-SOOOS 

C36 Capacitor, Tantalum, 330uF: 
Mil type CSRI3B337ML 

Pin Connector: CRI-CR4 Diode: Mil type 1 N3064 

Mil type MS 17803-16-20 FLI Filter, 20 MHz: 

Connector: MFR 14304, PN 0759-4023 

MFR 81312, PN MRAC20PN FL2 Filter, 13 . 5 MHz: 

Keyed Frequency Generator PWB 
Assembly: MFR 14304, PN 0759-4010 

MFR 14304, PN 0759-4022 

'LI Inductor, 15 uH: 
MFR 99800, PN 1537-40 

Capacitor, Tantalum, 22uF I5 VDCW: 
Mil type CSRI3D226ML 

L2 Inductor, I . 2 uH: 
MFR 99800, PN 1537-14 

Capacitor, Ceramic, .I uF: 
MFR I4304, PN CII-0005-104 

L3 Inductor, 18 uH: 
MFR 99800, PN 1537-42 

Same as AlOA1CI L4 Inductor, 2. 7 uH: 
Same as A10A1C2 MFR 99800, PN 1537-22 

Capacitor, Variable, 7 to 25 pF: L5 Same as A10A1L3 
MFR 72982, PN 538-0I4-7-25pF L6 Inductor, 1 . 5 uH: 
Capacitor, Mica, IOOpF: MFR 99800, PN 1537-16 
Mil type CM05FDIOIJ03 QI, Q2 Transistor: 
Capacitor, Mica, 43 pF: MFR 04713, PN 2N4264 
Mil type CM05ED430J03 Q3 Transistor: 
Same as AlOAIC2 MFR 21921, PN 2N5179 

Same as AlOAICIO Q4,Q5 Transistor: Mil type 2N4123 

Same as A lOA I C2 Q6 Same as AIOA1Q3 

Same as A lOA I C8 Q7 Same as AIOAIQ4 

Capacitor, Mica, 75 pF: Q8 Same as AIOAIQ3 
Mil type CM05ED750J03 Q9, QIO Same as AIOAIQ4 
Capacitor, Mica, 36 pF: 
Mil type CM05ED360J03 

Qll, Q12 Transistor: 
MFR 04713, PN 2N4125 

Same as AIOAIC2 Q13, Q14 Same as AIOAIQ4 
Capacitor, Mica, 620 pF: 
Mil type CM06FD62JJ03 

Q15 Same as AIOAIQI 

Rl Resistor, Fixed Composition, 220 Q 
Same as AIOAIC2 ±5olo, 1/8\V: Mil type RCR05G221J 

II 



SPECIAL FREQUENCIES 

TABLE 5. MAINTENANCE PARTS LIST-Special Frequencies Module A2AIO 

Reference Name and Description 
Designation 

Reference Name and Description 
Designation 

R2 Resistor, Fixed Composition, 2. 2K R26 Same as AIOAIRIO 
±5!1Jo, 1/SW: Mil type RCR05G222J R27 Same as AIOAlRll 

R3 Same as A10A1R1 R28 Resistor, Fixed Composition, 3. 3K 

R4 Resistor, Fixed Composition, IOO a ±5%, I/8W: Mil type RCR05G332J 
± 5%, l/8W: Mil type RCR05GIOIJ ' R29 Resistor, Fixed Composition, 2. 7K 

R5 Not Used ±5%, Y4W: Mil type RCR07G272J 

R6 Resistor, Fixed Composition, 330 a R30 Same as AIOAIR14 
± 5%, I/8W: Mil type RCR05G33IJ R31 Resistor, Fixed Composition, 330 a 

R7 Resistor, Fixed Composition, IOK ±5%, 1/..W: Mil type RCR07G331J 
±5%, Y4W: Mil type RCR07GI03J R32 Same as AlOAlRI6 

R8 Resistor, Fixed Composition, 4. 7K 
± 5%, Y4 W: Mil type RCR07G472J 

R33 Resistor, Fixed Composition, 180 a 
± 5%, Y4 W: Mil type RCR07Gl81J 

R9 Resistor, Fixed Composition, 470 a R34 Same as AIOAIR7 
± 5%, l/8W: Mil type RCR05G47IJ 

RIO Resistor, Fixed Composition, 820 a 
± 5%, Y4 W: Mil type RCR07G82IJ 

i 

R1I, RI2 Resistor, Fixed Composition, I . 5K 
± 5!1Jo, Y.t W: Mil type RCR07GI52J 

Rl3 Resistor, Fixed Composition, I. 2K 
± 5%, Y4 W: Mil type RCR07GI22J 

' 

RI4 Resistor, Fixed Composition, 2. 2K i 

±5%, Y4W: Mil type RCR07G222J 

RI5 Resistor, Fixed Composition, 56 a 
±5%, V..W: Mil type RCR07G560J i 

RI6 Resistor, Variable, 200 a I 

MFR I4304, PN R40-00I2-20I 

R35 Resistor, Fixed Composition, 33K 
±5%, Y4W: Mil type RCR07G333J 

R36 Resistor, Fixed Composition, I 00 a 
± 5%, Y4 W: Mil type RCR07Gl01J 

R37 Resistor, Fixed Composition, 6. 8K 
± 5%, Y4 W: Mil type RCR07G682J 

R38 Resistor, Fixed Composition, 6.8K 
± 5%, l/8W: Mil type RCR05G682J 

R39 Resistor, Fixed Composition, 220 a 
± 5%, Y4 W: Mil type RCR07G22lJ 

R40 Same as AIOAIRI8 

R41 Same as AIOAIR39 

Rl7 Resistor, Fixed Composition, 4. 7K 
± 5%, I/8W: M.il type RCR05G472J 

R42 Resistor, Fixed Composition, 560 a 
±5%, Y4W: Mil type RCR05G561J 

RIB Resistor, Fixed Composition, 1 K R43 Same as A lOA I R8 

± 5%, Y4 W: Mil type RCR07Gl02J R44 Resistor, Fixed Composition, 8.2K 

R19 Resistor, Fixed Composition, I20 a ±5%, Y.W: Mil type RCR07G822J 

± 5%, Y.t W: Mil type RCR07G121J R45 Resistor, Fixed Composition, 390 a 
R20 Resistor, Fixed Composition, 47 a ±5%, Y.W: Mil type RCR07G391J 

±5%, 1/SW: Mil type RCR05G470J R46 Resistor, Fixed Composition, 15K 

R21 Same as AIOAIR4 ±5%, Y.W: Mil type RCR07GI53J 

R22 Same as A lOA I R6 R47 Same as AIOAIR38 

R23 Same as AIOAIR7 R48 Same as AIOAIR36 

R24 Same as AIOAIRI7 R49- R52 Same as A lOA I R20 

R25 Resistor, Fixed Composition, 470 a R53 Not Used 

±5%, '/..\\':Mil type RCR07G471J 

I 
~---------~ ------------~ 
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SPECIAL FREQUENCIES 

TABEL 5. MAINTENANCE PARTS LIST-Special hequencies Module A2A 10 

Reference Name and Description 
Designation 

Reference 
Designation Name and Description 

R54 Same as AIOAIRI8 C26 Capacitor, Mica, 240 pF: 

R55 Resistor, Fixed Composition, 10 0, 
±50Jo, Y4W: Mil type RCR07GIOOJ 

Mil type CM05FD241J03 

C27 Not Used 

R56, R57 Not Used 

R58 Same as AIOAIRI8 

C28, C29 Capacitor, Mica, 750 pF: 
Mil type CM06FD751J03 . 

Tl Transformer, RF: 
CRI Diode: Mil type IN3064 

MFR 14304, PN 0759-4014 

T2 Transformer, RF: 
MFR 14304, PN 0759-4013 

VR1 Diode, Zener, 5 .I Vdc: 

FLI Filter, 18.3 MHZ: 
MFR 14304, PN 0759-3523 

Ll Inductor, 10 uH: 
MFR 99800, PN I537-36 

MFR 04713, PN IN4733 L2 Inductor,! uH: 

XYI Socket, Crystal: 
MFR 9I506 PN 8000-AG9 

MFR 99800, PN I537-12 

L3 Inductor,27 uH: 

YI Crystal, I . 75 MHz: MFR 99800, PN 1537-47 

Mil type L4 Inductor, .0275 uH: 
MFR 14304, PN 0759-4019 MFR 14304, PN 0759-4024 

ZI Integrated Circuit: L5 Inductor, 2.2 uH: 
MFR 01295, PN SN7476N MFR 99800, PN 1537-20 

Z2- Z4 Integrated Circuit: I L6 Same as A10A2L3 
MFR 01295, PN SN7490N L7 Inductor, 3.9 uH: 

A2AIOA2 RF Generator PWB Assembly: MFR 99800, PN 1537-26 
MFR 14304, PN 0759-4020 L8 Inductor, 2.7 uH: 

ARI, AR2 VHF Amplifier: MFR 99800, PN 1537-22 
MFR I4304, PN 0759-5010 QI, Q2 Transistor: 

CI- C5 Capacitor, Ceramic, . I uF: MFR 2192I, PN 2N5179 
MFR I4304, PN CII-0005-I04 Q3, Q4 Transistor: 

C6 Capacitor, Mica, 47 pF: Mil type 2N4123 
Mil type CM05ED470J03 Q5 Same as A I OA2Q I 

C7 Capacitor, Mica, 36 pF: 
Mil type CM05ED360J03 

RI Resistor, Fixed Composition, 47 Q 
± 5%, V.. W: Mil type RCR07G470J 

C8 Capa~.:itor, Mica, 68 pF: 
Mil type CM05ED680J03 

R2 Resistor, Fixed Composition, 100 0 
±5%, V..W: Mil type RCR07Gl01J 

C9 Capacitor, Variable, 2.5-II pF: 
MFR72982, PN 538-014, 2.5-II pF 

R3 Resistor, Fixed Composition, 1.5K 
±5%, 1/.W: Mil type RCR07GI52J 

CIO Capacitor, Mica, 330 pF: 
Mil type CM05FD33 I J03 

R4 Resistor, Fixed Composition, 390 0 
± sok, V.. W: Mil type RCR07G471J 

CI I-CJ3 Same as AIOA2CI R5 Resistor, Fixed Composition, 470 0 
CI4 Capacitor, Mica, 22 pF: ±5(Y/o, V..W: Mil type RCR07G471J 

Mil type CM05ED220J03 R6 Same as A I OA2R I 
CI5-C20 Same as AIOA2CI4 R7 Resistor, Fixed Com posit ion, 56 0 
C2I, C22 Same as AIOA2CI4 ± 10%, 1/. W: Mil type RCR07G560K 

C23, C24 Same a\ A I OA2C I R8 Resistor, Fixed Composition, 10 n 
C25 Capacitor, Mica, 27 pF: ± 10%, 1;4\V: Mil type RCR07GIOOK 

l\1il type CM05ED270J03 R9 Resistor, Fixed Composition, 220 n 
± 10%, 1/. W: Mil type RCR07G221 K 

-~ 
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SPECIAL FREQUENCIES 

TABLE 5. MAINTENANCE PARTS LIST-Special Frequencies Module A2AIO 

Reference 
Designation Name and Description 

Reference Name and Description 
Designation 

RIO Same as A10A2R4 R32- R34 Not Used 

R1I Same as A lOA2R I R35 Resistor, Fixed Composition, 4. 7K 

R12 Same as AlOA2R2 ± 507o, V. W: Mil type RCR07G472J 

RI3 Resistor, Fixed Composition, 2.7K 
± IOUJo, 1/4 W: Mil type RCR07G272K 

R36 Resistor, Fixed Composition, I K 
± 5%, V. W: Mil type RCR07Gl02J 

RI4 Same as A lOA2R9 R37 Not Used 

R15 Same as AIOA2RI 

RI6 Same as A 1 OA2R2 

RI7 Same as AIOA2RI 

R38 Resistor, Fixed Composition, 33 Q 
± 5%, V. W: Mil type RCR07G330J 

R39 Resistor, Fixed Composition, 47Q 
± 5UJo, V. W: Mil type RCR07G470J 

RI8- R2I Not Used R40- R42 Not Used 

R22- R25 Resistor, Fixed Composition, 22 Q 
± 5UJo, V. W: Mil type RCR07G220J 

R43 Resistor, Variable, 500 Q 
MFR 80294, PN 3329P-I-50I 

R26 Resistor, Fixed Composition, 120 Q 
± 5UJo, V. W: Mil type RCR07GI21J 

TI Transformer, 2: I 
MFR I4304, PN 0759-5110-2 

R27 Same as A lOA2R2 Y1 Oscillator, I80 MHz: 

R28, R29 Same as A IOA2R22 MFR I4304, PN 0759-4015 

R30- R3I Resistor, Fixed Composition, 82 Q Z1, Z2 Mixer, Balanced: 
± 5UJo, V. W: Mil type RCR07G820J MFR 14304, PN 0759-5I50 

14 
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I. GENERAL DESCRIPTION 

Power Supply Module A2A11 produces five 
regulated and two unregulated voltages for use by 
all other modules in the exciter. The regulated 
voltage sources deliver a relatively low value of 
short circuit current (relative to their maximum 
possible load current) by means of current fold­
back techniques. Current fold-back reduces the 
possibility of accidentally short circuiting the 
power supply, while connecting test equipment to 
the various PWB assemblies of the exciter. The 
module contains three PWB assemblies: Rectifier 
PWB Assembly A2A11A1, Low Voltage PWB 
A2Al1A2, High Voltage PWB A2Al1A3, and a 
dual secondary power transformer. 

2. TECHNICAL CHARACTERISTICS 

Weight: 3.95 Pounds (1769 grams) 

Dimensions: 
4-3/8 in.(H) x 3-5/10 in.(W) x 4-114 in.(D) 
11.11 em (H) x 8.41 em (W) x 10.79 cm(D) 

Primary Power: 
115 Vac± 150Jo,48-420 Hz 

De Outputs: (max.) 
+ 28 V de unregulated at 600 rna 
+ 24 V de regulated at 250 rna 
+ 18 Vdc regulated at 120 rna 
+ 6 V de regulated 1300 rna 
+ 5 V de regulated at 1400 rna 

6 V de regulated at 1000 rna 
9 V de unregulated at 100 rna 

Load Regulation: 
0.03% (typical) E out 

Operating Temperature Range: 
- 20°C to + 70°C 

3. SEMICONDUCTOR COMPLEMENT 

Table 1 lists all semiconductors used in Power 
Supply Module A2All. 

POWER SUPPLY 

TABLE 1. SEMICONDUCTOR COMPLEMENT 

Reference Type Function 
Designation 

A2AIIQI 2N6261 + 18 Vdc series 
regulating element 

Q2 2N6261 +24 Vdc series 
regulating element 

Q3 2N6261 + 5 V de series 
regulating element . 

Q4 2N6261 + 6 V de series 
regulating element 

Q6 2N6261 - 6 V de series 
regulating element 

CR1 0946-4157 + 9 Vdc Rectifier 

CR2 0946-4157 + 9 V de Rectifier 

A2AIIAICR3 0946-4157 - 9 V de Rectifier 

CR4 0946-4157 - 9 Vdc Rectifier 

CR5 0946-4157 + 28 Vdc Rectifier 

CR6 0946-4157 +28 Vdc Rectifier 

CR7 0946-4157 + 28 V de Rectifier 

CR8 0946-4157 + 28 Vdc Rectifier 

A2A11A2CR1 1N3064 Blocking 

CR2 1N3064 Blocking 

VR1 IN751A + 5 V, +6 V 
regulators, foldback 
reference 

VR2 1N5347A Z 1, Z2 source 
voltage regulation 

Ql 2N6261 + 5 V de series pass 
driver 

Zl uA723HC + 6 Vdc regulation 
sensor 

Z3 uA723HC + 5 V de regulation 
sensor 

A2AIIA3CRI IN3064 Blocking 

VR1 IN751A - 6 V regulator 
foldback reference 

VR2 MZ4265 + 24 Vdc regulator 
offset 

QI 2N6261 - 6 V series pass 
driver 

Zl uA723HC + 24 Vdc regulation 
sensor 

Z3 uA723HC + 18 Vdc regulation 
sensor 

Z4 uA723HC - 6 Vdc regulation 
sensor 

1 



POWER SUPPLY 

4. CIRCUIT DESCRIPTIONS 

All of the regulator circuits in the Power Supply 
Module are of the conventional series - pass type, 
in which a differential amplifier compares the out­
put voltage of the supply against a very stable 
reference and corrects the equivalent resistance of 
the series pass element accordingly. The load cur­
rent is sensed by measuring the voltage drop across 
a small fixed resistance in series with the regulator. 

Consider the + 6 V de regulator circuit (Figure 
7). The collector of the series -pass transistor Q4 is 
returned to the unregulated + 9 volts (developed 
across filter capacitor C I, via a full wave rectifier 
consisting of AICRI and AICR2). Load current to 
PI-N passes through Q4 via current sensing resistor 
RI on the Low Voltage PWB A2AIIA2. The cur­
rent passed by Q4 is controlled by integrated circuit 
Zl. 

Refer to Figure I. Load voltage is sensed on ZI-2, 
the reference voltage on ZI-3. The reference input 
is from a voltage divider consisting of A2R6, and 
A2R7 (Figure 7) connected to the + 7.2 Vdc 
(typical) reference output at ZI-4. The ratio of 
A2R6 and A2R7 determines the De output voltage 
from the supply, as the differential amplifier forces 
the collector current in the output transistor (and 
consequently the collector current of pass tran­
sistor Q4) to whatever value is necessary to raise or 
lower the De voltage at ZI-2 to the same voltage 
that appears at ZI-3. Capacitor Cl provides fre­
quency compensation for the circuit, preventing 
oscillations. 

I 
I 

-- Q ' 

Lo o o 
• 

VREF (OUT) 
(+1,:t VDC ~ 10%) 

The current limiting and fold-back operations 
are as follows: The base of current limiting tran­
sistor (ZI-IO) is connected to the junction of A2R2 
and thermistor A2RTI (Figure 7). Since CR1 is 
back biased with + 5.I Vdc at its anode, the 
voltage appearing at ZI-10 (before limiting begins) 
is virtually the same as the voltage appearing at the 
emitter of A2A II Q4. The emitter of current 
limiting transistor (Z I-I) is connected to the load 
side of A2RI. Output current limiting begins when 
the voltage drop across R I forward biases the 
emitter-base junction of the current limiting tran­
sistor. 

The current passed by the limiting transistor 
lowers the voltage output from the differential 
amplifier, thus decreasing the voltage present at 
Z I-6. If not for CR I, the output voltage versus cur­
rent curve would be similar to the current limiting 
curve as shown in Figure 2 (dashed line). 

However, as the voltage at Zl-10 falls below ap­
proximately + 5 .I V de, CR 1 will conduct, pro­
viding an alternate current path to the base of the 
current limiting transistor, via A2CRI and A2R8. 
The presence of an alternate current path modifies 
the curve to follow the solid line in Figure 2 .. Once 
fold-back begins, any further decrease in load 
resistance produces a decreasing load current. The 
negative temperature coefficient of the thermistor 
A2RTI maintains a relatively constant value or 
short circuit current from the supply, over the 
operating temperature range. 

Figurl' I. Regulation Sensor. Lquivalent Circuit A~Z I. A~Z3. AJZ I. A3Z3. A3Z4 
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In principle, the remaining regulated supplies 
operate in the same manner as the + 6 Vdc circuit. 
However, only the + 6Vdc and + 5 Vdc power sup­
plies, with their higher load currents, have an alter­
nate path provided, via an external diode, causing 
greater current fold-back. 

The + 24 V de and + 18 V de regulators use a 
slightly different fold-back design. In order to start 
current limiting (using the + 24 Vdc regulator as an 
example) about +0.7 Vdc must be developed bet­
ween Z 1-10 and Z 1-1 to turn on the internal tran­
sistor. To do this, the voltage drop across current 
sensing resistor A3R1 must exceed 0.7 Vdc by an 
amount equal to the drop across A3R4 in the 
voltage divider network A3R4 and A3R6. Since 
this excess voltage required is greatest at normal 
output voltage (.6Vdc at 24 Vdc) and least under 
short circuit conditions (V out = 0), it is apparent 
that the current at the threshold of current limiting 
exceeds the current allowed for an open circuit. 

Also, the higher load currents supplied by the 
+ 5Vdc and - 6Vdc supplies, require the use of a 
driver transistor (A2Q 1, A3Q 1) between the 
regulator sensor and the series pass element. 

In addition, the voltage sensing polarity of the 
- 6V de supply is opposite that of the positive 
voltage supplies. In other words, a positive going 
output error causes Z3-3 to become positive with 
respect to Z3-2 instead of vice-versa. This inversion 
is compensated for by the action of series pass tran­
sistor Q6, which is used in a common emitter con­
figuration rather than a common collector as in the 
positive supplies. 

Pin 5 of A3Z1 is returned to + 5.1 Vdc through 
VR2 rather than ground, to maintain the total 
voltage across Z1 within the manufacturer's rating. 

The - 9Vdc unregulated output is no longer us­
ed in the RF-131 Exciter. Typical load re­
quirements for the regulators are listed in Table 2. 
Table 3 shows fold-back limits. 

POWER SUPPLY 

5. TEST DATA 

Voltages at the transistor and IC terminals were 
measured in a typical power supply. 

NOTE 

For troubleshooting purposes, greater access 
to the High Voltage PWB is obtained by 
removing the four mounting screws and sw­
inging the.board aside. Likewise, removal of 
the four metal hexagonal stand offs facilitates 
swinging the Low Voltage PWB aside for ac­
cess. Operation of the module off the chassis 
is facilitated with the use of the power supply 
extender cable, supplied as part of the RF-131 
Maintenance Repair Kit (See Table 1-4 in the 
General Information Section of this Manual). 

6. ADJUSTMENTS 

There are no simple adjustments in Power Supp­
ly Module A2A11, however, the output voltage 
from each regulator is factory adjusted to within 3 
percent of its nominal value (5V de supply, - 0 per­
cent to + 5 percent) by the choice of a resistor value 
in its voltage sensing circuit. This is necessary to 
compensate for the manufacturing variations in the 
Reference Voltage output from the regulator units. 
Although this voltage is very stable, it can very 
± 10 percent from unit to unit. The selected 
resistor and its possible values for the various sup­
plies are given in Table 4. The supply voltage 
should be checked following replacement of a 
regulator unit, and, if necessary, a different 
resistor value (from Table 4) should be substituted 
to bring the supply voltage to within 3 percent of 
the nominal value ( + 5 percent to -0 percent for 
the 5Vdc supply). 

Table 5 lists the Power Supply Module A2A11 
cable connections for use during voltage measure­
ment and trouble shooting operations. 

TABLE 2. TYPICAL DC LOAD CURRENTS MEASURED AT A2Jll 

(Note: Values were measured on a two channel RF-131 Exciter) 

Supply + 28Vdc + 24Vdc + J8Vdc +6Vdc + 5Vdc -6Vdc 

Current 350m A 222m A 20m A 700mA 800mA 700mA · 

Measured at Pl-M PI-P Pl-H PI-N PI-J PI-L 
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7. MAINTENANCE PARTS LIST 
E4.E5 
IHIDDE:\l 

Cl 

Refer to Table 6 for the Power Supply Module 
A2All parts list. For a complete list of manufac­
turer's codes, refer to Table 6-3 in the General ln­
f<•rmation Section. CJ ~~///AI 

~ " 
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fABLE 3. POWER SUPPLY FOLD BACK 
CHARACTERISTICS 

Power 

Supply 

+ 5 Vdc 
- 6 Vdc 

+ 6 Vdc 

+ 18 Vdc 

+ 24 Vdc 

Starts Short Circuit Current 
foldback At After Foldback Reduce To I 

1690 rnA 
300 + 100 rnA I 

1400 rnA - 150 rnA 
1400 rnA 

130 + 20 rnA 
225rnA - 50 rnA 

500 rnA 250 + 50 rnA 
- IOOmA 

EouT 

Tl ...._ 

A2 

Ql 

-04 

Q2 

Q3 

A3 

Figure 3. Power Supply A:2A II Component 
Locations- Transformer Side of Chassis 

NORMAL I ~ CLIRRE!'H LI~ITING TRANSISTOR 
OC --- BECOMES FORWARD BIASED 
OUTI'UT 

' I CRI Bf-.COM!:S FORWARD BIASED 

t-- CONVENTIONAL Cl.:RR!:NT 

I 
LI\11TING 

I 
0 I :;«: I .. I LOAD 

SHORT Cl RCL'IT 
CURRENT I APPRO\ 300 ma • 

Figure 2. Supply Voltage Vs. Load Currl'nt. +6V Supply 
(Other SuppliL'S arc Similar) 
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TABLE 4. SUPPLY VOLTAGE REGULATION 

-Selected Resistors 

(Note: Refer to paragraph 6.) 

Power Resistor Values Mil Part 
Supply Reference (Ohms) Number 

+ 5 Vdc A2R26 4.42K RN60D4421F 
4.87K RN60D4871F 
5.36K RN60D5361F 
5.90K RN60D5901F 

+ 6 Vdc A2R6 4.99K RN60D4991F 
5.76K RN60D5761F 
6.65K RN60D6651F 
7.68K RN60D7681F 

- 6 Vdc A3R20 2.49K RN60D2491F 
2.67K RN60D2671F 
2.87K RN60D2871F 
3.01K RN60D3011F 

+ 18 Vdc A3R11 14.0 K RN60D1402F 
14.7 K RN60D1472F 
15.4 K RN60D1542F 
16.2 K RN60D1622F 

+ 24 Vdc A3R3 21.5 K RN60D2152F 
23.7 K RN60D2372F 
25.5 K RN60D2552F 
27.4 K RN60D2742F 
29.4 K RN60D2942F ! 

L__ I 
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TABLE 5. POWER SUPPLY MODULE A2All 
Cable Assembly PN 0759-4102 
Wire Number I Routing Data 

Wire Number From To 

I A2AIIAIE8 A2AIIC3 NEG 
2 C3 NEG El 
3 Tl-6 Cl Neg 
4 CINEG C2 POS 
5 C2 POS E1 

6 AIE4 C2 NEG 
7 C2 NEG Q6-e 
8 . Q6-e A3E4 
9 A3E4 P1-R 

10 -- --
II C1 POS Q3-c 
12 Q3-c Q4-c 
13 Q4-c A2EI 
14 C3 POS Q2-c 
15 AIE3 C3 POS 

16 Q2-c A3E7 
17 A3E7 PI-M 
18 Q6-b A3E3 
19 Q6-c A3E2 
20 Q3-b A2E8 

21 Q3-e A2E9 
22 Q2-b A3E6 
23 Q2-e A3E9 
24 Q1-c A3E8 
25 A3E8 PI-P 

26 Q1-b A3E12 
27 Q1-e A3Ell 
28 Q4-b A2E4 
29 Q4-e A2E3 
30 A2E5 PI-N 

31 A2E7 Pl-J 
32 -- --
33 A2E2 A3El0 
34 A2E2 Pl-H 
35 A2El0 Pl-K 

36 A2El3 P1-B 
37 A2E6 E1 
38 A2E6 A3E13 
39 A3El PI-L 
40 E4 PI-A 

41 E5 PI-C 
42 TI-l E5 
43 Tl-3 E5 
44 Tl-2 E4 
45 Tl-4 E4 

46 Tl-5 AIE3 
47 Tl-7 AIE2 
48 Tl-8 AIE7 
49 Tl-9 AIE6 
50 AIE2 E8(CR2-A) 

51 AIE3 E7(CRI-A) 
52 A2AIIE9(CRI-C,CR2-C) A2AIICI POS 
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RECTIFIER 
ASSEMBLY 
A2AIIAJ 

C7 

FLJO 

04 

FL9 

02 

E> 

ffi(B 

~~~ ~~~~ 8 ! ! ~:~; 
9999~~ 1~1 ---I QJ 

F L6 

FL4 I~ =r cYt C2 

C5 

I"'S'~ FLB 'I~ 
C6 ~ 

03 

CB 

--­LOWVOLTAGE 
PCB A2A IIA2 

----+---- F L3 

th'kf o \ II I F L I 

FLI1 

~II I FL2 

06 

HIGH VOLTAGE 
PCB A2A IIA3 

Figure 4. Power Supply A2All Component Locations- Rectifier Assembly Side of Chassis -
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UNIT INSTRUCTIONS 

FROM SPECIAl 1.75 MHZ 
FREQUENCIES CARRIER 
MODULE A2A 10 INPUT 

FROM MODE 
CARRIER SELECT PC 
KEY LINE BOARD A2A6A2 

FROM UUSB CUUSB 
SIDEBAND UuSB 
GENERATOR INHIBIT 
A2A4• 

FROM USB 
SIDEBAND 
GENERATOR 
A2A2 

FROM LSB 
SIDEBAND 
GENERATOR 
A2A2 

FROM LLSB CLLSB 
SIDEBAND X 
GENERATOR LLSB 
A2AJ• INHIBIT 

COMBINER MODUlE 

A2A12 

FROM MOOE SELECT 
PWB A2A6A2 

~ 
liNE liNE liNE 

I I I 
s 

COMBINER AND 
CARRIER INSERT 
PWB AI 

,M IV 
CONTROL FOR CONTROL FOR 

\_ 6 DB ATTEN. 6 DB ATTEN ) 

v 

• MODEL RF 131126 ONLY 

BOTH CONTROLS FOR 
12 DB ATTEN. • 

COM­
BINER 

VC 
ATTEN. 

PPC 
A TTE NUATO R 
PWB A2 

PPC 

u 1.75 MHZ 
~COMBINED 

SIGNALS 
TO 
UP-CONVERTER 
MODULE A2A5 

FROM RF OUTPUT 
MODULE A2A7 
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1. GENERAL DESCRIPTION 

Combiner Module A2A12 linearly adds the car­
rier and sideband input signals, and adjusts the 
levels of the output according to commands from 
the Control Head Module A2A6 to provide an out­
put of 12 m V pev to the Up-Converter Module 
A2A5. The four channel version has provisions for 
upper-upper sideband (UUSB), upper sideband 
(USB), lower sideband (LSB) and lower-lower side­
band (LLSB) inputs. The Combiner Module 
A2A12 output for the Model RF-131-126/-176 may 
be either sideband alone, carrier only (CW), USB 
and carrier (compatible AM) or a combination of 
two or four of the sidebands (2 or 4 channel Inde­
pendent Sideband). Carrier suppression in some 
modes can be selected for 6, 10, 20 or infinity, 
according to the inputs received from Control 
Head A2A6. (In the two channel exciter models, 
the UUSB and LLSB channels are not used) Com­
biner Module A2A21 consists of two PWB assem­
blies: Combiner and Carrier Insert PWB Assembly 
A2Al2Al, and PPC Attenuator PWB Assembly 
A2A12A2. 

2. TECHNICAL CHARACTERISTICS 

Weight: 1.19 Pounds (539.77 grams) 

Dimensions: 
4-118 in.(H) X 2-1/8 in.(W) X 5-78 in.(D) 
10.5 cm(H) x 5.4 cm(W) x 14.9 cm(D) 

Power Requirements: 
+ 6 V de at 40 rnA 
-6 Vdc at 14 rnA 

Signal Inputs: 
UUSB 
USB 
LSB 
LLSB 
1.75 MHz fixed, 75 mVRMS 

' Control Inputs: 

-25dBm PEP 
(12mVPEV) each. 

UUSB Inhibit 
USB Inhibit 
LSB Inhibit 
LLSB Inhibit > Closure to ~ 6'\'dc 
6 dB Gate or open CIITtllt 
12 dB Gate 
Carrier Keyline 
Carrier Level Control 

Signal Output: 
One, two or four of the above sideband 

COMBINER MODULE 

signals with or without reinserted carrier; 
USB plus carrier (compatible AM); or carrier 
alone; 12 m V PEV (- 25 dBm PEP) 

Input Impedance: 
All signal inputs: 50 ohms 
All control inputs: greater than 1 K ohm 

Output Load: 50 ohms 

3. SEMICONDUCTOR COMPLEMENT 

Table 1 lists all semiconductors used in the Com­
biner module. 

TABLE 1. SEMICONDUCTOR COMPLEMENT 

Reference 
Designation 

Type Function 

AIA12Al 

CRI, CR2 HP Clipper 
-5082-2800 

CR3 IN3064 Clamp 

CR4, CR5 IN3064 P /0 UUSB Inhibit Ckt. 

CR6, CR7 IN3064 P /0 USB Inhibit Ckt. 

CR8, CR9 IN3064 P 10 LSB Inhibit Ckt. 

CRIO,CRII IN3064 P /0 LLSB Inhibit Ckt. 

Ql 2N4123 RF Amplifier 

Q2 2N4125 6 dB Shunt Attenuator 
Switch 

Q3 2N4125 10 dB Shunt Attenuator 
Switch 

Q4 2N4125 20 dB Shunt Attenuator 
Switch 

Q5 2N4123 Tuned Amplifier 

Q7 2N4123 SSB Amplifier 

Q8 2N4123 SSB Amplifier 

Q9 2N4123 SSB Amplifier 

QIO 2N4123 SSB Amplifier 

Qll 2N4125 6 dB Attenuator Switch 

Q12 2N4125 12 dB Attenuator Switch 

Q13 2N4125 Amplifier 

Q14 2N4123 Emitter Follower 

AIAI2A2 

Ql 2N4125 Amplifier 

Q2 2N4125 Amplifier 

Q3 2N4123 Emitter Follower 

Zl 0759-5000 VC Attenuator 
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4. FUNCTIONAL DESCRIPTION 

For reference purposes full power output from 
the Combiner Module A2AI2 is defined as -25 
dBm continuous or PEP. This is equivalent to 12 
mY PEY developed across a restive 50 ohm output 
load (OdBm = I milliwatt). That is, 12 mY PEY is 
considered a "ceiling" for RF output whether it be 
an SSB voice peak, an instantaneous ISB peak, or a 
continuous carrier signal (CW). For example, in 
the CW mode of emission, the mo~ule develops a 
carrier frequency output of 12 mY R:-.1s (when 
keyed). In any of the sideband modes, a voice 
signal (or combination of signals on one or more 
sidebands) drives the module output to 12 mY 
PEY. When the selected mode uses more than one 
sideband channel (as in ISB, for instance), the 
combined sideband inputs are attenuated 6dB (for 
2 channel) or 12 dB (for 4 channel) so that the total 
Combiner Module A2AI2 output is still only 12 
mY PEY. Since the sideband signal is attenuated 
after the SSB inputs are combined, or summed, the 
SSB input levels can be adjusted at the Combiner 
and Carrier Insert PWB A2Al2AI to change the 
ratio of signal supplied by each. For example, the 
USB input level can be increased and the LSB input 
level decreased at the time the system is installed, 
so that when it is in ISB mode, the USB signal will 
be stronger than the LSB signal. 

NOTE 

In SSB and ISB modes, the level of the carrier 
frequency a'ppearing at the module output can 
be electrically switched by inputs from Con­
trol Head Module A2A6 to - 10 dB, - 20 dB, 
or -65 dB (- oo) relative to -25 dBm. 

5. CIRCUIT DESCRIPTION 

The two or four SSB signals enter Combiner and 
Carrier Insert PWB A2Al2A1 through A2AI2 PI 
B-A-C and F (for UUSB, USB, LSB and LLSB 
respectively) and are applied to separate electron­
ically-controlled gates. 

2 

NOTE 

Since the four gates for the SSB inputs arc 
identical (the input frequencies are different) 
only the USB gate will be discussed. Two 
channel versions of the RF-131 (Models 
RF-131-122 and RF-131-123) use only the 
USB and LSB inputs. 

Refer to Figure 4 for the following discussion: 
The USB input from Upper Sideband Generator 
Module A2A3 is applied via A2AI2 PI-A and E3, 
to potentiometer R27 which sets the input im­
pedance of 50 ohms and allows sideband level ad­
justment of that particular channel input to the 
Combiner. The signal is then applied, via Cl4 and 
R33, to the base of amplifier Q8, which is now for­
ward biased through R30 and R33. Capacitor C 16 
provides filtering to remove the SSB (RF) signal 
from the + 6 Y ~c supply. The USB Inhibit signal is 
used to gate amplifier Q8. This input (USB Inhibit) 
from the Control Head A2A6 will be absent when a 
mode using USB is selected. Conversely, when the 
Mode Selector in Control Head A2A6 selects a 
mode not utilizing USB, a -6 Ydc is present on the 
USB inhibit line. The -6 Ydc is applied via A2AI2 
PI-W, to forward bias CR6 and CR7, resulting in 
approximately -0.7 Ydc on the base of Q8, turn­
ing Q8 Off. CR7, being forward biased, conducts 
the USB to ground, reducing the chance of leakage 
through Q8. Capacitor CIS provides filtering to 
remove the USB signal from the USB Inhibit Line. 

The collectors of Q7, Q8, Q9 and QIO (the four 
sideband gates) are tied to the input of QI3. A 
potentiometer on the input of each gate is normally 
adjusted to equalize the gain so that the output 
from any sideband gate (if operated alone and no 
attenuators being on) would provide a Combiner 
output of 12 mY PEY to Up-Converter Module 
A2A5. To maintain the I2 mY PEY Combiner out­
put, when multiple sideband signals are summed at 
the base of Q 13 (as in two-channel or four-channel 
ISB), or when in AME (USB and Carrier), shunt 
attenuators Qll and Ql2 are used. QII and QI2 
are controlled by the 6 dB gate and 12 dB gate in­
puts from the Mode Selector on Control Head 
A2A6. In any one sideband mode, both gate inputs 
(6 dB and 12 dB) will be open. Qll and Ql2 will be 
biased to cutoff by the positive 6 Y de applied, via 
R54 and R56 respectively. When the Control Head 
Mode Selector is set at ISB, -6 Ydc is applied to 
the 6 dB gate input of the Combiner via A2Al2 
P 1-V and R55 to the base of Q 11. This drives Q I 1 
into saturation, connecting R52 (51 1 ohms) in 
parallel with the 511 ohm effective input resistance 
of stage Q13 (RSI, R58, R59 and Q13). This 6 dB 
shunt is also applied in the AME Mode (USB plus 
carrier). 



~ 

i:l ,,, 

1 

_] 

l 

} 

l 
.J 

j 

} 
J 

1 

i 

When the Control Head Mode Selector is set at 
four-channel ISB (not applicable to RF-131-122 
and RF-131-123 Models), -6 Vdc is also applied to 
the 12 dB gate input, driving Q12 into saturation 
and shunting the 280 ohm resistor R53 across the 
combined (280 ohm) load resistance of R51, R52 
and Ql3. Emitter follower Q14 lowers the output 
impedance and drives the input of the PPC Atten­
tuator PWB A2Al2A2. 

The 1.75 MHz carrier input from Special Fre­
quencies Module A2AIO is applied, via A2Al2 
Pl-H and Capacitor Cl, to the base of Ql. 

Resistor Rl establishes the input impedance of 
approximately 50 ohms. The carrier signal is 
amplified by Ql, clipped by diodes CRI, and CR2 
and applied to voltage divider R6 and R7. Hot car­
rier diodes CRI and CR2 clip the output of Ql to 
provide a constant reference level of approximately 
0.3 V across the voltage divider R6 and R7. The 
three shunt attenuators (Q2, Q3 and Q4) that are 
connected in parallel across R7 are controlled by 
the A, B and C Lines from Control Head A2A6. 
Q2 is biased On, for a - 6 dB carrier suppression; 
Q2 and Q3 for - 10 dB and Q2, Q3 and Q4 for 
- 20 dB suppression. Q3 and Q4 shunt attenuators 
operate in the same manner as Q2. 

Q2 is normally cutoff since the A line from Con­
trol Head A2A6 Mode Selector is normally open. 
Control Head A2A6 commands 6 dB of carrier 
suppression by applying -6 Vdc to the A Line. 
This -6 Vdc, via R63, will forward bias transistor 
Q2, driving Q2 into saturation and connecting R8 
to ground (via Q2) in parallel with R7. 

For 65 dB ( CXJ) carrier suppression, - 6 V de 
(from Control Head A2A6) is also applied, via the 
Carrier Keyline, through A2Al2Pl-T. The signal is 
routed through R3 to the base of QJ, and Rl2 to 
the base of Q5, turning Off QJ and Q5. 

The carrier signal is applied from voltage divider 
R6/R7 and shunt attenuators Q2, Q3 and Q4 to the 
base of tuned amplifier Q5. The tuned circuit con­
sisting of Ll and C8 in the collector circuit of Q5, 
will restore the wave peaks clipped by CR I and 
CR2, converting the signal waveshape to essentially 
a sine wave. The output of Q5 is developed across 
the Carrier Adjust potentiometer R 15. From R 15, 
the ~carrier signal is applied via terminal E25 to E I 
and E2 of the PPC Attenuator P\VB A2AJ2A2. 

COMBINER MODULE 

The combined sideband signals enter the PPC 
Attenuator PWB at E3 and E4, where the combin­
ed sideband signal is applied to Voltage Controlled 
Attenuator Zl. The amount of attenuation is con­
trolled by the PPC output from the PPC/TGC 
Control PWB A2A7Al in the RF Output Module 
A2A 7. By controlling the gain in this manner, the 
PPC will prevent any modulation peaks on the 
sideband sighals from exceeding the PEP rating of 
the system, without distorting the relative 
amplitudes of the combined sideband signals. The 
carrier sideband signals (up to four) are combined 
by Ql and Q2. Emitter Follower Q3 lowers the out­
put impedance level of the combined signals to 
drive the input impedance of Up-Converter 
Module A2A5 at connector A2J5-H. 

6. TEST DATA 

Voltages for all transistors on Combiner and 
Carrier Insert PWB A2Al2Al and PPC At­
tenuator PWB A2Al2A2 are given in Tables 2 and 
3 respectively. Measurements were taken with a 
Tektronix Model 453 Oscilloscope while the 
Module was receiving normal De inputs. The 
selected mode was USB (that is, A2Al2 Pl-W was 
open circuited and -6 Vdc was present on A2Al2 
Pl-R, P, S, D, T, J and X) and the Carrier Level 
Selector was set at - CXJ • 

3 
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TABLE 2. TRANSISTOR VOLT AGE DATA 
FOR COMBINER AND CARRIER 
INSERT PWB A2Al2Al 

Transistor 

Ref.· Base Emitter Collector 

Desig. 

AIQI 230mV P-P 
0 +6 Vdc 

-3 Vdc 

AIQ2 -0.7 Vdc GND 0 

AIQ3 -0.7 Vdc GND 0 

AIQ4 -0.7 Vdc GND 0 

AlQ5 0 0 +6 Vdc 

AIQ7 -0.6 Vdc 0 +3.3 Vdc 

AIQ8 30mV P-P 30mV P-P 30mV P-P 

+ 2.2 Vdc + 1.3 Vdc +3.3 Vdc 

AIQ9 -0.6 Vdc 0 + 3.3 Vdc 

AJQJO -0.6 Vdc 0 +3.3 Vdc 

AIQ11 +6 Vdc +6 Vdc + 3.3 Vdc 
AJQ12 +6 Vdc +6 Vdc +3.3Vde 

A1Q13 +4.4 Vdc +5 Vdc + 1.5 V@c 

A1Q14 + 1.5 Vdc +0.8 Vdc +6 Vdc 
'~-

TABLE 3. TRANSISTOR/INTEGRA TED 
CIRCUIT VOLT AGE DATA FOR 
PPC 'ATTENUATOR PWB A2A12A2 

Transistor 

Ref.Desig 
Base Emitter Collector 

A2QJ + 3.9 Vdc + 4.5 Vdc + 3. 7 Vdc 

A2Q2 +4 Vdc +4.6 Vdc + 3. 7 Vdc 

A2Q3 + 3. 7 Vdc +2.9 Vdc +5. 7 Vdc 

Integrated Integrated circuit Pin Number 

I 

I 

Circuit 1 2 3 4 5 6 7 s I 

7. 

7.5 12 + .5 
A2ZI Gnd mY Gnd mY Vdc 

R:>-1S R:>-15 

COMBINER MODULE A2AI2 
ADJUSTMENTS 

+6 -6 I 
Vdc Vdc Gnd I 

The procedures of subsequent paragraphs 7 .I 
through 7.2.4 allow adjustment of the Combiner 

4 

Module A2Al2 output to 12m V RMS (- 25 dBm) for 
the Upper Sideband (USB) and Lower Sideband 
LSB) inputs, and 3m V RMs for the Upper Upper 
Sideband (UUSB) and Lower Lower Sideband 
(LLSB) inputs. (UUSB and LLSB are present in 
the Model RF-131-126 Exciter only.) The -25dBm 
level will be correct for system installations that use 
a 6 dB level difference between tune power and full 
rated power output. 

Refer to the installation procedures in Part 2 of 
the General Information Section of this book for 
instructions applicable to systems that use a tune 
power output that is more or less than - 6dB from 
full rated power output. 

NOTE 

Table 4 shows both a Spectrum Analyzer and 
Oscilloscope representation of the Combiner 
Module A2Al2 outputs for the various exciter 
modes (as selected by the MODE Selector on 
Control Head A2A6). 

7 .I CARRIER LEVEL ADJUSTMENT 

The Carrier Level can be adjusted by setting 
potentiometer A2Al2AlR15 (Figure 4) to provide 
a module output of 12mV RMs (- 25dBm ... at 
A2AI2Pl-U) into a 50 ohm load, with no sideband 
(audio) inputs or carrier attenuators switched in. 

To adjust the carrier level, with the module in­
stalled in the exciter, proceed as follows: 

a. Place exciter MODE Selector (on Control Head 
A2A6) in CW position. 

b. Monitor the I. 75MHz Carrier Input Level 
(from Special Frequencies Module A2Al0) at 
Pin H of module connector A2A 12P I or ter­
minal E9 of Combiner and Carrier Insert PWB 
A2AI2Al. Input level indicated should be ap­
proximately 75 m V RMS into 50 ohm load. 

c. Connect an RF voltmeter with a high im­
pedance probe to Pin U of module connector 
A2A 12P I or terminal E7 of PPC Attenuator 
PWB A2AI2A2. 

d. Adjust potentiometer A2Al2AIRI5 to obtain a 
12m V R~ls indication on the voltmeter. 
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TABLE 4. COMBINER MODULE A2A12 OUTPUTS- FULL RATED PEP 
FOR VARIOUS MODES OF EXCITER OPERATION 

EXCITER 

LSB 

USB 

AM 

cw 

2 CHANNEL 
ISB 

4 CHANNEL 
ISB 

(MODEL 
RF-131-126 
ONLY) 

ANALYZER DISPLAY 

-25.4 DBM 

I I I I I I I I I 
I I I I 
I . I I I 

CARRIER 

-25.4 DBM 

I I I I I 
I I I I 
I I I I 
f I f I 

CARRIER 

-31.4 DBM 

I I I I I I I I 
I I I 
l_ J I 

CARRIER 

-25.4 DBM 

I I I I • I I I t 
I I I I 
I I I I 

CARRIER 

-31.4 DBM 

. I I J I 

:_ --- : - : 
CARRIER 

-37.4 DBM 

I I 1 __ I I 
CARRIER 

OSCILLOSCOPE DISPLAY 

•r 34 MV P-P 
(12 MV RMS) 

MWWlM I 
34 MV P-P 
(12 MV RMS) 

~~IW~M~M I 34 MV P-P 

~WJ~I 

I 

' ':'Xi·vi!, 
"'!! 

i 

34 MV P-P 
(12 MV RMS) 

I 34 MV 
P-P 

I 34MV 
P-P 

5 



COMBINER MODULE 

7.2 SIDEBAND LEVEL ADJUSTMENTS 

Each of the sideband output levels can be ad­
justed by setting the appropriate input level poten­
tiometer to obtain a 12m V RMs output level (USB 
and LSB Channels) or 3m V RMs (UUSB and LLSB 
Channels - Model RF-131-126 only) when the side­
band input level to each channel is 12m V RMS· 

7 .2.1 USB SIDEBAND LEVEL ADJUSTMENT 

Adjust the USB Channel Sideband Level with 
the module installed in the exciter. Proceed as 
follows: 

NOTE 

For this adjustment, no Carrier Input should 
be present, and the 6 dB and 12 dB gates 
(routed from Pins V and M of module con­
nector A2Al2Pl, respectively) should be 
open. 

a. Place exciter MODE Selector (on Control Head 
A2A6) in USB position (Carrier fully suppress­
ed). 

b. Refer to the A2A7 RF Output Module Section 
in this book. Adjust PPC ADJ potentiometer 
A2A 7 A I R53 to its most positive direction. 

NOTE 

This adjustment effectively disables the PPC 
Attenuator PWB A2Al2A2, so that it will not 
affect the output at Pin U of A2A12Pl during 
the USB sideband level adjustment. 

c. Connect an audio oscillator to Case Assembly 
connector A lJ 5. 

d. Adjust the audio oscillator to provide a 1 kHz 
at 44m V RMs (into a 600 ohm impedance) input 
at AIJ5. 

e. Using an RF voltmeter with a high impedance 
probe, measure the input level at Pin A of 
module connector A2A 12P I. The input level 
should be 12m V Rr-.15 • 

NOTE 

1. If input level measured in step e is not 

6 

12m V RMS• the audio generator in Upper 
Sideband Generator Module A2A3 is not 
working properly. Refer to 
A2Al/ A2A2/ A2A3/ A2A4 Section of this 
book. 

2. The input frequency at A2Al2Pl-A will be 
approximately I. 75MHz. . 

f. Connect the RF voltmeter to Pin U of module 
connector A2A12Pl (module output) or ter­
minal E7 of PPC Attenuator PWB A2A12A2. 

g. Adjust USB Input Level potentiometer 
A2A12AIR27 to obtain a 12mVRMS output level 
indication at RF voltmeter. 

7 .2.2 LSB Sideband Level Adjustment 

Adjust the LSB Channel Sideband Level with the 
module installed in the exciter. Proceed as follows: 

NOTE 

For this adjustment, no Carrier Input should 
be present, and the 6dB and 12dB gates 
(routed from Pins V and M of module con­
nector A2A12Pl, respectively) should be 
open. 

a. Place exciter MODE Selector (on Control Head 
A2A6) in LSB position (Carrier fully suppress­
ed). 

b. Connect an audio oscilator to Case Assembly 
connector AIJ6. 

c. Adjust the audio oscillator to provide a 1kHz at 
44m V RMS (into 600 ohm impedance) input at 
AlJ6. 

d. Using an RF voltmeter with a high impedance 
probe, measure the input level at Pin C of 
module connector A2Al2Pl. The input level 
should be 12m V RMS· 

NOTE 

I. If input level measured in step d is not 
12m V RMS• the audio generator in Lower 
Sideband Generator Module A2A2 is not 
working properly. Refer to 
A2A I I A2A21 A2A3 A2A4 Section of this 
book. 
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2. The input frequency at A2A12P1-C will be 
approximately I. 75MHz. 

e. Connect the RF voltmeter i.o Pin U of module 
connector A2A12P1 (module output) or ter­
minal E7 of PPC Attenuator PWB A2A12A2. 

f. Adjust LSB Input Level potentiometer 
A2AI2AIR35 to obtain a 12mVRMS output level 
indication at RF voltmeter. 

g. If only the USB (paragraph 7 .2.1) and LSB 
Sideband Levels have been adjusted (Models 
RF-131-122 and -123), refer to paragraph 9 of 
the A2A 7 RF Output Module Section and re­
adjust PPC ADJ potentiometer A2A7A1R53 as 
specified therein. Otherwise, proceed to the 
UUSB and LLSB adjustments of paragraphs 
7.2.3 and 7.2.4 (Model RF-131-126 only). 

7 .2.3 UUSB Sideband Level Adjustment (Model 
RF-131-126 Exciter Only) 

Adjust the UUSB Channel Sideband Level with the 
module installed in the exciter. Proceed as follows: 

~OTE 

For this adjustment, all the front panel audio 
controls (INPUT LEVEL Controls A2Rl, 
A2R2, A2R3 and A2R4) should be rotated 
maximum counterclockwise. 

a. Place exciter MODE Selector (on Control Head 
A2A6) in 4ISB position (Carrier fully suppress­
ed). 

b. Connect an audio oscillator to Case Assembly 
connector A IJ2. 

c. Adjust the audio oscillator to provide a 1 kHz 
at 44m V R;-.ts (into a 600 ohm impedance) input 
at AJJ2. 

d. Using an RF voltmeter with a high impedance 
probe, measure the input level at Pin B of 
module connector A2A 12P I. The input level 
should be 12mVR\tS· 

:\OTE 

1. If input level measured in step d is not 
12m Y Rr>.tS• the audio generator in Upper 

COMBINER MODULE 

Upper Sideband Generator Module A2A4 
is not working properly. Refer to 
A2All A2A2/ A2A3-A2A4 Section of this 
book. 

2. The input frequency at A2A12Pl-B will be 
approximately 1.75MHz. 

e. Connect. a spectrum analyzer to Pin U of 
module connector A2A12P1 (module output) 
or terminal E7 of PPC Attenuator PWB 
A2A12A2. 

f. Adjust UUSB Input Level potentiometer 
A2A12A1R19 to obtain a 3mVRMS output level 
indication on the spectrum analyzer. 

NOTE 

The 12mVRMs input level is attenuated 12dB 
by the combined operation of the two 6dB at­
tenuators in the module. These are 
automatically switched in when the MODE 
Selector is placed in 4ISB position. Conse­
quently, the attenuated output is 3m V R:>.ts· 

7 .2.4 LLSB Sideband Level Adjustent (Model 
RF-131-126 Exciter Only) 

Adjust the LLSB Channel Sideband Level with the 
module installed in the exciter. Proceed as follows: 

NOTE 

For this adjustment, all the front panel audio 
controls (INPUT LEVEL Controls A2R 1, 
A2R2, A2R3 and A2R4) should be rotated 
maximum counterclockwise. 

a. Place exciter MODE Selector (on Control Head 
A2A6) in 4ISB position (Carrier fully suppress­
ed). 

b. Connect an audio oscillator to Case Assembly 
connector A I J I. 

c. Adjust the audio oscillator to provide a I kHz 
at 44m V R\ts (into a 600 ohm impedance) input 
at A lJ I. 

d. Using an RF voltmeter with high impedance 
probe, measure the input level at Pin F of 
module connector A2AI2Pl. The input level 
should be 12m Y R\ts. 

7 
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NOTE 

1. If input level measured in step d is not 
12m V RMS• the audio generator in Lower 
Lower Sideband Generator Module A2Al 
is not working properly. Refer to 
A2Al/A2A2/ A2A3/A2A4 Section of this 
book. 

2. The input frequency at A2Al2Pl-F will be 
approximately 1.75MHz. 

e. Connect a spectrum analyzer to Pin U of 
module connector A2Al2Pl (module output) 
or terminal E7 of PPC Attenuator PWB 
A2Al2A2. 

f. Adjust LLSB Input Level potentiometer 
A2Al2AIR43 to obtain a 3mVRMs output level 
indication on the spectrum analyzer. 

NOTE 

The 12m V RMS input level is attenuated 12dB 
by the combined operation of the two 6dB at­
tenuators in the module. These are 
automatically switched in when the MODE 
Selector is placed in 4ISB position Conse­
quently, the attenuated output is 3mVRMS· 

USB RF INPUT~ 
UUSB RF rNPUT @ 

Ll!SB GATE CONTROL 

CARRIER ., I f( 

-GVDC~ 12 db ENABLE _ 

CARRfER INSERT COI\TilOL 
CARillEH rNSERT CONTROL ~. 

g. Refer to paragraph 9 of the A2A 7 RF Output 
Module Section of this book and readjust PPC 
ADJ. potentiometer A2A 7 Al R53 as specified 
therein. 

8. MAINTENANCE PARTS LIST 

Table 5 lists the electronic components of Com­
biner Module. A2Al2. For a complete list of 
manufacturer's names and addresses, refer to 
Table 6-3 in the General Information Section of 
this book. 

E1 

FIGURE 1. PLATE ASSEMBLY A2A12A3 PIN 1928-4245 

01 I ,. LSB RF !!\PUT 

) ··1 ,.. LSn GATE CONTROL 
+t; VDC 

J-+.--- CARR!Eil rNSERT CONTROL 

CAimlEH KEY~ 11~Gdb ENABLE -r@ \ llF OUTPCT 
USB GATE CONTROL U LLSB GATE CONTROL 
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FIGURE 2. MODULE CHASSIS CONNECTOR A2J12 
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Figure 5. PPC Attenuator PWB A2Al2A2 Component Locations 
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NOTES: 

1. PREFIX ALl.. INCOMPLETE REF 
DESIGNATIONS WITH A2A12. 

2. UNLESS OTHERWISE SPECIFIED: 
A. ALL RESISTORS ARE IN 
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3.3K 

I OHMS, 1/4W, 10%. 
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Reference 
Designation 

A2A12 

MPI 

MP2 

PI 

A2Al2A1 

CJ, C2 

C3 

C4 

C5- C7 

C8 

C9 

CIO 

C11 

CJ2, Cl3 

CJ4 

CIS, Cl6 

Cl7 

CJ8,C19 

C20 

C21 - C24 

C25 

C26- C28 

C29 

C30,C31 

C32 -C34 

CRI, CR2 

CR3-CRJI 

COMBINER MODULE 

TABLE 5. MAINTENANCE PARTS LIST-Combiner Module A2Al2 

Name and Description Reference Name and Description 
Designation 

Two Channel Combiner Module Ll Inductor, 56 uH: 
Assembly:MFR 14304, PN 0759-4200-1 MFR 99800, PN 1025-62 
(:\ole I) L2 Inductor, 1000 uH: 

Pin, Connector: MFR 99800, PN 2500-28 

MFR 81312, PN I00-8000S Ql Transistor, NPN: 

Pin, Connector: MFR 01295, PN 2N4123 

Mil type MS17803-16-20 Q2- Q4 Transistor, PNP: 

Connector, Plug: MFR 01295, PN 2N4125 

MFR 81312, PN MRAC20PN7 Q5 Same as A1Q1 

Two Channel Combiner and Carrier Q6 Not Used 
Insert PWB Assembly: 
MFR 14304, PN 0759-4240-1 <:o;ote 2> 

Q7- QIO Same as A 1 Q 1 <:"'ote 3> 

Q11- Q13 Same as A 1 Q2 <l"ote 3> 

Capacitor, Fixed Ceramic, .OJ uF: 
MFR 72982, PN 8121-050-651-103M 

Capacitor, Fixed Ceramic, 1800 pF: 
M FR 72982, PN 810 J-050-651-182M 

Same as A1Cl 

QJ4 Same as A1Q1 

Rl Resistor, Fixed Composition, 56 !J 
± 10%, Y4 W: Mil type RC07GF560K 

R2 Resistor, Fixed Composition, 6.8K 
± 10%, Y4 W: Mil type RC07GF682K 

Capacitor, Fixed Ceramic, .1 uF: 
MFR 14304, PN CIJ-0005-104 

R3 Resistor, Fixed Composition, 2.2K 
± 10%, Y4 W: Mil type RC07GF222K 

Capacitor, Fixed Ceramic, !50 pF 
± !Oo/o, 100 WVDC: 
MFR 83125, PN DC-151K 

Same as AJCI 

R4 Resistor, Fixed Composition, 220 !J 
± 10%, Y<IW: Mil type RC07GF221K 

R5 Resistor, Fixed Composition, 560 !J 
± 10%, Y4 W: Mil type RC07GF561K 

Same as AIC5 R6 Resistor, Fixed Film, 33.2K 
Same as AJCJ (l"oteJ> ±I%, 1/8W: Mil type RN55D3322F 

Same as A I C5 (Note 3) R7 Resistor, Fixed Film, 7150 !J 

Same as AJCJ ± 1%, l/8W: Mil type RN55D7151F 

Same as AIC5 

Same as AJCI 

Same as A1C5 

R8 Resistor, Fixed Film, 1270 !J 
± 1%, 1/8W: Mil type RN55D1271F 

R9 Resistor, Fixed Film, 1400 !J 
± 1%, 1/8W: Mil type RN55D1401 F 

Same as A I C 1 (:o;oJe 3> RIO Resistor, Fixed Film, 215 !J 
Same as A I C5 t:"ote 3> ± 1%, 1/8W: Mil type RN55D2150F 

SameasAJCJ Rll Resistor, Fixed Film, !OK 

Same as AIC5 ± 1%, J/8W: Mil type RN55DI002F 

Capacitor, Fixed Tantalum, 3.3 uF, 
15 WVDC: Mil type CSRI3D335ML 

Rl2 Resistor, Fixed Film, 8870 !J 
± 1%, 1/8W: l'v1il type RN55D887JF 

SameasAIC5 Rl3, Rl4 Resistor, Fixed Composition, 1 K 
± !0%, 1/. W: Mil type RC07GFI02K 

Same as AICI 
R 15 Resistor, Variable Film, 5K: 

Hot Carier Diode: 
MFR 50444, PN 5082-2800 

MFR 35009, PN 156-4-SK 

Rl6 Not Used 
Diode, Silicon: 
Mil type I N3064 t:"ott· 3> R17 Resistor, Fixed Composition, 470 !J 

± 10%, Y.W: Mil type RC07GF471K 
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TABLE 5. MAINTENANCE PARTS LIST-Combiner Module A2A12 (Continued) 

Ht'ft'renct' Naml' and lk-...·ription 
l>l.'si~natiun 

A2AI2AI Continued 

Rl8 Not Used 

Rl9 Resistor, Variable WW, 50 Q:. 
MFR 80294, PN 3059P-500 1:\o•• Sl 

R20 Not Used 

R21 Same as AIRI3 (Nor. 5l 

R22 Resistor, Fixed Composition, 5.6K 
± IOOJo, \14 W: Mil type RC07GF562K 
1:\olt 5) 

R23, R24 Resistor, Fixed Composition, 4.7K 
± 10%, 1/.. W: Mil type RC07GF472K 
(:\ol• 5) 

R25 Same as A I R 13 (No•• Sl 

R26 Resistor, Fixed Composition. 330 f2 
± 10%, \14 W: Mil type RC07GF331 K 
,,..,,. 5) 

R27 Same as A I R 19 

R28 Not Used 

R29 Same as AIRI3 

R30 Same as A I R22 

R31, R32 Same as A I R23 

R33 Same as A I R 13 

R34 Same as A I R26 

R35 Same as AIRI9 

R36 Not Used 

R37 Same as A I R 13 

R38 Same as A I R22 

R39, R40 Same as A 1 R23 

R41 Same as A 1 R 13 

R42 Same as A I R26 

R43 Same as AIRI9 (:'\ol•51 

R44 Nor Used 

R45 Same as A I R 13 ''"''51 

R46 Same as A I R22 1"'"'' 51 

R47. R48 Same as A I R23 ''"''51 

R49 Same as A I R 13 ''"''51 

R50 Same as A I R26 1'"'' 5, 

R51 Re~i~tor. Fix~d Film, 649 I! 
:t: 111 'o, l/8\\': Mil type RN55D6490F 

R.'\2 Resistor. Fi\ed Film, 511 I! 
:t: I 0 ·o . I! 8 \\': M i I t y P<-' R !':55 D 5 I I 0 I 

~ -

14 

Rdert'nl·e 
l)e~i~naliun 

R53 

R54 

R55 

R56 

R57 

R58 

R59 

R60 

R61 

R62 

R63 - R65 

A2AI2A2 

Cl, C2 

C3 

C4, cs 

Ll, L2 
Ql, Q2 

Q3 

Rl 

R2 

R3. R4 

R5 

R6 

Rl 

R8 

II 

.-\2:\ l2A3 

Rl. R2 

'.;am•.· and l>t'wrir•;on 

Resi~tor, Fixed him, 280 1l 
±I%, I/8W: Mil type RN55D2800F 

""'' 61 

Same as A I R 13 

Same 'as A I R23 

Same as A I R 13 ''o•• 61 

Same as A I R23 ''or. 61 

Resistor, Fixed Film, 6810 f2 
± 1%, I/8W: Mil type RN55D6811F 

Resistor, Fixed Composition, 18K 
± 100/o, 1/..W: Mil type RC07GFIX3K 

Same as AIRI3 

Resistor. Fixed Composition. 1.5K 
± IOOfo, 114\V: Mil type RC07GFI52K 

Resistor, Fixed Composition. 180 !I 
± wo:o. 11.\V: Mil type RC07GI·IXIK 

Resistor, Fixed·Composition, 3.3K 
± 100/o, 114 W: Mil type RC07GF332~ 

PPC Attenuator PWB Assembly: 
MFR 14304, PN 0759-4270 "o" 11 

Capacitor, Fixed Ceramic, .I uF; MFR 
14304, PN Cll-0005-104 

Capacitor, Fixed Ceramic, .01 uF: 
MFR 72982, PN 8121-050-651-103M 
Capacitor, Fixed, 47 uF, 35V; Mil type 
MS39003/l-2313* 
Qwke, I mH: MFR 99800, PN 2500-28 

Transistor, PNP: 
MFR 01295, PN 2N4125 

Transi,tor. NPN: 
MFR 0121J5. PN 2:'-J412.'\ 

Sam<.' a' A I Rh3 

Same a' A I R2 

Same a, A I R 13 

Same a-. A I R63 

Same a~ A I R61 

Same a~ A I R62 

SameasAIR2 

Attenuator: i\lFR 14304. PN 07."9-5l)()() 

Plate Assembly: 
i\lFR 14304, PN 1928-4245 

Resistor. Fi.\ed Cornpo\ition. 101-: 
:t: Joo·o. '•\\·: :'1-lilt~rt' RC07(;FJO.\f.., 
t'Uit' "'I 

*Applies to units with Serial No. lower than SN1741 



~ 

\ 

) 

( 

NOTES: 

1. FOUR CHANNEL COMBINER MODULE A2A12 PART NUMBER IS 0759·4200 (APPLIES TO RF-131 
MODELS ·126/·176 ONLY) 

2. FOUR CHANNEL COMBINER AND CARRIER INSERT PWB A2A12A1 PART NUMBER IS 0759·4240 
(APPLIES TO RF-131 MODELS ·126/-176 ONLY) 

3. COMPONENTS C11, C12, C13, C21, C22, C23, CR4, CR5, CRW, CR11, 07,010 AND 012 ARE USED 
IN THE FOUR CHANNEL COMBINER AND CARRIER INSERT PWB ONLY. 

4. NOT USED 

5. COMPONENTS R19, R21, R22, R23, R24, R25, R26, R43, R45, R46, R47, R48, R49 AND R50 ARE 
USED IN THE FOUR CHANNEL COMBINER AND CARRIER INSERT PWB ONLY. 

6. THESE COMPONENTS ARE USED ONLY IN THE FOUR CHANNEL COMBINER AND CARRIER 
INSERT PWB. 

7. THE PPC ATTENUATOR PWB IS THE SAME IN BOTH TWO AND FOUR CHANNEL EXCITERS. 

8. NOT USED 

9. R1 AND R2 ARE PART OF THE 0759·4202 CABLE ASSEMBLY 
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UNIT INSTRUCTIONS 

50 KHZ INPUT 

SUBCARRIER 
GENERATOR 
ASSEMBLY 
(RF-131 MODELS ·126/-176 ONLY) 

PHASE 
DETECTOR 

1.258 MHZ 
vcxo 

FROM SPECIAL P 
FREQUENCIES -o ' ..., 
MODULE A2A10 

L LSB/UUSB 
ENABLE OR 
INHIBIT INPUT D - ---- - -- -
FROM MODE 
SELECT PWB 
A2A6A2 

25KHZ 
,..-----, 

- -

AGC 
DET 

A2A13 

- -

OFFSET GENERATOR 
PWB A2A13A1 

----
1.756250 MHZ OR 
1.756290 MHZ 
UPPER SUBCARRIER 
OUTPUT TO UUSB 
GENERATOR 
MODULE A2A4 

" A 

11.743750 MHZ OR 
1. 743710 MHZ 
LOWER SUBCARRIER 
OUTPUT TO LLSB 
GENERATOR 

175 MHZ INPUT B 
-- -- .. - H H H I I MODULE A2A1 XlAL XTAL BUFFER FROM SPECIAL 

FIL TEA AMPL FIL TEA AMPL II 1 c 
MODULE A2A10 

SUBCARRIER GENERATOR 
PWB A2A13A2 
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1. GENERAL DESCRIPTION 

Subcarrier Generator Assembly A2A 13 
generates the two frequencies required to produce 
the two outboard sideband channels (Upper Upper 
Sideband - UUSB and Lower Lower Sideband­
LLSB). The assembly comprises Offset Generator 
PWB A2A 13A 1 and Subcarrier Generator PWB 
A2Al3A2, as shown in the block diagram on the 
cover sheet of this section. 

Depending on assembly strapping and trimming 
adjustments, Subcarrier Generator PWB 
A2A13A2 can generate the following frequencies: 

1.743710 MHz LLSB and 1.756290 MHz UUSB 
for 6290 Hz Offset Channels 

1.743750 MHz LLSB and 1.756250 MHz UUSB 
for 6250 Hz Offset Channels 

When frequencies of 1.743710 MHz and 
1.756290 MHz are required, a phase locked crystal 
oscillator in Offset Generator Board A2A13A1 
generates a 6290 Hz frequency. This frequency is 
divided by 100 in Subcarrier Generator PWB 
A2Al3A2 and mixed with a 1.75MHz Carrier 
Signal from Special Frequencies Module A2A10. 
The sum and difference products of this mixing are 
the required subcarrier output frequencies. 

When frequencies of 1. 743750 MHz and 
1.756250 MHz are required, the output of Offset 
Generator PWB A2Al3A1 is not used. The Offset 
Frequency is obtained by dividing a 50kHz input 
frequency (from Special Frequencies Module 
A2Al0) by 8 in the Subcarrier Generator PWB 
A2Al3A2. The resultant 6250Hz Offset Frequency 
is mixed with the 1. 75MHz Carrier Signal to pro­
vide the required subcarrier output frequencies. 

The selection of just which sets of output fre­
quencies are to be generated is determined by the 
way in which Subcarrier Generator Assembly 
A2A13A2 is strapped. In both instances, the out­
put frequencies are gain-controlled and adjustable, 
to provide output levels of 75m Y R~ts to the UUSB 
and LLSB Generator Modules (A2A4 and A2A I, 
respectively). 
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2. TECHNICAL CHARACTERISITCS 

Dimensions: 
4-118 in. (H) x 2-118 in. (W) x 5-718 in. (D) 
10.5 em (H) x 5.4 em (W) x 14.9 em (D) 

Power Requirements: 
+ 5Vdc at 150 rnA 
+ 6Ydc at 44 rnA 
- 6Ydc at 32 rnA 
+ 18Ydc at 7 rnA 

Signal Inputs: 
50kHz at 2.4V p-p minimum 
1.75MHz at 75 mVRMS· 

Subcarrier Enable (Logic): 
>1.0 Vdc = ON condition 

0 Vdc (approximately) = OFF condition 

Signal Outputs: 
1.743710 MHz and 1.756290 MHz at 75mVR:vts 

for a 6290 Hz Offset Input Frequency 
1. 743750 MHz and 1. 756250 MHz at 75m V R:-ots 

for a 6250 Hz Offset Input Frequency 

Impedance (Rf inputs and outputs): 
50 ohms 

3. SEMICONDUCTOR COMPLEMENT 

Table 1 lists all the semiconductors used in the 
Subcarrier Generator Assembly A2Al3. 

TABLE I. SEMICONDUCTOR COMPLEMENT 

Reference 
Type function 

Designation 

A2AI3AI 

CRI I N3064 Diode 
CR2 MVI638 Diode (Voltage Variable-

Capacitance) 
CR3 I N3064 Diode 
Ql 2N4I23 Transistor 
Q2 2N4I25 Transistor 
Q3 3NI53 Transistor 
Q4 2N4264 Transistor 
Q5 3NI53 Transistor 
Q6 2N5089 Transistor 
Q7 2N5 I 79 Transistor 
QS, Q9 2N4I23 Transistor 
Zl SN7472N J-K-Fiip-Flop 

-
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Table 1. Semiconductor Complement 

Reference 
T)·pe 

Designation 
Function 

Z2 SN74HOON Quad 2-Input NAND 
Z3 SN7430N 8-Input NAND 
Z4 SN7493N 4-Bit Binary Counter 
Z5 SN7476N Dual J-K Flip-Flop 
Z6 SN7490N Decade Counter 

A2Al3A2 

Ql, Q2 Not used 
Q3- Q5 2N4123 Transistor 
Q6- Q9 2N4125 Transistor 
Zl, Z2 SN74L90 Decade Counter 
Z3 1976-4330 Double Balanced Mixer 
Z4, Z5 CA3028A Differential/Cascade 

Amplifier 
Z6 SN7472N J-K Flip-Flop 

4. CIRCUIT DESCRIPTIONS 

4.1 Offset Generator PWB A2A13A1 

The 6290 Hz offset frequency is generated by 
phase-locking a 1.258 MHz VCXO at a reference fre­
quency derived from the 1 MHz standard. This fre­
quency is divided by 2 on Offset Generator PWB 
A2Al3A1 and then by 100 on Subcarrier Generator 
PWB A2A13A2. 

Referring to Figure 4, the 1.258 MHz VCXO 
(Q7, crystal Y 1, and variable capacitance diode 
CR2) is followed by amplifiers Q8 and Q9. The 
output of Q9 is TTL compatible; that is, it will 
drive TTL dividers ZI and Z6. The output of Zl 
(-:- 2) is 629 kHz and is applied to Subcarrier 
Generator PWB A2A I 3A2, where it is divided by 
100 to become the 6290 Hz Offset Frequency. Z6 is 
the first stage of a -:- 629 counter. Z6 through Z4 
form a basic d'tvide-by-640 circuit: division by 629 
is accomplished by Z3, which detects the count of 
629 and resets the divider to zero via Z2. The out­
put at Z2-3 is a negative going pulse whiCh resets 
Z5, and the output at Z2-6 is a positive-going pulse 
which resets Z4 and Z6. The 2.0 kHz divider out­
put is applied through amplifier Q4 to sampling 
FET Q3 in the sample-and-hold phase detector. 

A 50 kHz square-wave from the Special Fre­
quencies Module A2AIO is applied via A2Al3 
PI-P to Z2-9. The output of Z2-8 is applied 
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through amplifier Q 1 to ramp discharge transistor 
Q2. A ramp waveform is established by charging 
C24 through R9 and then quickly discharging C24 
through Q2 at the 50 kHz reference rate. Each 
pulse from the -:- 629 counter turns on Q3 momen­
tarily, sampling the ramp at that time. The sampled 
voltage is stored on memory capacitor C 11, where 
it is held between samples. Q5 is a MOSFET con­
nected as a source follower to minimize loading on 
the memory capacitor. Q6 amplifies the output of 
the phase detector and, by adjusting the bias 
voltage of CR2, controls the oscillator frequency, 
completing the loop. Rl2 can be adjusted to com­
pensate for differences in offset voltages on in­
dividual MOSFET's. For further information on 
phase locked loops, see the Low Band PLL 
Module A2Al4 section of this manual. 

4.2 Subcarrier Generator PWB A2Al3A2 

4.2.1 6290Hz Offset Frequency 

The 629 kHz signal from the Offset Generator 
PWB A2Al3A1 is applied to frequency dividers Z1 
and Z2. Zl and Z2 are digital counters with -:- 2, 
-:- 5 or -:- 10 capabilities. When a 6290 Hz offset 
frequency is desired, terminal E16 is strapped to 
terminal El7. With this strapping, the 629 kHz in­
put is divided by five on Z2, by 10 on Z1 and then 
by 2 on Z2 again to provide a total division of 100, 
with a 50 percent duty cycle. This output is then ap­
plied to the input of mixer Z3. 

4.2.2 6250Hz Offset Frequency 

When a 6250Hz offset frequency is desired, ter­
minal EI6 is strapped to terminal El8. With this 
strapping, the 50 kHz input from the Special Fre­
quencies Module A2A 10 is divided by eight to ob­
tain 6250Hz. The -:- 8 is accomplished by using the 
-:- 2 portions of Z 1 and Z2 successively. As in the 
case of the 6290Hz offset frequency, the output of 
Z2 is applied to mixer Z3. 

4.2.3 Selection of Either Offset Frequency 

Whichever offset frequency is used, the output 
from the Subcarrier Generator is desired only when 
4 ISB has been selected. To accomplish this, a 
positive voltage from the Mode Select PWB 
A2A6A2 of the Control Head, is applied to A2A I 3 
PI -D. This positive voltage is applied to the base of 
Q3, via R23, biasing On Q3 which grounds pin 2 of 
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Z2. Pin 2 of Z2 must be at ground for Z2 to pro­
vide an output. Since either the 6250Hz or the 
6290Hz offset frequency signal appears at the out­
put of Z2, this circuit effectively controls the out­
put of the Subcarrier Generator. Thus, when Q3 is 
biased On, the proper frequency appears at the in­
put to mixer Z3. 

The mixer also receives a 1.75 MHz carrier fre­
quency input in addition to the offset frequency 
signal. This signal is applied to Z3, pin 4. The 
resulting outputs from the mixer are thus 1. 75 
MHz plus the Offset Frequency and 1.75 MHz 
minus the Offset Frequency. These outputs are ap­
plied to the inputs of two filter stages. 

Since the two filters are identical except for fre­
quency, only one filter will be described . 

The mixer output is capacitively coupled through 
C22 to the first crystal filter consisting of Y1, C7, 
and T1. Crystal Y 1 is cut midway between the two 
possible UUSB Offset Frequencies at 1. 756270 
MHz. (The other filter is cut for 1.743730 MHz for 
the opposite (LLSB) sideband channel.) Capacitor 
C7 cancels capacitive coupling through the crystal 
to Tl. The output ofT1 is applied with a maximum 
voltage gain of about 10. The output signal from 
amplifier Z4 is coupled through C24 to the second 
filter consisting of Y2, C25, and T2. Y2 is cut to 
the same frequency as Yl. Trimmer C25 provides 
fine adjustment to null undesired mixing products. 
Buffer amplifier Q4 provides a fixed load for the 
second crystal filter, and additional voltage gain. 
The output of Q4 will then be either 1. 756290MHz 
or 1. 756250 MHz. Resistor R32, in the attenuator 
network comprising R31, R32, and R33, is ad­
justed for an output of 75 mY R:--15(- 9.5 dBm) into 
a 50 ohm load. 

5. ADJUSTMENT AND ALIGNMENT 
PROCEDURES 

5 .l Offset Generator PWB A2A 13A I 

Upon replacement of any component in the Off­
set Generator PWB A2A13AI, the following ad­
justment procedure should be performed. 

a. Connect Channel I of a Tektronix 453 (or 
eqivalent) Oscilloscope to A2A 13A I TP4. Use a 
high impedance probe, and adjust the oscil­
loscope to trigger on this waveform. 

SUBCARRIER GENERA TOR 

b. Connect Channel 2 of the oscilloscope to 
A2A13A1TP3. Adjust the oscilloscope vertical 
display for Chopped Mode. 

c. Insure that the oscilloscope is triggering on the 
waveform at A2Al3AITP4 

d. Adjust A2Al3A1Rl2 until the waveform at 
TP3 remains fixed with respect to the waveform 
at TP4, instead of slowly drifting. 

e. Further adjust R12 so that each TP4 pulse is 
centered between the two TP3 pulses occurring 
immediately before and after it. 

5.2 Subcarrier Generator PWB A2Al3A2 
Alignment Procedure 

a. Connect a HP 8553B/8552B (or equivalent) 
Spectrum Analyzer to A2Al3P1-A. 

b. Adjust C25 for a spur content of greater than 
- 50dB at ±50KHz of subcarrier A2 center fre­
quency. 

c. Adjust R32 for a -9.5 dBm output level. 

d. Connect a HP 8553B/8552B (or equivalent) 
Spectrum Analyzer to A2Al3 P1-C. 

e. Adjust C29 for a spur content of greater than 
- 50dB, at ±50KHz of subcarrier B2 center 
frequency. 

f. Adjust R41 for a - 9.5dBm output level. 

6. MAINTENANCE PARTS LIST 

Refer to Table 2 for the Maintenance Parts List 
for Subcarrier Generator Assembly A2AI3, Part 
Number 1976-4300. For a listing of Manufacturer's 
Codes refer to Table 6-3 in the General Informa­
tion Section. 
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Figure 2. Module Chassis Connector A2J 13 Top View 
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TABLE 2. MAINTENANCE PARTS LIST-Subcarrier Generator Assembly A2A13, PN 1976-4300 

Reference N arne and Description 
Designation 

A2AI3 Subcarrier Generator Assembly: 
MFR 14304, PN 1976-4300 

FLI Filter Plate Assembly: 
MFR 14304, PN 0759-4304 

FLICI-C4 Not Used 

FLIC5 Capacitor, Feed-thru, Ceramic, 
1800 pF, 250V: 
MFR 72982, PN 1214-001 

FLIC6 Not Used 

FL1C7 Capacitor, Feed-thru, Ceramic, 
1800 pF, 250V: 
MFR 72982, PN 1214-001 

FLIC8 Not Used 

FLIC9 Capacitor, Feed-thru, Ceramic, 
1800 pF, 250V: 
MFR 72982, PN 1214-001 

FLICIO Not Used 

FLICII Capacitor, Feed-thru, Ceramic, 
1800 pF, 250V: 
MFR 72982, PN 1214-001 

FLIC12 Not Used 

FL!C13 Capacitor, Feed-thru, Ceramic, 
1800 pF, 250V: 
MFR 72982, PN 1214-001 

FLICI4-17 Not Used 

FLIC18 Capacitor, Feed-thru, Ceramic, 
1800 pF, 250V: 
MFR 72982, PN 1214-001 

FLIC19-21 Not Used 

FLIC22 Capacitor, Feed-thru, Ceramic, 
1800 pF, 250V: 
MFR 72982, PN 1214-001 

FLIC23 Not Used 

FLIC24 Capacitor, Feed-thru, Ceramic, 
1800 pF, 250V: 
MFR 72982, PN 1214-001 

MPI-MP-l Connt:ctor Pin, Coaxial, l'vlale: 
MFR 81312, PN J00-8000S 

MP5-IO Connector Pin, l'vlale: 
J\lil typt: MSJ7803-16-20 

PI Connt:ctor, Rt:ctangular, 14 Pin: 
I t\IFR 81312, PN J\IRACJ-lPN7 
' 

A2AI3AJ Offset Generator PWB Asst:mbly: 
t\IFR 14304, PN 0759-4310 

---- ------

I 
I 

Reference 
Designation Name and Description 

C 1 I Capacitor, Fixed Ceramic, 

C2 

C3 

C4 

cs 

C6 

C7,C8 

0.1 uF, ± 20<1Jo, 50V: 
MFR 14304, PN C11-0005-104 

Capacitor, Fixed Tantalum, 
47 uF, ± 20<1Jo, 20V: 
Mil type CSR13E476ML 

Capacitor, Fixed Ceramic, 
0.1 uF, ± 20<1Jo, 50V: 
MFR 14304, PN Cl1-0005-104 

Capacitor, Fixed Ceramic, 
1800 pF, ± 10<1Jo, 100V: 
MFR 83125, PN DC-182K 

Capacitor, Fixed Ceramic, 
470 pF, ± 10<1Jo, 200V: 
MFR 83125, PN DC-471K 

Capacitor, Fixed Ceramic, 
0.1 uF, ± 20<1Jo, 50V: 
MFR 14304, PN C11-0005-104 

Capacitor, Fixed Tantalum, 
6.8 uF, ± 20<1Jo, 35V: 
Mil type CSR13F685ML 

C9 I Capacitor, Fixed Ceramic, 

CIO 

Cl1 

Cl2 

Cl3 

Cl4 

CIS 

Cl6 

0.1 uF, ± 20<1Jo, 50V: 
MFR 14304, PN C11-0005-104 

Capacitor, Fixed Tantalum, 
68 uF, ± 20<1Jo, 15V: 
Mil type CSR13D686ML 

Capacitor, Fixed Ceramic, 
1000 pF, ± 10<1Jo, 100V: 
MFR 83125, PN DC-102K 

Capacitor, Fixed Ceramic, 
0.1 uF, ± 20<1Jo, 50V: 
MFR 14304, PN Cl 1-0005-104 

Capacitor, Fixed Ceramic, 
0.01 uF, ± 20<1Jo, 50V: 
l'v!FR 14304, PN Cll-0005-103 

Capacitor, Fixed Tantalum, 
22 uF, ± 201rfo, 15V: 
Mil type CSRI30226ML 

Capacitor, Fixed Ceramic, 
10 pF, ± IOOJo, 200V: 
MFR 83125, PN DC-1001-.: 

Capacitor, Fixed Ceramic, 
0.01 uF, ± 20rr1o, JOY: 
MFR 14304, PN Cl 1-0005-103 

9 
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TABLE 2. MAINTENANCE PARTS LIST-Subcarrier Generator Assembly A2Al3, PN 1976-4300 (Continued) 

Reference Name and Description 
Designation 

Reference 
Name and Description Designation 

C17 Capacitor, Fixed Ceramic, 
1000 pF, ± 100Jo, 100V: 

R5 Resistor, Fixed Composition, 560 Q 

± JOOJo, 1;4 W: Mil type RC07GF561K 
MFR 83125, PN DC-102K R6 Resistor, Fixed Composition, I. 8K 

C18 Capacitor, Fixed Ceramic, ± lOOJq, 114 W: Mil type RC07GFI82K 
0.1 uF, ± 200Jo, 50V: R7 Resistor, Fixed Composition, 820 Q 
MFR 14304, PN C11-0005-104 ± lOOJo, \4 W: Mil type RC07GF82IK 

C19- C21 Capacitor, Fixed Ceramic, R8 Resistor, Fixed Composition, 680 Q 
0.01 uF, ± 200Jo, 50V: ± lOOJo, \4 W: Mil type RC07GF68IK 
MFR 14304, PN C11-0005-103 

R9 Resistor, Fixed Film, I2.1K 
C22 Capacitor, Fixed Tantalum, ±I OJo, l/8W: Mil type RN55DI212F 

47 uF, ± 200Jo, 35V: 
Mil type CSR 13F476ML 

C23 Capacitor, Fixed Ceramic, 
0.1 uF, ± 200Jo, 50V: 

RIO Resistor, Fixed Composition, 680 Q 

± lOOJo, \4 W: Mil type RC07GF68IK 

RI 1 Resistor, Fixed Film, 1.5K 
MFR 14304, PN Cll-0005-104 ±I OJo, l/8W: Mil type RN55DI501F 

C24 Capacitor, Fixed Ceramic, 
3300 pF, ± 100Jo, !OOV: 

RI2 Resistor, Variable, 500rl: 
MFR 35009, PN 150-l-500rl 

MFR 83125, PN DC-332K Rl3 Resistor, Fixed Film, 511 Q 

C25 Capacitor, Fixed Ceramic, ±I OJo, 1t/8W: Mil type RN55D5110F 
0.1 uF, ± 200Jo, 50V: 
MFR 14304, PN Cll-0005-104 

RI4, Rl5 Resistor, Fixed Composition, 1 OK 
± lOOJo. \4 W: Mil type RC07GF103K 

CRl Diode: Type 1N3064 Rl6 Resistor, Fixed Composition, 8.2 Q 

CR2 Diode: MFR 04713, PN MV1638 ± lOOJo, V4W: Mil type RC07GF822K 

CR3 Diode: Type 1 N3064 Rl7 Resistor, Fixed Composition, lOOK 

Ll Inductor, Fixed, RF, 15 uH: 
± lOOJo, 1;4 W: Mil type RC07GF104K 

MFR 99800, PN 1537-40 RI8 Resistor, Fixed Composition, 2.2K 

L2 Inductor, Fixed, RF, 240 uH: 
± IOOJo, 1;4 W: Mil type RC07GF222K 

MFR 99800, PN 1537-94 RI9 Resistor, Fixed Composition, 5.6K 

L3 Inductor, Fixed, RF, 1 mH: 
± IOOJo, 1;4 W: Mil type RC07GF562K 

MFR 99800, PN 2500-28 R20 Resistor, Fixed Composition, IOK 

Transistor, NPN: Type 2N4123 
. 

Q1 

Q2 Transistor, PNP: Type 2N4125 

± IOOJo, 1;4 W: Mil type RC07GFI03K 

R2I Resistor, Fixed Composition, 2.2K 
± IOOJo, 114 W: Mil type RC07GF222K 

Q3 Transistor, FET: Type 3N 153 
R22 Resistor, Fixed Composition, I 50 Q 

Q4 Transistor, NPN: Type 2N4264 ± JOOJo, 114W: Mil type RC07GFI51K 

Q5 Transistor, FET: Type 3N 153 R23 Resistor, Fixed Composition, 8.2K 

Q6 Transistor, NPN: Type 2N5089 ± IOOJo, 1;4 W: Mil type RC07GF822K 

Q7 Transistor, NPN: Type 2N5179 

Q8, Q9 Transistor, NPN: Type 2N4123 

Rl, R2 Resistor, Fixed Composition, 470 Q 

± 10a1o, '14W: Mil type RC07GF47JK 

R3 Resistor, Fixed Composition, 2.2K 
± JOOJo, '!. W: Mil type RC07GF222K 

R4 Resisto~. Fixed Composition, 4.7K 
± IOOJo, 114 W: Mil type RC07GF472K 

R24 Resistor, Fixed Composition, 2.7K 
± 10%, '!. W: Mil type RC07GF272K 

R25 Resistor, Fixed Composition, 680 n 
± IOOJo, '14 W: Mil type RC07GF681 K 

R26 Resistor, Fixed Composition, 2.7K 
± IOOJo, '14 W: Mil type RC07GF272K 

R27 Resistor, Fixed Composition, I K 
± 10a1o, 114 W: Mil type RC07GFI02K 

10 
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TABLE 2. MAINTENANCE PARTS LIST-Subcarrier Generator Assembly A2Al3, PN 1976-4300 (Continued) 

If Reference i'>ame and Description 
Designation 

Reference 
Name and Description Designation 

R28 Resistor, Fixed Composition, 6.8K TP5 Jack, Test Point, Pc Board, Green: 
± 1007o, Y. W: Mil type RC07GF682K MFR 14304, PN J60-0001-004 

R29 Resistor, Fixed Composition, 100 Q XY1 Socket, Crystal: 
± 10%, Y. W: Mil type RC07GF101K MFR 91506, PN 8000-AGI0-1 

' 
R30 Resistor, Fixed Composition, 1K Y1 Crystal, 1.258 MHz: 

± 10%, Y. W: Mil type RC07GFI02K Mil type CR-18A/U 1.258 MHz 
R31 Resistor, Fixed Composition, 6.8K 

± 1 007o, Y. W: Mil type RC07GF682K 
-Z1 Integrated Circuit: 

MFR 01295, PN SN7472N 
R32 Resistor, Fixed Composition, 15K 

± 10%, Y. W: Mil type RC07GFI53K 

R33 Resistor, Fixed Composition, 10K 
± 5%, Y. W: Mil type RC07GF103J 

R34 Resistor, Fixed Composition, 68 Q 
± 10%, Y. W: Mil type RC07GF680K 

II 

'i 

Z2 Integrated Circuit: 
MFR 01295, PN SN74HOON 

Z3 Integrated Circuit: 
MFR 01295, PN SN7430N 

Z4 Integrated Circuit: 
MFR 01295, PN SN7493N 

R35 Resistor, Fixed Composition, 2.2K 
± 10%, Y. W: Mil type RC07GF222K 

Z5 Integrated Circuit: 
MFR 01295, PN SN7476N 

R36 Resistor, Fixed Composition, 270 Q Z6 Integrated Circuit: j 

± 10%, Y.W: Mil type RC07GF271K MFR 01295, PN SN7490N 

R37 Resistor, Fixed Composition, 2.2K 
± 10%, Y. W: Mil type RC07GF222K 

] A2AJ3A2 Subcarrier Generator 
PWB Assembly: 

TP1 Not Used MFR 14304, PN 1976-4320 

TP2 Jack, Test Point, PWB, Red: CJ - C6 Capacitor, Fixed Ceramic, 
MFR 14304, PN J60-000I-002 0.1 uF,± 20%, 50Y: 

TP3, TP4 Not Used MFR 14304, PN C11-0005-104 

TP5 Jack, Test Point, PWB, Green: 
I\IFR 14304, PN ]60-0001-004 

C7 Capacitor, Fixed Mica, 5 pF, 
500Y: Mil type CM05CD050D03 

XYI Socket, Crystal: 
MFR 91506, PN 8000-AG10-J 1 

I 

C8 Capacitor, Fixed Ceramic, 
0.1 uF, ± 20%, SOY: 
MFR 14304, PN C11-0005-104 

Yl Crystal, 1.258 MHz: 
C9 Not Used 

1'vlil type CR-18A/UJ.258 MHz 

Zl Integrated Circuit: 
:\IFR 01295, PN SN7472N 

r 
t 

C10 Capacitor, Fixed Ceramic, 
0.1 uF, ± 20%, SOY: 
MFR 14304, PN CJI-0005-104 

Z2 Integrated Circuit: Cll-Cl3 Not Used 
:\IFR 01295, PN SN74HOON 

Cl4 Capacitor, Fixed 1\lica, 5 pF, 500Y: 
Z3 Integrated Circuit: Mil type CM05CD050003 

:\!FR 01295, PN SN7-l30N 

R36 Resistor, Fixed Composition, 270 Q 

± JOU/o, 1/.: \V: ivlil type RC07GF271!...: 
j 

CIS Capacitor, Fixed Ceramic. 
0.1 uF, ± 2oo:·o, 50\': 
MFR 14304, PN Cll-0005-104 

R37 Resistor, Fixed Composition, 2.2K Q 
:::: 10<\'o, 11.: \\': 1\lil type RC07GF222K 

TPI Not Used J 
Cl6 Not Used 

TP2 Jack, Test Point, Pc Board, Red: 
:\IFR 14304, PN J60-000l-002 

TP3. TP4 Not Used 
J 

--
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TABLE 2. MAINTENANCE PARTS LIST-Subcarrier Generator Assembly A2A13, PN 1976-4300 (Continued) 

Reference Name and Description 
Designation 

Reference Name and Description 
Designation 

Cl7 Capacitor, Fixed Ceramic, Q1, Q2 Not Used 
0.1 uF, ± 20C1Jo, 50V: 
MFR 14304, PN C11-0005-104 

CIS - C20 Not Used 

C21 Capacitor, Fixed Tantalum, 
47 uF, ± 20%, 20V: 
Mil type CSR13E476ML 

C22- C24 Capacitor, Fixed Ceramic, 
0.1 uF, ± 20%, 50V: 

Q3- Q5 Transistor, NPN: Type 2N4123 

Q6- Q9 Transistor, PNP: Type 2N4125 

R1, R2 Resistor, Fixed Composition, 47 n 
± 10%, Y4 W: Mil type RC07GF470K 

R3, R4 Resistor, Fixed Composition, 560 n 
± 10%, Y4 W: Mil type RC07GF561K 

R5 Not Used 

MFR 14304, PN C11-0005-104 R6 Resistor, Fixed Composition, 1K 

C25 Capacitor, Variable, 2.5-11 pF: ± 10%, Y4 W: Mil type RC07GF102K 

MFR 72982, PN 538-014,8,2.5-11 pF R7- Rll Not Used 

C26 Capacitor, Fixed Ceramic, R12, R13 Resistor, Fixed Composition, 560 n 
0.1 uF, ± 20%, 50V: ± 10%, Y4 W: Mil type RC07GF561K 
MFR 14304, PN Cl1-0005-I04 R14 Not Used 

C27 Capacitor, Fixed, Mica, 
430 pF, ± 5%, 500V: 
Mil type CM06FD431J03 

C28 Capacitor, Fixed Ceramic, 
0.1 uF, ± 20%, 50V: 
MFR 14304, PN C11-0005-104 

R15 Resistor, Fixed Composition, 1 K 
± 10%, Y4 W: Mil type RC07GF102K 

R16- R20 Not Used 

R21 Resistor, Fixed Composition, 10 n 
± 10%, Y4 W: Mil type RC07GF100K 

C29 Capacitor, Variable, R22 Not Used 

2.5-11 pF, ± 10%,: R23 Resistor, Fixed Composition, 10K 
MFR 72982, PN 538-014,8,2.5-11 pF ± 10%, Y4 W: Mil type RC07GF103K 

C30 Capacitor, Fixed Ceramic, R24 Resistor, Fixed Composition, 1 K 
0.1 uF, ± 20%, 50V: ± 10%, Y4 W: Mil type RC07GF102K 
MFR 14304, PN C11-0005-104 

R25 Not Used 
C31 Capacitor, Fixed, Mica, 

430 pF, ± 5%, 500V: 
Mil type CM06FD431 103 

C32- C35 Capacitor, Fixed Ceramic, 
0.1 uF, ± 20%, 50V: 

R26, R27 Resistor, Fixed Composition, 1K 
± 10%, Y4 W: Mil type RC07GF102K 

R28 Resistor, Fixed Composition, !OK 
± 10%, Y4 W: Mil type RC07GF103K 

MFR 14304, PN Cll-0005-104 R29 Resistor, Fixed Composition, 12K 

C36, C37 Capacitor, Fixed Tantalum, 
± 10%, Y4 W: Mil type RC07GF123K 

10 uF, ± 20%, 35V: R30 Resistor, Fixed Composition, 1K 
MFR 12954, PN D10GSC35M ± 10%, 1;4 W: Mil type RC07GFI02K 

C38, C39 Capacitor, Fixed Ceramic, R31 Resistor, Fixed Composition, 68 n 
0.1 uF, ± 20%, 50V: ± 10%, Y4 W: Mil type RC07GF680K 
MFR 14304, PN Cll-0005-104 R32 Resistor, Variable, I 00 n 

Ll, L2 Inductor, Fixed, RF 240 uH: MFR 35009, PN 156-4-100 
MFR 99800, PN 1537-94 R33 Resistor, Fixed Composition, 68 n 

L3 Not Used ± 10%, 114 W: Mil type RC07GF680K 

L4, L5 Inductor, Fixed, RF 240 uH: R34, R35 Not Used 
MFR 99800,PN 1537-94 R36 Resistor, Fixed Composition, IK 

L6 Not Used ± 10%, 1!4W: Mil type RC07GFI02K 

L7, L8 Inductor, Fixed, RF 22 uH: R37 Resistor, Fixed Composition, IOK 
MFR 99800, PN 1537-44 

'---
± 10%, Y4 W: Mil type RC07GFJ03K 

12 



SUBCARRIER GENERATOR 

TABLE 2. MAINTENANCE PARTS LIST -Subcarrier Generator Assembly A2A 13, P:\ 1976-4300 (Continued) 

:~<:1 
[iii_ 

Reference Name and Description 
Designation 

Reference :"arne and Description 
Designation 

R38 Resistor, Fixed Composition, J2K R47, R48 Resistor, Fixed Composition, 470 0 
± JOOJo, 14 W: Mil type RC07GFI23K ± 100Jo, 1/.W: I'vlil type RC07GF471K 

R39 Resistor, Fixed Composition, JK Tl - T4 Transformer, Balanced: 
± JOOJo, 1/. W: Mil type RC07GFJ02K ryiFR 14304, PN 0759-5110-2 

R40 Resistor, Fixed Composition, 68 0 XYJ-XY4 Socket, Crystal: 
± JOOJo, 14 W: Mil type RC07GF680K MFR 91506, PN 8000-AG 10-1 

R41 Resistor, Variable, 100 0: Y1, Y2 Crystal, 1.756270 MHz: 
MFR 35009, PN 156-4-100 Mil type CR19A/U 1756.27 kHz 

R42 Resistor, Fixed Composition, 68 0 
± JOOJo, 14 W: Mil type RC07GF680K 

l 
:) 
3lr 

Y3, Y4 Crystal 1. 743730 MHz: 
Mil type CR19A/U 1743.73 kHz 

R43 Resistor, Fixed Composition, 100 0 Zl, Z2 Integrated Circuit: 
± 100Jo, 14W: Mil type RC07GF101K 

R44 Resistor, Fixed Composition, 3.3K 
± 100Jo, 14 W: Mil type RC07GF332K J 

MFR 01295, PN SN74L90 

Z3 Integrated Circuit: 
MFR 14304, PN 1976-4330 

R45 Resistor, Fixed Composition, 100 0 
± JOOJo, 1/. W: Mil type RC07GFIOJ K 

R46 Resistor, Fixed Composition, 3.3K 

-, 
Z4, Z5 Integrated Circuit: 

MFR 02735, PN CA3028A 

Z6 Integrated Circuit: , ± JOOJo, 14 W: Mil type RC07GF332K MFR 01295, PN SN7472N 

J 

l I 

J 

J 

--
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1. GENERAL DESCRIPTION 

The Low Band Phase Lock Loop (PLL) Module 
A2A14 is an electrically-tuned frequency syn­
thesizer compatible with both the RF-550 Receiver 
and the RF-13 I Exciter. Refer to the RF PWB 
Schematic diagram for the strapping changes re­
quired to effect interchangeability. The Low Band 
PLL A2AI4, responds to BCD information from 
the control group to provide 100Hz, 1KHz, and 
10KHz control capability. When the module is 
used with the RF-550, the output Frequency is 
adjustable in 100Hz steps from 3.25 to 3.3499 
MHz. When used in the RF-13 I, the output is also 
adjustable in 100Hz steps, however, due to the 
strapping changes the output range is 1.6501 to 
1. 7500 MHz. The selected output frequency is 
phase locked to a reference frequency standard. 
Low Band PLL module A2A14 contains two major 
PWB assemblies; -:- M PWB A2A14Al and RF 
PWB A2Al4A2. 

NOTE 
In some instances, the integrated circuit part 
numbers listed herin may differ from those of 
the equipment supplied. In all instances these 
parts are the equivalent or better and may be 
used interchangeably. 

2. TECHNICAL CHARACTER IA TICS 
Weight 

1.0 Pound (450 grams) 
Dimensions: 

4-118 in. (H) x 2-1/8 in. (W) x 5-7/8 in. (D) 
10.5 em (H) x 5.4 em (W) x 14.9 em (D) 

Power Requirements: 
+ 18Vdc at 45mA (RF-131) 
+ 15Vdc at 45mA (RF-550) 
+ 5Vdc at 95mA 
+ 5Vdc at 306mA (RF-550) 
+ 6Vdc at 211mA 

6Vdc at 4.5mA 
Signal Inputs: 

13.5MHz fixed at 70mVR:vts (RF-131) 
36.5MHz at 70m V R\tS (±1KHz with VFO) 

(RF-550) 
1kHz fixed at 2V P-P Min. (4V P-P Typical) 
12 wires, Binary-Coded-Decimal (BCD) Fre­

quency Control 
Signal Outputs: 

1.6501 to 1.7500MHz (RF-131) 
3.25 to 3.349MHz (RF 550) 

Input Impedance: 
13.5MHz: 50 ohms 
1kHz: IK ohm 

Output Load: 
50 ohms 

LOW BAND PLL 

3. SEMICONDUCTOR COMPLEMENT 
Table 1 lists all semiconductors used in the Low 

Band PLL Module, A2Al4. 

Table I. SEMICONDUCTOR COMPLEMENT 

Reference 
Designation 

Type Function 

AlCRl 1N3064 Bias Diode 
Ql 2N~222 Amplifier 
Q2 2N5179 Switch 
Q3 2N2907 Ramp Generator 
Q4 2N2222 Ramp Discharge Switch 
Q5 2N2222 Sample Pulse Switch 
Q6 3N17l Sampling FET 
Q7 1976-4424 Source Follower 
Q8 2N2222 Amplifier 
Ul 0759-5150 Mixer 
U2 SN74LSI60AN + 10 Integrated Circuit 
U3 SN74LSI60AN + 10 Integrated Circuit 
U4 SN74LSI60AN + 10 Integrated Circuit 
U5 SN74LSI60AN + 10 Integrated Circuit 
U6 SN74LSIIN Triple three-input AND Gate 
U7 SN74LSOON Quad two-input NAND Gate 
U9 SN74SII2N-J Freq. Discriminator Flip-Flop 
UIO SN74LSI I2N Coarse Tune Flip-Flop 
UI I SN74I2IN One shot 
ARI 8007C OpAmp 

A2CRI DKV6520B Voltage Variable Capacitor 
Ql 2N5I79 Amplifier 
Q3 2N5397 FET Oscillator 
Q4 2N5179 Buffer Amplifier 
U2 SN74SI IN Triple three-input AND Gate 
U3 SN74SI I2AN + 10 Counter 
U4 SN74SI 12AN + 10 Counter 
U5 UA7812KC I2 Volt Regulator 

4. OVERALL CIRCUIT DESCRIPTION 
The two basic elements of an elementary phase 

locked loop frequency synthesizer are a voltage 
controlled oscillator (VCO) and a phase detector. 

The phase detector is a device which yields a De 
output voltage proportional to the phase difference 
between two input signals. If the inputs to the 
phase detector are a reference frequency and the 
VCO Output Frequency and if the phase detector 
output controls the VCO, then a phase-locked loop 
is formed in which the phase detector will drive the 
VCO frequency to equal the Reference Frequency. 
This is due to the fact that the only stable condition 
of the loop is when the output of the phase detector 
is pure De, with no Ac component present. This 
can occur only when the two inputs to the phase 
detector have the same frequency. 
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In addition, a phase-locked loop may include a 
frequency divider in the feedback loop to obtain 
multiples of the reference frequency from the 
VCO. Figure 1 shows a simple phase-locked loop 
with a frequency divider. One input frequency to 
the phase detector is a stable reference, the other is 
the divider output. The loop works by forcing the 
two frequencies to be exactly equal. It does this by 
electrically tuning the VCO. When the VCO is 
tuned to the frequency at which f0 -:- M = FR, the 
loop is said to be locked. For example, in the 
RF -131, assume that the V CO is electrically 
tunable in the vicinity of 1. 7000kHz, that the 
reference frequency is 1kHz, and that the -:- M 
ratio is 17000. The feedback of the loop will force 
the VCO frequency to exactly f 0 = (M) 
(1kHz)= I 7000kHz. Other frequencies are syn­
thesized simply by changing the division ration of 
the -:- M. For example: 

+M Output Frequency* 

17002 17002 kHz 
17001 17001 kHz 
17000 17000 kHz 
16999 16999 kHz 
16998 16998 kHz. 

*These numbers apply only to the simplified circuit 
of Figure 1, not the actual module. 

The loop actually used in the Low Band PLL 
Module A2Al4 is similar to the example just given. 
The addition of a loop mixer (Figure 2) however, 
reduces the speed requirements of the frequency 
divider without affecting the principle of opera­
tion. A fixed divide-by-ten circuit, following the 
VCO, scales the VCO frequency down to the 
desired output range. 

In the RF-131 for example, the VCO output fre­
quency to the divider is then I6.50I to I7.500MHz 
which becomes 300I to 4000kHz at the output of 
the loop mixer. This is accomplished by mixing the 
VCO output with I3.5MHz. It then becomes I kHz 
when divided by the frequency divider (-:- M) by a 
ratio between 300I to 4000. 

When used in the RF-550, the VCO output fre­
quency to the divider is 32.5 MHz to 33.49 MHz 
which becomes 300I to 4(X)()KHz at the mixer out­
put. This is accomplished by mixing the VCO out­
put with 36.5 MHz. It then becomes I KHz when 
divided by the Frequency divider (-:- MPWB) by a 
ratio between 300I to 4(X)(). 
5. DETAILED DESCRIPTION OF -;- M 

PWB A2AI4AI CIRCUITS 
-;- M P\\"B A2A 14A I contains five basic ele-

2 

ments of Low Band PLL Module A2Al4. These 
are the loop mixer, -:- M digital counter, sample 
and hold phase detector, unlock detector, and 
coarse tune generator. 

S .1 Mixer Operation 
The loop mixer translates a high frequency from 

the VCO to a more suitable frequency for the -:- M 
counter, as described in paragraph 4. The frequen­
cies are 16.S01 to 17.SOMHz and a reference of 
13.SMHz in the·RF-131 (32.SOO to 33.499 MHz and 
a reference of 36.S MHz in the RF-SSO). The dif­
ference of these frequencies lies in 3.00MHz to 
4.00MHz region. A low pass filter (Cl2, L5 and 
Cl3) is used after the mixer and amplifier Ql to 
provide the necessary drive level to the -:- M fre­
quency divider. 
mabie decade counters and a fixed -:-4 counter, 
and has the capability of dividing an applied input 
signal by any whole number between 3001 and 
4000. The status of the counter after a number of 
clock pulses is shown in Table 2. 

Refering to Table 2. The Carry Output column is 
simply a flag to indicate when the counter has 
reached a nine (or full) state. It therefore requires 
ten clock pulses to the input of the counter to 
achieve one carry output pulse. If the carry line is 
used as a switch to allow a second counter to 
operate, the second counter will count only one 
pulse for every ten pulses into the first counter. 
Thus, with two decade counters, a divide-by-one 
hundred frequency division is achieved. 

Preloading advances the counter to a given state 
so that fewer input pulses are needed to achieve the 
full, or carry state. For example: If the counter is 
preloaded to the decimal six and then clocked with 
input pulses, it will count seven, eight, nine, zero 
and thus achieve a carry in only four input pulses. 
If the counter is reset to decimal six instead of zero 
on the next clock pulse after the carry, the device 
becomes a divide-by-four instead of a divide-by-ten 
counter. In U2, U3, U4, US decade dividers, a load 
command (low on pin 9) causes preloading to occur 
on the next clock pulse rather than normal coun­
ting. Thus the operation described above (using the 
divider as a divide-by-four) can be achieved by per­
manently wiring the data input terminals for a 
binary six (OliO), and connecting the carry output 
to the load input. 
U2, U3, U4 and US comprise the -;- t\1 counter (See 
Figure 6). U2, U3, U4 and US are preloaded by I2 
data input frequency control lines carrying binary­
coded-decimal information. The final counter, US 
is permanently wired with decimal six at US-3 and 
US-6, and functions as a divide-by-four counter. If 
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the counter is started at 6000, it counts three 
divide-by-tens and the fixed divide-by-four yielding 
a total of 4000. If however, the counter is loaded 
with 6999, it counts from 6999 to 10.000 for a total 
count (division ratio) gf 3001. 

TABLE 2. DECADE DIVIDER CIRCUIT 
INPUT /OUTPUT DATA 

Clock 
Counter Input QA Qs Qc Qn Carry 

Pulses State Output 

0 0 0 0 0 0 0 
1 I 1 0 0 0 0 
2 2 0 1 0 0 0 
3 3 1 I 0 0 0 
4 4 0 0 1 0 0 
5 5 I 0 1 0 0 
6 6 0 1 1 0 0 
7 7 I I 1 0 0 
8 8 0 0 0 1 0 
9 9 I 0 0 I 1 
10 0 0 0 0 0 0 
11 I I 0 0 0 0 
12 2 0 I 0 0 0 
13 3 I 1 0 0 0 

The counters are cascaded at the enable inputs of 
the U2 through U 5. The counters are synchronous­
ly clocked and require a "I" level at pin ten (enable 
input). The carry output from the previous counter 
provides the high "I " necessary to count. There­
fore U2 counts continuously, while U3 counts 
when it receives a carry input from U2, and like­
wise with U4 and U5. AND gates U6A, U6B and 
NAND gate U7 A, detect a full condition of each of 
the counters and drives the load inputs low. A low 
level on a load input forces the counter to the state 
defined by the levels on the ABCD inputs (pins 
3-6), at the next clock pulse regardless of the 
counter's present state. 

5.3 Phase Detector Operation 

The phase detector consists of ramp generator 
Q3, R13, and C22, sampling FET Q6 and hold 
capacitor C23. The phase detector receives two in­
puts; a reference signal consisting of narrow pulses 
at a rate of 1kHz, and a sample signal consisting of 
short pulses at a rate determined by the VCO fre­
quency and the divider ratio. By referring to the 
timing diagram (Figure 3), the operation of the 
phase detector can be understood. 

If the loop is locked, both reference and sample 
pulses to the phase detector will be I kHz, and 
should occur in alternating sequence as shown. 

The difference between the pulses represents the 
phase error from the phase detector output. 

Flip-flop U9A (Figure 6) is set on the negative 
edge of the I kHz reference pulse causing switch Q2 
to enable a ramp to be generated by charging C22 
through Q3. When a sample pulse arrives from the 
-:- M output (U7B), flip-flop U9A is cleared, caus­
ing switch Q2 to stop the ramp at whatever voltage 
is on C22 at that time. At the same instant, the 
sample pulse enables switch Q5 and Q6 which 
transfer the voltage on C22 to C23. Since C22 is 
twice the value of C23 the voltage on C22 will 
change only slightly while C23 will increase or 
decrease to achieve the same level as C22. 

Ramp capacitor C22 is discharged by switch Q4 
on the next positive reference pulse and the cycle is 
complete. Source follower Q7 provides a high im­
pedance load to storage capacitor C23, so that it 
won't discharge between sample pulses. When the 
loop is locked, the voltage on capacitor C23 re­
mains almost constant, changing only by the 
amount necessary to correct for YCO frequency 
changes. The loop thus constantly compensates to 
maintain the correct output frequency phase lock­
ed to the reference standard. 

5.4 Unlock Detector Course Tune 
Generator Operation 

The unlock detector utilizes a frequency 
discriminator comprising flip-flops U9 and UIO, 
and NAND gates U7C and U7D. Flip-flop U9A is 
clocked by reference pulses from U 11-6 and cleared 
by sample pulses from the divider output at U7B-6. 
Flip-flop U9B is clocked by sample pulses from the 
divider output at U6B-6 and cleared by reference 
pulses from UI1D-l. When the loop is locked, the 
flip-flops are cleared after each set (clock) pulse. 
This ensures the output of NAND gates U7C and 
U7D always are high since each input goes low 
before the other goes high. 

If, however, the divider output frequency is 
higher, for example, sample pulses will occur faster 
than reference pulses. It now becomes possible for 
NAND gate U7D to "see" sample pulses while 
flip-flop U9B is in the set (high "1 ") state. This 
causes negative going pulses at U7D-3 which clock 
Flip-Flop U 10-A. When flip-flop U 10-A is set, its 
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Figure 3. Phase Detector Timing Diagram 

high output signal becomes the coarse tune output 
at A1E19 and is fed to the VCO as coarse tune in­
formation. Flip-flop U9A will receive more clear 
pulses than clock pulses and ensure a high state at 
NAND gate U7C-11. 

If, the divider output should shift lower in fre­
quency, it becomes possible for NAND gate U7C 
to "see" reference pulses while flip-flop U9A is in 
the set state. This causes negative pulses at U7C-11 
which clear flip-flop UIOA. NAND gate U7D is 
high, since flip-flop U9B is cleared more than 
clocked and thus will not receive a clock pulse 
while in the set state. The low output from flip-flop 
UIOA becomes the coarse tune output at A2A14 
A1E19. 

6. DETAILED DESCRIPTION OF RF 
PWB A2Al4A2 CIRCUITS 

RF PWB A2A 14A2 contains the voltage con­
trolled oscillator loop amplifier, final output scal­
ing divide-by-ten counter, and a 12 Volt De supply 
for the module. 

6.1 VCO Operation 

See Figure 8. The De output from the phase 
detector of the --;- M PWB A2A14A1 is fed through 
De amplifier AR 1. The coarse tune signal is also 

fed to De amplifier ARl and causes either a 
positive or negative swing from ARl-6 when the 
coarse tune signal changes state during an unlocked 
condition. A change in state of the coarse tune cir­
cuitry of -;- M PWB causes a voltage swing at 
ARl-3. In the locked state, the coarse tune signal 
remains constant and the output from AR 1-6 is 
controlled by the phase error voltage input. R3, R4 
and C5 shape ARl 's frequency response to 
stabilize the loop. 

The oscillator itself uses Q3 in common gate con­
figuration. The oscillator frequency is determined 
principally by a combination of CIS, L7, C37 and 
CRl. Positive feedback and output coupling for 
the oscillator is provided by capacitive voltage 
divider C25 and C20. Nominal frequency range is 
determined by L 7 and its associated capacitors, 
while C18 provides a mechanical frequency adjust­
ment. Electrical tuning is by means of voltage 
variable capacitor CR 1. 

VCO output is amplified by Q 1 and fed back to 
the loop mixer of -;- M PWB where it is processed 
to produce a De phase detector output to control 
the oscillator frequency. The VCO output is also 
fed through buffer amplifier Q4, which feeds a 
fixed divide-by-ten counter, scaling the VCO out­
put frequency of 1.6501 and 1.75000MHz in the 
RF-131 (32.500 to 33.499 in the RF-550). 

5 



LOW BAND PLL 

6.2 Output Scaling Counter Operation 

The final divide-by-ten circuitry (U2, U3 and 
U4) receives the frequencies (16.501 to 17 .500MHz 
for the RF-131, 32.500 to 33.499 MHz for the 
RF-550) in 1KHz steps, which appear as 100Hz 
steps at the module output. For example, in the 
RF-131 if the final divide-by-ten circuitry receives 
16.600 MHz, the output will be (16.600 MHz-:- 10), 
or 1.6600MHz. If the VCO now shifts 1KHz in the 
positive direction, the divide-by-ten circuitry will 
receive 16.601MHz, and the module output be­
comes 1.6601 MHz (16.601MHz-:- 10), for an 
increment of 100Hz. In the RF-550 for example, 
assume the final divide-by-ten circuitry receives 
33.300 MHz, the output will be 33,300-:- 10 for a 
frequency of 3.3300. With a VCO shift of 1KHz in 
the positive direction, the divide-by-ten circuitry 
receives 33.301 MHz which is seen as 3.3301 MHz 
(33.301 MHz-:- 10) at the module output, again an 
increment of 100Hz. Potentiometer R2 allows for 
output level adjustment, and a Lowpass Filter is 
used to convert the divider TTL output to a 
sinusoidal form at A2Al4A2E9. 

Terminals A2El3 and A2E14 are connected 
together. The cathode end of CRI is tied to 12Vdc 
through R35 and R18, and its anode voltage is con­
trolled through amplifier AR1. The loop operation 
can best be explained through an example. If the 
VCO tries to shift higher in frequency, the output 
of the loop mixer will also shift higher because the 
VCO input to the mixer is higher than the reference 
input. This increases the sample rate to the phase 
detector, lowering the phase error voltage. The 
phase error voltage is fed to the inverting terminal 
of ARI. A decreasing phase error voltage raises the 
output level of AR 1 and the voltage level of the 
anode of CRI. This decreases the voltage across 
CR 1, increasing its capacitance and lowering the 
VCO frequency, thus completing a negative feed­
back loop. Should the -:- M ratio change, the exact 
same sequence occurs except the VCO is forced to a 
new frequency. Thus the phase detector output 
once again has no Ac component. 

The module uses its own + 12Vdc supply obtain­
ed by 12V regulator US from the + 18Vdc input at 
A2AI4P1-M. 

7. LOW BAND PLL MODULE A2AI4 
FREQUENCY OUTPUT 

The frequency of the module output will be: 

f
0 

= I750.0kHz - O.I kHz x last 3 digit switches. 
(RF-13I) 

f
0 
= 3250.0kHz + O.I kHz x last 3 digit switches. 
(RF-550) 

6 

For example: The Frequency Selector Digit swit­
ches read: 

r o 2 1 5 6 3 I 
Therefore f0 = 1750.0kHz - 0.1 kHz x 563 

= 1750.0kHz - 56.3kHz 
= 1693.7kHz (RF-131) 

f0 = 3250.0kHz - 0.1KHz x 563 
= 3250.0KHz -56. 3KHz 
=3306.3KHz (RF-550) 

8. ADJUSTMENT I ALIGNMENT DATA 
Adjustment of Low Band PLL Module A2A14 

will be required if the VCO does not lock on fre­
quency within one-half second, from resetting one 
of the last three frequency selector digit switches, 
or if the module jumps in and out of lock. By 
measuring the voltage at A2A14A2TP1, the De 
voltage will decrease in incremental steps from 
approximately 6.6 Vdc in the RF-131 (8.2Vdc in 
the RF550), at the XXX999 switch setting, to ap­
proximately l.OVdc in the RF-131 (4.0Vdc RF-550) 
at XXXOOO setting. Lock is indicated by a steady 
frequency at the module output, and ramps which 
truncate at the same De level at A2A14A1TP1, as 
shown in figure 4. 

Test equi~ment required is Tektronix Model453 
Oscillosco~e, or equivalent, with a lOX probe for 
reduced circuit loading, an RF Milivoltmeter, 
alignment tool (JFD No. 5284, or equivalent); and 
a small screwdriver. 

8.1 Alignment Procedure 

a. Set frequency selector digit switches at "000" 
and connect an oscilloscope to A2A14A1TP1. 
Adjust the oscilloscope to read approximately 
1 ms per division - horizontal and 1 Volt per divi­
sion - vertical. 

b. Adjust A2A14A2R1 and/or A2A14A2C18 so 
that all successive ramps at A2A 14A 1 TP 1 trun­
cate at the same De level. This indicates that the 
loop is locked. 

c. Disconnect the oscilloscope at A2A I4A ITP 1 
and connect it to A2A 14A2TP I. 

d. Adjust A2A14A2C18 so that the voltage at A2-
A14A2TPI equals +I Volt (RF-I3I) or 4 Volts 
(RF-550) and the loop remains locked. 

e. Disconnect the oscilloscope at A2A 14A2TP I 
and connect it to A2A14AITPI. 

NOTE 
When the loop is locked, all ramps truncate at 
the same level. However, the loop must be 
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able to lock at two different levels, high and 
low, as shown in Figure 4. 

f. Adjust A2A14A2R1 so that high state lock con­
forms to that shown in Detail A of Figure 4 and 
low state lock conforms to that shown in Detail 
B. 

NOTE 

High or low state lock can be obained by swit­
ching the lOkHz switch back and forth be­
tween 9 and 0. It does not matter whether 
high or low state lock occurs at any particular 
frequency, in fact, a frequency may lock high 
one time and low another. 

g. In the RF-131 adjust A2A14A2R2 to yield 
89mVRMS at the 18.3 ±0.05MHz output of the 
Special Frequencies Module A2AlOA2E5. For 
the RF-550 measure the level at A2A14A2-E9 
and adjust A2A14A2R2 for 70mV. 

9. MAINTENANCE PARTS LIST 

Table 3 lists the electronic parts for Low Band 
PLL Module A2A14, PN 1976-4400. Manufac­
turers are referenced by a five-digit code. For a 

LOW BAND PLL 

complete list of manufacturers' codes and ad­
dresses, refer to the General Information Section. 

-+t j+-o.9 MS MAXIMUM 

/ 
DETAIL A. HIGH STATE LOCK (AlTPll 

~ ~ 0.1 MS MINIMUM 

/,....----.v v-------,1 
DETAIL B. LOW STATE LOCK (AlTPl) 

Figure 4. Ramp Waveshapes at A2A14A1TP1-
Properly Adjusted Module 

7 



LOW BAND PLL 

E1 Q 

R1 

E3~E2 

NOTE: RESISTORS A2A14R1 AND A2A14R2 ARE 
ASSEMBLED TO PLATE ASSEMBLY A2A14A3. 

Figure 5. Plate Assembly A2Al4A3, PN 1928-4245 Component Locations 
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1STCTR1BIT.,. I ( 

1ST CTR 4 BIT .,. I C 

2ND c~~1~Bi~ : I X ( 
2ND CTR 2 BIT : I ~ 
2ND CTR 4 BIT" ( 
3RD CTR 1 BIT--1--+--....,_ 

3RD CTR 4 BIT .,. I l 

@COAXIAL 

OsTRAND ED 

~
1ST CTR 2 BIT 
1 KHZ REFERENCE 
1ST CRT 8 BIT 
13.5 MHZ (RF-131) 36.5 MHZ (RF-550) 
GROUNO 

) UN I ; ! ~8v~~c (RF-131) + 15 vDc (RF-550) 
~r---+--~+- 2ND CTR 8 BIT 

u I : 3RD CTR 2 BIT 
\ ~ V 1.6501-1.7500 MHZ (RF-131) 3.2500- 3.3499MHZ RF-550) 

3RD CTR 8 BIT 

Figure 6. Module Chassis Connector A2J 14 Top View 
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Reference 
Designation 

A2AI4 

PI 

Rl, R2 

A2AI4Al 

Cl-C4 

C9-CII 

CI2, CI3 

CI4, CIS 

CI6 

CI7 

CIS 

CI9-C21 

C22 

C23 

C24-C26 

C27 

C28 

C29 

C30 

C31 

C32, C33 

CRI 

LOW BAND PLL 

MAINTENANCE PARTS LIST-A2Al4 Low Band PLL 

Name and Description Reference Name and Description 
Designation 

Low Band Phase-Locked Loop LI, L6 Inductor, 33 uH: 
Module: MFR 14304, PN 1976-4400 MFR 99800, PNI537-51 

Connector, Module: L2 Inductor, 240 uH: 
MFR 81312, PN MRAC20PN MFR 99800, PN I537-94 

Pins, Connector, Coaxial, Male: 
MFR 81312, PN 100-80005 

L3, L4 Inductor, 6.8 uH: 
' MFR 99800, PN 1537-32 

Pins, Connector, Straight, Male: L5 Inductor, 1.0 uH: 
Mil type MSI7803-16-20 MFR 99800, PN 1537-12 

Resistor, Fixed Composition, 10 !1 QI Transistor, NPN: Type 2N2222 
± IOIY!o, Y4 W: Mil type RC07GFIOOJ Q2 Transistor, NPN: Type 2N 5179 

-;- M: PWB Assembly, Q3 Transistor, PNP: Type 2N2907 
Low Band PLL 
MFR 14304, PN 6783-4410 

Q4, Q5 Transistor, NPN: Type 2N2222 

Q6 Transistor, FET: Type 3N 171 
Capacitor, Fixed Ceramic, 0.1 uF: 
MFR 14304, PN CII-0005-104 

Q7 Transistor, FET: 
MFR 14304, PN 1976-4424 

Same as AICI Q8 Transistor, NPN: Type 2N2222 
Capacitor, Fixed Ceramic, 0.001 uF: 
MFR I4304, PN CII-0005-102 

R1, R2 Resistor, Fixed Composition, 6.8K 
± 10%, 114W: Mil type RC07GF682J 

Capacitor, Fixed Ceramic, O.I uF: 
MFR I4304, PN CII-0005-I04 

R3 Resistor, Fixed Composition, I K 
± 10%, Y4 W: Mil type RC07GFI02J 

Capacitor, Fixed Ceramic, 240 pF: 
Mil type CM05FD24IJ03 

R4 Resistor, Fixed Compqsition, 3.9K 
± 10%, Y4 W: Mil type RC07GF392J 

Capacitor, Fixed Ceramic, O.I uF: 
MFR 14304, PN CII-0005-104 

R5 Resistor, Fixed Composition, 560 !1 
± IOIY!o, 114 W: Mil type RC07GF56IJ 

Capacitor, Fixed Ceramic, 82 uF: 
MFR 31433, PN T368C826MO 15AS 

Capacitor, Fixed Ceramic, O.OI uF: 
MFR 14304, PN CII-0005-103 

R6 Not Used 

R7 Resistor, Fixed Composition, I 5 !1 
± 10%, 114W: Mil type RC07GF150J 

Capacitor, Fixed Ceramic, 0.1 uF: 
MFR I4304, PN CII-0005-I04 

R8 Resistor, Fixed Composition, 390 !1 
± 10%, 114 W: Mil type RC07GF39IJ 

Capacitor, Fixed Ceramic, O.OI uF: 
MFR I4304, PN CII-0005-103 

R9 Resistor, Fixed Composition, 2.2K 
± 10%, 114 W: Mil type RC07GF222J 

Not Used 
RIO Resistor, Fixed Composition, 2. 7K 

± 10%, Y. W: Mil type RC07GF272J 
Capacitor, Fixed Ceramic, 82 uF: 
MFR 31433,PN T368C826MO 15AS 

Rll Resistor, Fixed Composition, I K 
± IOIY!o, Y4 W: Mil type RC07GFI02J 

Capacitor, Fixed Ceramic, 0.1 uF: 
MFR 14304, PN Cll-0005-104 

Rl2 Resistor, Fixed Composition, 2.2K 
± IOIY!o, 1/4 W: Mil type RC07GF222J 

Not Used Rl3 Resistor, Fixed Composition, 5.6K 
Capacitor, Fixed Ceramic, .47 uF: ± IOIY!o, 1/4 W: Mil type RC07GF562J 
MFR 14304, PN C-6419 Rl4 Resistor, Fixed Composition, 390 !1 
Capacitor, Fixed Ceramic, 0.1 uF: ± IOIY!o, Y.W: Mil type RC07GF391J 
MFR 14304, PN Cll-0005-104 Rl5 Resistor, Fixed Composition, 2.2K 
Capacitor, Fixed Ceramic, .001 uF: :± IOIY!o, Y, W: Mil type RC07GF222J 
MFR 14304, PN Cll-0005-102 Rl6 Resistor, Fixed Composition, 390 !1 
Diode, Mil type I N3064 ± IOIY!o, Y. W: Mil type RC07GF391 J 
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LOW BAND PLL 

MAINTENANCE PARTS LIST-A2Al4 Low Band PLL (Continued) 

Reference 
Designation :\arne and l}escription 

R17 Resistor, Fixed Composition, 2.2K 
± lOOJo, 1.4 W: Mil type RC07GF222J 

RI8, RI9 Resistor, Fixed Composition, lOK 
± lOOJo, V.. W: Mil type RC07GFI03J 

R20 Resistor, Fixed Composition, 12K 
± 100Jo, V.. W: Mil type RC07GFI23J 

R21 Resistor, Fixed Composition, lOK 
± 100Jo, V.. W: Mil type RC07GF103J 

R22-R24 Not Used 

R25 Resistor, Fixed Composition, 4.7 Q 
± 50Jo, V.. W: Mil type RC07G4R7J 

R26 Resistor, Fixed Composition, 2.2K 
± 50Jo, V.. W: Mil type RC07G222J 

R27 Resistor, Fixed Composition, lOK 
± 50Jo, 1/4 W: Mil type RC07GFI03J 

TPI Jack, Test Point: 
MFR 14304, J60-000I-008 

TP2 Jack, Test Point: 
MFR 14304, J60-0001-002 

UI Mixer: MFR 14304, PN 0759-5150 

U2-U5 Integrated Circuit Ct>unter: 
MFR 01295, PN SN741..S160AN 

U6 Integrated Circuit, AND Gate: 
MFR 01295, PN SN74LS11N 

U7 Integrated Circuit, NAND Gate: 
MFR 14304, PN 101-0048-000 

U9, UIO Integrated Circuit, Frip-Flop: 
MFR 01295, PN SN74S112N 

U11 Integrated Circuit, \lultivibrator: 
MFR 01295, PN SN7412IN 

A2A14A2 RF: PWB Assembly, 
Low Band PLL, 
MFR 14304, PN 1976-4420 

AR1 Integrated Circuit, Op Amp: 
MFR 32293,PN i007C 

Cl Capacitor, Fixed, s:: uF, ± 200/o, 
l'vlFR 12954, PN D82GSI DISM 

C2 Capacitor, Fixed, 10 uF: 
MFR 12954, PN T362CI06M035AS 

C3 Capacitor, Fixed Ceramic, 
O.luF,± 20%: 
MFR 14304, PN Cll-0005-104 

C4 Not Used 

14 
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Reference 
Designation 

C5 

C6 

C7-C11 

C12, C13 

CI4, CIS 

C16, C17 

C18 

Cl9 

C20 

C21 

C22-C24 

C25 

C26 

C27 

C28, C29 

C30-C32 

C33 

C34 

Name and Description 

Capacitor, Fixed Ceramic, 
0.1 uF, ± 200Jo: 
MFR 72982, PN 8121-100-X7R-104K 

Capacitor, Fixed, 82 uF: 
M,FR 31433, PN T368C826MO 15AS 

Capacitor, Fixed Ceramic, 
0.01 uF, ± 200Jo: 
MFR 14304, PN C11-0005-103 

Capacitor, Fixed Ceramic, 
0.1 uF,± 200Jo: 
MFR 14304, PN C11-0005-!04 

Not Used 

Capacitor, Fixed Ceramic, 
0.01 uF,± 200Jo: 
MFR 14304, PN C11-0005-103 

Capacitor, Variable, 1-10 pF, ± !OOJo: 
MFR 73899, PN VAJ605 

Capacitor, Fixed Ceramic, 
10 pF, ± 100Jo: 
Mil type CM05CD100J03 

Capacitor, Fixed Ceramic, 
22 pF, ± 100Jo: 
Mil type CM05ED220J03 

Capacitor, Fixed Ceramic, 
20 pF, ± 100Jo: 
Mil type CM05CD200J03 

Not Used 

Capacitor, Fixed Ceramic, 
5 pF, ± 100Jo: 
Mil type CM05CD050D03 

Capacitor, Fixed Ceramic, 
0.01 uF, ± 200Jo: 
MFR 14304, PN C11-0005-103 

Capacitor, Fixed Ceramic, 
10 uF, ± 200Jo: 
MFR 12954, PN T362CI06M035AS 

Capacitor, Fixed Ceramic, 
0.01 uF, ± 20%: 
MFR 14304, PN Cll-0005-103 

Not Used 

Capacitor, Fixed Ceramic, 
1500 pF, ± IOOJo: 
Mil type CM06FD152J03 

Capacitor, Fixed Ceramic, 
2200 pF, ± 10%: 
Mil type CM06FD222J03 
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Reference 
Designation 

C35 

C36 

C37 

C38 

CRI 

Ll 

L2, L3 

L4 

L5 

L6 

L7 

L8 

L9-Ll2 

Ll3 

Ll4 

Ll5 

Ql 

Q2 

Q3 

Q4 

Rl 

R2 

R3 

R4 

LOW BAND PLL 

MAINTENANCEPARTS LIST-A2Al4 Low Band PLL (Continued) 

:'\arne and Description 

Capacitor, Fixed Ceramic, 
1500 pF, ± IOOJo: 
Mil type CM05Fd 152J03 

Capacitor, Fixed Ceramic, 
0.01 uF, ± 200Jo: 
MFR 14304, PN Cll-0005-103 

Capacitor, Fixed Ceramic, 
10 pF, ± !OOJo: 
Mil type CM05CD100J03 

Capacitor, Fixed Ceramic, 
0.1 uF, ± 200Jo: 
MFR 14304, PN C11-0005-104 

Diode: MFR 17540, PN DKV6520B 

Inductor, 33 uH: 
MFR 99800, PN 1537-51 

Inductor, 15 uH: 
MFR 99800, PN 1537-40 

Inductor, 2. 7 uH: 
MFR 99800, PN 1537-22 

Not Used 

Inductor, 33 uH: 
MFR 99800, PN 1537-51 

Inductor, 10 uH: 
MFR 99800, PN 1537-36-5% 

Inductor, 2.7 uH: 
MFR 99800, PN 1537-22 

Not Used 

Inductor, 2.7 uH: 
MFR 99800, PN 1537-22 

Inductor, 15 uH: 
MFR 99800, PN 1537-40 

Inductor, 27 uH: 
MFR 99800, PN 1537-47 

Transistor, NPN: Type 2N5179 

Not Used 

Transistor, FET: Typ<." 2N5397 

Transistor, NP!\: Type 2N5179 

Resistor. Variable Potentiometer, 
!OK: 1\lFR 32997. P:\ 3299X-I-103 

Resistor, Variable Pot<."ntiometer, 
100 Q: /.IFR 32997. P~ 3299:\:1-101 

R<."sistor. Fix<."d Cornrosition, 56K 
± 10%, : "\\": ;\Iii typ<." RC07GF563J 

R<."sistor. Fixed Composition, 6SK 
± 10%, :.:, W: l\lil type RC07GF683J 

Reference 
Designation 

R5 

R6 

R7 

R8 

R9, R10 

R11 

R12, Rl3 

R14, R15 

R16, R17 

R18 

R19 

R20 

R2l 

R21-R25 

R26 

R27 

R28 

R29 

R30 

R31, R32 

R33 

R34 

R35 

R36 

R37 

Name and Description 

Not Used 

Resistor, Fixed Composition, 180 Q 

± 100Jo, V..W: Mil type RC07GF181J 

Not Used 

Resistor, Fixed Composition, 33 Q 

± 100Jo, Y4 W: Mil type RC07GF330J 

Resistor, Fixed Composition, !OK 
± 10%, Y4 W: Mil type RC07GF103J 

Resistor, Fixed Composition, 100 Q 
± 100Jo, V.. W: Mil type RC07GF101J 

Resistor, Fixed Composition, 6.8K 
± 10%, V.. W: Mil type RC07GF682J 

Resistor, Fixed Composition, 1K 
± lOOJo, Y4 W: Mil type RC07GF102J 

Not Used 

Resistor, Fixed Composition, !OK 
± 10%, Y4 W: Mil type RC07GF103J 

Resistor, Fixed Composition, 330 Q 

± IOOJo, V..W: Mil type RC07GF331J 

Resistor, Fixed Composition, 1M Q 

± 10%, V.. W: Mil type RC07GF105J 

Resistor, Fixed Composition, 56 Q 

± 10%, V.. W: Mil type RC07GF560J 

Not Used 

Resistor, Fixed Composition, 1K 
± IOOJo, V.. W: Mil type RC07GFI02J 

Resistor, Fixed Composition, 3 .9K 
± IOOJo, V.. W: Mil type RC07GF392J 

Resistor, Fixed Composition, 1 K 
± JOOJo, 1!. W: 1\lil type RC07GFI02J 

Not Used 

Resistor, Fixed Composition, 1 K 
± IOOJo, 1!. W: 1\lil type RC07GFI02J 

Not Used 

Resistor, Fixed Composition, 3.9K 
± 10o-1o, V.. W: 1\til type RC07GF392J 

Resistor, Fixed Composition, 10 Q 

± JOO,'o, 1/,\\': \til type RC07GFIOOJ 

Resistor, Fixed Composition, lOOK 
± JO!J,"o, 1/.,\V: 1\til type RC07GFI04J 

Resistor, Fixed Composition, IOK 
± wcr:o, 1/.,\V: \til type RC07GF103J 

Resistor, Fixed Composition, 10 Q 

± JOO:o, 1/4 W: 1\lil type RC07GFIOOJ 
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LOW BAND PLL 

MAINTENANCE PARTS LIST-A2Al4 Low Band PLL 

Reference '\arne and Description 
Designation 

Reference 
Name and Description 

Designation 

R38, R39 Resistor, Fixed, R42, R43 Resistor, Fixed, 
Composition, Composition, 
56 ohms, ± 50Jo, 220 ohms, ± 50Jo, 
Y4 W: MIL Type Y4 W: MIL Type 
RC07GF560J R'c07GF221 J 

R40 Resistor, Fixed, 
Composition, 10K, 
± 50Jo, Y4 W: 
MIL Type 
RC07GF103J 

TP1 Test Point PWB: 
MFR 74970, 
PN 105-0851-001 

R41 Resistor, Fixed, 
Composition, 
3.3K, ± 50Jo, 
Y4W: MIL Type 
RC07GF332J 

TP2 Test Point PWB: 
MFR 74970, 
PN 105-0852-001 

16 
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1. GENERAL DESCRIPTION 

Meter Amplifier A2AI5 amplifies and rectifies 
an audio input signal from the selected Sideband 
Generator Module (A2AI, A2A2, A2A3, or A2A4) 
to provide a De signal input to the front panel IN­
PUT LEVEL/FREQUENCY COMPARISON 
Meter A2MI. Thus, the De-operated meter pro­
vides an indication of the audio (Ac) signal output 
of the selected Sideband Generator Module. 

Audio output from the selected Sideband 
Generator Module is routed through the applicable 
front panel INPUT LEVEL Control (A2R2 or 
A2R3 for Model RF-I3I-I22 and -I23 Exciters; 
A2RI. A2R2, A2R3, or A2R4 for Model RF-13I­
I26 Exciter) and the front panel INPUT LEVEL/ 
FREQUENCY COMPARISON Selector A2S2 to 
the input of Meter Amplifier A2AI5. The output 
of Meter Amplifier A2AI5 is routed back through 
A2S2 to the front panel INPUT LEVEL/FRE­
QUENCY Meter A2MI. 

NOTE 

Refer to Figure I of the A2AI/ A2A2/ A2A3/ 
A2A4 Sideband Generator Section audio cir­
cuit routing. 

All functional components of Meter Amplifier 
A2AI5 are mounted to its PWB, which is in turn 
mounted on the back of the front panel. 

2. TECHNICAL CHARACTERISTICS 

Dimensions: 2.0 in. x 3.0 in. (5.08 em x 7.62 em) 

Power Requirements: 18Vdc at lOrnA 

Input Signal Level: 44m V RMs for center scale 
deflection of INPUT LEVEL/FREQUENCY 
COMPARISON Meter A2Ml Output Signal 
Level: I0011a for full-scale meter deflection 

3. SEMICONDUCTOR COMPLEMENT 

Table I lists all the semiconductors used in Meter 
Amplifier A2Al5. 

METER AMPLIFIER 

TABLE 1. SEMICONDUCTOR COMPLIMENT 

Reference Type Function Designation 

A2Al5AR1 130-001-003 Operational Amplifier 
A2Al5CR1 IN914 Part of Detector/Voltage 

Doubler rectifying circuit . 
A2A15CR2 IN914 Part of Detector /Voltage 

Doubler rectifying circuit 
A2AI5CR3 1N914 Reduces gain variations 

(along with resistor R7) 
A2A15CR4 HP5082-2800 Meter protector 

-- -- -- I-

4. CIRCUIT DESCRIPTIONS 

Refer to Figure 2. The input audio signal is ap­
plied at Terminal EI and routed through capacitor 
C I and meter calibration potentiometer and 
resistor R2 to operational amplifier AR2. The 
audio signal is amplified by ARI and routed, via 
C2, to detector /voltage-doubling diodes CR I and 
CR2. Components R7 and CR3 reduce gain varia­
tions due to temperature fluctuations. Components 
C4 and R8 filter the audio signal. Hot carrier diode 
CR4 protects the front panel meter from excessive 
drive levels. 

5. METER AMPLIFIER A2AI5 
ADJUSTMENT 

Adjustment of the meter calibration poten­
tiometer A2AI5Rl should be accomplished when 
the board is either repaired or replaced. Proceed as 
follows: 

a. Connect an audio signal generator to any one 
of the audio connectors at the rear of the exciter 
(AIJl, AIJ2, AIJ3, or Al14, depending on the 
Sideband Generator Module(s) being used in the 
exciter). 

b. Set front panel INPUT LEVEL/FREQUEN­
CY COMPARISON Selector A2S2 to the position 
of the sideband channel being used (A I, B I, A2, or 
B2). 

c. Rotate INPUT LEVEL Control for the chan­
nel being used, fully clockwise (A I R I, Al R2, 
AlR3, or AIR4). 
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d. Adjust audio signal generator to provide a 
1000Hz at 44mVRMS input. 

e. Adjust meter calibration potentiometer 
A2Al5Rl to obtain center scale deflection on front 
panel INPUT LEVEL/FREQUENCY COM­
PARISON Meter A2Ml. 

f. Disconnect audio signal generator. 

OE3 

0 
E4 

6. MAINTENANCE PARTS LIST 

Table 2 lists the electronic components of Meter 
Amplifier A2Al5, PN 6722-4500. Manufacturers 
are referenced by a five-digit code. For a complete 
listing of manufacturer's names and addresses, 
refer to Table 6-3 in Part 6 of the General Informa­
tion Section of this manual. 

Figure 1. Meter Amplifier PWB, Component Location 

I 
I 

R I 
A2S2~A 7 
AUDIO INPUT~~ 

A2E~S2~ 

NC i>..S?. 

NC 0 EB 4 

L 
".OTES: 

RJ 
1 MEG 

1 UNLESS OTHERWISE SPECIFIED ALL RESISTORS ARE IN OHMS, /'4W. JO·, 

2 PREFIX ALL INCOMPLETE HEF DESIGNATIONS WITH A2A 15 

CJ + 

20V ;;; 
10 UF C2 

R~ 

27K 

R5 
2h. 

20V CR2 
10 UF IN914 

-jt-
tCR! 

JN914 

--- --

R6 
100 

R7 !.1_ C4 

l.BK J50V 47K 

CRJ 
IN914 

Figure 2. l\ktn AmplifiL'r, SdlcmatiL' Diagram 

2 

~-

I 
E5~ A2A18E2 

RS 
!OK E6 A2S2 A~2. 3. S, 6 

OUTPUT TO 
METER SWITCH 

CR4 
HP5082 
2800 

E3 9NC 

NC 



METER AMPLIFIER 

MAINTENANCE PARTS LIST-A2Al5 Meter Amplifier 

lr 
Reference Name and Description 

Designation 
Reference ;'\fame and Description 

Designation 

A2Al5 Meter Amplifier PWB Assembly: R1 Resistor, Variable, Right Angle, 50K 
MFR 14304, PN 6722-4500 ± 1007o, Y4 W: 

ARl Op Amplifier: 
MFR 14304, PN 130-0001-003 

Cl Capacitor, Fixed Tantalum, 
1 uF, 50 V: 
Mil type M39003/0l-2357 \ 

MFR 06486, PN 156-4-50K 

R2 Resistor, Fixed Composition, 4. 7K 
'± 507o, Y4 W: Mil type RC07GF472J 

R3 Resistor, Fixed Composition, 1M 0 
± 507o, Y4 W: Mil type RC07GF105J 

C2, C3 Capacitor, Fixed Tantalum, 
10 uF, 20 V: --
Mil type M39003/0l-2287 

C4 Capacitor, Fixed Tantalum, 
il 

R4, R5 Resistor, Fixed Composition, 27K 
± 507o, 1/4 W: Mil type RC07GF273J 

R6 Resistor, Fixed Composition, 100 0 
± 507o, Y4 W: Mil type RC07GF10IJ 

4.7 uF, 50 V: 
Mil type M39003/0l-2369 

CR1-CR3 Diode: Mil type 1N914 
} 

R7 Resistor, Fixed Composition, 1.8K 
± 507o, Y4 W: Mil type RC07GF182J 

R8 Resistor, Fixed Composition, lOK 

CR4 Diode, Hot Carrier: 
MFR 50444, PN HP5082-2800 ] 

± 507o, Y4 W: Mil type RC07GF103J 
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l. GENERAL DESCRIPTION 

Over/Light Regulator A2Al6 provides a zener 
regulated voltage to the heater of the temperature­
regulated oven of the IMHz oscillator of Frequen­
cy Standard Module A2A9. The zener + 24Vdc 
output is also used to light the front panel lamps, 
and for various applications in Control Head 
A2A6. 

The Oven/Light Regulator circuit components are 
mounted on a small PWB attached to the under­
side of the main chassis. The circuit also includes 
power transistor A2Q 1, which is also mounted on 
the main chassis beneath Frequency Standard 
Module A2A9. 

2. TECHNICAL CHARACTERISTICS 

Power Requirements (including Power 
Transistor A2Q 1 ): + 28V de unregulated in­
put at 800mA 

Output Voltage: + 24Vdc ± 2Vdc zenered 

3. CIRCUIT DESCRIPTION 

Refer to Figure 2. Unregulated + 28Vdc from 
Power Supply Module A2All (via Power Distribu­
tion Board A2Al8) is applied to Terminal El of the 
regulator. A 2.7Vdc Zener Diode, VRI, provides a 
fixed bias for current source transistor A2A 16Q 1 , 
compensating for variations in input voltage.Tran­
sister A2A 16Q 1 provides a constant current to 
Zener Diode VR2, resistor R3, and the base of 
Power Transistor A2Q I. Zener Diode VR2 pro­
vides a fixed + 24Vdc bias to A2Ql. Current 
Limiter transistor Q2 allows the power supply to 
continue operating at a limited current without 
damage should any overload, including a short cir­
cuit, occur. The emitter of A2Ql is connected to 
Terminal E4 of the regulator. This terminal is the 
+ 24Vdc output point of the regulator, and sup­
plies voltage for the applications described in 
paragraph 1. 

TABLE 1. OVEN/LIGHT REGULATOR A2A 16 
TRANSISTOR VOLTAGE DATA 

Transistor 
Base Emitter Collector 

Reference 
Voltage Voltage \'oltage 

Designator 

A2A16QI 35 Ydc 36 Vdc 24 Vdc 

A2AI6Q2 38 Vdc 38 Vdc 35 Vdc 
-· 

OVEN/LIGHT REGULATOR 

4. OVER/LIGHT REGULATOR A2AI6 
TRANSISTOR VOLT AGE DATA 

Typical voltages for the transistors of the regulator 
are given in Table I. Measurements were taken 
with a Simpson Type 260 Multimeter. 

5. ADJUSTMENTS 

There are no adjustments in Oven/Light Regulator 
A2A16. If the Internal Frequency Standard of Fre­
quency Stan'dard Module A2A9 requires adjust­
ment, refer to the applicable section in this manual. 

6. MAINTENANCE PARTS LIST 

Table 2 lists the electronic components of 
Oven/Light Regulator A2A16. Manufacturers are 
referenced by a five-digit code. For a complete 
listing of manufacturer's names and addresses, 
refer to table 6-3 in Part 6 of the General Informa­
tion Section of this manual. 

TABLE 2. MAINTENANCE PARTS LIST­
OVEN/LIGHT REGULATOR A2A16 

Reference Name and Description 
Designation 

A2A16 Ovenlight Regulator PWB Assembly: 
MFR 14304, Pn 0759-5725 

C1 Capacitor, Fixed Ceramic, .1 uF: 
MFR 14304, PN C11-0005-l04 

C2 Not Used 

C3 Capacitor, Fixed Tantalum, 
6.8 uF, 35V: Mil type CSR13F685ML 

MP1 Oven/Light Regulator ,PWB:: 
MFR 14304, PN 0759-5726 

MP2 Heat Sink, for Transistor Q1: 
MFR 05820, PN 2606SH5E 

Q1, Q2 Transistor, PNP: Mil type 2N4235 

Rl Resistor, Fixed Composition, 47 0 
± IOOJo, 1/.. W: Mil type RC07GF470K 

R2 Resistor, Fixed Composition, 2.7K 
± IOOJo, I W: Mil type RC32GF272K 

R3 Resistor, Fixed Composition, 27K 
± IOOJo, V.. W: Mil type RC07GF273K 

R4 Resistor, Wirewound, 0.68 0 
± IO(J!o, 2\V: 
f\IFR 35009, PN BWH-2\V-0.68 fl 
± 10 11'o 

VRI Diode, Zener, 2.7V: Mil type IN4371A 

VR2 Diode, Zener, 5W, 24V: 
Mil type I N5359B 



OVEN/LIGHT REGULATOR 

Figure 1. Oven/Light Regulator PWB A2Al6 Component Location 

+24V 

I 

A201 
CHASSIS 
MOUNTED 

GRD 

-E;J;E5 

NOTES: 

I 
I 
I 
I 
I 
I 

C3 

T s.s rh 35V 

2 

1. TRANSISTOR A201 IS LOCATED ON THE MAIN 
CHASSIS, BENEATH MODULE A2A9. 

2. UNLESS OTHERWISE SPECIFIED: 
A. All RESISTANCE VALUES ARE IN OHMS 

.±.10%, 1/4W. 
B. ALL CAPACITANCE VALUES ARE IN 

MICROFARADS. 

I 
I 
I 
l_A~ 

VR1 
1N4371A 

Figure 2. Oven/Light Regulator PWB A2AI6 Schematic Diagram 

2N4235 

E1 

+28V 

I 
I 
I 
I 
I 
I 
I 
I 
I 

_ _j 



UNIT INSTRUCTIONS 

INPUT FROM 
FRONT PANEL 
MICROPHONE 
CONNECTOR 
A2J19 

E7 

MICROPHONE AMPlifiER 

A2A~7 

AUDIO OUTPUT 
TO FRONT PANEL 
MICROPHONE 
INPUT SELECTOR 
A2S1 





MICROPHONE AMPLIFIER 

Paragraph 

I 

2 

MICROPHONE AMPLIFIER A2A 17 

TABLE OF CONTENTS 

General Description ........................... . 

Technical Characteristics ....................... . 

3 Circuit Description ............................ . 

4 Semiconductor Voltage Data .................... . 

5 Maintenance Parts List ......................... . 

Figure 

2 

Table 

1 

LIST OF ILLUSTRATIONS 

Microphone Amplifier A2A 17 
Component Locations ....................... . 

Microphone Amplifier A2A 17 Schematic Diagram .. 

LIST OFT ABLES 

Microphone Amplifier A2A 17 
Semiconductor Voltage Data .................. . 

1 Mainll:nancc Parh l.i.~l-
1\1 ilTophonc Alllpli lin !\2!\ 17 ................. . 

Page 

1 

I 

Page 

2 

2 

Page 

1 

II 





1. GENERAL DESCRIPTION 

Microphone Amplifier A2A17 amplifies the in­
coming audio signal originating at the system 
microphone. The amplifier components are 
mounted on a single-sided board attached to the 
underside of the main chassis. 

2. TECHNICAL CHARACTERISTICS 

Input Power Requirements: 

- 6Vdc at 3.2mA 
+ 6Vdc at 5.9mA 

3. CIRCUIT DESCRIPTION 

The audio input signal enters Microphone 
Amplifier A2A16 at Terminal E7 and is applied to 
the input of differential amplifier Z1 at Z1-6. Ac 
feedback between Z 1-9 and Z1-6 stabilizes the 
amplifier. Bypass capacitor C7 prevents oscilla­
tions. The amplified audio output at Zl-11 is ap­
plied to the base of emitter follower transistor Q 1. 
The output of Q 1 (and its associated 
components ... a buffer amplifier) is routed to out­
put Terminal E2. (The output of Microphone 
Amplifier A2A17 is routed to the front panel 
MICROPHONE Input Selector A2S1, where it can 
be routed to the desired operational mode.) 

4. SEMICONDUCTOR VOLTAGE DATA 

Semiconductor voltage data for a typical 
Microphone Amplifier A2A17 is given in Table 1. 
Measurements were taken with a Simpson Model 
260 YOM, while normal De voltages were being ap­
plied. 

5. MAINTENANCE PARTS LIST 

Table 2 lists the electronic components of 
Microphone Amplifier A2A17. Manufacturers are 
referenced by a five-digit code. For a complete 
listing of manufacturer's names and addresses, 
refer to Table 6-3 in Part 6 of the General Informa­
tion Section of this manual. 
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TABLE 2. MAINTENANCE PARTS LIST­
MICROPHONE AMPLIFIER A2A17 

Reference 
Designation Name and Description 

A2A17 Microphone Amplifier PWB Assembly: 
MFR 14304, PN 0759-5715 

C1 Capacitor, Fixed Tantalum, 
10 uF, 20V: Mil type CSR13E106ML 

C2 Capacitor, Fixed Tantalum, 
100 uF, 20V: Mil type CSR13E107ML 

C3 Same as C1 

C4 Same as C2 

C5, C6 Same as C1 

C7 Capacitor, Fixed Mica, 
100 pF: Mil type CM05FDIOIJ03 

C8 Capacitor, Fixed Ceramic, .01 uF: 
MFR 72982, PN 8121-050-651-103M 

MPI PWB: MFR 14304, PN 0759-5716 

Q1 Transistor, NPN: 
MFR 21921, PN 2N4123 

R1, R2 Resistor, Fixed Composition, 560 n 
± IOo/o, Y4 W: Mil type RC07GF561K 

R3, R4 Resistor, Fixed Composition, 1 K 
± 10%, V4W: Mil type RC07GF102K 

R5 Resistor, Fixed Composition, 56K 
± 10%, V4W: Mil type RC07GF563K 

R6 Resistor, Fixed Composition, 100 n 
± 10%, Y4 W: Mil type RC07GF101K 

R7 Resistor, Fixed Composition, 4.7K 
± 10%, Y4 W: Mil type RC07GF472K 

R8 Resistor, Fixed Composition, 6.8K 
± 10%, Y4 W: Mil type RC07GF682K 

,R9 Same as R3 

RIO Same as R6 

Z1 Integrated Circuit: 
MFR 21921, PN CA3004 

TABLE 1. MICROPHONE AMPLIFIER A2A16 SEMICONDUCTOR VOLTAGE DATA 

Transistor A2Al7Ql 
Emitter Base Collector 

+2.65 Vdc + 3.35 Vdc +6 Vdc 

Differential Pin Pin Pin Pin Pin Pin Pin Pin Pin Pin Pin Pin 
1 2 3 4 5 6 7 8 9 10 11 12 

Amplifier A2Al7Zl 
0 Vdc Gnd - 5.6Vdc - 5.6Vdc - 5.6Vdc 0 Vdc 0 Vdc 0 Vdc +4.8Vdc f+6.0Vdc +4.8Vdc OVdc 

-- ----

1 
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Figure 1. Microphone Amplifier PWB A2A17 Component Locations 
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