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WARNING 

THE CURRENTS AND VOLTAGES IN THIS EQUIPMENT ARE 
DANGEROUS. PERSONNEL MUST AT ALL TIMES OBSERVE 
SAFETY REGULATIONS. 

This manual is intended as a general guide for trained and qualified personnel 
who a re aware of the dangers inherent in handling potentially hazardous 
electrical/electronic circuits. It is not intended to contain a complete 
statement of ~ 11 safety precautions which sho•Jld be observed by personnel in 
using this or other electronic equipment . 

The installation, operation, maintenance and service of this equipment 
involves risks both to personnel and equipment , and must be performed only by 
qualified personnel exercising due ::are. HARRIS CORPORATION shall not be 
responsible for injury or damage resulting from improper procedures or from 
the use of improperly trained or inexperienced personnel performing such tasks. 

During installation and operation of this equipment, local building codes and 
fire protection standards must be observed . The following National Fire 
Protection Association (NFPA) standards are recommended as references: 

- Automatic Fire Detectors, No. 72E 
Installation, Maintenance, and Use of Portable Fire Extinguishers, 
No. 10 
Halogenated Fire Extinguishing Agent Systems, No. 12A 

WARNING 

ALWAYS DISCONNECT POWER BEFORE OPENING COVERS, 
DOORS, ENCLOSURES , GATES , PANELS OR SHIELDS. 
ALWAYS USE GROUNDING STICKS AND SHORT OUT HIGH 
VOLTAGE POINTS BEFORE SERVICING . NEVER MAKE 
INTERNAL ADJUSTMENTS, PERFORM MAINTENANCE OR 
SERVICE WHEN ALONE OR WHEN FATIGUED. 

Do not remove, short- circuit or tamper with interlock switches on access 
covers, doors, enclosures, gates, panels or shields. Keep away from live 
circuits, know your equipment and don ' t tske chances. 

ii 

WARNING 

IN CASE OF EMERGENCY ENSURE THAT POWER HAS BEEN 
DISCONNECTED. 

888-1742-002 Rev. F: 6/81 
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Treatment of Electrica l Shock 

l. If vic tim is no t r e spons ive follow the A-B-Cs of bas i c life s upport . 

PL.ACE VICTIM FL.AT ON HIS BACK ON A HARD SURFACE 

@ AI R WAY 

IF UNCONSCIOUS, 
OPEN AIRWAY 

LIFT UP NECK 
PUSH FOREHEAD BACK 
CLEAR OUT MOUTH IF NECESSARY 
OBSERVE FOR BREATHING 

CHECK CAROTID PULSE 

IF PULSE ABSENT, 
BEGIN ARTIFICIAL 
CIRCULATION 

©CIRC UL ATIO N 

® B R E ATHING 

IF NOT BREATHING , 
BEGIN ARTIFICIAL 
BREATHING 

TILT HEAD 
PINCH NOSTRILS 
MAKC AIRTIGHT SEAL 

4 QUICK FULL BREATHS 

REMEMBER MOUTH TO MOUTH RESUSCITATION 
MUST BE COt+1ENCED AS SOON AS POSSIBLE 

DEPRESS STERNUM 11/2"TO 2• 

{

ONE RESCUER 
APPROX. 15 COMPRESSIONS 
80 SEC. 2 QUICK BREATHS 

APPROX.{TWO RESCUERS 
60 SEC 5 COMPRESS 1 ONS 

' l BREATH 

NOTE : DO NOT INTERRUPT RHYTHM OF COMPRESSIONS 
WHEN SECOND PERSON IS GIVING BREATH 

Cal l for medical assis t a nce a s soon a s possible . 

2 . If vic tim i s r espons ive . 

a. keep t hem warm 
b • keep them as quie t as poss ible 
C , l oosen their c l oth i ng 

(a r eclining position i s r ecommended) 

Rev. F: 6/81 888-1742-002 1. 1. 1. 
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FIRST-AID 

Personnel engaged in the installation, operation, maintenance or servicing of 
this equipment are urged to become familiar with first-aid theory and 
practices. The following information is not intended to be compl ete first-aid 
procedures, it is brief and is only to be used as a reference. It is the duty 
of all personnel using the equipment to be prepared to give adequate Emergency 
First Aid and thereby prevent avoidable loss of life, 

Treatment of Electrical Burns 

1. Extensive burned and broken skin 

a. Cover ar.ea with clean sheet or cloth. 
article,) 

(Cleanest available cloth 

b. Do not break blisters, remove tissue, remove adhered particles o( 
clothing, or apply any salve or ointment. 

c. Treat victim for shock as required. 
d. Arrange transportation to a hospital as quickly as possible. 
e. If arms or legs are affected keep them elevated. 

NOTE 

If medical help will not be available within an 
hour and the victim is conscious and not 
vomiting, give him a weak solution of salt and 
soda: l level teaspoonful of salt and 1/2 
level teaspoonful of baking soda to each quart 
of water (neither hot or cold). Allow victim 
to sip slowly about 4 ounces (a half of glass) 
over a period oE 15 minutes. Discontinue fluid 
if vomiting occurs. (Do not give alcohol,) 

2. Less severe burns - (1st 6 2nd degree) 

a. Apply cool (not ice cold) compresses using the cleanest available 
cloth article. 

b. Do not break blisters, remove tissue, remove adhered particles of 
clothing, or apply salve or ointment. 

c . Apply clean dry dressing if necessary. 
d. Treat victim for shock as required. 
e . Arrange transportation to a hospital as quickly as possible. 
f. If arms or legs a r e affected keep them elevated. 

REFERENCE: ILLINOIS HEART ASSOCIATION 

l.V 

AMERICAN RED CROSS STANDARD FIRST AID AND PERSONAL SAFETY MANUAL 
(SECOND EDITION) 
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1-L EQUIPMENT PURPOSE 

SECTION I 

GENERAL DESCRIPTION 

1-2. The MONO MODULE accepts a monaural audio signal input and generates a 
modulating signal t o drive the MOD OSC module. Pre-emphasis is selectable 
and optional linear phase low-pass filtering protects the SCA channels from 
interference and provides linear overshoot control. 

1-3. TECHNICAL CHARACTERISTICS 

1-4. Table 1-1 lists operating characteristics and parameters of the MS-15 
MONO MODULE . 

GENERAL 

SECTION II 

INSTALLATION 

2-t. 

2- 2 • Refer to 888 1742 001, MS-15 FM Exciter. Section II, Installation. 

3-1. GENERAL 

SECTION III 

CONTROLS AND INDICATORS 

3- 2. Figure 3- 1 shows the location of each control or indicator associated 
1o1ith the MS-15 MONO MODULE and table 3-1 lists the control s and indicators 
with a description of each . 

Rev . F: 6/81 888-1742-002 l 

WARNING: Disconnect primary power prior to servicing. 
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Table 1-1. Technical Characteristics 

FUNCTION CHARACTERISTIC 

INPUTS 

POWER 

SIGNAL: 

AUDIO 

OUTPUTS 

SIGNAL; 

DRIVE 

METERING 

+20 Vdc@ 0. 075 amperes . 

-20 Vdc@ 0.080 amperes. 

+10 dBm +l dB for 100% modulat i on 
at 400 Hz. 600 ohm balanced res i s
tive input impedance. 

2.8V p-p for 100% modulation. 

2.8V p-p for 100% modulation. 

888-1742- 002 Rev. F: 6/81 
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3 

4 

4 

Table 3-1 . MONO MODULE Controls and Indicators 

CONTROL/INDICATOR 

-lSV Indicator (CR6) 

+lSV Indicator (CRS) 

A/B/C/O Program 
Jumper (Jl) 

A/B/C/D Program 
Jumper (J2) 

FUNCTION 

11 luminates to indicate the MONO MOD
ULE -15 volt regulator is operational . 

11 luminates to indicate the MONO mod
ule +15 volt regulator is operational. 

Selects MONO MODULE pre-emphasis 
A: 75 us 
B: SO us 
C: 25 us 
D: flat 

Enables or bypasses the linear phase 
low-pass filter. 

Enable: A to B, C to D. 
Bypass: A to C, B to D. 

888-1742- 002 Rev. F: 6/81 
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4-1 . CIRCUIT DESCRIPTION 

4-2. INPUT CIRCUIT 

SECTION IV 

PRINCIPLES OF OPERATION 

4-3. INPUT PROTECTION NETWORK. Monaural audio input from the RFI filter is 
applied to a transformerless unity gain instrumentation amplifier (Ul) 
through the input protection network (see figure 4-1). Damage to the pre
amplifier circuit from an excessive input signal is prevented by a con
figuration of four diodes cononected to the +15 Vdc sources . If a signal 
or transient exceeding the power supply potential appears at the module in
put, the portion of the input whicb exceeds the power supply potential will 
be shunted by the diodes to the +1 5 Vdc power supply to limit the signal . 

4-4. INPUT PREAMPLIFIER. The input amplifier differs from a standard oper
ational amplifier by the inputs and the methods through which feedback is 
obtained . The amplifier responds only to the difference in potential be
tween the two inputs. lf the same signal is applied to both inputs simul
taneously or if only one input is driven and the connection to the second 
input is opened, the output will be ze~o. The amplifier therefore behaves 
as a transformer with response to de. The amplifier provides the transfor
mer's advantages of isolation and hum rejection without the problems of 
limited frequency response and phase distortion. A pre-emphasis selector 
(Jl) allows pre-emphasis selection of 75 us, 50 us, 25 us, or flat re
sponse. Amplifier gain is determined by resistor R8 and the pre-emphasis 
network . Pre-emphasized audio is output to the filter section and the ac 
metering module . 

4-5, LINEAR PHASE LOW-PASS FILTER 

4-6 . ALL-PASS NETWORK. The first section of the filter comprises U2, U3, 
and associated circuit components as an all-pass network. The frequency 
response of this section is flat for all frequencies up to the limit of 
each amplifier . However, the phase characteristic is a non-linear function 
of frequency. The phase function of the all-pass filter is tailored to the 
phase of the low-pass filter . When the two phase functions are added, a 
linear phase r e sults . A test point is provided at the output of the all
pass filter to check for correct operation. 

4- 7. ACTIVE LOW-PASS FILTER. The active low-pass filter consists of Ql, 
Q2, Q3, and Q4 . Each stage consists of high gain Darlington transistors 
which are employed as unity gain emitter follower stages. In this applica
tion, an active filter is produced through the introduction of positive 
feedback through capacitors C35, C23, C25, and C28 to each individual 
stage . Each section of the filter has a different frequency response so 
that the product of all four sections yields a flat low-pass response which 
cuts off at 16.9 kHz. The first two stages have a rolled off response at 
approximately 3 . 3 kHz and 9.4 kHz respectively. The last two stages have a 
peaked response at 14.0 kHz and 16 , 6 kHz respectively . 

Rev . F: 6/81 888-1742-002 5 
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4-8. The 
jumper J2. 

linear phase low-pass filter may be disabled as desired with 
The module outputs a 1.0 VRMS signal to drive the MOD OSC module . 

4-9. POWER 

4-10. Positive 20 Vdc enters the module on pins 31 and 32 and negative 20 
Vdc enters the module on pins 41 and 42. A regulated potential to operate 
the module internal circuitry is developed by regulators U4 (+15 Vdc) and US 
(-15 Vdc). Light emit t ing diode CR5 (+l5V) provides an indication of the 
positive supply and light emitting diode CR6 (-15V) provides an indication 
of the negative supply. Positive and negative fifteen volt test points are 
provided to assist in checking the regulator outputs . 

6 888-1742-002 Rev . F: 6/81 

WARNING: Disconnect primary power prior to servicing. 
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+ 15 voe 
lNPlJT 

PROTECTION 
NETWORK 

AUDI O { 
lNPl'T _..,_2_2 ___ ... "4 

CPI , CR2 , 
CR3,CR4 

-15 voe 

GROUND 
2'l 

71 

+1 5 voe 

PRE-

PIIASF. CORRECTION 
ALL PASS NETWORK 

7 
TEST RI • 

...----------./\Nl.....--------------------------1-• POI NT 
ACTI VE LOW PASS FILTER TPI 

---------/\.'----------
/ C35 C23 C2S \ C28 

PRE-EMPHAS I ZED ANO 
PHASE EQUALIZED AUDIO 

l. OV RMS FOR 
100% MODULATION 

Ql Ql 

'-------------------1 ... ( --- I 
----Q-3 - --, R33 C ~ Q4 ~ ... l~•-0--,1 ... MONO OUTPUT l. ov RMS FOR 

- - - 100% HOOUU.TION 

A J2 S '----~ 

A TO B, C TO D ?"- ffiTER -

A TO C ' B TO D__l_ SELECTOR 

lN: 
OUT: 

'------------------- LINEAR PHASf. LOW PASS FILTER ----------------1-------

8: SO US EMPHASIS R9 

72 

J l NETWORK I 
PRE-E'1PHAS 1S C: :s us.._ __ _. 9 } 

SELECTOR OD: FLAT L-----------l--------------------------------------------1--11-;-II_.., 
TO AC METERING 
CI RClJITS 

{ 

31 +1 5 \'DC 

+20 Voe 

-
+---,j~--.i REGl'LATOR L ________________________ .., ______________________________________________ t-~ 33 TEST POINT ,, " I +15 "'' 

{ 

4 1 

-20VDC 
42 ......;. __ ,._--1111-4 

I 
I 
L_ 

- 15 voe 
REGULATOR 

U5 

--

CR5 
+l5V 
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SOURCE 
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-lSV 
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I 

FIGURE 4-1. MONO MODULE 
BLOCK DIAGRAM 
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5-1. CORRECTIVE MAINTENANCE 

SECTION V 

MAINTENANCE 

5-2. The MS-15 FM Exciter module maintenance philosophy consists of prob
lem isolation to a specific area or individual component and subsequent iso
lation and r eplacement of the defective component. 

5-3. TROUBLESHOOTING 

5-4 . In event of problems, the trouble area must first be isolated to a 
specific area. Most troubleshooting consists of visual checks. The MODULA
TION meter, MULTIMETER, fuse Fl, circuit breaker CBl, and the indicators on 
each module should be used to determine in which area the malfunction ex
ists . All module power supplies are equipped with LEDs which iodicate the 
module power supply status. A single dark LED would indicate a problem as
sociated with an individual module monolithic voltage regulator. A consis
t ent pattern of dark LEDs however, would indicate an exciter de distribution 
bus fault. 

5-5. Once the trouble is isolated to a specific area, refer to tbe theory 
sect ion of this manual for cir cuit discussion to aid in problem resolution . 
Table 5-1 lists typical trouble symptoms pertaining to the individual module 
operation with references to fault isolation diagrams listing probable 
causes and corrective actions . A corrective action given for a trouble symp
tom is not necessarily the only answer to a problem . It only tends to lead 
the repairman into the area that may be causing the trouble. An extender 
board (HARRIS PN 992 4989 001) is provided with the exciter to assist in 
troubleshooting . In event parts are required, refer to Section VI, Parts 
List . The following information is contained in this section as an aid to 
maintenance: 

REFERENCE 

Figure 5- 1 

Table 5-2 

Figure 5-2 

Figure 5- 3 

Rev . F: 6/81 

TITLE 

MONO MODULE Parts Layout 

MONO MODULE Parts Index 

MONO MODULE Waveforms 

MONO MODULE Schematic 

888-1742-002 

NUMBER 

843 1703 001 

WARNING: Disconnect primary power prior to servicing. 

9 

http://www.SteamPoweredRadio.Com


www.SteamPoweredRadio.Com

Table 5-1. MONO MODULE Fault Isolation Index • 
SYMPTOM DEFECT/REFERENCE 

NO OUTPUT (modulation meter Figure 5-4 
indicates activity). 

NO OUTPUT (modulation meter Figure 5-5 
indicates no activity). 

INCORRECT LOW-PASS FILTERING Figure 5-6 

NOISE OR AUDIO DISTORTION Figure 5-7 

• 

• 888-1742-002 Rev. F: 6/81 
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Figur e 5-1 . MONO MODULE Par ts Layou t 
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lA 

lB 

TEST REQUIR£HCKTS: A. Ul removed. 
B. 1500 H~ aqut1rewav<t ~pp lied to XUl pin 7. 

lA All-pass filter output Rt U3 pin 6 . 

lB Lo,.,..pass f ilter output at Q4 emitter . 

2A 

28 

2C 

20 

TEST REQUIREMENTS : 1500 Hz aquarcwavc applied to exci ter audio input . 

2A 
28 
2C 
2D 

Ul pln 7 (ringing due to RFl filter). 
U2 pin 6. 
U) pin 6. 
Q4 eaitter. 

Figure 5- 2. MONO MODULE Waveforms 

888-1742-002 

WARNING: Disconnect primary power prior to servicing. 

1742-79 
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18 

NO OUTPUT (MODULATION METER 
INDICATES NO ACTIVITY). 

PLACE THE MONO MODULE 
ON THE EXTENDER BOARD. 
CHECK PINS 33 AND 3? 
FOR POSITIVE AND 
NEGATIVE 15 voe .±0,6 VDC . 
IS CORRECT POTENTIAL PRESENT? 

YES NO 

ENSURE AUDIO INPlIT 
IS PRESENT AND CHECK 
THE INPlIT TO Ul FOR 
ACTIVITY. IS ACTIVITY 
PRESENT? 

DEFECTIVE REGULATOR 
CIRCUIT, 

--- YEs----""--- No--~ 

REFER TO FIGURE 
S-3 AND CHECK THE 
POTENTIALS ON Ul. 
IF THE VOLTAGES 
ARE CORRECT, Ul 
IS DEFECTIVE. 

DEFECTIVE COMPONENTS 
IN THE INPUT CIRCUIT 
OF Ul. 

1742- 25 

Figure 5-5. No Output (Modulation Meter Indicates No Activity) 

888-1742-002 Rev. F: 6/81 

WARNING: Disconnect primary power prior to servicing. 

• 

• 

• 
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• 

• 

INCORRt:CT LOW-PASS FILTERING 

PLACE THt: l10NO l«>DULE 
ON THE EXTENDER BOARD. 

CHECK PINS 33 AND 39 
FOR POSITIVE AND NEG

ATlVl 15 VDC +0.6 VDC. 
lS CORRECT POTENTIAL 

PRESENT? 

YES NO 

SET THE PRE-EMPHASIS 
SELECTOR (Jl) TOD (FLAT) 

POSITIONED (SEE FIGURE 5- 3). CHECK 
THE EMITTER OP Ql FOR DECREASING 

ROLL OFF ABOVE 3.3 KHZ. IS 
CORRECT RESPONSE PRESENT? 

UEFECTIVE R£CULATOR CIRCUIT. 

CHECK THE EMITTER OF Q2 
FOR DECREASING ROLL OFF 

ABOVE ). 3 totz. IS CORRECT 
RESPONSE PRESENT? 

DEFECTIVE Ql CIRCUIT. 

CHECK .THE EMITTER OF Ql FOR DlFECTIVE Q2 CIRCUIT. 
DECREASING ROLL OFF ABOVE 

14 ltHZ. lS CORRECT RESPONSE 
PRESENT? 

CHECK THE EMITTER Of Q4 DEFECTIVE QJ ClRCUlT. 
FOR Dt:Cll£AS1NC ROLL OFF 
ABOVE 16.9 KHZ AND RE-

PAIR AS NECESSARY. 

Figure 5-6, Incorrect Low-Pass Fi ltering 

llev. F: 6/81 888-1742- 002 

WARNING. 01sconnect prn11~ry power prior to serv1c1ng. 

IHM1 

19 
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• 

• 

6-1. GENERAL 

SECTION VI 

!?ARTS LIST 

6-2. Refer to table 6-1 for replaceable 
proper maintenance of the MS-15 MONO MODULE. 
component reference designator • 

Rev. F: 6/8l 888-1742-002 

parts which are required for 
Table entries are indexed by 

21 

WARNING: Disconnect primary power prior to servicing. 

http://www.SteamPoweredRadio.Com
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Table 6- 1. MONO MODULE Fr ont P3nel - 994 7988 001 • REF. SYMBOL HARRIS PART NO. DESCRIPTION QTY. 

------ 992 4976 001 MONO MODULE Circuit Board 
(Refer to table 6-2) 1 

• 

• 
22 888-1742-002 Rev. F: 6/81 

WARNING: Disconnect primary power prior to servicing. 

wigfi
Stolen 2 Line Transparent
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• Tabl e 6-2. MONO MODULE Circuit Board - 992 4976 001 

REF. SYMBOL HARRIS PART NO. DESCRIPTION QTY. 

Ct 526 0049 000 Capacitor, 6 .8 uF, 35V, 20% l 

C2 516 0375 000 Capacitor, 0.01 uF, 50V l 

C3 500 1217 000 Capacitor, 750 pF, 500V, 1% l 

C4 500 1220 000 Capacitor, 510 pF, 500V, 1% l 

cs 500 1169 000 Capacitor, 240 pF, 500V, 1% l 

C6 516 0375 000 Capacitor, 0.01 uF, 50V l 

C7 526 0049 000 Capacitor, 6.8 uF, 35V, 20% t 

cs 500 1220 000 Capacitor, 510 pF, 500V, 1% t 

C9 500 0826 000 Capacitor, 120 pF, 500V, Mica l 

• ClO 500 1215 000 Capacitor, 2700 pF, 500V, 1% l 

Cll,Cl2 516 0375 000 Capacitor, 0.01 uF, 50V 2 

Cl3 526 0049 000 Capacitor, 6.8 uF, 35V, 20% L 

Cl4 500 1220 000 Capacitor, 510 pF, 500V, 1% l 

Cl5 500 0826 000 Capacitor, 120 pF, soov, Mica l 

Cl6 500 1215 000 Capacitor, 2700 pF, 500V , 1% l 

Cl7 526 0049 000 Capacitor, 6.8 uF, 35V, 20% 1 

C18,Cl9 S16 0375 000 Capacitor, 0.01 uF, 50V 2 

C20 500 0803 000 Capacitor, 5 pF, 500V l. 

C22 500 1221 000 Capacitor, 470 pF, soov, 1% 1 

C23 500 1218 000 Capacitor, 820 pF, 500V, 1% l 

C24 500 1221 000 Capacitor, 470 pF, soov, 1% l 

C25 500 1215 000 Capacitor, 1500 pF, 500V , 1% 1 

• Rev . F: 6/81 888-1742-002 23 
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Table 6-2. MONO MODULE Circui t Boar d - 992 4976 001 (Continued) • 
REF. SYMBCL HARRIS PART NO. DESCRIPTION QTY. 

C26 500 1222 000 Capacitor , 390 pF, 500V, 1% l 

C27 500 1224 000 Capacitor , 180 pF, 500V, 1% l 

C28 500 1223 000 Capacitor, 5600 pF, 300V , 1% L 

C29 526 0057 000 Capaci t or, 100 uF,, 20V, 20% l 

C30 thru C33 526 0049 000 Capacitor, 6.8 uF, 35V, 20% 4 

C34 500 0803 000 Capacitor, 5 pF, 500V, Mica 1 

C35 500 1219 000 Capaci t or, 560 pF, 500V, 1% l 

C36 526 0057 000 Capac i tor, 100 uF, 20V l 

CRl thru CR4 384 0205 000 Diode, 1N914 , Sil icon 4 

CR5 ,CR6 384 0661 000 LED, Green 2 

CR7 thru CRl O 384 0357 000 Diode , 1N4004 4 • 
Jl , J2A,J2B 610 0679 000 Plug, Shorting 2 

Ll , L2 492 0645 000 Inductor, 100 mll, 2% 2 

Ql thru Q4 380 0319 000 Transistor , MPS Al4 4 

Rl ,R2 540 1162 000 Resistor , l Megohm, l/2W, 5% 2 

R3 540 1102 000 Res i stor , 100 ohm, l/2W, 5% 1 

R4 540 1183 000 Resis t or , 5600 ohm, l/2W, 5% 1 

R5 540 1153 000 Resistor, 8200 ohm, l/2W, 5% 1 

R6 540 1184 000 Resis t or, 15k ohm, l /2W, 5% l 

R7 540 1102 000 Resistor , 100 ohm, 1/2W, 5% l 

R8 548 1370 000 Resis t or , 105k ohm, l/4W, 1% 1 

R9 540 1160 000 Resistor , 22k ohm, l /2W, 5% l 

• 24 888- 1742- 002 Rev. F: 6/81 
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• Table 6-2 . MONO MODULE Circuit Board - 992 4976 001 (Cont inued) 

REF. SYMBOL HARRIS PART NO. DESCRIPTION QTY. 

RlO 548 1364 000 Resistor• 16.2k ohm, l /4W, 1% l 

Rll 548 1396 000 Res i stor, 8 . 06k ohm, l/4W, 1% 1 

Rl2 540 0017 000 Resistor, 47 ohm, l /2W, 5% 1 

Rl3 548 1364 000 Resistor, 16 . 2k ohm, l/4W, 1% l 

Rl4 540 0017 000 Resistor , 47 ohm, l /2W, 5% L 

Rl5 548 1364 000 Resistor, 16.2k ohm. l/4W, 1% l 

Rl6 548 1438 000 Resistor, 9.76k ohm, l/4W, 5% l 

Rl7 540 1159 000 Resistor, 100k ohm, l/2W, 5% l 

Rl8 548 1364 000 Resistor, 16.2k ohm , l/4W, 1% 1 

• Rl9 S40 1170 000 Resistor, 430 ohm, l /2W, 5% l 

R20 548 1440 000 Resistor, 25.5k ohm, l/4W, 1% l 

R21 548 0569 000 Resistor, 47 . Sk ohm, l/4W, 1% l 

R23 548 0382 000 Resistor, 12.7k ohm, l/4W, l% 1 

R24 540 1182 000 Resistor, 2200 ohm, l/2W, 5% l 

R25 548 1399 000 Resistor, 22.6k ohm, l /4W , 1% 1 

R26 540 1111 000 Resistor, 10k ohm, l/2W, 5% l 

R27 540 1182 000 Res is tor, 2200 ohm, l/2W, 5% l 

R28 540 1159 000 Resistor, 100k ohm,, l/2W, 5% l 

R29 548 1439 000 Resistor, 17 .4k ohm, l /4W, 1% l 

R30 548 1360 000 Resistor, 8450 ohm, l/4W, 1% l 

R31 540 1182 000 Resistor, 2200 ohm, l/2W, 5% l 

R32 548 0780 000 Resistor, 8 .66k ohm, l/4W, 1% l 

• Rev . f: 6/81 888-1742-002 25 
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Table 6-2. MONO MODULE Circuit Board - 992 4976 001 (Continued) • 
REF. SYMBOL HARRIS PART NO. DESCRIPTION QTY. 

R33 548 1438 000 Resistor, 9.76k ohm, l/4W, 1% l 

R34 540 1182 000 Resistor, 2200 ohm, l/2W, 5% 1 

R36,R37 540 1151 000 Resistor, 10 ohm, l/2W, 5% 2 

R38 548 0932 000 Resistor , 100k ohm, l/4W, 1% l 

R39, R40 540 1187 000 Resistor, 1300 ohm, l/2W, 5% 2 

Ul 382 0473 000 Integrated Cir cuit, AD521JD L 

U2,U3 382 0472 000 integrated Circuit, LM318N 2 

U4 382 0359 000 Integrated Circuit, MC7815CP l 

us 382 0360 000 Integrated Circuit, MC7915CP l 

XUl 404 0674 000 Socket, IC, 14 Contacts l 

XU2 , XU3 404 0673 000 Socket, IC, 8 Contacts 2 • 
612 0901 000 Jack, Printed Circuit Mount 12 

843 1704 001 Printed Board 1 
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WARNING 

THE CURRENTS ANO VOLTAGES IN THIS EQUIPMENT ARE 
DANGEROUS. PERSONNEL MUST AT ALL TIMES OBSERVE 
SAFETY REGULATIONS. 

This manual is intended as a general guide for trained and qualified personnel 
who are aware of the dangers inherent in handling potentially hazardous 
e lectrical/electronic circuits . It is not intended to contain a complete 
statement of all safety precautions which should be observed by personnel in 
using this or other electronic equipment . 

The installation, operation, maintenance and service of this equipment 
involves risks both to personnel and equipment, and must be performed only by 
qual ified personnel exercising due care. HARRIS CORPORATION shall not be 
responsible for injury or damage resulting from improper procedures or from 
the use of improperly trained or inexperienced personnel performing sucb tasks. 

During installation and operation of this equipment, local building codes and 
fire protection standards must be observed. The following National Fire 
Protection Association (NFPA) standards are recommended as references: 

- Automatic Fire Detectors, No. 72E 
Installation, Maintenance, and Use of Portable Fire Extinguishers, 
No. 10 
Halogenated Fire Extinguishing Agent Systems, No. l2A 

WARNING 

ALWAYS DISCONNECT POWER BEFORE OPENING COVERS• 
DOORS, ENCLOSURES, GATES, PANELS OR SHIELDS. 
ALWAYS USE GROUNDING STICKS AND SHORT OUT RIGH 
VOLTAGE POINTS BEFORE SERVICING. NEVER MAKE 
INTERNAL ADJUSTMENTS, PERFORM MAINTENANCE OR 
SERVICE WHEN ALONE OR WHEN FATIGUED. 

Do not remove> short-circuit or tamper with interlock switches on access 
covers, doors, enclosures, gates, panels or shields. Keep away from live 
circuits, know your equipment and don't take chances. 

ii 

WARNING 

IN CASE OF EMERGENCY ENSURE THAT POWER HAS BEEN 
DISCONNECTED. 

888-1742-003 Rev . F: 6/81 
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Treatment of Electrical Shock 

l. If victim is not responsive follow the A-B-Cs of basic life support. 

PLACE VICTIM FL.AT ON HIS BACK ON A HARO SURrACE 

@ AIRWA Y 

IF UNCONSCIOU5, 
OPEN AJRWAY 

LlrT UP NECK 
PUSH FOREHEAD BACK 
CLEAR OUT MOUTH IF NECESSARY 
OBSERVE FOR BREATHING 

CHECK CAROT ID PULSE 

IF PULSE ABSENT, 
BEGIN ARTIFICIAL 
CIRCULATION 

© CIRCULATION 

® BREATHIN G 

IF NOT BREATHING, 
BEGIN ARTIFICIAL 
BREATHING 

TILT HEAD 
PINCH NOSTRILS 
MAKE AIRTIGHT SEAL 

4 QUICK FULL BREATHS 

REMEMBER MOUTH TO MOUTH RESUSCITATION 
MUST BE COMMENCED AS SOON AS POSSIBLE 

DEPRESS STERNUM 1 1,2·ro 2· 

{

ONE RESCUER 
APPROX. 15 COMPRESSIONS 
80 SEC. 2 QUICK BREATHS 

APPROX.{TWO RESCUERS 
bO SEC 5 COMPRESSIONS 

. 1 BREATH 

NOTE: DO NOT INTERRUPT RHYTHM OF COMPRESSIONS 
WHEN SECOND PERSON IS GIVING BREATH 

Call for medical assistance as soon as possible. 

2. If victim is responsive. 

a . keep them warm 
b. keep them as quiet as possible 
c . loosen their clothing 

(a reclining position is recommended} 

Rev. F: 6/81 888-1742-003 ·1.1.1. 
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FIRST-AID 

Personnel engaged in the installation, operation, maintenance or servicing of 
Lhis equipment are urged to become familiar with first-aid theory and 
practices. The followi ng infonnation is not intended to be complete first-aid 
procedures, it is brief and is only to be used as a reference. It is the duty 
of all personnel using the equipment to be prepared t o give adequate Emergency 
Fir st Aid and thereby prevent avoidable loss of life. 

TreatmenL of ElecLrical Burns 

1. Extensive burned and broken skin 

a . Cover area with clean sheet or cloth. (Cleanest available cloth 
article .) 

b. Do not break blisters, remove tissue, remove adhered particles of 
clothing , or apply any salve or ointment. 

c. Treat victim for shock as required. 
d. Ar range transportation to a hospital as quickly as possible. 
e . l f arms or legs are affected keep them elevated. 

NOTE 

I f medica l help will not be available within an 
nour and the victim is conscious and not 
vomiting, give him a weak solution of salt and 
soda: l level teaspoonful of salt and 1/2 
level t easpoonful of baking soda to each quart 
of water (neither hot or cold). Allow victim 
to sip slowly about 4 ounces (a half of glass) 
over a period of 15 minutes. Discontinue fluid 
if vomiting occurs . (Do not give alcohol . ) 

2. Less severe burns - (1st & 2nd degree) 

a. Apply cool (not ice cold) compresses using the cleanest available 
cloth artic le. 

b . Do not break blisters, remove tissue, remove adhered particles of 
clothing , or apply salve or ointment. 

c. Apply clean dry dressing if necessary, 
d. Treat victim for shock as required. 
e. Arrange transportation to a hospital as quickly as possible. 
f. If arms or legs are affected keep them elevated. 

REFERENCE: ILLINOIS HEART ASSOCIATION 

lV 

AMERICAN RED CROSS STANDARD FIRST AID AND PERSONAL SAFETY MANUAL 
(SECOND EDITION) 
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1-1. EQUIPMENT PURPOSE 

SECTION I 

GENERAL DESCRIPTION 

1-2. The SCA MODULE accepts an ac coupled audio or de coupled input signal 
such as slow scan television and produces a 41 kHz or 67 kHz frequency modu
lated SCA subcarrier at the level required to drive the MOO OSC module input 
circuitry . Sel ectable manual or automatic muting and programmable pre-em
phasis of 150 us, 75 us, 50 us, or flat response are provided. Local and 
remote switching provisions and module front panel indicators provide con
venient SCA operatiou, 

1-3. TECHNICAL CHARACTERISTICS 

1-4. Table 1-1 lists operating characteristics and parameters of the MS-15 
SCA MODULE. 

2-1 . GENERAL 

SECTION II 

INSTALLATION 

2- 2. Refer to 888 1742 001, MS-15 FM Exciter, Section II, Installation. 

3-1 . GENERAL 

SECTION llI 

CONTROLS AND INDICATORS 

3- 2. Figure 3-1 shows the location of each control or indicator associated 
with the MS-15 SCA MODULE and cable 3-1 lists the controls and indicators 
with a description of each item listed. Control setup adjustments are 
listed in table 3-2 • 

Rev . 1-~: 6/81 888-1742-003 l 
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Table 1-1. Technical Characteristics 

- • FUNCTION CHARACTERISTIC 

INPUTS 

Power: +20 Vdc @ 0.060 amperes 

-20 Vdc @ 0.040 amperes 

Signal: 

AC +10 dBm +l dB for 100% modulation 
at 400 Hz-@ 600 ohms 

DC l.OV peak for s kHz deviation @ 
2000 ohms 

Control: 

Remote Switching +18V to +24 Vdc, momentary level 

OUTPUTS 

Signal: 100 millivolts RMS com_posite SCA • for 10% injection. (Adjus t abl e 
Control: from 0 to 30% injection.) 

SCA-2 inhibit +6 Vdc for inhibit 
-6 Vdc for operate 

• 2 888-1742-003 Rev . F: 6/81 
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• Figure 3-1 . SCA MODULE 
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Table 3-1. SCA MODULE Controls and Indicators 

CONTROL/INDICATOR FUNCTION 

-6V Indicator (CR8) 

+6V Indicator (CR7) 

FREQ ADJ 
Control ( Rl2) 

INJ LEV 
Control (Rl6) 

OFF Switch (S3) 

OFF Indicator (CR14) 

AUTO Switch (S2) 

AUTO 
Indicator (CRlO) 

ON Switch (Sl) 

ON Indicator (CR6) 

41 KHZ/67 KHZ SCA 
Frequency Jumper 
(Jl) 

Waveform Adjust 
Control (R2) 

Symmetry Adjust 
Control (R6) 

PREMPH 150/75/50/0 
pre-emphasis 
Jumper (JS) 

Illuminates to indicate the SCA MODULE 
-6 volt r egul ator is operational. 

Illuminates to indicate the SCA MODULE 
+6 volt regulator is operational. 

Adjusts the center frequency of the SCA 
subcarrier . 

Adjusts the output level of the SCA 
subcarrier. 

Inhibits operation of the SCA channel. 

Indicates operation of the SCA channel 
is inhibited when illuminated . 

Enables circuitry on the SCA MODULE to 
automatically mute the SCA carrier if 
the SCA audio input mutes . 

Indicates the SCA AUTO mode of oper
ation is enabled when illuminated. 

Enables the SCA carrier. 

Indicates the presence of SCA subcar
~ ier when illuminated. 

Programs SCA channel frequency. 

Adjusts the SCA oscillator waveform for 
minimum odd harmonic distortion. 

Adjusts the SCA oscillator waveform for 
symmetry and minimum even harmonic 
distortion . 

Selects SCA MODULE input pre-emphasis. 

888-1742-003 Rev. F: 6/81 
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Table 3-1 . SCA MODULE Controls and Indicators (Continued) 

CONTROL/INOICA TOR 

AUDIO INPUT LEVEL 
Control (Rl9) 

D.C . INPUT LEVEL 
Contra 1 ( Rl7) 

MUTE LEVEL 
Control (R38) 

MUTE DELAY 
Control (R54) 

POWER UP OFF/ON/AUTO 
Jumper (J4) 

Primary Tuning 
Control (Ll) 

Secondary Tuning 
Contrl (L2) 

41 KHZ/67 KHZ 
Bandpass Filter 
Tuning Jumper (J3) 

41 KHZ/67 KHZ 
Bandpass Filter 
Tuning Jumper (J2) 

FUNCTION 

Adjusts signal level input to the 
SCA generator circuit . 

Adjusts level of de coupled input 
signal. 

Adjust threshold level at which SCA 
subcarrier appears. 

Adjusts the time delay between the 
last modulating signal and muting 
of the SCA subcarrier . 

Determines module operational status 
at power application (SCA on, SCA 
auto, SCA off) . (Factory set for 
auto.) 

Tunes primary circuit of doubly 
tuned SCA bandpass filter. 

Tunes secondary circuit of doubly 
tuned SCA bandpass filter. 

Selects center frequency of bandpass 
filter output circuit (41 kHz or 67 
kHz). 

Selects center frequency of bandpass 
filter input circuit (41 kHz or 67 
kHz) • 

Rev. F: 6/81 888-1742-003 
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Table 3-2. Control Adjustments 

CONTROL 

FREQ ADJ Control (Rl2) 

rNJ LEV Control (R16) 

O.C. INPUT LEVEL 
Control ( Rl 7) 

AUDIO INPUT LEVEL 
Contr o l (R19) 

ADJUSTMENT 

1. Connect the exciter rf output to 
a SO ohm load through a direc
tional coupler or line sampler. 

2. Connect a modulation monitor to 
the line sampler or the forward 
port of the directional coupler. 

3. Connect an SCA monitor to the 
SCA provision on the modulation I 

monitor. 

4. Remove the STEREO ANALOG module 
from the exciter . 

5. Ensure there is no modulation 
ap- plied to the SCA module. 

6. Depress the SCA ON switch . The 
ON indicator wil l illuminate . 

7 . Adjust Rl2 to the proper SCA 
frequency (41 kHz or 67 kHz) as 
indicated by the SCA monitor . 

8. Reconnect the exciter output to 
the load, replace the STEREO 
ANALOG module in the exciter, 
and reapply modulation to the 
SCA module . 

Refer t o the MOD OSC module SCA- L 
LEVEL SHIFT Control (RS4)/SCA- 2 
LEVEL SHIFT Control (R55) adjustment 
procedur e (888-1742-008) . 

l. Connect the exciter rf output to 
a 50 ohm load through a d irec
t iona l coupler or line sampler . 

2 . Connect a modu l ation monitor to 
the line sampler or the for ward 
port of the directional coupler • 

888- 1742-003 Rev. F: 6/81 
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Table 3-2. Control Adjustments (Continued) 

CONTROL ADJUSTMENT 

3 . Connect an SCA monitor to the 
SCA provision on the modulation 
monitor. 

4. Remove the module. Mount the 
module in the exciter using the 
extender board provided with 
the exciter. 

s. Depress the SCA MODULATION 
meter switch and ensure the SCA 
level input to the exciter Ls 

correct (see table 1-1). 

6. Depress the SCA ON switch. The 
ON indicator will illuminate. 

7 . Depress the SCA MODULATION 
meter switch. If the SCA ac 
coupled input is used, adjust 
the audio input l evel to obtain 
a lOO% MODULATION meter indica
tion and adjust Rl9 to obtain a 
SCA monitor indication of 5 kHz 
deviation. If the SCA de cou
pled input is used, adjust Rl 7 
to obtain a 100% MODULATION 
meter indication and adjust Rl9 
to obtain an SCA monitor indi
cation of 5 kHz deviation. * 

8. Remove the module and extender 
board, replace the module in 
the exciter, and r econnect the 
exciter to the l oad. 

MUTE LEVEL Control 
( R38) 

1. Remove the module. Mount the 
module in the exciter using the 
extender board provided with 
the exciter . 

Rev . F: 6/81 

2, Depress the SCA MODULATION 
meter switch and ensure the SCA 
level in- put to the exciter is 
correct (see table 1-1) • 

888-1742-003 
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8 

Table 3-2. Control Adjustments (Continued) 

CONTROL ADJUSTMENT 

MUTE DELAY Control 
( R54) 

3. Adjust R38 fully clockwise . 

4 . 

s. 

Depress the 
The AUTO 
illuminate. 
Adjust R38 
until the ON 
nates, 

SCA AUTO switch. 
indicator will 

counterclockwise 
indicator illumi-

6. Remove the module and extender 
board and replace the module 1n 

the exci t er. 

1. Remove the module. Mount the 
module in the exc ite r using the 
extender board provided with 
the exciter. 

2. Depress the SCA MODULATION 
meter switch and ensur e the SCA 
audio levels input to the ex-
citer are correct (see table 
1-1). 

3 . Adjust R54 fully counterclock-
wise. 

4 . Depress the SCA AUTO switch. 
The AUTO indicator and the ON 
indicator will illuminate. 

5 . Interrupt the SCA audio feed to 
the exciter . The ON indicator 
will immediately go out . 

6 . Apply and remove the SCA audio 
to the exciter and adjust R54 
until the ON indicator remains 
illuminated for the desired 
time delay. 

888-1742-003 Rev. F: 6/81 
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Table 3-2 . Contr o l Adjus t ments (Continued) 

CONTROL ADJUSTMENT 

Primary Tuning 
Control (Ll) 

SECONDARY TUNING 
Control (L2) 

Symmetry Adjust 
Control (R6) 

Rev. F: 6/81 

7 . Remove the module and extender 
board and replace the module tn 
the exciter . Ensure the audio 
feed is connected to the SCA 
module. 

l . Connect the exciter rf output to 
a 50 ohm load through a d irec
t ional coupler or line sampler. 

2 . Connect a modulation monitor to 
the line sampler or the forward 
por t of the directional coupler. 1 

3. Connect an SCA monitor to the 
SCA provision on the modulation 
monitor . 

4 . Remove the module from the ex
citer and remove the side cover . 

5. Mount the module in the exciter 
using the extender board pro
vided with the exciter. 

6. Depress the SCA ON switch. The 
SCA ON indicator will illumi
nate. 

7. Adjust Ll or L2 to peak the SCA 
monitor injection indication. 

8. Remove the extender board, re
place the module side cover, 
and replace the module in the 
exciter . Reconnect the exciter 
to the load. 

l . Remove the module from the ex
citer and remove the side cover . 

888-1742-003 9 
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Table 3-2 . Control Adjustments (Continued) 

CONTROL ADJUSTMENT 

2. Mount the module in the exciter 
using the extender board pro
vided with the exciter. 

3. Connect a low frequency 
trum analyzer between 
point TP3 and ground. 

spec
test 

4. Adjust R6 to obtain a minimum 
second harmonic indication. 

5. Disconnect the spectrum ana
lyzer from the module, remove 
the extender board, replace the 
module side cover, and replace 
the module in the exciter. 

Wave form Adjust 
Control (R2) 

l. Remove the module from the ex
citer and remove the side cover. 

10 

2. Mount the module in the exciter 
using the extender board pro
vided with the exciter. 

3. 

4. 

Connect a low frequency 
trum analyzer between 
point TP3 and ground. 

Perform the Symmetry 
Control (R6) procedure . 

spec
test 

Adjust 

5. Adjust R2 to obtain a minimum 
odd harmonic indication. 

6. Disconnect the spectrum ana
lyzer from the module, remove 
the extender board, replace the 
module side cover, and rep lace 
the module in the exci t er. 

* SCA modules are normally SU?pl i ed with 100% modu l ation equal 
to +S kHz deviation. 

888-1742-003 Rev. F: 6/81 
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4-1. 

4- 2 . 

CIRCUIT DESCRIPTION 

IN"PUT CIRCUIT 

SECTION IV 

PRINCIPLES OF OPERATION 

4-3. AUDIO PREAMPLIFIER . Audio is applied to the SCA MODULE through a pad 
consisting of R22, R23, R24 1 and R25 which provides a 600 ohm balanced re
sistive module input impedance co the primary of transformer Tl (refer to 
figure 4-1) . Audio from the transformer secondary is applied to the pre-em
phas is network which provides selection of 150 us, 75 us, or flat response 
as determined by the position of jumper JS. The audio is applied with sig
nal from the de coupled input to audio preamplifier U2A. The D.C. INPUT 
LEVEL control (R17) provides adjustment of the de input signal level. 

4-4. ACTIVE LOW-PASS FILTER. The active low-pass filter comprises U2A, 
U2B, U2C, and U2D which are used as active elements in a seven pole Butter
worth low-pass filter . The filter provides 42 dB per octave attenuation 
above 4. 5 kHz . However I the filter cu toff frequency may be moved to S .O kHz 
or 7.5 kHz as desi r ed by changing resistor values as noted on figure 5- 3. 
The entire active low-pass fi 1 ter may be bypassed for special SCA require
ments (see figure 4-1), The output of the active low-pass filter is applied 
to the ac meter module , the mute circuit audio amp lifiers and the voltage 
controlled oscillator in the rf circuit • 

4-5 . SCA GENERATION 

4-6 . VOLTAGE CONTROLLED OSCILLATOR. Inp~t signal to the voltage con
trolled oscillator is level adjusted by the AUDIO INPUT LEVEL control (Rl9) 
and applied to the FM input of the monolithic function generator. The os
cillator generates the 41 kHz or 67 kHz SCA subcarrier as programmed by 
jumper Jl. The center frequency of the SCA carrier is adjusted by the FREQ 
ADJ control (Rl 2). With the symmetry adjust control (R6) and the WAVEFORM 
ADJUST control (R2) correctly adjusted for minimum distortion, har monics 
will be suppressed a minimum of 45 dB below the fundamental frequency. 

4 - 7 . OUTPUT CIRCUIT. The SCA signal generated by the voltage controlled 
oscillator is applied to a doubly tuned bandpass filter in which J2 and J3 
determine the coup 1 ing and center frequency of the filter for operation on 
41 kHz or 67 kHz. This filter attenuates the residual harmonic content in 
the SCA carrier by more than 70 dB. The primary of the filter is tuned by 
Ll and the secondary circuit is adjusted by L2. The INJ LEV control (Rl6) 
allows adjustment of the SCA module to 100 millivolts for 10% modulation as 
required to drive the MOD OSC module circuitry. When the SCA module is dis
abled, CMOS switches U9A and U9B inhibit operation by disconnecting the in
put to the bandpass filter and shorting the module output to ground • 

Rev . F: 6/81 888-1742- 003 ll 
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4-8 . MUTE CIRCUIT 

4 - 9. The SCA mute circuit consists of an audio level detector and a delay 
timer. If the audio input level falls below a preset threshold or is inter
rupted for a period longer than an adjustable time delay, the SCA channel 
output will mute until the audio is reapplied . The SCA threshold sensi
tivity is adjustable from O dBm to -30 dBm by the MUTE LEVEL control (R38) 
and the SCA delay is adjustable from 0.5 to 20 seconds by the MUTE DELAY 
control (R54). 

4-10. LEVEL DETECTOR. A high gain audio amplifier consisting of U3A and 
U3B provides the required amplification to increase the audio level from the 
active low-pass filt;er to the level necessary to drive the peak rectifier 
circuit. After amplification, the audio is applied to a peak detector 
comprising CRl, CR2, and associated circuitry. The resultant charge is 
stored in capacitor C41. As long as the potential of the peak detected 
audio is greater than the de reference applied to the threshold comparator 
by R47 and R48, comparator U3C applied +6 volts to the delay timer circuit. 

4-11. DELAY TIMER. As long as an active +6 Vdc output is applied from the 
threshold comparator, capacitor C45 will remain fully charged and the delay 
comparator (U3D) will output a +6 Vdc level. The output of U3D closes the 
series switches in U9A and opens the parallel switches in U9B through inver
ter U4D, turns on driver Q3 which illuminates the ON indicator, and provides 
an SCA ON signal to the MOD OSC module. The SCA ON signal from SCA module 
No. 2 is also applied to the STEREO DIGITAL module to prevent simultaneous 
41 kHz SCA and stereophonic operation to prevent mutual interference . The 
SCA channel is given priority in this situation and the STEREO DIGITAL mod
ule is automatically switched to a predetermined monaural mode. 

4-12 . If the audio input is interrupted, the charge on capacitor C45 wi 11 
discharge through the MUTE DELAY control (R54). When the charge on C45 
falls below the de level applied to the delay comparator through R56 and 
R58, the delay comparator outputs a LOW state and mutes the SCA channel out
put . Diode CR4 provides isolation to prevent C45 from discharging through 
U3C. 

4-13. CONTROL CIRCUIT 

4-14. Mode selection is performed by two de flip flops implemented by four 
cross coupled NANO gates. The de flip flops are controlled by logic levels 
rather than transitions. When a mode is selected, either by depressing a 
mode switch or applying an input on the selected remote control input pro
vision. a momentary LOW (-6) Vdc sets or resets each flip flop. The U4A/U5A 
flip flop is set (U4A HIGH) when the SCA ON mode, the U4B/U5B flip flop is 
set ( U4B HIGH) when in the SCA OFF mode, and in the AUTO mode both flip 
flops are reset and U4C outputs a LOW. 

12 888-1742-003 Rev. F: 6/81 
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4-15 . When the SCA ON is selected the posLtLve input to comparator U3ll i s 
driven HIGH through diode CR5. When SCA OFF is selected, the negative input 
to comparator U3D is forced HIGH through diode CR3. Either action overrides 
the mute circuit function and manua lly turns the SCA carrier on or off. In 
the AUTO mode, diodes CR3 and CR5 are both off which allows the automat ic 
muting function to operate. 

4-16. POWER UP MODE SELECTION . When power is applied, capacitor C52 is 
discharged . Until the capacitor charges through diode CR15, a low condition 
exists on the mode selection line determined by the position of jumper J4 . 
This will initialize the equipment in the selected mode at power applica
tion. Resistor R73 discharges C52 when power is removed. 

4-17. REMOTE CONTROL. Remote control mode selection is provided by optical 
isolator U6. The input side of the optical isolator is protected from re
vet:se bias by diodes CRll, CR12, and CR13 . Cut:rent limiting resistors for 
each remote control input are located on the RFI filter. Remote control 
mode selection consists of application of a positive 18 co 24 Vdc potential 
on the particular input line. 

4-18. MODE INDICATORS . Light emitting diodes connect to the control gates 
through drivers and illuminate when each mode is selected. The ON indicator 
illuminates to indicate selection of the ON mode and functions as a mute 
circuit status indicator when the AUTO mode is selected . The AUTO indicator 
illuminates when AUTO is s e lected and the OFF indicator illuminates when 
module operation is inhibited by selection of the OFF mode . 

4-19. POWER 

4-20. Positive 20 Vdc enters the module on p1ns 31 and 32 and negative 20 
Vdc enters the module on pins 41 and 42. A regulated potential to operate 
the module internal circuitry is developed by regul ators U7 (+6 Vdc) and US 
(-6 Vdc) . Light emitting diodes CR7 (+6V) and CR8 (-6 Vdc) indicate opera
tion of the two regulators. Positive and negative six volt test points are 
provided to assist in checking the regulator outputs. 

5-1 . CORRECTIVE MAINTENANCE 

SECTION V 

MAINTENANCE 

5-2. The MS-15 FM Exciter module maintenance philosophy consists of prob
lem isolation to a specific area or individual component and subsequent iso
lation and replacement of the defective component . 

5-3. TROUBLESHOOTING 

5-4 . In event of problems, the trouble area must first be isolated t o s 
specific area. Most troubleshooting consists of visual checks . The MODULA
TION meter, MULTIMETER, fuse Fl, circuit breaker CBl, and the indicators on 

Rev. F: 6/81 888-1742-003 l 5 
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each module should be used to determine in which area the malfunction ex
ists. All module power supplies are equipped with LEDs which indicate the 
module power supply status. A single dark LED would indicate a problem as
sociated with an individual module monolithic voltage regulator . A consis
tent pattern of dark LEDs however, would indicate an exciter de distribution 
bus fault. 

5-5. Once the trouble is isolated to a specific area, refer to the theory 
section of this manual for circuit discussion to aid in problem resolution. 
Tabl e S-1 lists typical trouble symptoms pertaining to the individual module 
operation with references to fault isolation diagrams listing probable 
causes and corrective actions . A corrective action given for a trouble 
symptom is not necessarily the only answer to a problem. It only tends to 
lead the repairman into the area that may be causing the trouble . An ex
tender board (HARRIS PN 992 4989 001) is provided with the exciter to assist 
in troubleshooting . In event parts are required, refer to Section VI , Parts 
List. The following information is contained in this section as an aid to 
maintenance : 

16 

REFERENCE 

Figure 5- 1 

Table 5-2 

Figure 5- 2 

Figure 5-3 

TITLE 

SCA MODULE Parts Layout 

SCA MODULE Parts Index 

SCA MODULE Waveforms 

SCA MODULE Schematic 

888-1742-003 

WARNING: Disconnect primary power prior to servicing. 

NUMBER 

843 1696 001 

Rev . F: 6/81 

• 

• 

• 

wigfi
Stolen 2 Line Transparent

http://www.SteamPoweredRadio.Com


www.SteamPoweredRadio.Com

• 

• 

• 

Table 5- 1. SCA MODULE Fault Isolation Index 

SYMPTOM 

NOT OUTPUT (modulation 
meter indicates activity 

NO OUTPUT (modulation 
meter indicates no activity 

MUTING INOPERATIVE 
(ON indicator out). 

LOCAL AND REMOTE MODE 
SELECTION INOPERATIVE 
(any mode). 

REMOTE MODE SELECTION 
INOPERATIVE (any 
mode). 

SCA TO STEREO CROSSTALK 

Rev. F: 6/81 

DEFECT/REFERENCE 

Figure 5-4 

Figure 5-5 

Figure 5-6 

Figure 5-7 

Defective U6 

Figure 5-8 
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Figure 5-1. SCA MODULE Parts Layout • 18 888-1742-003 Rev. F: 6/81 
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lA 

18 

TEST REQUIREMENTS: 2 kHz moduiation @:!:S kHz deviation 

lA Funct ion generator output at TP-3. 

18 U2D pin 8 . 

2A 

28 

TEST REQUIREMENTS: A. No signal applied to exciter audio inputs. 
8. SCA turned on. 

2A Funct ion generator output at TP-3, 

28 SCA output at module pin 66 . 

Fi gure 5-2 . SCA MODULE Waveforms 

888-1742- 003 

WARNING: Disconnect primary power prior to servicing. 
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• '10 OUTPUT (!IODL1.Al ION METER UIDI CATES ACTIVITY). 

I 
PLACE THE SCA 'IOOl/1.F. ON 
THE EXTENOEP SOARD. 
OIECK PINS 1S AND 17 
FOR POS ITl\'E /\Nil NEC-
ATIVE 6 voe ..o. 24 voe. 
IS CORRECT POTf.NTIAL 
PRESENT? 

YES I NO 

I Of PRESS SCA ON. I l DEFECTIVE R[CI/LATORJ ADJCST Pl6. rs 
Ol'TPL'T RESTORED? 

C:lRClilT. 

\ES NO 

I 
ro..;n'.'lrr oPERATIOll. I E..;Sl'Rf THE BANDPASS 

FlLTEP (J2 , J1) A.~0 
THE \'(XI (Jl) ARE 
ADJl'~TEO Tl'I THE O)R-
Rl:CT l"R!Ql'EIICY. 

I OIECK TP-1 FOR \'CO Ol!TPl"l\ I 
IS ACTIVITY PRESENT1 

Yf.S NO 

I I 

• CIIECK FOR ACTIVHY CHECK Ul Pl:-1S 1 A.'10 8 
ACROSS RI 5. IS FOR ACTlVlTY. CS 
ACT! \'In P R£SE'.'IT? AC'T!VlTY PRESENT? 

\ts I ..;o YES I NO 

I I 
IC'llf.Cli r,w ACTI"ITY ACRoss 

1
1 CltrCK r9 PtNS 5 A.'10 9 DE l'EC'Tl VE Ul I Rl9 DEFECTIVI' OR I 

Rlf>. IS ACTIVITY PRfSC:IT? ror. •~ voe. IS COl'RECT r:tRCUITRY . INCORRECTLY ADJUSTED, 
rClTt~TIAL PRESE'IT? 

HS NO 

I 
lol'ncrrn 19. RMTR TO !!Cl"R.E 5·6 

YU ~tl 
A'lll TRO\'~U:SHOOT TUE 

I I 
1R'Tl)I(; CIRCltT. 

Drf[C"TJ\E r.to OR ClltCll 10 Pl'IS ~ A..;!) I! fnR 
,,unr.r ACROSS '"lnt'Ll ~ \'DC. IS CORRr.CT POTENTIAL 
U1All. PPF~r,;r~ 

HS I .'10 

IW-60 I urn:cnn l9 I r-EFJ:R 10 t'lf.lNI ,-~ A)II 
rnc1c 8 LES11(10T TIii 11\'Tl'lf. 
ClRct'TT . 

• 
Figure 5-4 . No Output (Modulation Meter Indicates Activity) 

Rev. F: 6/81 888-1742-003 25 

WARNING: Disconnect primary power prior to servicing. 
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LOCAL AND REMOTE MODE SELECTION INOPERATIVE A.'N. MODE) 

PLACE THE SCA MODULE ON THE 
EXTENDER COARD. CHECK PINS 
35 AND 37 FOR POSITIVE AND 
NEGATIVE 6 voe+ 0.24 VDC. 
IS CORRECT POTENTIAL .PRESENT? 

1
------YES----Nu----

DETERMINE WHICH MODE IS NOT 
OPERATIVE AND MONITOR THE 
RESPECTIVE MODE SIGNAL OlITPUT 
FROM THE MODULE (PINS 50, 52 , 
54, OR 56) . 

DEPRESS THE SWITCH FOR THE 
DEFECTIVE MODE. Tl-lE MODULE 
~ODE SIGNAL OUTPlIT WILL CHANGE 
TO A +6 voe LEVEL AND REMAIN 
HIGH . IS THE CORRECT POTENTIAL 
PRESENT? 

DEFECTIVE REGULATOR CIRCUIT. 

---YES--'--NO-------..._ 

DEFECTIVE CR3 OR CR5 
AS APPLICABLE. 

MONITOR THE INPlIT TO THE DEFECTIVE 
GATE AND DEPRESS THE RESPECTIVE MODE 
SWITCH. THE LEVEL WILL CHANGE FROM +6 
voe TO O voe WHEN THE MODE SWITCH IS 
DEPRESSED, IS THE CORRECT POTENTIAL 
PRESENT? 

28 

-----YES---NO----. 

DEFECTIVE GATE IN U4 OR US 
AS APPLICABLE. 

CHECK THE MODE 
SWITCHES A.~D POWER 
SUPPLY CONNECTION. 

1742·94 

Figure 5-7 , Local and Remote Mode Selection Inoperative (Any Mode) 

888-1742- 003 Rev. F: 6/8 l 

WARNING: Disconnect primary power prior to servicing. 

• 

• 

• 

http://www.SteamPoweredRadio.Com


www.SteamPoweredRadio.Com ~ ::D
 

z z G
) Q
 

en
 

n 0 :::
, :,
 

~
 - "O ... 3 ID
 

'<
 .,, 0 ~
 

a
, ... .,, ... 0 ... -0 {,

O
 

a
, :2
 

0 5"
 

1
0

 

~
 

~
 

<
 ..., "' -(X) ,....
. 

(X
) 

(X
) 

(X
) I ,....
. .._,
 

s:
-

N
 I 0 0 w
 

N
 '° 

• 
• r 

SC
A

 
TO

 
ST

E
R

E
O

 
Q

BQ
_S

ST
 A

f,
.r

 

N
O

TE
: 

B
EF

O
R

E 
PR

O
C

E
E

D
IN

G
, 

EN
SU

R
E 

TH
E 

C
R

O
SS

TA
LK

 
IS

 
N

O
T 

C
A

U
SE

D
 

BY
 

D
IS


TO

R
TI

O
N

 
IN

 
TH

E 
M

OD
 

O
SC

 
M

O
D

t:L
E,

 
U

P
R

O
P

E
R

 T
R

A
N

SM
IT

T
E

R
 

TL
'N

IN
G

, 
O

R
 

A
 R

ES
L'

LT
 

O
F 

M
A

R
G

IN
A

L 
P

E
R


FO

R
M

A
~C

E 
O

F 
M

O
N

IT
O

R
S 

O
P 

R
E


r.

F
r1

1i
:-

oc
: 

PL
A

C
E 

TH
E 

SC
A

 
l-'

llD
U

LE
 

O
N

 
TH

E 
EX

TE
N

D
ER

 
BO

A
RD

. 
C

H
EC

K
 

P
I'

S
S

 
35

 
A

N
D

 
37

 
F(

)R
 P

O
S

IT
IV

E
 A

N
D

 
N

E
G

A
T

in
: 

n 
ro

e 
+o

. 2
4

 
V

D
C

. 
IS

 
C

O
R

R
EC

T 
PO

T
E

N
T

IA
L

 
PR

E
SE

N
T

? 

Y
ES

 
N

Q
 

7 

• 

A
PP

LY
 

A
 

50
 

H
Z 

TO
 

15
 K

H
Z 

A
U

D
IO

 
SW

EE
P 

SI
G

N
A

L
 T

O
 T

H
E 

SC
A

 
I~

P
U

T
 P

R
O

V
IS

IO
N

 
ON

 
I DE

 F
E

 C
T

I V
E 

R
EG

U
LA

TO
R

 
C

IR
C

U
IT

. 
I 

r 

TH
E 

R
EA

R
 

O
F 

TH
E 

E
X

C
IT

E
R

. 
M

EA
SU

RE
 

T
H

E
 

FP
.E

Q
l)E

N
C

Y
 

O
F 

TH
E 

SC
A

 
G

EN
ER

A
TO

R
. 

T
ll

E
 

R
ES

PO
N

SE
 

SH
O

l'L
D

 
B

E 
3 

DB
 

DO
W

N 
A

T 
4

. 5
 

K
H

Z 
IJ

'\I
LE

SS
 

TH
E 

C
U

TO
FF

 
FR

EQ
l'E

N
C

Y
 

O
F 

TH
E 

SC
A

 
G

E~
ER

A
TO

R
 

LO
W

-
PA

SS
 

F
IL

T
E

R
 

H
A

S 
B

EE
N

 
CH

 A
.'IG

F:
D

. 
AB

C\
VE

 
4

. 
S

 K
H

Z 
TH

E 
R

ES
PO

N
SE

 
SH

0l
1L

D
 

FA
LL

 O
F

F
 A

T 
A

 R
A

TE
 

O
F 

36
 

DB
 

PE
R

 
O

C
TA

V
E.

 
A

 H
IG

H
E

R
 

C
U

TO
FF

 
FR

EQ
L'

EN
C

Y
 

1.
/IL

L
 

R
ES

U
LT

 
IN

 I
N

C
R

E
A

SE
D

 S
C

A
 

TO
 

ST
E

R
E

O
 

C
R

O
SS

T
A

L
K

. 
IS

 
TH

E 
R

ES
PO

N
SE

 
C

O
R

R
EC

T?
 

Y
E

S
 

T
 

N
O

 

1 
C

R
O

SS
TA

LK
 1

5
 C

A
C

SE
O

 
BY

 
D

IS
T

O
R

T
IO

N
 

IN
 T

H
E 

IF
 T

H
E 

C
U

TO
FF

 
FR

EQ
L'

EN
C

Y
 

IS
 

O
TH

ER
 

TH
A

.'I
 

4
. 5

 
K

H
Z

, 
R

EF
ER

 
TO

 
FI

G
U

FE
 

5-
3

, 
C

O
R

R
EL

A
TE

 
TH

E 
C

U
T

O
FF

 
FR

E


Q
l'E

N
C

Y
 

W
IT

H
 

T
I!

E
 

R
E

SI
ST

O
R

 V
A

LU
ES

 
L

IS
T

E
D

 
ON

 
TH

E 
D

R
A

W
IN

G
, 

A
N

D
 

A
D

JU
ST

 
TH

E 
R

ES
PO

N
SE

 
A

C
C

O
R

D
IN

G
LY

. 

M
OD

 O
SC

 
M

O
D

U
LE

, 
IM

PR
O

PE
R

 
T

R
A

N
Sz

.q
T

IE
R

 T
U

N
IN

G
, 

O
R

 
A

 R
ES

U
LT

 
O

F 
M

A
R

G
IN

A
L 

PE
R

FO
R

M
A

N
C

E 
O

F
 

M
ON

IT
O

R
S 

O
R

 
R

E
C

E
IV

E
P.

S.
 

F
ig

u
re

 5
-8

. 
SC

A
 T

o 
S

te
re

o
 C

ro
ss

ta
lk

 
17

'2
-6

1 

http://www.SteamPoweredRadio.Com


www.SteamPoweredRadio.Com

6-1. GENERAL 

SECTION VI 

PARTS LIST 

6-2 . Refer to table 6-1 for replaceable 
proper maintenance of the MS- 15 SCA MODULE. 
component number. 

parts which are required for 
Table entries are indexed by 

30 888-1742-003 Rev. F: 6/81 

WARNING: Disconnect primary power prior to serviolng. 

• 

• 

• 
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• 
Table 6-1 . SCA MODULE Front Panel - 994 7992 001 

REF. SYMBOL HARRIS PART NO. DESCRIPTION QTY. 

----- 992 4977 001 SCA MODULE Circuit Board l 
(Refer to table 6-2) 

• 

• Rev. F: 6/81 888-1742-003 31 

WARNING: Disconnect primary power prior to servicing. 
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Table 6-2 . SCA MODULE Circuit Board - 992 4977 001 • 
REF. SYMBOL HARRIS PART NO. DESCRIPTION QTY. 

Cl 500 0840 000 Capacitor. 680 pF, 300V, Mica l 

C2 500 0852 000 Capacitor, 1000 pF, 500V t 

C3 526 0049 000 Capacitor, 6 . 8 uF, 35V, 20% L 

C4 516 0375 000 Capacitor , 0 . 01 uF, 50V t 

cs 526 0049 000 Capacitor, 6 . 8 uF, 35V , 20% l 

C6 th r u C9 516 0375 000 Capacitor , 0 . 01 uF, 50V 4 

ClO,Cll 500 0756 000 Capacitor, 330 pF. soov 2 

Cl2 500 0754 000 Capacitor, 220 pF, 500V 1 

Cl3 500 0830 000 Capacitor, 240 pF, 500V, Mica L 

Cl4,Cl5 500 0756 000 Capacitor, 330 pF, 500V 2 

Cl6,Cl7,Cl8 500 0878 000 Capacitor, 1500 pF, soov, 5% 3 • 
Cl9 500 0852 000 Capacitor, 1000 pF, soov l 

C20 516 0375 000 Capacitor, O.Ol uF, 50V l 

C2l 500 0759 000 Capacitor, 100 pF, soov 1 

(:22 500 0784 000 Capacitor, 330 uF. Mica l 

C23 500 0826 000 Capacitor . 120 pF, soov l 

C24 500 0852 000 Capacitor, 1000 pF, 500V l 

C25,C26 516 0375 000 Capacitor, 0 . 01 uF, 50V 2 

C27 500 0840 000 Capacitor, 680 pF , 300V . Mica l 

C28 500 0842 000 Capacitor, 820 pF, 300V l 

C29 500 0755 000 Capacitor• 270 pF, 500V l 

C30 500 0888 000 Capacitor, 3900 pF, 500V l 

• 32 888-1742-003 Rev . F: 6/81 

WARNING: Disconnect primary power prior to aervtctng. 

http://www.SteamPoweredRadio.Com


www.SteamPoweredRadio.Com

Table 6-2. SCA MODULE Circuit Board - 992 4977 001 (Continued) 

• REF. SYMBOL HARRIS PART NO. DESCRIPTION QTY. 

C31 516 0453 000 Capacitor, 0. l uF, lOOV, 20% l 

C32 500 0759 000 Capacitor, 100 uF, 500V 1 

C33 500 0821 000 Capacitor, 68 pF, 500V, Mica l 

C34 500 0759 000 Capacitor, 100 pF, 500V l 

C35 500 0809 000 Capacitor, 22 pF , 500V, Mica l 

C36 526 0049 000 Capacitor, 6.8 uF, 35V, 20% l 

C37,C38 516 0375 000 Capacitor, 0.01 uF, 50V 2 

C39 526 0049 000 Capacitor, 6.8 uF, 35V, 20% l 

C40 526 0310 000 Capacit or, 0.22 uF, 35V, 20% l 

C41 526 0325 000 Capacitor, 0. l uF, 35V, 20% 1 

• C42 500 0759 000 Capacitor, 100 pF, soov l 

C43,C44 526 0049 000 Capacitor, 6.8 uF, 35V, 20% 2 

C45 526 0106 000 Capacitor, 27 uF, Tant l 

C47 500 0759 000 Capacitor, 100 pF, 500V l 

C48 thru C51 526 0049 000 Capacitor, 6.8 uF, 35V, 20% 4 

C52 526 0340 000 Capacitor, 1 uF, 35V, 10% l 

C53 thru C63 516 0375 000 Capacitor, 0.01 uF, 50V 11 

C64,C65,C66 526 0049 000 Capacitor, 6 . 8 uF, 35V, 20% 3 

CRl thru CR5 384 0205 000 Diode, Silicon, 1N91S 5 

CR6, CR7, CR8 384 0661 000 Diode, LED, Green 3 

CR9 384 0205 000 Diode, Sil icon, 1N914 1 

CRlO 384 0664 000 Diode, LED, Yellow 1 

• Rev . F: 6/81 888-1742-003 33 

WARNING: Disconnect primary power prior to servicing. 

wigfi
Stolen 2 Line Transparent
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Table 6- 2 . SCA MODULE Circuit Board - 992 4977 001 (Continued ) 

• 
REF. SYMBOL HARRIS PART NO. DESCRIPTION QTY. 

CRll thru CRl3 384 0205 000 Diode, Silicon, 1N914 3 

CR14 384 0662 000 Diode, LED, Red 1 

CR15,CR16 384 0205 000 Diode, Silicon, 1N914 2 

CRl 7 thru C20 384 0431 000 Diode, lN400l 4 

Jl thru JS 610 0679 000 Plug, Shorting 5 

Ll,L2 492 0363 000 Inductor , Variable 2 

Ql 380 0126 000 Transistor, 2N4403 l 

Q2,Q3 380 0319 000 Transistor, MPS Al4 2 

Rl 540 1L77 000 Resistor. 180 ohm, l/2W, 5% l 

R2 550 0940 000 Potentiometer, 100 ohm, Bourns l 

R3 540 1160 000 Resistor, 22k ohm, l/2W, 5% l • 
R4 540 1114 000 Resistor, 4700 ohm, l/2W, 5% l 

R5 540 ll0S 000 Resistor, 5100 ohm, l/2W, 5% l 

R6 550 0928 000 Potentiometer, 20k ohm, l/2W l 

R7 540 llll 000 Resistor, 10k ohm, l /2W, 5% l 

R8,R9 540 1249 000 Resistor, 68k ohm, l/2W, 5% 2 

RlO,Rll 540 llll 000 Resistor, l0k ohm, l/2W, 5% 2 

Rl2 550 0927 000 Potentiometer, 2k ohm, Bourns 1 

Rl3 540 1162 000 Resistor, 1 Megohm, l/2W, 5% l 

Rl4 540 1129 000 Resistor, 1500 ohm, l/2W, 5% 1 

RlS 540 1162 000 Resistor, 1 Megohm, l/2W, 5% l 

Rl6 550 0927 000 Potentiometer, 2k ohm, l/2W , 10% l 

• 34 888-1742-003 Rev. F: 6/81 

WARNING: Disconnect primary power prior to servicing. 
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• 
'fable 6-2. SCA MODULE Circuit Board - 992 4977 001 (Continued) 

REF. SYMBOL HARRIS PART NO. 0ESCRJPTION QTY. 

Rl7 540 0913 000 Potentiometer, 5k ohm, l/2W, 10% 1 

Rl8 540 1122 000 Resistor, 47k ohm, l/2W, 5% l 

Rl9 550 0913 000 Potentiometer, Sk ohm, l/2W, 10% 1 

R20 540 1172 000 Resistor, 56k ohm, l/2W, 5% 1 

R21 540 1182 000 Resistor, 2200 ohm, l/2W, 5% l 

R22 540 1105 000 Resistor, 5.1 ohm, l/2W, 5% l 

R23,R24 540 1110 000 Resistor, 68 ohm, l/2W, 5% 2 

R25 540 1315 000 Resistor, 1.lk ohm, l/2W, 5% 1 

R26 540 1160 000 Resistor, 22k ohm, l/2W, 5% 1 

• 
R27 540 1210 000 Resistor, 150k ohm, 1/2W, 5% 1 

R28,R29 548 0321 000 Resistor, 90.9k ohm, 1/4W , 1% 2 

R30 540 1250 000 Resistor, 180k ohm, 1/2W, 5% 1 

R31,R32 548 0866 000 Resistor, 56.2k ohm, l/4W, 1% 2 

R33 540 1132 000 Resistor, 110k ohm, l/2W, 5% 1 

R34,R35 548 0341 000 Resistor, 33.2k ohm, l/4W, 1% 2 

R36 540 1249 000 Resistor, 68k ohm, l/2W, 5% l 

R37 540 1212 000 Resistor, 220k ohm, l/2W, 51 l 

R38 550 0931 000 Potentiometer, l Megohm, l/2W, 
10% 1 

R39 540 1162 000 Resistor , 1 Megohm, l/2W, 5% l 

R40 540 1159 000 Resistor, 100k ohm, l/2W, 5.% 1 

R41 540 1317 000 Resistor, 91k ohm, l/2W, 5% 1 

• Rev. F: 6/81 888-1742-003 35 

WARNING: Disconnect primary power prior to servicing. 
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Table 6- 2. SCA MODULE Circuit Board - 992 4977 001 (Continued) • 
REF. SYMBOL HARR1S PART NO. DESCRIPTION QTY. 

R42 540 1162 000 Resistor, l Megohm, l/2W • 5% l 

R43 540 1102 000 Resistor, 100 ohm, l/2W, 5% l 

R44 540 1116 000 Resistor, 1000 ohm, l/2W, 5% 1 

R45 540 1102 000 Resistor, lOO ohm, l/2W, 5% 1 

R46 540 1162 000 Resistor, 1 Megohm, l/2W, 5% l 

R47 540 1104 000 Resistor, 2000 ohm, l/2W, 5% l 

R48 540 1111 000 Resistor, 10k ohm, l/2W, 5% l 

R49 540 1159 000 Resistor, 100k ohm, l/2W, 5% l 

R50 540 1115 000 Resistor, 470 ohm, l/2W, 5% l 

R51 540 1111 000 Resistor, 10k ohm, l/2W, 5% l 

R52 540 1162 000 Resistor, l Megohm, l/2W, 5% l • 
R53 540 1105 000 Res is tor. 5100 ohm, l/2W, 5% 1 

R54 550 0931 000 Potentiometer, 1 Megohm, l/2W, 
10% l 

R55 540 1122 000 Resistor, 47k ohm, l/2W, 5% l 

R56 540 1198 000 Resistor, 470k ohm, l/2W, 5% 1 

RS7 540 1159 000 Resistor, 100k ohm, l/2W, 5% l 

R58 540 1212 000 Res is tor• 220k ohm, l/2W, 5% l 

R59 540 1181 000 Resistor, 680 ohm, l/2W, 5% l 

R60,R61 540 1159 000 Resistor, 100k ohm, l/2W, 5% 2 

R62, R63, R64 540 1115 000 Resistor, 470 ohm, l/2W, 5% 3 

R65, R66 540 0308 000 Resistor, 100 ohm, l W, 5% 2 

• 36 888-1742-003 Rev. F: 6/81 

WARNING: Disconnect primary power prior to servicing. 
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• Tabl e 6- 2, SCA MODULE Circuit Board - 992 4977 001 (Continued) 

REF. SYMBOL HARRIS PART NO. DESCRIPTION QTY. 

R67 thru R72 540 1111 000 Resis t or , 10k ohm, l/2W, 5% 6 

R73 540 1212 000 Resistor, 220k ohm, l/2W, 5% 1 

R74 thru R77 540 1159 000 Resistor, 100k ohm, l/2W, 5% 4 

R78 540 1115 000 Resistor, 470 ohm, 1/2W, 5% 1 

R79 540 1111 000 Resistor, lOk ohm, l/2W, 5% l 

R80 540 1153 000 Resistor, 8 , 2k ohm, l/2W, 5% 1 

R82 540 1115 000 Resistor, 470 ohm, 1/2W, 5% 1 

R83 540 1159 000 Resistor, 100k ohm, l /2W, 5% 1 

R84 540 1182 000 Resistor, 2,2k ohm, 1/2W , 5% 1 

• 
R85 540 1183 000 Res i stor , 5. 6k ohm, l/2W , 5% 1 

R86 540 1183 000 Resis t or, 5. 6k ohm, l/2W, 5% l 

R87 t hru R90 540 1102 000 Resistor, 100 ohm, l /2W, 5% 4 

R9 1 540 till 000 Resistor, 10k ohm, 1/2W, 5% l 

R92 540 1159 000 Resistor, 100k ohm, 1/2W, 5% 1 

R93 540 1130 000 Resistor, 620 ohm, 1/2W, 5% l 

Sl,S2,S3 604 0866 000 Swit ch, Pushbutton, SPOT 3 

Tl 478 0315 000 Transformer, Line to Line l 

Ul 382 0538 000 Integrated Circui t, XR2206CP l 

U2,U3 382 0450 000 Int egrated Circuit, HAl- 4741-5 2 

U4 382 0288 000 Integrated Circuit, CD4011AE 1 

us 382 0396 000 Integrated Circuit, CD4012AE l 

• Rev . F: 6/81 888-1742-003 37 

WARNING: Disconnect primary power prior to servicing. 
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Table 6- 2 . SCA MODULE Circuit Board - 992 4977 001 (Continued) • 
REF. SYMBOL HARRIS PART NO. DESCRIPTION QTY. 

U6 382 0510 000 Integrated Circuit, ILQ-74 l 

U7 382 0471 000 Integrated Circuit, MC7806CT l 

U8 382 0470 000 Integrated Circuit, MC7906CT l 

U9 382 0523 000 Integrated Circuit, MC14066BCP l 

XUl 404 0675 000 Socket, Integrated Circuit , 
16 Pin l 

XU2 thru XU5 404 0674 000 Socket, Integrated Circuit, 
14 Pin 4 

XU6 404 0675 000 Socket, Integrated Circuit, 
16 Pin l 

XU9 404 0674 000 Socket, Integrated Circuit , 
14 Pin 1 

943 1697 001 Printed Circuit Board l • 
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WARNING 

THE CURRENTS AND VOLTAGES IN THIS EQUIPMENT ARE 
DANGEROUS. PERSONNEL MUST AT ALL TIMBS OBSERVE 
SAFETY REGULATIONS. 

This manual is intended as a general guide for trained and qualified personnel 
who are aware of the dangers inherent in handling potentially hazardous 
electrical/electronic circuits. It is not intended to contain a complete 
statement of all safety precautions which should be observed by personnel in 
using this or other electronic equipment. 

The installation, operation, maintenance and service of this equipment 
involves risks both to personnel and equipment, and must be performed only by 
qualified personnel exercising due care. HARRIS CORPORATION shall not be 
responsible for injury or damage resulting from improper procedures or from 
the use of improperly trained or inexperienced personnel performing such tasks . 

During installation and operation of this equipment, local building codes and 
fi re protection standards must be observed. The following National Fire 
Protection Association (NFPA) standards are recommended as references: 

- Automatic Fire Detectors, No. 72E 
Installation, Maintenance, and Use of Portable Fire Extinguishers, 
No. 10 

- Halogenated Fire Extinguishing Agent Systems, No. 12A 

WARNING 

ALWAYS DISCONNECT POWER BEFORE OPENING COVERS, 
DOORS, ENCLOSURES, GATES, PANELS OR SHIELDS. 
ALWAYS USE GROUNDING STICKS AND SHORT OUT HIGH 
VOLTAGE POINTS BEFORE SERVICING . NEVER MAKE 
INTERNAL ADJUSTMENTS, PERFORM MAINTENANCE OR 
SERVICE WHEN ALONE OR WHEN FATIGUED. 

Do not remove, short-circuit or tamper with interlock switches on access 
covers, doors, enclosures, gates, panels or shields. Keep away from live 
circuits, know your equipment and don't take chances. 

ii 

WARNING 

IN CASE OF EMERGENCY ENSURE THAT POWER RAS BEEN 
DISCONNECTED. 

888-1742-004 Rev. F: 6/81 
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Treatment o f Electrical Shock 

l . If vic tim is not r esponsive follow t he A-B- Cs of bas ic l ife suppor t . 

PLACE VICTIM f LAT ON HIS BACK ON A HARD SURf ACE 

® AIRWA Y 

IF UNCONSCIOUS , 
OPEN AIRWAY 

LIFT UP NECK 
PUSH FOREHEAD BACK 
CLEAR OUT MOUTH IF NECESSARY 
OBSERVE FOR BREATHING 

CHECK CAROTI D PULSE 

IF PULSE ABSENT, 
BEG IN ARTIFICIAL 
CIRCULATION 

©CIRCULATI O N 

® BREATH IN G 
lF NOT BREATHING , 
BEGIN ARTIFICIAL 
BREATHING 

TlLf HEAD 
PINCH NOSTRILS 
MAKE AIRTIGHT SEAL 

4 QU ICK FULL BREATHS 

REMEMBER MOUTH TO MOUTH RCSUSCITATION 
MUST BE COMMENCED AS SOON AS POSSIBLC 

DEPRESS STERNUM 1 l/2"TO 2· 

{

ONE RESCUER 
APPROX. 15 COMPRESSIONS 
80 SEC. 2 QUICK BREATHS 

APPROX.{TWO RESCUERS 
&O SEC 5 COMPRESSIONS 

• 1 BREATH 

NOTE: DO NOT INTERRUPT RHYTHM or COMPRESSIONS 
WHEN SECOND PERSON IS GIVING BREATH 

Call for medical a s sistance a s soon as possib le . 

2 . If victim is responsive . 

a . kee p them warm 
b. keep them as quie t as possib le 
c . l oosen the ir clothing 

( a rec lining pos ition is r ecommended) 

Rev. F: 6 / 81 888-1742-004 iii 
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FIRST-AID 

Personnel engaged in the installation, operation, maintenance or servicing of 
this equipment are urged to become familiar with first-aid theory and 
practices. The following information is not intended to be complete first-aid 
procedures, it is brief and is only to be used as a reference. It is the duty 
of all personnel using the equipment to be prepared to give adequate Emergency 
First Aid and thereby prevent avoidable loss of life. 

Treatment of Electrical Burns 

l. Extensive burned and broken skin 

a. Cover area with clean sheet or cloth. 
article.) 

(Cleanest available cloth 

b. Do not break blisters, remove tissue, remove adhered particles of 
clothing, or apply any salve or ointment. 

c. Treat victim for shock as required. 
d. Arrange transportation to a hospital as quickly as possible. 
e . If arms or legs are affected keep them elevated. 

NOTE 

If medical help will not be available within an 
hour and the victim is conscious and not 
vomiting, give him a weak solution of salt and 
soda: l level teaspoonful of salt and 1/2 
level teaspoonful of baking soda to each quart 
of water (neither hot or cold). Allow victim 
to sip slowly about 4 ounces (a half of glass) 
over a period of 15 minutes. Discontinue fluid 
if vomiting occurs. (Do not give alcohol.) 

2. Less severe burns - (1st & 2nd degree) 

a. Apply cool (not ice cold) compresses using the cleanest available 
cloth article. 

b. Do not break blisters, remove tissue, remove adhered particles of 
clothing, or apply salve or ointment. 

c. Apply clean dry dressing if necessary. 
d. Treat victim for shock as required. 
e. Arrange transportation to a hospital as quickly as possible . 
f. If arms or legs are affected keep them elevated. 

REFERENCE: ILLINOIS HEART ASSOCIATION 

iv 

AMERICAN RED CROSS STANDARD FIRST AID AND PERSONAL SAFETY MANUAL 
(SECOND EDITION) 
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1-l. EQUIPMENT PURPOSE 

SECTION I 

GENERAL DESCRIPTION 

1-2. The STEREO DIGITAL MODULE generates the 38 kH.z and 114 kHz atereo
phonic switching signals, the phase controlled 19 kHz pilot signal, and the 
stereophonic/monaural mode switching signals. The module also allows power 
up mode selection of any stereophonic or monaural mode, prevents simultane
ous stereophonic and 41 kHz SCA operation, and interfaces with remote con
trol of mode selection. 

1-3. TECHNICAL CHARACTERISTICS 

1-4. Table 1-1 lists operating characteristics and parameters of the MS-15 
STEREO DIGITAL MODULE. 

2-1. GENERAL 

SECTION 11 

INSTALLATION 

2-2 . Refer to 888 1742 001, MS- 15 Exciter, Section II, Installation. 

3-1. GENERAL 

SECTION III 

CONTROLS AND INDICATORS 

3-2. Figure 3-1 shows the location of each control or indicator associated 
with the MS-15 STEREO DIGITAL MODULE and table 3-l lists the controls and 
indicators with a description of each item listed. Control setup adjust
ments are listed in table 3-2 • 

Rev. F: 6/81 888-1742-004 1 
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Table 1-1. Technical Characteristics 

FUNCTION 

INPUTS 

POWER: 

CONTROL: 

Remote Switching 

SCA-2 Inhibit 

OUTPUTS 

SIGNAL: 

Pilot 

CONTROL: 

Stereo Switching 

Mode Switching 

CHARACTERISTIC 

+6 Vdc@ 0.025 amperes. 
-6 Vdc@ 0.022 amperes. 

+18V to +24 Vdc Momentary Level. 

+6 Vdc for Stereo Inhibit. 
- 6 or O Vdc for Stereo Operate . 

1.7V p-p Sinusodial 19 kHz Pilot. 

+12V p-p 38 kHz Square Wave 
-12V p-p 38 kHz Square Wave 
+12V p-p 114 kHz Square Wave 
- 12V p-p 114 kHz Square Wave 

+6 Vdc for selected mode 
-6 Vdc for inhibit 

888-1742-004 Rev. F: 6/81 
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2 

3 

4 

5 

6 

7 

8 

9 

10 

11 
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Table 3-1. STEREO DIGITAL MODULE Controls and Indicators 

CONTROL/INDICATOR 

MONO R Switch (S l ) 

MONO R Indicator 
(CR3) 

MONO L Switch (S2) 

MONO L Indicator 
(CR4) 

MONO L+R Switch 
(S3) 

MONO L+R Indicator 
(CR5) 

STEREO Switch (S4) 

STEREO Indicator 
(CR6) 

AUTOMATIC PHASE 
CONTROL OFFSET 
Adjustment (Rl9) 

PILOT FREQUENCY 
Control (Cl) 

PILOT FILTER 
Adjustment (Ll) 

SCA INTERLOCK L+R/ 
LEFT/RIGHT Program 
Jumper (J2) 

FUNCTION 

Enables the mono R mode to transmit a 
mono signal from the right stereo 
channel and mute the left stereo chan
nel. 

Indicates the mono R mode of operation 
is enabled when illuminated . 

Enables mono L mode to transmit a mono 
signal from the left stereo channel 
and mute the right stereo channel . 

Indicates mono L mode of operation LS 

enabled when illuminated. 

Enables the mono L+R mode to transmit a 
mono signal from both stereo channels . 

Indicates mono L+R mode of operation is 
enabled when illuminated. 

Enables stereo mode operation . 

Indicates stereo mode of operation Ls 

enabled when illuminated. 

Adjusts phase comparator U8 voltage 
off- set to zero. 

Adjusts frequency of pilot signal. 

Tunes pilot low-pass filter . 

Selects monaural mode STEREO DIGITAL 
module will enter if simultaneous 41 
kHz SCA and stereophonic operation Ls 

attempted. (Factory set for L+R mono.) 

888-1742-004 Rev. F: 6/81 
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• Table 3- 1. STEREO DIGITAL MODULE Controls and Indicators (Continued) 

REF. CONTROL/INDICATOR FUNCTION 

13 POWER UP STEREO/LEFT Selects the mode in which the module 
RIGHT/L+R Progr am wi ll i nitialize when power is applied. 
Jumper (Jl) (Factory set for stereo.) 

• 
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Table 3-2. Control Adjustments 

CONTROL 

AUTOMATIC PHASE CONTROL 
OFFSET Adjustment (Rl9) 

ADJUSTMENT 

1. Remove the module from the ex
citer and mount the module 1.n 
the exciter using the extender 
board provided with the unit. 

2. Disconnect the stereo audio Ln
puts from the LEFT FRONT + and 
- (TBl pins l and 3) and the 
RIGHT FRONT+ and - (TBl pins 4 
and 6). 

3. Connect a SO Hz sinewave to the 
LEFT FRONT + and - (TBl pins l 
and 3). For test purposes on
ly, cross connect the left and 
right exciter stereo audio Ln
puts out of phase so that L-R 
as follows: 

TBl pin 1 to TBl pin 6 
TBl pin 3 to TBl pin 4 

4. Depress the LEFT MODULATION 
meter switch. Adjust the 50 Hz 
signal level until the MODULA
TION meter indicates 100%. 

NOTE 

Correct adjustment of Rl9 re
quires use of an oscilloscope 
and Xl probe which are flat in 
phase and amplitude from de to 
38 kHz. "nlere must be no os
cilloscope distortion when the 
vertical display is expanded. 

5. Connect the oscilloscope to 
module pin 70. Synchronize the 
oscilloscope to the LEFT FRONT 
audio. 

888-1742-004 Rev. F: 6/81 
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Table 3-2. Control Adjustments (Continued) 

CONTROL ADJUSTMENT 

6 . Expand the vertical display un
til the zero crossing can be 
observed in detail. Adjust Rl 9 
until the pilot pinchoff points 
line up as shown in figure 3-2. 

7. Disconnect the oscilloscope 
from the module. Remove the 
module and ext ender board and 
r eplace the module in the ex-
citer. 

8. Remove the so Hz t es t signal 
and reconnect the stereo audio 
inputs • 

Figure 3-2. Composite Waveform 

888-1742-004 

WARNING: Disconnect primary power prior to servicing. 

7 

http://www.SteamPoweredRadio.Com


www.SteamPoweredRadio.Com

8 

Table 3-2. Control Adjustments (Continued) 

CONTROL ADJUSTMENT 

PILOT FREQUENCY 
Control (Cl) 

PILOT FILTER 
Adjustment (Ll) 

1. Remove the module. Mount the 
module in the exciter using ex-
tender board provided. 

2. Connect a frequency counter to 
pin 67 . 

3. Adjust Cl to obtain an indica-
tion of 19 kHz+ l Hz . -

4. Disconnect the frequency 
counter, remove the module and 
extender board, and replace the 
module. 

L. Remove the module. Mount the 
module in the exciter using the 
extender board provided. 

2. Connect an oscilloscope to 
module pin 67 . 

3. Adjust L1 to obtain a 1.7V P-P 
voltage peak. 

4. Disconnect the oscilloscope, 
remove the module and extender 
board, and replace the module • 

888-1742-004 Rev. F: 6/81 
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4-1. 

4-2. 

CIRCUIT DESCRIPTION 

SIGNAL GENERATION 

SECTION IV 

PRINCIPLES OF OPERATION 

4-3. OSCILLATOR. A CMOS gate (U4A) used as a crystal oscillator generates 
a stable 456 kHz reference frequency which is used to produce the 114 kHz 
and 38 kHz sampling signals and the 19 kHz pilot (see figure 4-1). The 
PILOT FREQUENCY control (Cl) provides an oscillator frequency adjustment and 
a test point (pin 15) assists in oscillator frequency measurements. A di
vide-by-two counter (UlA) following the oscillator acts as a buffer and en
sures symmetry of the 228 kHz clock pulse. 

4-4. FREQUENCY DIVIDER CHAIN. The frequency divider chain divides the in
put clock frequency from the oscillator buffer into the 114 kHz and 38 kHz 
stereophonic switching signals and the 19 kHz pilot. The synchronous nature 
of the counter ensures coincident output transitions and uniform phase rela
tionships among the output signals. 

4-5. All flip-flops in the frequency divider chain are clocked by the 228 
kHz signal from UlA. Flip-flop U2A divides the 228 kHz clock by two to pro
duce the 114 kHz switching signal (refer to figure 4-2) . Flip-flops UlB and 
U2B form a divide-by-three counter which outputs a 76 kHz signal . The 76 
kHz signal and the 114 kHz signal from U2A are input to gates U4B and U4D 
which comprise a divide-by-six counter with U3B and outputs the 38 kHz 
switching signal . The 76 kHz signal and the 38 kHz signal from U3B are ap
plied to a divide-by-two counter consisting of U4C and U3A which outputs the 
19 kHz pilot frequency. The three signals are simultaneously clocked out of 
the divider chain by latch Ull which ensures synchronous output, independent 
of minor differences in IC manufacture. 

4-6. SWITCHING SIGNALS. Two 38 kHz and 114 kHz outputs, each output 180 
degrees out of phase are obtained from the frequency divider chain. The 
signals are applied to the STEREO ANALOG module through the transmission 
gates in Ul3 which enables the output whenever the output control gate (USO) 
outputs a HIGH condition. The switching signals control the generation of 
the composite stereophonic signal. 

4-7. PILOT SIGNAL. The pilot signal is generated by a phase- controlled 
closed loop which is referenced to the 19 kHz output of Ullin the frequency 
divider chain. Two 19 kHz outputs from the frequency divider chain, each 
signal 180 degrees out of phase, are differentially applied to two RC low
pass filters. Outputs from the RC low-pass filters are obtained across ca
pacitor Cl2 and the light dependent resistor VTRS. The two outputs are 
summed at the input to the pilot buffer amplifier (U7) and produce a con
stant voltage with the phase shift variable from Oto 180 degrees, dependent 
upon the resistance of VTRS. Amplifier U7 buffers the phase shifted signal 
and drives the low-pass filter which ensures that the output of the module 
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wi ll be pure sinewave. The PILOT FILTER control (Ll) provides an adjustment 
to peak the low-pass filter. The pilot signal is applied to the STEREO 
ANALOG ~odule for addition into the composite stereophonic signal. 

4-8. Pilot Phase Control . The pilot output signal is sampled by compara
tor US which senses zero voltage crossings of the 19 kHz pilot signal and 
generates a square wave of the same phase. The output of US drives transis
tor Q2 as a buffer which provides a fast rising edge to trigger phase detec
tor U9. The de voltage offset of US is adjusted to zero by the AUTOMATIC 
PHASE CONTROL OFFSET (Rl9) . As long as the phase of the regenerated square
wave from Q2 and the frequency reference from Ull coincide exactly, the cir 
cuit is cons idered correctly phased . If the phase of the pilot lags the 
reference signal, CR2 will conduct. If the pilot phase leads the reference 
signal, CRl will conduct. Any discrepancy in pilot phase will cause pulses 
from the diodes to charge or discharge capacitor C20 . The voltage on C20 is 
buffered by Ql and acts as the control voltage for light dependent resistor 
VTRS. This charge determines the current through VTR5 and controls the 
phase shift at U7. The correction will continue until the phase of the 
pilot matches the phase reference to U9. Test points are provided at the 
output of buffer Q2, the output of diodes CRl and CR2, and at the output of 
driver Ql. 

4-9. CONTROL CIRCUITS 

4-10 . MODE SELECTION. Stereophonic/monaural mode selection and latching is 
performed by three de flip flops. The de flip flops are implemented by 
pairs of cross- coupled NAND gates which are controll ed by levels rather than 
t ransitions. When a mode is selected, either by depressing a mode switch or 
by applying an input on the selected remote control input, a momentary LOW 
( - 6 Vdc) sets the associated flip flop and resets the remaining flip flops. 
When all flip flops are reset, the module will enter the stereophonic mode . 

4-11 . Depressing switch Sl will set the MONO R flip flop (USB and U6A), de
pressing switch S2 will set the MONO L flip flop (USA and UlOB), and depres
sing switch S3 will set the MONO L+R flip flop (USC and U6B). As each pair 
of flip flop is set for a particular function, the remaining flip flops are 
reset. As each mode is selected, the corresponding indicator on the module 
front panel will illuminate and the respective mode selection line to the 
STEREO ANALOG module will be driven HIGH. 

4- 12. Depressing switch S4 (STEREO) resets all flip flops and enables the 
stereophonic mode. This condition causes the stereo control gate (UlOA) to 
output a LOW condition and enable the frequency divider chain. The signal 
also causes the output control gate (USO) to output a HIGH and enable the 
switching signal output , activate the stereo mode selection line and illumi
nate the STEREO indicator (CR6) through driver Q6 . 

4-13. SCA-2 INTERLOCK. Operation of the 41 kHz SCA channel (SCA-2) during 
stereophonic programming is not possible as the stereo difference channel 
occupies the same frequencies. If operation of the SCA- 2 module (41 kHz) is 
attempted during stereophonic broadcast• a positive six volt de potential 
from the SCA-2 module through driver Q7 will cause the module to enter the 

10 888- 1742- 004 Rev. F: 6/81 
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monaural mode programmed by the SCA INTERLOCK jumper (J2). Operation of the 
mode selection circuit is inhibited until operation of the SCA-2 channel 
ceases at which time the STEREO DIGITAL module may be manually switched to 
the desired monaural or stereophonic mode. 

4-14. POWER UP MODE SELECTION. When power is applied, capacitor C29 is 
discharged. Until the capacitor fully charges through diode CR12, a LOW 
condition will exist on the mode selection line determined by the position 
of POWER UP jumper Jl. This will initialize the equipment in the selected 
mode at power application. Resistor R37 acts as a bleeder to ensure capaci
tor C29 discharges when power is removed. 

4-15. REMOTE CONTROL. Remote control mode selection is provided by optical 
isolator Ul2. The input side of the optical isolator is protected from re
verse bias by diodes CR8, CR9, CRlO, and CRll. Current limiting resistors 
for each remote control input are located on the RFI filter. Remote control 
mode selection consists of application of a positive 18 to 24 Vdc potential 
on the particular input line. 

4-16. POWER 

4-17. DC power is obtained from regulators on the STEREO ANALOG module. 
Positive six volts de enters the module on pins 35 and 36 and negative six 
volts de enters the module on pins 37 and 38. 

5-1. CORRECTIVE MAINTENANCE 

SECTION V 

MAINTENANCE 

5-2. The MS-15 FM Exciter module maintenance philosophy consists of prob
lem isolation to a specific area or individual component and subsequent iso
lation and replacement of the defective component. 

5- 3. TROUBLESHOOTING 

5-4. In event of problems, the trouble area must first be isolated t o a 
specific area. Most troubleshooting consists of visual checks . The MODULA
TION meter, MULTIMETER, fuse Fl, circuit breaker CBl, and the indicators on 
each module should be used to determine in which area the malfunction ex
ists. All module power supplies are equipped with LEDs which indicate the 
module power supply status. A single dark LED would indicate a problem as
sociated with an individual module monolithic voltage regulator. A consis
tent pattern of dark LEDs however, would indicate an exciter de distribution 
bus fault. 

5- 5. Once the trouble is isolated to a specific area, refer to the theory 
section of this manual for circuit discussion to aid in problem resolution. 
Table 5-2 lists typical trouble symptoms pertaining to the individual module 
operation with references to fault isolation diagrams listing probable causes 

14 888-1742-004 Rev. F: 6/81 
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• 

• 

• 

and corrective actions. A corrective action given for a trouble symptom is 
not necessarily the only answer to a problem. It only tends to lead the 
repairman into the area that may be causing the trouble . An extender board 
(HARRIS PN 992 4989 001) is provided with the exciter to assist in 
troubleshooting. In event parts are required, refer to Section VI, Parts 
List. The following information is contained in this section as an aid to 
maintenance. 

REFERENCE 

Figure 5-1 

Table 5-2 

Figure 5-2 

Figure 5- 3 
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Table 5-1. STEREO DIGITAL MODULE Fault Isolation Index • 
SYMPTOM DEFECT/REFERENCE 

NO PILOT Figure 5-4 

PILOT OUT OF PHASE Figure 5-5 

NO STEREO SWITCHING Figure 5-6 
SIGNAL OUTPUT 

LOCAL AND REMOTE MODE Figure 5-7 
SELECTION INOPERATIVE 
(any mode). 

REMOTE MODE SELECTION Defective Ul2 
INOPERATIVE (any mode) 

• 

• 16 888-1742-004 Rev. F: 6/81 

WARNING: Disconnect primary power prior to servicing. 

http://www.SteamPoweredRadio.Com


www.SteamPoweredRadio.Com

• 

r,~ A r a (1) C p 
\..,I 

- !! = ~ ., -. ~ 16 -,., I 
T l 

of. ~ :, 

I (l 

• 
- . 

A 1N tlll0(~ 

1742-39 

• Figure 5-1. STEREO DIGITAL MODULE Parts Layout 

Rev. F: 6/81 888-1742-004 17 

WARNING: Disconnect primary power prior to servicing. 

http://www.SteamPoweredRadio.Com


www.SteamPoweredRadio.Com

T
ab

le
 

5
-2

. 
ST

ER
EO

 D
IG

IT
A

L 
M

OD
UL

E 
P

a
rt

s 
In

d
ex

 
0

0
 

SY
M

BO
L 

LO
CA

TI
O

N
 

SY
M

BO
L 

LO
CA

TI
O

N
 

SY
M

BO
L 

LO
CA

TI
O

N
 

SY
M

BO
L 

LO
CA

TI
O

N
 

C
l 

01
 

C
29

 
A

3 
C

R
lO

 
A

l 
R

l 
D

1 
C2

 
01

 
C3

0 
A3

 
CR

ll
 

A
l 

R2
 

C2
 

~
 

>
 

:D
 

z z P. 

C
3 

01
 

C
3l

 
B

l 
C

R
12

 
A

3 
R

3 
01

 
C

4 
C

2 
C

32
 

B
l 

R
4 

C
3 

cs
 

C
2 

C
33

 
B

l 
R

5 
C

2 
C

6 
C

3 
C

34
 

B
l 

R6
 

C
2 

C7
 

D
3 

C
35

 
B

l 
R7

 
B3

 

0 'ii
i 

0 0 :::
, 

(X
) 

:::
, ~ 

(X
) 

0
0

 
I 

C8
 

C
2 

C
36

 
B

l 
R8

 
B

J 
C9

 
B3

 
C

37
 

02
 

V
TR

S 
B2

 
R9

 
B2

 
C

lO
 

B3
 

C
38

 
D2

 
R

lO
 

B2
 

Cl
l 

B2
 

C
39

 
--

R
ll

 
B2

 
C

l2
 

B2
 

C
40

 
C

2 
J1

 
A

3 
Rl

2 
B3

 
"D

 
.... 

... 
-.

.J
 

3 
~
 

Il
l 

N
 

'<
 

I 0 

Cl
3 

C
2 

C
41

 
C3

 
J2

 
B

3
 

R
l3

 
B

2 
C

l4
 

C
2 

R
l4

 
B2

 
C

l5
 

B2
 

R
l5

 
B

2 
"D

 
0 

0 
~
 

t ~
 ... "D
 ... 0 

C
l6

 
82

 
L

l 
C

3 
R

l6
 

B2
 

C
l7

 
C

3 
R

l7
 

C
2 

C
l8

 
C3

 
Rl

8 
C

2 
C

l9
 

C
3 

Q
l 

82
 

R
l9

 
C

2 
-- -0 (4

 
~
 <
 

0 ~
 

co
 

C
20

 
82

 
CR

l 
C

2 
Q

2 
C

2 
R

20
 

C
2 

C
21

 
C

2 
CR

2 
C

2 
Q

3 
A

2
 

R2
1 

C
2 

C
22

 
C

2 
C

R
J 

A
3 

Q
4 

A
2 

R
22

 
A

3 
C

23
 

A
3 

CR
4 

A
2 

QS
 

A
l 

R
23

 
A

3 
C

24
 

A
3 

CR
S 

A
2 

Q
6 

A
l 

R
24

 
A

2 
C

25
 

A
2

 
CR

6 
A

l 
Q

7 
8

3
 

R
25

 
A

2
 

C
26

 
A3

 
CR

7 
A

J 
R

26
 

A
3 

~
 

(t
i <
 

C
27

 
A

l 
CR

8 
A

l 
R2

7 
--

C
28

 
A

3 
CR

9 
A

l 
R

28
 

A
3 

~
 .. a
- -00 ,....
. 

• 
• 

• 

http://www.SteamPoweredRadio.Com


www.SteamPoweredRadio.Com ~ :D
 

z z C>
 

0 iii
 

('
) 

0 :,
 

::
, ~ - "C ., 3 Il
l '<
 

"C
 

0 ~
 

CD
 ., "C
 ., 0 ., 0 (0
 

CD
 <
 

§:
 

::
, 

0 

:-
0 

ID
 <
 

~
 "'
 -CX) - CX

> 
C

X
) 

CX
> 

I .....
 " "' N I 0 0 t:
- .... _.,

 • SY
M

BO
L 

R2
9 

R
30

 
R

31
 

R
32

 
R

33
 

R
34

 
R

3S
 

R
36

 
R

37
 

R
38

 
R

39
 

R
40

 
R4

1 
R

42
 

R
43

 
R

44
 

R
45

 
R

46
 

R
47

 

• 
• 

T
ab

le
 

5
-2

. 
ST

ER
EO

 
D

IG
IT

A
L 

M
OD

UL
E 

P
a
rt

s 
In

de
x 

(C
on

ti
n

u
ed

) 

LO
CA

TI
O

N
 

SY
M

BO
L 

LO
CA

TI
O

N
 

SY
M

BO
L 

LO
CA

TI
O

N
 

SY
M

BO
L 

LO
CA

TI
O

N
 

A
l 

S
l 

A
3 

A2
 

S2
 

A
2 

B2
 

S3
 

A
2 

A2
 

S4
 

A
l 

A
l 

A
l 

A
l 

U
l 

C
3 

B3
 

U2
 

D
3 

A
3 

U
3 

D
2 

A3
 

U
4 

02
 

D
2 

us
 

A
2 

D2
 

U6
 

A
2 

02
 

U7
 

C
2 

02
 

U8
 

C
2 

03
 

U9
 

C
2 

D
3 

U
lO

 
A

3 
C

2 
Ul

l 
D

2 
B3

 
U

l2
 

B
l 

A
l 

Ul
3 

D
2 

Y
l 

C
l 

http://www.SteamPoweredRadio.Com


www.SteamPoweredRadio.Com

TESt UQUIUNEllfS : A, O.puu to. IITIUO -Itch. 

lA rr~uency diYtdu chatn at Ul ptn (456 IIH1), 

11 

IC 

ID 

f req1H.ncy dlvldet c bat~ et Ul pln (:Ut kH&), 

r u q\itncy dlvtd• r chain • t U2 pln (114 II.Ha). 

Pr~~•ncy dhlde t c Mln n Ul pln l) (16 ktta). 

IA 

JI 

JC 

Jo 

TESt UQUlUJCHTS: A. 0.tinaa t.h• STIUO e vltc .-. . 

lA 

JI 

JC 

JO 

Pilot l'h.aU control with ptlot pNH hadln• u U9 pin l , 

Pt lot ph.a•• control vtth pilot phu• hadta1 at U9 pln ll 

Pl lot ~•hunce v-ith pUot phau laadlna •t Ull pin 11, 

Ptlot ovtput vlth pt lot ph• • • ludlna at .:,du.la pin 67. 

ttST UQUUDCENTS : A. O.preu th.a SttllO avltch. 

)A 

)I 

)C 

)0 

Pilot pha• • control vlth ptlo t phaH correct at ut , ... 2 . 

PUot pM1• control "1th pUot phaH correct u Ut pin 13. 

ttlot ratere-oc:a With ptlot ph.l •• correct at Ull ph 11. 

Pilot output \IIJ.th pUot phA•• correct •t IIOdwh pln 67. 

1i 

II. 

lU 

TUT atQUIU:ICllfS : A. o.,reoa <ho ITUIO - l<ch , 

2A f t~\MlftCY divider c ha in et U2 pla 11 (l• k.llt) 

21 

lC 

2D 

t n q~nc,• dhSdt t c hain a t Ul p Sft H ()8 tHa) 

rreq1i1ency divide r c heln at UJ pin 2 (lt k.111: ) ~ 

r r equettc.y dh14•r cheln It UU pin 11 (lt le.Ma). 

TEST U QUUJ:l«tft'S : A, o.,,. .. tM STI-U:0 1v.ttch.. 

Pl lot ph.a•• c.ont rot vhh pllot ph.aH l•a &ing at U, p lD 2. 

Pllot p~ .. control vllh pl lot ptwH la&&1ng at Ut plft 1). 

Pilot nhunc • '1111th pilo t p~ H h 11l"I at Ull plft 11. 

Pilot output vtth pl lot ph.au h11in1 e t -,dule pil\ '7. 

6A 

oa 

6C 

6D 

6E 

TEST UQUlkDCEH'TS ; A, Deprtae the Srt:ttto avhch. 

6A 

u 

6C 

I D 

6[ 

)8 ~M& O\llput •t .:Mtuh pin 4). 

trwerucl )I \K& e \atput et ao4wl• pln ti). 

114 kNa 0-1.ltpwt et 'I04\fl• pin , ,. 

taveru4 114 Ir.Na Otiitpvt • c eodwh ptl\ 4t. 

1t II.Ha pilot outp\lt at aodtJh pin 61. 
1742•7& 

Figure 5-2 . STEREO DIGITAL MODULE Waveforms 

20 888-1742-004 Rev. F: 6/81 

WARNING: Disconnect primary power prior to servicing. 

• 

• 

• 

http://www.SteamPoweredRadio.Com


www.SteamPoweredRadio.Com

. , 

• 
I 

I ..L > 

l LA-
th •. 

I llt••· - ,,--
I ' • µ.I. u 

' I CG•c:-, "'Jt Dl' 
I ( 

"' r-H 
' 

NC1J 
II . ,. ' 1 . >--- ... ...... ti- Tt ~rr Q ,!,,,, ' - .. ., ,. 

l , ) • 

..L ' r1-, ., , ... T 
. 

n .J• 

T ,~o• 

J· ~ rh "' a~•~"' 
ca,. 1 

...-1. 

Cl 

l 'l c ..1... 

©- • ,,'.I,:--~ ,,~ ,. t .. . 1 I I ·0, 0~1 ·- UI 0 ,, . , --1 
.,. 

~ 

l 
j 

·•· ' 
' 1.::Jr!.~ 

,, .. 
l l . 0-- . - ,t-

... 
~ -

0- .•. ·n ..... ',.., .,. 
C• 

I 

• ,. Cl 
~ G 

J,·'' ~ ·c•o•i ,-
' O--

• 
J," 

~ 
.. 

.,, ~ • I ... 
It ' OJ -~ WS I • . . .~-
{g_ -'" 

.,. ,, .o.oa-,.c;,, ,, .,, ,,. 
1 ..... f 

1001 O• .. 
... s • 1 a 

~ ·t ~• I 

{Q___ '~~ .,. l .,, 
OC• ., 

,,1 
,o, 

WS • a 

" 
l...'.! .. 

~ 
·~ 11 --;;;, 

STlttO "q"' Jl 

~ 'r~ 
_, 

c::i, o,, .,, .. __! _/ 1cc, c, ,. If>--

.,, ' . 
., 
" ' 

,., .. , 
ST( llO ~• ' '@)-q::: >-

.l " ·" " lllt 
.,, 

~ Qt• IJ rt7·'' ~ 
(14,01 I 

rc;:- ~-th" " •· M (JI' 

Lu. 
---..!7' ,J ·•· 

I 

'--;, ~ 
'" 

.,. ~ 

"' , ... 
,,Jtt-

:•11 ,. 
ul) . tJil,1 4, 

J • -, 

' 
r 

' • 1 ' ' .. ,s , 1, ~ 
.,, 

::1) > .l . ., ' 
,f IP • 

CM • •• .... ' nca. .,. .. \h(Cr~ I ! fl tl il 

T li: ·r'. ',, .. ~t--

I "' 1: 
. ,, . ·• 

>l 
., 

I 

JJ 
. 

,. 
I 

" I II J --
•• 

• " 
J) > * 

.r 

" rh . 
ISO ~If CU 

I •u Cll'l(IIU(:( lrt. l> 
1 &li,. fll(SISrlllQ Ill l)t6 
I •u. · \•S105 v,. • ~ 

\IUU CITIU .• IV 'Ct(I) 

... 

•· 
' .. .-

.0~1 

th (I I .aa, 
,, ... 

£7 ,, ... . .. 
[ ' ,. 

c,o ,., 

I ,.- ...!. 
I_! ; ., 

~ ,. 
UII I 

m ro,oo . -~ 
" ,1... 

...l! L 
----1.!' ~ I-
~ i!.... ,____ 

., 

., 

H UtO 111 ·0. 

.l. Cl7 ' "'/hl .o, ·-· ()I 
1 .,, 

' . 
"" 

J l '-001 

' .. ,. 
' ·-I -,. ,-· I 1 

: '" ·" 
"' 

,,. 
: 

T ·" ·'' 
t: 7 

l ", ... , . 
J,.-, .. 

100 

,,.1 'lJ, 

Ll ,. 
• I; n •O:: ,.,. ,.,_, 

" - J., '·' "' , .. 
--If--

[II 

..___! N "' ""'' ·"'· '" ll I ... ' .. . ,. 
L::c ~,l i ~ 

.o, ~:.. ' Cit 
th).(1 

,......, y ··· 
I 

l ,, 

~ 
... •·if, H 

"' I L....J , . 
"! rh ,. 

" 
"' ,,:;J o, '""' I - Ill \ ..... "'"~ ' 1 • ·•• (Jj-><ru 

>---ic, 
" ,.,. J., ·· • > 

I • 

.,, 
~ ,., 

?1,:-- , 
~ 

.....,!.!---ll. 
.... 

,___ 
Jl)II 

I) 1 
_, 

.l.,__ 

1 
~ 

J 
r 

'l .. 
"" Cl)oOI) 

i. l tr,fU II 

L,, " __....JQ ~ > :1: '7 -·~ ....J • 
"' 1 ....,!. ,., 

~ I 
.., . '""' 
~ 

,, 
~ 

'-j-' 
' " ..L_ I "111• • 

- ~ 
+ ,, 

+ ~ 
-

'I 
I 

"" .. , 
t:7 

~ 

,,>-- llt ,U1 

"·•>- >--
.,, 

-

t )-1--

II )-1-- IOI) I ,oQf' 

,,. .>- >-- ,, 

- " >-L-- "" .. , ... 

' -

" )- L-- " "'"'" 

" >--,, >-.__ 

.., >->--

... )-.__ 

., >- >--

., >- ,__ 

' >--
' >--

aft ~ Jl\&.SIS 

,re <Xlirl# l'l'.P 

"} _ ao, 

•• 

:} ,,.,., 

., 
,,. 

( 

I )- .__ 

""" t /' 

" >-- lli1fft lOC • 

' . I )- >-- 0() ' 

" )- ~ -· 
- ' >- -.. _ .. , 
'. • )- >-- ''°'-• 
'--

FIGURE 5-3. STEREO DIGITAL MOD ULE 
TIC 
001 

SCHEMA 
852 8407 

21 /22 

D 

VC r 

( 

http://www.SteamPoweredRadio.Com


www.SteamPoweredRadio.Com ! :D
 

z z C
) 

0 <i
' 

n 0 :,
 

:
, ~ - 'O ... 3 11
11

 -< 'O
 

0 t Cl
> ... 'O
 .. er ... 0 u

, 
Cl

> ~
 

0 5'
 

C
l 

:,:
, 

(b
 <
 . >

rj
 .. °' -(XI .... (X
I 

(X
I 

(X
I 

I ,_
. 

--
J
 

J:
:,.

 
N

 I 0 0 J:
:,.

 

N
 w
 

• 
• 

1
7

4
2

-V
 

ll_
()_

 l
'JL

C
IT

 

PL
A

C
E 

TI
IE

 
ST

ER
EO

 D
{C

{T
A

L
 M

O
D

U
LE

 
O

N
 

TR
E

 E
X

TE
N

D
E

R
 B

O
A

R
D

. 
O

lE
C

K
 

P
IN

S
 

lS
 A

N
D

 
3

7
 F

O
R

 P
O

S 
IT

l V
E 

AN
D 

N
EG

A
TI

V
E 

6 
vo

e 
1'

()
.2

4 
V

D
C

. 
1

S
 C

O
RR

F.
CT

 
PO

T
E

N
T

IA
L

 P
R

E
SE

N
T

? 

Y
E

S
 

N
O

 

rrs·
 TH

E
 P

ri
.o

r 
PB

E
SE

llT
 A

T
I 

11'
3 

P
il

l 
2?

 
I 

D
E

FE
C

T
IV

E
 

R
EG

U
LA

TO
R

 
C

IR
C

U
IT

 
H

I 
ST

ER
EO

 /
u'I

A
LO

G
 1

10
D

l'l
.E

. 

'(
~

S
 

IS
 T

H
E 

PI
L

O
T

 P
R

E
SE

N
T

 
A

T 
,1

1 
P

IN
S

 
11

, 
12

? 

YE
S 

N
O

 

N
I)

 

11S
 T

H
E 

P
IL

O
T

 P
R

E
S

E
N

T 
A

' 
\:4

 
P

IN
 

1
0

? 

Y
E

S
 

I 
NO

 

D
EF

EC
T 

£V
E 

t3
 C

IR
C

U
IT

R
Y

. 
IS

 T
II

E
 

P
IL

O
T

 
PR

E
SE

N
l 

A
T 

C
J 

P
IN

 1
5

? 

Y
E

S
 

NQ
 

• 

IS
 

T
II

E
 

P
IL

O
T

 P
R

E
SE

N
T

 
A

T 
l!

7 
P

IN
 '

.I?
 

D
E

FE
C

T
IV

E
 

1:
11

. 
!D

E
FE

C
T

IV
E

 
U

4 
C

IR
C

U
IT

R
Y

.: 
D

E
FE

C
T

IV
E

 
U

) 

Y
ES

 

IS
 T

H
E

 P
IL

O
T

 
PR

E
SE

N
T

 
A

T 
U

7 
PI

N
 

6?
 

Y
E

S
 

t-!
Q.

 

.!!
.0

 D
E

FE
C

T
IV

E
 <

X>
HP

ON
EN

T 
U

I 
R

C
 L

O
W

-P
A

SS
 

F
IL

T
E

R
. 

IS
 T

H
E

 P
IL

O
T

 P
R

ES
EN

T 
All

 
l«

>D
U

LE
 P

IN
 6

7
? 

!D
E

FE
C

T
IV

E
 0

7
 

C
IR

C
U

IT
R

Y
. 

Y
ES

 

D
£F

E
C

T
IV

E
 W

IR
IN

G
 

A
SS

O
CI

A
TE

D
 

W
IT

H
 

ST
ER

EO
 D

IC
.IT

A
L

 l
'C

)O
U

LE
 

P
IN

 6
 7

 
AN

O 
ST

ER
EO

 
A

N
A

LO
G

 
K

>O
U

LE
 

P
IN

 6
8

. 

N
O

 

D
E

FE
C

T
IV

E
 

L
O

Ii
-P

A
SS

 
F

IL
T

E
R

. 

F
ig

u
re

 5
-4

. 
N

o 
P

il
o

t 

11
42

-6
S 

wigfi
Stolen Red

http://www.SteamPoweredRadio.Com


www.SteamPoweredRadio.Com ~ :D
 

z z ~
 

0 ii"
 

0 0 :
, :,
 ~ "

0
 ... 3 Il

l '<
 

"
0

 
0 ~
 

CD
 ... "

0
 ... o·
 

... 0 CI
I 

CD
 <
 

n :,
 

C
l 

"' ~ 0
)
 

0
)
 

0
)
 

t .... -.
.J

 
~
 "' I 0 0 ~
 

:x
, 

(b
 

<
 . "1
1 .. °' -0) .... 

• 

P
IL

O
T

 O
IT

T 
O

r 
PH

A
SE

 

PL
A

C
E 

T
H

E
 

ST
E

R
E

O
 

D
IG

IT
A

L
 1

-()
D

U
LE

 
O

N
 

TH
E 

EX
TE

N
D

ER
 

BO
A

RD
. 

C
H

EC
K

 
P

IN
S

 
35

 
A

.'lD
 

3
7

 
FO

R
 

P
O

S
IT

IV
E

 
A

N
D

 
N

E
G

A
T

IV
E

 
6 

V
D

C 
±5

>. 
2

4
 

v
o

e
. 

IS
 

C
O

R
R

EC
T 

PO
T

E
N

T
IA

L
 

PR
E

SE
N

T
? 

Y
ES

 
N

O
 

I 
j 

I Is
 

P
IL

O
T

 
PR

E
SE

N
T

 
A

T 
u

s 
I 

I 
D

E
FE

C
T

IV
E

 
R

EG
U

LA
TO

R
 

C
IR

C
U

IT
 

I 
P

IN
 

7?
 

IN
 

ST
E

R
E

O
 

A
N

A
LO

G
 

M
O

D
U

LE
. 

Y
ES

 
I 

N
O

 

I 
CX

>M
PA

RE
 

T
H

E
 

P
IL

O
T

 
PH

A
SE

 
I D

E
FE

C
T

IV
E

 
U

S 
C

IR
C

U
IT

R
Y

 -I
 

A
T 

U
S 

P
IN

 
7 

W
IT

H
 

U
S 

P
IN

 
3 

IS
 T

H
E

 
PH

A
SE

 
ID

E
N

T
IC

A
L

? 

Y
ES

 
I 

N
O

 

I 
II

S
 T

H
E 

P
IL

O
T

 
PR

E
SE

N
T

 
A,

 
I Q

2 
C

O
LL

EC
TO

R
? 

I A
D

JU
ST

 
R

l9
 

FO
R

 M
IN

IM
U

M
 

O
FF

SE
T

 .1
 

Y
E

S 
N

O
 

r 
I 

CH
EC

K
 

U
9 

P
IN

S
 

1
3

 
A

N
D

 
2 

FO
R

 
lD

E
FE

C
T

IV
E

 
Q

2 
C

IR
C

U
IT

R
Y

 -
I 

PU
L

SE
S 

PR
O

PO
R

T
IO

N
A

L
 

IN
 

W
ID

TH
 

TO
 

TH
E 

PH
A

SE
 

E
R

R
O

R
. 

A
R

E 
T

H
E

 
PU

L
SE

S 
PR

E
SE

N
T

? 

Y
ES

 
I 

N
O

 

I 
I 

D
E

FE
C

T
IV

E
 

PH
A

SE
 

C
O

R
R

EC
TI

O
N

 
C

IR
C

U
IT

. 
D

E
FE

C
T

IV
E

 
U

9 
C

IR
C

U
IT

R
Y

.I
 

(C
R

l,
 

C
R

2,
 

C
20

, 
Q

l,
 

V
l'R

.5
, 

O
R

 
A

SS
O

C
IA

T
E

D
 

C
O

M
PO

N
EN

T.
} 

F
ig

u
re

 5
-5

. 
P

il
o

t 
O

ut
 o

f 
P

ha
se

 

• 
• 

http://www.SteamPoweredRadio.Com


www.SteamPoweredRadio.Com ! ::D
 

z z P. 0 ii'
 

0 0 :,
 

:,
 

~
 - i:, ~ 3 II>
 -< i:

, 
0 ~
 

CD
 

""
 

i:
, ""
 

0 ~
 -0 " CD <
 

0 :,
 

~
 

::
0 
~
 

<
 . ~
 .. "' -(X) .... (X
) 

(X
) 

(X
) 

I .... .....
 

-'Z
-

N
 I 0 0 -'Z
-

N
 

V
, 

• 
• 

llO
 S

T
U

£
0

 S
W

lT
C

H
IH

C
 S

IQ
W

. 
O

ll
rl

'U
T

 

,u
a

 n
u:

 S
T

E
J.

£0
 D

lC
IT

A
L

 
IID

O
I/

U
 

O
Ii

 n
l[

 U
T

D
ll

)U
 I

O
A

A
D

, 
O

it
a

: 
P

IN
S 

)S
 A

II
D

 )
7

 r
o

. 
P

O
S

IT
lv

t 
Al

<D
 

~
E

G
A

?l
V

I! 
6 

V
llC

 •
 

0
. 2

4 
V

IIC
. 

IS
 C

O
U

£C
T

 
P

a
ro

rf
iA

L
 P

U
SE

N
TI

 

n
s 

• 

O
l.

£
a

. 
U

IO
 P

U
 

I 
ro

a 
A

 -
6V

IJ
C

 
U

V
l!

L
. 

IS
 T

H
t 

C
0

U
£

C
T

 P
O


T

tl
'T

U
J.

 P
W

U
M

 

~:
cr

~~
~=

,.~
~1

7 

,.~
 

C
llt

:C
ll 

U
S 

P
IN

 1
1 

10
1.

 A
 ♦
6
Y
D
C
 

L
E

V
l!L

. 
IS

 T
H

£ 
C

O
U

£
C

T
 P

O


Tt
l<

T 
14

1.
 P

U
:S

O
.T

? 

n
s 

M
O

 

U
:l

'l
ll

 T
O

 
fl

C
V

U
 
5

. 7
 

A
H

O
 T

IO
O

IL
Z

S
11

00
t 

I 
T

H
E

 
N

O
Dt

 
S

tL
£C

T
IO

I<
 C

lt
c
U

IT
 

(U
S

, 
Il

l,
 

U
IO

),
 

a
ia

: 
ro

e. 
,. 

• 5
6 

lU
IZ

 s
 u:

:1w
. u

 
Il

l 
P

l•
 
)
. 

IS
 T

H
E 

S
IQ

W
. 

P
U

S
U

T
l 

D
U

E
C

T
IV

£
 U

S
. 

_!
E

S 

C
IU

:0
: 

T
U

 F
O

U
.O

W
D

IC
 P

O
lJ

<
'tS

. 
A

LL
 

S
lC

II
A

L
S

 S
H

O
O

l.l
> 

IE
 P

B
A

S
to

 A
S 

51
10

11
11

 
IN

 
P

lC
II

U
 S

-2
.4

 A
N

D
 

)-
-2

1
. 

U
I 

t!
N

 I
; 

U
2 

P
ll

l 
I;

 
U

I 
P

ll
l 

1
5

; 
U

2 
P

O
I 

ll
; 

U
l 

P
lN

 1
51

 
U

] 
P

IN
 

2
, 

A
li

 n
t[

 S
IQ

IA
L

S
 C

O
U

E
C

T
! 

ff
.S

 

O
IE

C
K

 U
II

 r
tN

S
 2

, 
l
, 

9
, 

10
 r

oa
 

A
C

T
lv

t 
01

11
1'

11
TS

. 
A

li
 
n

it
 C

O
i.

U
C

? 
S

1Q
W

.S
 

P
ll

S
E

l<
T

I 

n.
s 

t 
NO

 

jl
O

 

IJ
U

E
C

T
lv

t:
 P

U
Q

U
E

K
C

T
 O

IV
ID

U
 

O
C

A
IN

 
(U

l,
 

0
2

, 
U

l)
, 

c
u

a
 r

oa
 A

C
T

lV
f 

01
7r

Pl
lt'

S 
A

T
 

NO
ou

t.
t 

P
t1

'S
 

4
3

, 
4

5
, 

'7
 1 

4
9

. 
A

.U
 O

ll
ll

C
T

 S
lC

IW
.$

 P
lf

S
tl

lT
I 

ll
ln

C
T

tV
!!

 U
ll

 
C

ll
tC

II
IT

IT
 

Y
U

 

lS
O

U
.T

l 
o

c
n

c
rt

V
I!

 l
ll
U

II
C

 F
1I

O
II 

s
n

u
o

 
D

tC
IT

A
L

 I
ID

D
U

L&
 T

O
 
n

tt
 S

rt
U

:O
 A

N
A

LO
C

 I
ID

D
O

!i
 

PI
N

S 
4

J
, 

4
5

, 
4

7
, 

4
9

, 

_l
ie

! 

0£
1-

tc
t I

V
I!

 U
IJ

. 

D
tn

C
T

l V
I: 

O
S

C
II

.I
.\

 TO
R

 
C

ll
C

l/
tn

Y
 1

11
4,

 
Y

I)
. 

ll
•l

•I
I 

F
ig

u
re

 
5-

6
. 

No
 

S
te

re
o

 S
w

it
ch

in
g

 S
ig

n
al

 O
u

tp
u

t 

http://www.SteamPoweredRadio.Com


www.SteamPoweredRadio.Com ~ :n
 

z z C
i) 0 iii
 

n 0 ::
, 

::
, 

Cl
> 2 -g_

 
3 Il

l -< ~ 0 t Cl>
 ... ~ ... 0 ... -0 co
 

Cl
> i ?I
 

::
, 

1
0

 

N
 

0
,
 

0
)
 

0
)
 

0
)
 

I ,_
. 

-..
.J

 
~
 

N
 I 0 0 ~
 

:;c
 

R
) <
 ..., 0
,
 

-...
.. 

0
)
 .... 

• 

L
O

C
A

L 
A

N
D

 
RE

M
O

TE
 

M
O

D
E 

SE
L

E
C

T
IO

N
 

!~
O

PE
R

A
T

IV
E

 
_{

p..
~Y

 
?-I

OD
P.

' 

f 

l 
PL

A
C

E 
T

if
f 

ST
E

R
E

O
 

D
IG

IT
A

L
 ?

-1 0
D

U
L

E
 

O
N

 T
H

E
 

EX
TE

N
D

ER
 

B
O

A
R

D
. 

CH
F.

CK
 

P
IN

S
 

35
 

A
N

D
 

37
 

FO
R

 P
O

S
IT

IV
E

 
A

N
D

 
N

E
G

A
T

IV
E

 
6 

VD
C 

+
0

.2
4

 
vo

e. 
IS

 
C

O
R

R
EC

T 
PO

T
E

N
T

IA
L

 
PR

E
SE

N
T

? 

Y
E

S
 

] 
N

O
 

1 
D

ET
ER

M
IN

E 
W

H
IC

H
 

M
O

D
E 

IS
 

N
O

T 
O

PE
R

A
T

IV
F.

 
A

N
D

 
M

O
N

IT
O

R
 T

H
E 

R
E

SP
E

C
T

 I 
V

E 
M

O
D

E 
SI

G
N

A
L

 O
U

TP
L'

T 
FR

O
M

 
TH

E 
N

O
D

U
LE

 
(P

IN
S

 
5

, 
7 

• 
9

, 
O

R
 

1
1

. 

f 
D

E 
FE

 C
T

I V
E 

R
EG

U
LA

TO
R

 
C

I R
C

li
IT

 
IN

 S
T

E
R

E
O

 
A

N
A

LO
G

 
M

O
D

U
LE

. 

l 

D
E

PR
E

SS
 

T
II

E
 

SW
lT

C
H

 
FO

R
 T

H
E 

D
E

FE
C

T
IV

E
 

M
O

D
E.

 
TH

E 
M

O
D

U
LE

 
'-f

O
D

E 
SI

G
N

A
L

 
01

.,i
PU

T
 

W
IL

L
 

CH
A

N
G

E 
TO

 
A

 +
6

 
V

IJ
C 

LE
V

E
L

 
A.

"W
 

R
EM

A
IN

 
H

IG
H

. 
IS

 
TH

E
 

C
O

R
R

EC
T 

PO
T

E
N

T
IA

L
 

PR
E

SE
N

T
? 

Y
E

S
 

l 
NO

 

l 
M

O
N

IT
O

R
 T

H
E 

B
A

SE
 

O
F 

EA
CH

 
LE

D
 

D
R

IV
E

R
 

T
R

A
~S

IS
T

O
R

 
(Q

3
~ 

Q
4,

 
Q

S,
 

A
N

D
 

Q
6)

 
A.

~D
 

D
E

PR
E

SS
 

T
H

F 
SW

IT
C

H
 

FO
R

 T
H

E 
D

E
FE

C
T

! \
'E

 
M

lD
E

. 
T

H
E

 
B

A
SE

 
W

IL
L

 
CH

A
N

G
E 

TO
 

A
 

P
O

S
IT

IV
E

 V
O

LT
A

G
E 

A
N

D
 

R
EM

A
IN

 
H

IG
H

. 
U

SE
 

T
H

IS
 

IN
FO

R
M

A
TI

O
N

 
TO

 
IS

O
L

A
T

E
 

D
E

FE
C

T
IV

E
 

~
D

l'
L

E
 W

IR
IN

G
. 

M
O

N
IT

O
R

 
TH

E
 

IN
PU

T
 

TO
 

TH
E

 
D

E
FE

C
T

IV
E

 
G

A
TE

 
A

N
D

 
D

P.
PR

ES
S 

T
II

E
 

R
E

SP
E

C
T

IV
E

 
M

O
D

E 
SW

IT
C

H
. 

TH
E 

LE
V

EL
 

W
IL

L
 

CH
A

N
G

E 
FR

O
M

 +
6 

V
D

C 
TO

 0
 

V
D

C 
W

H
EN

 
TH

E
 

M
O

nE
 

SW
IT

C
H

 
IS

 
D

E
PR

E
SS

E
D

, 
IS

 
TH

E 
C

O
R

R
EC

T 
PO

T
E

N
T

IA
L

 
PR

E
SE

N
T

? 

Y
E

S
 

I 
N

O
 

D
E

F
E

C
T

I\
c 

G
A

TE
 

IN
 

U
S,

 
~6

, 
O

R
 

U
lO

 
A

S 
A

PP
L

IC
A

B
L

E
. 

C
H

EC
K

 
TH

E 
M

O
D

E 
SW

IT
C

H
E

S 
A

N
D

 
PO

W
ER

 S
U

PP
L

Y
 

C
O

N
N

EC
TI

O
N

 • 

17
42

-6
6 

F
ig

ur
e 

5
-7

. 
Lo

ca
l 

an
d

 R
em

ot
e 

M
od

e 
S

el
e
c
ti

o
n

 
In

op
er

a
ti

v
e
 

(A
n

y 
M

od
e)

 

• 

] • 

http://www.SteamPoweredRadio.Com


www.SteamPoweredRadio.Com

• 

• 

• 

6-1. GENERAL 

SECTION VI 

PARTS LIST 

6-2. Refer to table 6-1 for replaceable parts which 
proper maintenance of the MS- 15 STEREO DIGITAL MODULE. 
indexed by component reference designator • 

Rev . F: 6/81 888-1742-004 

are required 
Table entr ies 

WARNING: Disconnect p(lmary power prior to servicing. 

for 
are 

27 
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Table 6-1. STEREO DIGITAL MODULE Front Panel - 994 7990 001 

• REF. SYMBOL HARRIS PART NO. DESCRIPTION QTY. 

------ 992 4901 001 STEREO DIGITAL MODULE Circuit l 
Board (Refer to figure 6-2 . ) 

• 

• 28 888-1742- 004 Rev. F: 6/81 

WARNING: Disconnect primary power prior to servicing. 
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• Tabl e 6- 2. STEREO DIGITAL MODULE Circuit Board - 992 4901 001 

REF. SYMBOL HARRIS PART NO. DESCRIPTION QTY. 

Cl 518 0054 000 Capacitor , Variabl e, 15- 60 pF l 

C2 500 0803 000 Capacitor, 5 pF , 500V 1 

C3 500 0759 000 Capacitor, 100 pF, 500V l 

C4 t hru C7 516 0375 000 Capacitor , 0.01 uF, 50V 4 

CB t hr u Cll 516 0063 000 Capacitor, 0 . 002 uF, 1 kV 4 

Cl2 500 0833 000 Capacitor, 390 pF, 500V l 

Cl3 500 0804 000 Capacitor 10 pF, SOOV 1 

Cl4,C15 526 0049 000 Capacitor, 6.8 uF, 35V 2 

Cl6 516 0375 000 Capacitor, 0 . 01 uF, 50V 1 

• Cl 7 500 0842 000 Capacitor , 820 uF, 300V l 

Cl8,Cl9 508 0414 000 Capacitor, 0.01 uF, 50V 2 

C20 526 0049 000 Capacitor, 6 . 8 uF, 35V l 

C21 , C22 516 0453 000 Capacitor, 0.1 uF, lOOV 2 

C23 thru C28 516 0375 000 Capacitor, 0 . 01 uF, 100V 6 

C29 526 0340 000 Capacitor , l uF, 35V l 

C30 526 0050 000 Capacit or , 1 uF, 35V l 

C31 t hru C36 516 0375 000 Capacitor , 0 . 01 uF, 50V 6 

C37 , C38 526 0049 000 Capacitor , 6.8 uF, 35V 2 

C40,C41 516 0375 000 Capacitor, 0 . 01 uF , 50V 2 

CR1 , CR2 384 0205 000 Diode, Si licon, 1N914 2 

CR3,CR4 384 0662 000 LED, Red 2 

CR5 384 0664 000 LED, Yellow l 

• Rev. F: 6/81 888-1742-004 29 

WARNING: Olsconneet primary power prior to servicing. 
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Table 6-2. STEREO DIGITAL MODULE Circuit Board - 992 4901 001 (Continued) • 
REF. SYMBOL HARRIS PART NO. DESCRIPTION QTY. 

CR6 384 0661 000 LED, Green l 

CR7 384 0205 000 Diode, 1N914 l 

CR8 thru CRll 384 0431 000 Diode, 1N4001 4 

CR12 384 0205 000 Diode, Silicon, 1N914 l 

Jl ,J2 610 0679 000 Plug, Shorting 2 

Ll 492 0363 000 Inductor, Variable 1 

Ql 380 0319 000 Transis t or, MPS Al4 l 

Q2 380 0190 000 Transistor , 2N3906 1 

Q3 thru Q7 380 0319 000 Transistor, MPS Al4 5 

Rl 540 0153 000 Resistor, 22 Megohm, l/2W, 5% l 

R2 540 1165 000 Resistor, 3300 ohm, l/2W, 5% l • 
R3 540 1159 000 Resistor, 100k ohm, l/2W, 5% 1 

R4 540 1162 000 Resistor, 1 Megohm, l/2W, 5% l 

R5 thru R8 540 1153 000 Resistor, 8200 ohm, l/2W, 5% 4 

R9 540 1102 000 Resistor, 100 ohm, l/2W, 5% l 

RlO 540 1162 000 Resistor, 1 Megohm, L/2W, 5% 1 

Rll 540 1102 000 Resistor, 100 ohm, l/2W, 5% l 

R12 540 1182 000 Resistor, 2200 ohm, l/2W, 5% 1 

Rl3 540 1129 000 Resistor, 1500 ohm, l/2W, 5% l 

Rl4 540 ll82 000 Resist or, 2200 ohm, l /2W, 5% l 

Rl5 540 llll 000 Resistor, 10k ohm, l/2W, 5% l 

Rl6 540 1159 000 Resistor, 100k ohm, l/2W, 5% l 

• 30 888-1742-004 Rev. F: 6/81 

WARNING: Disconnect primary power prior to servicing. 
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• 
Table 6-2. STEREO DIGITAL MODULE Circuit Board - 992 4901 001 (Continued) 

REF. SYMBOL HARRIS PART NO. DESCRIPTION QTY. 

Rl7 540 1182 000 Resistor, 2200 ohm, l /2W, 5% l 

Rl8 540 1111 000 Resistor, 10k ohm, l/2W, 5% 1 

Rl9 550 0913 000 Potentiometer, 5k ohm l 

R20 540 1122 000 Resistor, 47k ohm, l /2W, 5% l 

R21 thru R29 540 llll 000 Resistor , lOk ohm, l/2W, 5% 9 

R30 540 1116 000 Resistor, 1000 ohm, l/2W, 5% 1 

R31 540 1162 000 Resistor, 1 Megohm, l/2W, 5% l 

R32 thru R36 540 1159 000 Resistor, 100k ohm, l/2W, 5% 5 

R37 540 1212 000 Resistor, 220k ohm, l/2W, 5% l 

• 
R38 540 1159 000 Resistor, 100k ohm, l/2W, 5% l 

R39 ,R40 540 1151 000 Resistor, 10 ohm, 1/2W, 5% 2 

R41 thru R44 540 1162 000 Resistor, l Megohm, l/2W, 5% 4 

R45 540 1159 000 Resistor, 100k ohm, l/2W, 5% l 

R46 540 1162 000 Resistor , 1 Megohm, l /2W, 5% l 

R47 540 1116 000 Resistor, 1000 ohm, l /2W, 5% 1 

Sl thru S4 604 0866 000 Switch, Pushbut t on, SPOT 4 

Ul 382 0466 000 Integrated Circuit, Digital 1 

U2 382 0397 000 Integrated Circuit, CD4013AE 1 

U3 382 0466 000 Integrated Circuit, Digital 1 

U4 382 0287 000 Integrated Circuit, CD4001AE 1 

us 382 0288 000 Integrated Circuit, CD4011AE l 

U6 382 0396 000 Integrated Circuit, CD4012AE 1 

• Rev. F: 6/81 888-1742-004 31 

WARNING: Dlsconneot primary power prior to servicing. 
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Tabl e 6- 2 . STEREO DIGITAL MODULE Circui t Board - 992 4901 001 (Cont i nued) • 
REF. SYMBOL HARRIS PART NO. DESCRIPTION QTY. 

07 382 0472 000 Int egrat ed Circuit, LM318N 1 

us 382 0452 000 Integrated Circui t , Compar a tor l 

U9 382 0397 000 Integrated Circuit , CD4013AE L 

UlO 382 0396 000 Integra ted Circuit, CD4012AE 1 

Utl 382 0548 000 Integrated Circuit , CD4042CN l 

Ul 2 382 0510 000 Integra t ed Circuit, ILQ- 74 l 

Ul3 382 0523 000 In t egrated Circuit , MC14066BCP l 

VTR5 670 0033 000 Light Dependent Resis t or l 

XUl 404 0675 000 Socket , IC , 16 Cont act 1 

XU2 404 0674 000 Socket , IC, 14 Cont act l 

XU3 404 0675 000 Socket, I C, 16 Cont act 1 • 
XU4 thru XU6 404 0674 000 Socket, I C, 14 Contact 3 

XU7 , XU8 404 0673 000 Socket, IC, 8 Contact 2 

XU9,XU10 404 0674 000 Socket, IC, 14 Cont act 2 

XU11 ,XU12 404 0675 000 Socket, IC, 16 Contact 2 

XU13 404 0674 000 Socket, IC, 14 Contact l 

XYl 404 0267 000 Socket , Crystal l 

'i 1 444 2534 000 Crystal, 456 . 00 kHz l 

843 1597 001 Printed Cir cuit Board l 

• 32 888-1742-004 Rev . F: 6/81 

WARNING: Disconnect primary power prior to servicing. 
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This cover letter gives the information necessary to incorporate the MCN 
package into the technical manual . The following steps should be followed: 

a. Open the technical manual to the title page - this page can be 
distinguished by the copyright information located on the lower 
left corner of the page. 

b . Note the Revision Level on the lower right corner of page. 

c. Directly behind this cover letter and continuing until the title 
page found in step a. is the MCN package for the technical manual. 

d. The first page of the MCN package should be entitled MANUAL RE
VISION HISTORY. 

e. The first column on the page is entitled MCN or REV. NO. 

f. Thumb through the MANUAL REVISION HISTORY sheets, if there are 
more than one, and locate the revision level found on the title 
page in step b. Manual Changes previous to this revision level 
were incorporated into the technical manual when that revision 
level was printed. Manual Changes listed under the revison level 
found in step b. and subsequent Manual Changes will need to be 
incorporated into the technical manual using the infonnation pro
vided under the column entitled DESCRIPTION CHANGE , 

g. Where needed, additional information or replacement schematics 
are provided, to aid in the updating of the technical manual. 
This information is located after the last page of the MANUAL RE
VISION HISTORY • 
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STEREO ANALOG MODULE - 994 7989 001 

MANUAL REVISION HISTORY 
MCN OR MCN OR 
REV. NO REV. DATE ECN NO. 

F-1 02/25/82 26838 

F-2 09/08/82 26826 

DESCRIPTION OF CHANGE 

Revision F: June 1981 

Change Figure 5-3. SEREO ANALOG MODULE 
SCHEMATIC 852 8408 001, Rev. D, Page 
25/26, to Rev. E by adding arrow to -15 
volt designator (bottom center of 
schematic) per attached sheet. 

Add to Tab le 6-2, page 36, STEREO ANALOG 
MODULE Circuit Board the following 
components: Capacitors C50, C5'1, 506 0234 
000, 2200 pF, 63V, 5% , qty 2. 

Choke, RF, Ll,L2, 494 0406 000, 68 uH, qty 
2. 

Replace Figure 5-3. Stereo Analog Module 
Schematic, 852 8408 001, page 25/26, Rev. 
E with Rev. F • 

888-1742-005 1 

http://www.SteamPoweredRadio.Com


www.SteamPoweredRadio.Com

• 

• 

m 
T.M. No . 888 1742 005 

• 

TECHNICAL MANUAL 

STEREO ANALOG MODULE 

994 7989 001 

HARRIS CORPORATION 

Broadcast Products Division 

Printed: October 1977 
Revision A: Febr uary 1978 

Revision B: March 1979 
Revision C: June 1979 

Revision D: April 1980 
Revision E: March 1981 
Revision F: June 1981 

wigfi
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STEREO ANALOG MODULE - 994 7989 001 

MANUAL REVISION HISTORY 
MCN OF; MCN OR 
REV.NO. REV. DATE ECN NO. 

F-1 02/25/82 26838 

DESCRIPTION OF CHANGE 

Revision F: June 1981 

Change Figure 5-3. SEREO ANALOG MODULE 
SCHEMATIC 852 8408 001, Rev. D, Page 
25/26, to Rev. E by adding arrow to -15 
volt designator (bottom center of 
schematic) per attached sheet • 

888-1742-005 1 
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WARNING 

THE CURRENTS AND VOLTAGES IN THIS EQUIPMENT ARE 
DANGEROUS. PERSONNEL MUST AT ALL TIMES OBSERVE 
SAFETY REGULATIONS. 

This manual is intended as a general guide for trained and qualified personnel 
who are aware of the dangers inherent in handling potentially hazardous 
electrical/electronic circuits. It is not intended to contain a complete 
statement of all safety precautions which should be observed by personnel in 
using this or other electronic equipment. 

The installation, operation, maintenance and service of this equipment 
involves risks both to personnel and equipment, and must be performed only by 
qualified personnel exercising due care. HARRIS OORPORATION shall not be 
responsible for injury or damage resulting from improper procedures or from 
the use of improperly trained or inexperienced personnel performing such tasks. 

During installation and operation of this equipment, local building codes and 
fire protection standards must be observed. The following National Fire 
Protection Association (NFPA) standards are recommended as references: 

- Automatic Fire Detectors, No. 72E 
Installation, Maintenance, and Use of Portable Fire Extinguishers, 
No. 10 

- Halogenated Fire Extinguishing Agent Systems, No. 12A 

WARNING 

ALWAYS DISCONNECT POWER BEFORE OPENING COVERS, 
DOORS, ENCLOSURES, GATES, PANELS OR SHIELDS. 
ALWAYS USE GROUNDING STICKS AND SHORT OUT HIGH 
VOLTAGE POINTS BEFORE SERVICING. NEVER MAKE 
INTERNAL ADJUSTMENTS, PERFORM MAINTENANCE OR 
SERVICE WHEN ALONE OR WHEN FATIGUED. 

Do not remove, short-circuit or tamper with interlock switches on access 
covers, doors, enclosures, gates, panels or shields. Keep away from 1 ive 
circuits, know your equipment and don't take chances. 

WARNING 

IN CASE OF EMERGENCY ENSURE THAT POWER HAS BEEN 
DISOONNECTED • 

L 
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Treatment of Electrical Shock 

ii 

1. If victim is not responsive fo llow the A-8-Cs of basic l i fe support. 

PLACE VICTIM FLAT ON HIS BACK ON A HARD SURFACE 

@ AIRWA Y 

IF UNCONSCIOUS, 
OPEN AIRWAY 

LITT UP NECK 
PUSH FOREHEAD BACK 
CLEAR OUT MOUTH IF NECESSARY 
OBSERVE roR BREATHING 

CHECK CAROTID PULSE 

IF PULSE ABSENT, 
BEGIN ARTIFICIAL 
CIRCULATION 

© CIRCULATION 

@ BREAT HING 

IF NOT BREATHING, 
BEGIN ARTIFICIAL 
BREATH ING 

TILT HEAD 
PINCH NOSTRILS 
MAKE AIRTIGHT SEAL 

4 QUICK FULL BREATHS 

REMEMBER MOUTH TO MOUTH RESUSCITATION 
MUST BE COt+IENCED AS SOON AS POSSIBLE 

DEPRESS STERNUM 11l2"TO 2" 

{

ONE RESCUER 
APPROX. J5 COMPRESSIONS 
80 SEC. 2 QUICK BREATHS 

APPROX.{TWO RESCUERS 
60 SEC 5 COMPRESSIONS 

• 1 BREATH 

NOTE: DO NOT INTERRUPT RHYTHM OF COMPRESSIONS 
WHEN SECOND PERSON IS GIVING BREATH 

Cal l for med i cal assistance as soon as possible. 

2 . If victim is responsive. 

a. keep them warm 
b. keep them as quiet as possible 
c. l oosen their clothing 

(a reel ining position is recommended) 

• 

• 

• 
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FIRST-AID 

Personne·l engaged in th~ installation, operation, maintenance or servicing of 
this equipment are urged to become familiar with first-aid theory and 
practices. The following information is not intended to be complete first-aid 
procedures, it is brief and is only to be used as a reference. It is the duty 
of all personnel using the equipment to be prepared to give adequate Emergency 
First Aid and thereby prevent avoidable loss of life. 

Treatment of Electrical Burns 

1. Extensive burned and broken skin 

2. 

a . Cover area with clean sheet or cloth. (Cleanest available cloth 
article.) 

b. Do not break blisters, remove tissue, remove adhered particles of 
clothing , or apply any salve or ointment. 

c. Treat victim for shock as required. 
d. Arrange transportation to a hospital as quickly as possible . 
e. If anns or legs are affected kee p them elevated. 

NOTE 

If medical help will not be available within an 
hour and the victim is conscious and not 
vomiting, give him a weak solution of salt and 
soda: 1 level teaspoonful of salt and 1/2 
level teaspoonful of baking soda to each quart 
of water (neither hot or cold). Al low victim 
to sip slowly about 4 ounces (a half of glass) 
over a period of 15 minutes. Discontinue fluid 
if vomiting occurs. (Do not give alcohol . ) 

Less severe burns - (1st & 2nd degree) 

a. Apply cool (not ice cold) compresses using the cleanest available 
cloth article. 

b. Do not break blisters, remove tissue, remove adhered particles of 
clothing, or apply salve or ointment. 

c. Apply clean dry dressing if necessary. 
d. Treat victim for shock as required. 
e. Arrange transportation to a hospital as quickly as possible. 
f . If arms or legs are affected keep them elevated. 

REFERENCE: ILLINOIS HEART ASSOCIATION 

AMERICAN RED CROSS STANDARD FIRST AID AND PERSONAL SAFETY MANUAL 
( SECOND EDITION) 

iii 
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1-1. EQUIPMENT PURPOSE 

SECTION I 

GENERAL DESCRIPTION 

1-2. 'Ihe STEREO ANALOG MODULE produces a composite stereophonic signal 
from the left and right audio inputs. The composite output signal comprises 
a L+R baseband audio signal from 30 Hz to 15 kHz. a 19 kHz pilot signal at 
-20 dB for multipl ex reference, and a L-R double sideband suppressed carrier 
signal centered at 38 kHz. The module interfaces with OVSC module to allow 
DTR filter provisi ons or use of the internal low-pass filter as desired. 
Selectable 75us, 50us, or 25us, or FLAT pre-emphasis is also provided. 

1-3. TECHNICAL CHARACTERISTICS 

1-4. Table 1-1 lists operating characteristics and parameters of the MS-15 
STEREO ANALOG MODULE. 

2-1. GENERAL 

SECTION II 

INSTALLATION 

2-2. Refer to 888 1742 001, MS-15 Exciter, Section II, Installation. 

3- 1. GENERAL 

SECTION III 

CONTROLS AND INDICATORS 

3-2. Figure 3-1 shows the location of each control or indicator associated 
with the MS- 15 STEREO ANALOG MODULE and table 3-1 lists the controls and in
dicators with a description of each item listed. Control setup adjustments 
are listed in table 3-2 • 

Rev. F: 6/81 888-1742-005 l 

WARNING: Disconnect primary power prior to servicing. 
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Table 1-1. Technical Characteristics 

INPUTS 

POWER: 

SIGNAL: 

FUNCTION CHARACTERISTIC 

+20 Vdc@ 0.110 amperes 
-20 Vdc@ 0.105 amperes 

Audio (Left and Right Channel) +10 dBm +1 dBm for 100% modulation 
at 400 Hz. 600 ohm balanced resis
tive input impedance . 

Pilot 

CONTROL: 

Stereo Switching 

Mode Switching 

OUTPUTS 

POWER: 

SIGNAL: 

1. 7V p-p sinusodial 19 kHz Pilot. 

12V p-p in phase and inverted 38 
kHz square waves (CMOS logic level ) . 

12V p-p in phase and inverted 114 
kRz square waves (CMOS logic level) . 

+6 Vdc for Selected Mode . - 6 Vdc 
for inhibit (CMOS logic level). 

+6 Vdc@ 0 .025 amperes 
- 6 Vdc@ 0.022 amperes 

2.8V p-p Composite Stereo Output 

888-1742-005 Rev. F: 6/81 

WARNING: Disconnect primary power prior to servicing. 
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5 

6 

7 
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9 

10 

11 

12 

4 

Table 3-1. STEREO ANALOG MODULE Controls and Indicators 

CONTROL/INDICATOR 

- 15V Indicator 
(CR12) 

-6V Indicator 
(CRll) 

+6V Indicator 
(CRlO) 

+lSV Indicator 
(CR9) 

COMP LEVEL 
Control (R27) 

PILOT ON/OFF 
Switch (S1) 

PILOT LEVEL 
Cont ro 1 ( R41) 

MONO GAIN 
Control (R60) 

38 kHz NULL 
Control (Rl6) 

RIGHT SEPARATION 
Control (R31) 

LEFT SEPARATION 
Control ( R28) 

GAIN MATCH 
Control (R14) 

FUNCTION 

Illuminates to indicate the STEREO ANA
LOG MODULE -15 volt regulator is oper
ational. 

Illuminates to indicate the STEREO ANA
LOG MODULE -6 volt regulator 1.s oper
ational. 

Illuminates to indicate the STEREO ANA
LOG MODULE +6 volt regulator is oper
ational . 

Illuminates to indicate the STEREO ANA
LOG MODULE +15 volt regulator is oper
ational. 

Adjusts the signal level output froin 
the STEREO ANALOG MODULE. 

Enables or inhibits the pilot subcar
rier. 

Adjusts the modulation l evel of the pi
lot carrier. 

Adjusts monaural audio level in re
lation to the stereophonic audio level. 

Adjusts de offset between left and 
right switch drivers to null 38 kHz 
signal. 

Adjusts left into right stereophonic 
audio separation. 

Adjusts right into left stereophonic 
audio separation. 

Adjusts the left channel 
the right channel gain 
crosstalk. 

gain to equal 
for minimum 

888-1742-005 Rev. F: 6/81 
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Table 3-1. STEREO ANALOG MODULE Controls and Indicators (Continued) 

REF. 

13 

14 

15 

16 

17 

18 

19 

20 

Rev. F: 6/81 

CONTROL/INDICATOR 

INT/DTR Filter 
Selector (J4) 

INT/DTR Filter 
Selector (J6) 

75/50/25/FLAT 
Left Channel Pre
emphasis Selector 
(Jl) 

INT/DTR Filter 
Selector (J5) 

PRE-EMPH MATCH 
Adjustment (C4) 

INT/DTR Filter 
Selector {J3) 

114 kHz NULL Control 
Control (R37) 

75/50/25/FLAT Right 
Channel Pre-empha
sis Selector (J2) 

FUNCTION 

Selects the internal low pass filter or 
enables the DTR filter. 

Selects the internal low pass fi l ter or 
enables the DTR filter. 

Selects left channel stereophonic input 
pre-emphasis. 

Selects the internal low pass filter or 
enables the DTR fi l ter . 

Adjusts pre-emphasis characteristics of 
the left channel to match the right 
channel pre-emphasis characteristics 
for minimum crosstalk • 

Selects the internal low pass filter or 
enables the DTR filter. 

Adjusts the 114 kHz level to cancel the 
third harmonic of t he 38 kHz signal 
(114 kHz). 

Selects right channel stereophonic in
put pre-emphasis . 

888-1742-005 5 
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6 

CONTROL 

PILOT LEVEL Control 
(R41) 

COMP LEVEL Control 
(R27) 

Table 3-2. Control Adjustments 

ADJUSTMENT 

1. Connect the exciter rf output to 
a 50 ohm load through a direc
tional coupler or line sampler. 

2. Connect a modulation monitor to 
the line sampler or the forward 
port of the directional coupler. 

3. Connect a stereo monitor to the 
composite output to the modula
tion monitor. 

4. Depress the SCA land SCA 2 OFF 
switches. The OFF indicator on 
each SCA module will illuminate. 

5. Adjust R41 to obtain the de
sired amount of pilot signal 
(8% to 10%) . Note the level • 

6. Depress the SCA 1 ON switch. 
The SCA l ON indicator will il
luminate. 

7 . If the pilot signal drops from 
the level adjusted 1.n step 5 • 
adjust R41 slightly to compen
sate for the drop. 

8 . Reconnect the exciter output to 
the load. 

l. Disconnect the stereo audio 1.n
puts from LEFT FRONT + and -
(TBl pins l and 3) and RIGHT 
FRONT + and - (TBl pins 4 and 
6) on the rear of the exciter. 

2. Apply a 400 Rz sinewave at +10 
dBm to both inputs simultane
ously . 

3 . Depress the 
meter switch. 

888- 1742-005 
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Table 3- 2 . Control Adjustments (Continued) 

CONTROL 

MONO GAIN Control 
(R60) 

Rev. F: 6/81 

4. 

ADJUSTMENT 

Hz signal level until the 
MODULATION meter indicates 100%. 

Depress the 8-BAND 
meter switch. Adjust 
the MODULATION meter 
100%. 

MODULATION 
R27 until 
indicates 

5 . Remove the 400 Hz test signa l 
and r econnect the stereo audio 
inputs. 

1 . Disconnect the stereo audio in
puts from LEFT FRONT + and -
(TBl pins l and 3) and RIGHT 
FRONT + and - (TBl pins 4 and 
6) on the rear of the exciter . 

2. Apply a 400 Hz sinewave at +10 
dBm to both inputs simulta
neously. 

3. Remove the module. Mount the 
module ~n the exciter using the 
extender board provided with 
the exciter . 

4. Depress the LEFT MODULATION 
meter switch. Adjust the 400 
Hz signal level until the MODU
LATION meter indicates 100%. 

5. Depress the MONO L mode switch 
on the STEREO DIGITAL module. 
The MONO L indicator will il
luminate. 

6. Depress the LEFT MODULATION 
meter switch and adjust R60 to 
obtain an indication of 100% on 
the MODULATION meter . 

7 . Remove the module and extender 
board and replace the module in 
the exciter. Remove the 400 Hz 

888-1742-005 
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8 

Table 3-2. Control Adjustments (Continued) 

CONTROL 

38 KHZ NULL Control 
(Rl6) 

ADJUSTMENT 

test signal and reconnect the 
stereo audio inputs. 

1. Connect the exciter rf output to 
a 50 ohm load through a direc
tional coupler or line sampl er . 

2. Connect a modulation monitor to 
the line sampler or the forward 
port of the directional coupler. 

3. Connect a stereo monitor to the 
composite output to the modula
tion monitor and adjust the 
stereo monitor to the 38 kHz 
position. 

4. Disable all modulation to the 
exciter. 

S. Remove the module. Mount the 
module in the exciter using the 
extender board provided with 
the exciter. 

6. Depress the STEREO DIGITAL mod
ule STEREO switch. The STEREO 
indicator will illuminate. 

7. Set the PILOT ON/OFF switch to 
OFF. 

8. Adjust Rl6 to obtain a minimum 
indication on the stereo moni
tor. 

9. Remove the module and extender 
board and replace the module in 
the exciter . Set the PILOT 
ON/OFF switch to ON and recon
nect the exciter output to the 
load. 

888-1742-005 Rev. F: 6/81 
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Table 3- 2. Control Adjustments (Continued) 

CONTROL 

114 KHZ NULL Control 
(R37) 

Rev. F: 6/81 

ADJUSTMENT 

NOTE 

The 114 KRZ NULL control (R37) is 
factory preset and should not be 
adjusted in the field unless the 
circuit is repaired. Adjustment of 
R37 affects several parameters and 
requires subsequent completion of 
the LEFT SEPARATION Control (R28)/
RIGHT SEPARATION Control (R31)/GAIN 
MATCH Control (Rl4)/PRE-EMPHASIS 
MATCH Adjustment (C4) adjus tment 
procedure. 

l. Remove the module. Mount the 
module in the exciter using the 
extender board provided with 
the exciter • 

2. Disconnect the stereo audio in
put from the LEFT FRONT+ and -
(TBl pins l and 3) on the rear 
of the exciter. 

3. Apply a 400 Hz sinewave at +10 
dBm to the left channel only. 

4. Connect a spectrum analyzer to 
pin 70. 

5. Depress the LEFT MODULATION 
meter switch . Adjust the 400 
Hz signal level until the MODU
LATION meter indicates 100%. 

6. Adjust R37 to obtain a minimum 
indication of the 114 kHz sig
nal on the spectrum analyzer 
(typical suppression 70 dB). 

7, Disconnect the spectrum ana
lyzer • 

888-1742-005 

WARNING: Disconnect primary power prior to servicing. 
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Tabl e 3- 2 . Cont r o l Adjustments (Continued) 

CONTROL ADJUSTMENT 

LEFT SEPARATION 

RIGHT SEPARATION 
Control (R31) 

10 

8. Remove the module and extender 
board and replace the module in 
the exciter. Remove the 400 Hz 
test signal and reconnect the 
left channel audio input. 

1. Remove the module . Mount the 
module in the exciter using the 
extender board provided with 
the exciter. 

2, Disconnect the stereo audio in
put from the LEFT FRONT+ and -
(TBl pins l and 3) and the 
RIGHT FRONT+ and - (TBl pins 4 
and 6) . 

3. Apply a 400 Hz sinewave signal 
at +10 dBm to the left channel 
only. 

NOTE 

Correct adjustment of R28 and R3l 
requires use of a de coupled oscil
loscope with good high frequency 
amplitude and phase response. A Xl 
probe must be used. 

4. Connect the oscilloscope to pin 
70 • 

.5. Set the PILOT ON/OFF switch to 
OFF. 

6 . Adjust R28 to obtain the flat
test composite signal base line 
indication on the oscilloscope , 

l. Remove the 400 Hz test signal 
from the left channel and con
nect the signal to the RIGHT 
FRONT + and - (TBl pins 4 and 
6) only. 

888- 1742-005 Rev. F: 6/81 
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Table 3-2 . Control Adjustments (Continued) 

CONTROL ADJUSTMENT 

GAIN MATCH 
Control (Rl4) 

Rev. F: 6/81 

2. Depress the RIGHT MODULATION 
meter switch. Adjust the 400 
Hz signal level until the MODU
LATION meter indicates 100%. 

3. Adjust R31 to obtain the flat
test composite signal base line 
indication on the oscilloscope. 

4. Set the STEREO OVSC module IN/
OUT switch to OUT. 

5. Remove the 400 Hz test signal 
from the right channel. 

1. Connect a 100 Hz sinewave to 
both the LEFT FRONT + and -
(TBl pins 1 and 3) and the 
RIGHT FRONT+ and - (TBl pins 4 
and 6) (both channels strapped 
together so that L • R) . 

2. Depress the LEFT MODULATION 
meter switch . Adjust the 100 
Hz signal level until the MODU
LATION meter indicates 100%. 

3. Adjust C4 to midrange. 

4. Using a spectrum analyzer con
nected to pin 70 or a stereo 
modulation monitor on the ex
citer output adjusted to the 
L-R position, adjust Rl4 for a 
minimum indicator of the L-R 
signal (typical suppression 
> 65 dB). 

5. Remove the 100 Hz test signal 
from the exciter stereo audio 
inputs • 

888-1742-005 ll 
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Table 3-2 . Control Adjustments (Continued) 

CONTROL 

PRE-EMPHASIS MATCH 
Adjustment (C4) 

12 

ADJUSTMENT 

1 . Connect a 15 kHz sinewave to 
both the LEFT FRONT + and -
(TBl pins 1 and 3) and the 
RIGHT FRONT+ and - (TBl pins 4 
and 6) (both channels strapped 
together so that L = R). 

2. Depress the LEFT MODULATION 
meter switch. Adjust the 15 
kHz signal level until the MOD
ULATION meter indicates 100%. 

3. Adjust C4 for a minimum indica
tion of the L-R signal (typical 
suppression 60 dB). Note the 
stereo audio inputs. 

4. Remove the 15 kHz test signal 
from the exciter stereo audio 
inputs . 

s. Connect a 400 Hz sinewave to 
the LEFT FRONT + and - (TBl 
pins and 1 and 3). For test 
purposes only. cross connect 
the left and right exciter 
stereo audio inputs out of 
phase so that L "' -Ras follows: 

TBl pin l to TBl pin 6 
TB3 pin 3 to TBl pin 4 

6 . Depress the LEFT MODULATION 
meter switch. Adjust the 400 
Hz signal level until the 
MODULATION meter indicates 100%, 

7. If a s t ereo modulation monitor 
1.s used. adjust the monitor to 
the L + R signal. If L+R sup
pression is different 1.n level 
from L-R indication in step 3, 
alternatel y adjust R28 and R41 
s light l y equal amounts in the 
same direction until the L + R 
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Table 3- 2. Control Adjustments (Continued) 

CONTROL ADJUSTMENT 

suppression is equal to the L -
R suppression noted in step 3. 

8 . Remove the 400 Hz test signal 
and straps from the exciter 
stereo audio inputs. 

9. Connect a 400 Hz sinewave to 
the LEFT FRONT + and - (TBl 
pins 1 and 3). 

10 . Depress the LEFT MODULATION 
meter switch. Adjust the 400 
Hz signal level until the MODU
LATION meter indicates 100%. 

11 . Check LEFT SEPARATION and RIGHT 
SEPARATION. Ensure the separa
tion has not degraded • 

12. Perform the PILOT LEVEL Control 
(R41) adjustment procedure, 
steps 1 through 4. 

13 . Perform the MONO GAIN Control 
(R27) adjustment procedure, 
steps l through 6. 

14 . Disconnect the oscilloscope and 
spectrum analyzer from the 
module. Remove the module and 
extender board and rep lace the 
module in the exciter. 

15. Remove the 400 H.z test signal 
and reconnect the stereo audio 
inputs . Reconnect the exciter 
output to the load. 

16 . Set the PILOT ON/OFF switch to 
ON. Set the STEREO OVSC Module 
IN/OUT switch to ON • 

888-1742-005 13 
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4-1. 

4-2. 

CIRCUIT DESCRIPTION 

INPUT CIRCUIT 

SECTION IV 

PRINCIPLES OF OPERATION 

4-3. INPUT PROTECTION NETWORK. Two channel audio input from the RPI fil
ter is appl ied to transformerless unity gain instrument ation amp l ifier s (Ul 
and U2) through input protection networks (see figure 4-1). Damage t o the 
preamplifier circuits f r om an excessive input signal is prevented by a con
figuration of four diodes connected to the +15 Vdc sources . If a signal or 
transient exceeding the power supply potential appears at the module input, 
the port ion of the input wh icn exceeds the power supply potent ial wi 11 be 
shunted by the diodes to the !15 Vdc power supply to limit the signal. 

4-4. INPUT PREAMPLIFIER. The input preamplifiers differ from standard op
erational amplifiers by the inputs and the methods through which feedback is 
obtained. Each amplifier responds only to the difference in potential be
tween the two inputs. If the same signal is applied to both inputs simulta
neously or if only one input is driven and t he connection to the second in
put is opened , the output will be zero. The amplifier therefore behaves as 
a transformer with response to de. The amplifiers also provide the trans
former ' s advantages of isolation and hum rejection without the problems of 
limited frequency r esponse and phase distortion . Pre-emphasis selectors Jl 
and J2 allow pre-emphasis selection of 75us , 50us, 25us, or FLAT response. 
Amplifier gain is determined by resistors R7, R49 and the pre-emphasis net
work. The PRE-EMPH MATCH control (C4) in the left channel preamplifier in
put allows adjustment of the left channel pre-emphasis circuit to match the 
right channel pre-emphasis characteristics . The pre-emphasized audio is ap
plied to DTR filter selector J3 in the left channel and DIR filter selector 
J5 in the right channel. 

4-5. FILTER CIRCUIT 

4-6. Pre-emphasized audio from the input preamplifiers is applied to DTR 
(Dynamic Transient Response) filter selectors JJ in the left channel and JS 
in the right channel. Outputs to the ac metering circuits al l ow monitoring 
of the left and right pre- emphasized levels. 

4-7 . Normally the STEREO ANALOG MODULE will be used with the STEREO OVSC 
module in which the STEREO ANALOG MODULE filters ar e used as part of the DTR 
filtering process. However, the STEREO ANALOG MODULE includes its own audio 
low-pass filters and can function without the STEREO OVSC module if desired . 

4-8 . The OTR filter selectors allow selection of the OVSC module DTR fil
ter circuitry or allow use of the STEREO ANALOG MODULE 17. 5 kHz low-pass 
filters as desir ed. In any case, all the DTR filter selectors (J3 and J4 in 
the left channel and J5 and J6 in the right channel) must all be positioned 
in corresponding locations. If the DTR f ilter is jumpered out of the 
cir cuit (INT position) , the OVSC module IN/OUT switch must be placed OUT or 
the OVSC modul e must be removed from the exciter . 

14 888-1742-005 Rev . F: 6/81 
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4-9. SWITCHING CIRCUIT 

4-10. SWITCH DRIVERS. The pre-emphasized and filtered audio is applied to 
switch driver U3 in the left channel and U4 in the right channel. The gain 
of the left channel driver is adjusted to match the right channel amplifier 
gain with the GAIN MATCH control (Rl4) . The 38 kHz NULL control (Rl6) ad
justs 38 kHz suppression by matching the de offsets between the left and 
right channel switch drivers. The LEFT SEPARATION (R28) adjusts right into 
left audio and the RIGHT SEPARATION (R31) adjusts left into right audio to 
obtain maximum channel separation. 

4-1 l. All waveforms used in the STEREO ANALOG MODULE are generated by the 
synchronous divider in the STEREO DIGITAL module. This ensures correct 
phase relationships among the 38 kHz and 114 kHz inverted and non- inverted 
switching signals and the 19 kHz pilot signal . 

4-12. The two sets of square wave switching signals input to the analog 
switches cause the switches to samp le the left and right audio channels at a 
38 kHz and ll4 kHz rate. The switches output a 38 kHz and 114 kHz sampled 
audio signal which is summed with the pilot signal at the inverting input to 
sum amplifier U8. The 114 kHz amplitude is adjusted t o the same amplitude 
as the third harmonic of the 38 kHz signal ( 114 kHz) by the 114 kHz NULL 
control (R37). As the two signals are 180 degrees out of phase when summed, 
the two signals algebraically add to zero and cancel. Therefore the result
ant sampling waveform contains no 114 kHz component. The pilot signal am
plitude is adjusted with the PILOT LEVEL control (R41) and the PILOT ON/OFF 
switch (Sl) allows the pilot signal to be interrupted for test purposes . 

4-13. After low-pass filtering, the 38 kHz double sideband L-R signal peak 
amplitude must equal L+R audio baseband peak amplitude. This is accom
plished by subtracting a small portion of the left and dght audio signal 
fed through R20 from the sampled audio signal at the input of sum amplifier 
US. Relative signal amplitudes of the 38 kHz, 114 kHz, and inverted left 
and right audio components at the summed input are 1.0V P-P. and 0,333 P-P, 
and 0.03V P-P respectively. 

4- 14. For monaural operation, the sampling signals and the pilot signal 
from the STEREO DIGITAL module are inhibited. Switches in US select the 
L+R, L, or R monaural modes. The signal level is controlled by the MONO 
GAIN control (R60) with the monaural signal applied to U8 through resistor 
R39. 

4-15. MODE SWITCHING 

4-16. Mode switching is controlled by CMOS logic inputs for stereo, mono 
left, mono right, and mono left plus right from the STEREO DIGITAL MODULE, 

4-17. MONAURAL OPERATION, If a monaural mode is selected, the stereo mode 
line is driven LOW which opens the four switches in U6. Operation of the 38 
kHz and the 114 kHz sampling signals and the 19 kHz pilot signal is inhib
ited by control circuitry in the STEREO DIGITIAL module which opens the sam
pling switches. A positive six volt de level input from the STEREO DIGITAL 

Rev. F: 6/81 888-1742-005 17 
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module on the selected monaural mode line will close the appropriate mono 
mode swi.tches in US and connect the desired audio source to the sum ampli
fier input through the MONO GAIN control (R60). Resistors R56, R57, R58, 
and R59 connnected to the mono mode switch ensure the correct audio level is 
maintained for each mono mode. 

4-18. STEREOPHONIC OPERATION. If stereophonic operation is selected, a 
positive six volt de level output from the STEREO DIGITAL module on the 
stereo mode line activates the stereo mode switches (U6). One portion of 
the switch connected between the LEFT SEPARATION and RIGHT SEPARATION con
trols applies a portion of the (L+R) signal required for stereophonic opera
tion to the non-inverting input of the sum amplifier. The second portion of 
the switch inhibits monaural operation by effectively grounding the monaural 
audio line. The 38 kHz and 114 kHz sampling signals and the 19 kHz pilot 
signal output from the STEREO DIGITAL module are enabled during stereophonic 
operation. 

4-19. OUTPUT CIRCUIT 

4-20. The output of the sum amplifier feeds the output amplifier through 
FL-1 which provides the required low-pass filtering. Output buffer U9 am
plifies the signal level and provides a low impedance output. The COMP LEV
EL control R27 adjusts the composite signal level to 1 . 0 VRMS for 100% modu
lation to drive the MOD OSC module circuitry. Several cycles of the digital 
sampling signal and the 38 kHz fundamental component as would appear at the 
output of sum amplifier (US) (pilot off) are shown in figure 4-2. 

1742-3 l 
Figure 4-2. DSM Waveform 

4-21. POWER 

4-22. Positive 20 Vdc enters the module on pins 31 and 32 and negative 20 
Vdc enters the module on pins 41 and 42. Regulated potentials to operate 
the module internal circuitry are developed by regulators UlO (+15 Vdc), Uil 
(+6 Vdc), U12 (-15 Vdc), and Ul3 (-6 Vdc). Light emitting diodes CR9 
through CR12 provide a visual indication o f the positive and negative fifteen 

18 888-1742-005 Rev. F: 6/81 
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and six volt supplies. Test points are provided to assist in checking 
t'egulato.r outputs. Additionally, +6 Vdc is output from the STEREO ANALOG 
MODULE to power the circuitry in the STEREO DIGITAL module. 

5-1. CORRECTIVE MAINTENANCE 

SECTION V 

MAINTENANCE 

5-2. The MS-15 FM exciter module philosophy consists of problem isolation 
to a specific at'ea or individual component and subsequent isolation and re
placement of the defective componet. 

5-3. TROUBLESHOOTING 

S-4. In event of problems• the trouble area must first be isolated to a 
specific area. Most troubleshooting consists of visual checks . The MODULA
TION meter, MULTIMETER, fuse Fl, circuit breaker CBl, and the indicatot's on 
each module should be used to determine in which area the malfunction ex
ists. All module power supplies are equipped with LEDs which indicate the 
module power supply status. A single dark LED would indicate a problem as
sociated with an individual module monolithic voltage regulator. A consis
tent pattern of dark LEDs however, would indicate an exciter de distribution 
bus fault • 

5-5. Once the trouble is isolated to a specific area, refer to the theory 
section of this manual for circuit discussion to aid in problem resolution. 
Table 5-1 lists typical trouble symptoms pertaining to the individual module 
operation with references to fault isolation diagrams listing probable 
causes and corrective actions. A corrective action given for a troubl e 
symptom is not necessarily the only answer to a problem. It only tends to 
lead the repairman into the area that may be causing the trouble. An ex
tender board (HARRIS PN 992 4989 001) is provided with the exciter to assist 
in troubleshooting. In event parts are required, refer to Section VI, Parts 
List. The following information is contained in this section as an aid to 
maintenance: 

REFERENCE 

Figure S- 1 

Table 5-2 

Figure 5- 2 

Figure 5-3 

Rev. F: 6/81 

TITLE 

STEREO ANALOG MODULE Parts Layout 

STEREO ANALOG MODULE Parts Index 

STEREO ANALOG MODULE Waveforms 

STEREO ANALOG MODULE Schematic 

888-1742-005 

NUMBER 

852 8408 OOl 

WARNING: Disconnect primary power prior to servicing. 
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Table 5-1. STEREO ANALOG MODULE Fault Isolation Index 

• 
SYMPTOM DEFECT/REFERENCE 

NO OUTPUT Figure 5-4 

NO AUDIO FROM LEFT Figure 5- 5 
AND/OR RIGHT CHANNEL 
(pilot present). 

NOISE Figure 5- 6 

POOR SEPARATION Figure 5-7 

POOR CROSSTALK Figure 5- 8 

38 KHZ CARRIER ON Figure 5-9 
OUTPUT 

• 

• 20 888-1742-005 Rev. F : 6/81 

WARNING: Disconnect primary power prior to servicing. 
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• 
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' ' N 
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COMPOSITE LOWPA$S I H~RRIS Ph, 48t 

Figure 5-1. STEREO ANALOG MODULE Parts Layout 

Rev. F: 6/81 888-1742-005 

WARNING: Disconnect primary power prior to servicing. 
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6-1. GENERAL 

SECTION VI 

PARTS LIST 

6-2. Refer to table 6-2 for replaceable parts which are required for 
proper maintenance of the MS-15 STEREO ANALOG MODULE. Table entries are in
dexed by component reference designator • 

Rev. F: 6/81 888-1742-005 33 

WARNING: Olaconnect primary power prior to servicing. 
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Table 6-1. STEREO ANALOG MODULE Front Panel - 994 7989 001 • 
REF. SYMBOL HARRIS PART NO. DESCRIPTION QTY. 

------ 992 4902 001 STEREO ANALOG MODULE Circuit Board l 
(Refer to table 6-2) . 

• 

• 34 8888-1742-005 Rev, F: 6/81 

WARNING: Disconnect primary power prior to servicing. 
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• Table 6- 2. STEREO ANALOG MODULE Ci rcuit Board - 992 4902 001 

REF. SYMBOL HARRIS PART NO. DESCRIPTION QTY. 

Cl,C2 526 0045 000 Capacitor , 330 uF, 6V, 10% 2 

C3 500 0759 000 Capacitor, 100 pF, Mica, SOOV 1 

C4 518 0054 000 Capaci t or, 15-60 pF, Var iabl e 1 

cs 500 0841 000 Capacitor, 750 pF, 300V, Mica 1 

C6 500 0835 000 Capaci tor , 470 pF, soov, Mica 1 

C7 500 0830 000 Capacit or, 240 pF, soov, Mica 1 

ca 516 0375 000 Capacitor, 0.01 uF, SOV 1 

C9 526 0049 000 Capacitor, 6 . 8 uF, 35V, 20% 1 

Cl O 516 0375 000 Capacitor , 0.01 uF, SOV 1 

• Cll 526 0049 000 Capacitor, 6.8 uF, 35V, 20% 1 

Cl2 500 0815 000 Capacitor, 39 pF, SOOV, Mica 1 

Cl3,Cl4 516 0453 000 Capacitor, 0, 1 uF, lOOV, 20% 2 

Cl5 500 0806 000 Capacitor, 15 pF, SOOV, Mica 1 

Cl6,Cl7 516 0453 000 Capacitor , 0. 1 uF, 100v, 20% 2 

Cl 8 526 0049 000 Capac i tor , 6.8 uF, 3SV, 20% 1 

Cl 9 516 0453 000 Capacitor, 0. 1 uF, lOOV, 20% 1 

C20 526 0049 000 Capacitor , 6.8 uF, 35V, 20% 1 

C21 516 0453 000 Capacitor , 0.1 uF, lOOV, 20% 1 

C22 500 0821 000 Capacitor, 68 pF, 500V, Mica 1 

C23,C24 
. 

526 0045 000 Capacitor, 330 uF, 6V , 10% 2 

C25 500 0759 000 Capacitor, 100 pF, Mica, 500V 1 

C26 500 0811 000 Capacitor , 27 pF, 500V, Mica 1 

• Rev . F: 6/81 888-1742- 005 35 

WARNING: Disconnect primary power prior to servicing. 
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Table 6-2. STEREO ANALOG MODULE Ci rcuit Board - 992 4902 001 (Continued) 

REF. SYMBOL HARRIS PART NO. 

C27 

C28 

C29 

C30 

C31 

C32 

C33 

C34 

C35,C36 

C37 

C38 

516 0375 000 

526 0049 000 

500 0841 000 

500 0835 000 

500 0830 000 

516 0375 000 

526 0049 000 

500 0815 000 

516 0453 000 

516 0375 000 

500 0811 000 

C39,C40,C41 516 0375 000 

C42 thru C49 526 0049 000 

CRl thru CR8 384 0284 000 

CR9 thru CR12 384 0661 000 

CR13 thru CR20 384 0431 000 

FLl 484 0260 000 

FL2 484 0259 000 

Jl thru J6 610 0679 000 

Rl . 540 1170 000 

R2,R3 540 1162 000 

R4 548 0394 000 

DESCRIPTION 

' Capacitor, 0 . 01 uF, 50V 

Capacitor, 6. 8 uF, 35V, 20% 

Capacitor, 750 pF, 300V, Mica 

Capacitor, 470 pF, 500V, Mica 

Capacitor, 240 pF, 500V 

Capacitor , 0.01 uF, 50V 

Capacitor, 6.8 uF, 35V, 20% 

Capacitor, 39 pF, 500V 

Capacitor, 0.1 uF, lOOV, 20% 

Capacitor, 0.01 uF, 50V 

Capacitor, 27 pF, 500V, Mica 

Capacitor, 0 . 01 uF, 50V 

Capacitor, 6.8 uF, 35V, 20% 

Diode, 10D4/1N2070 

LED, Green 

Diode, 1N4001 

Filter , Dual Low Pass 

Filter, Low pass 

Plug, Shorting 

Resistor, 430 ohm, l/2W, 5% 

Resistor, l Megohm, l/2W, 5% 

Resistor , 5. llk ohm, l/4W, 1% 

36 888- 1742-005 

WARNING: Disconnect primary power prior to servicing. 

QTY. 

1 

1 

l 

l 

l 

1 

l 

l 

2 

1 

l 

3 

8 

8 

4 

8 

1 

l 

6 

1 

1 

1 

Rev. F: 6/81 
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• Tab l e 6- 2. STEREO ANALOG MODULE Circuit Board - 992 4902 001 (Continued) 

REF. SYMBOL HARRIS PART NO. DESCRIPTION QTY. 

RS 548 1389 000 Resistor, 2.74k ohm, l/4W, 1% l 

R6 548 0340 000 Resistor, 15k ohm, l/4W, 1% 1 

R7 548 1370 000 Resistor, 105k ohm, l/4W, 1% l 

R8,R9 540 1102 000 Resistor, 100 ohm, 1/2W, 5% 2 

RlO,Rll 548 0279 000 Resistor, 2000 ohm, l/4W, 1% 2 

Rl2 540 1205 000 Resistor, 1200 ohm, l/2W, 5% l 

Rl3 548 1396 ODO Resistor, 8.06k ohm, l/4W, 1% 1 

Rl4 550 0398 000 Potentiometer, lk ohm, l/2W, 10% l 

Rl5 548 0366 000 Resistor, 22 . lk ohm, l/4W , 1% l 

• Rl6 550 0922 000 Potentiometer, 10k ohm, l/2W L 

Rl 7 548 0366 000 Resistor, 22 . lk ohm, l/4W, 1% l 

Rl 8 540 1102 000 Resistor, 100 ohm, l/2W, 5% 1 

Rl 9 548 0366 000 Resistor, 22 . lk ohm, l/4W, 1% l 

R20 540 1165 000 Resistor, 3300 ohm, l/2W, 5% 1 

R2l 540 1102 000 Resistor, 100 ohm, l/2W, 5% l 

R22,R23 540 0279 000 Resistor, 2000 ohm, l/4W , 1% 2 

R24 540 1116 000 Resistor, 1000 ohm, l/2W, 5% l 

R25 540 1129 000 Resistor, 1500 ohm, l/2W, 5% 1 

R26 540 1102 000 Resistor, 100 ohm, l/2W, 5% l 

R27 550 0927 000 Potentiometer, 2k ohm, l/2W, 10% l 

R28 550 0922 000 Potentiometer, 10k ohm, 1 /2W l 

R29,R30 540 1111 000 Resistor, lOk ohm, l/2W, 5% 2 

• Rev. F: 6/81 888-1742-005 37 

WARNING: Dis-connect primary power prior to servicing. 
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Table 6-2 . STEREO ANALOG MODULE Circuit Board - 992 4902 001 (Cont inued) • REF. SYMBOL HARRIS PART NO. DESCRIPTION QTY. 

R31 550 0922 000 Potenti ometer, l Ok ohm, l /2W l 

R32,R33 540 1102 000 Resistor, 100 ohm, 1/2W, 5% 2 

R34 548 0314 000 Resistor, 75k ohm, l/4W, 1% 1 

R35 548 0366 000 Resistor, 22. l k ohm, l/4W, 1% l 

R36 548 0416 000 Resistor, 30 . l k ohm, l/4W, 1% 1 

R37 550 0922 000 Potentiomet er, l Ok ohm, l /2W l 

R38 540 1111 000 Resistor, 10k ohm, l/2W, 5% l 

R39 540 1184 000 Res i stor, 15k ohm, 1 /2W, 5% l 

R40 540 1115 000 Resistor, 470 ohm , l /2W , 5% l 

R41 550 0927 000 Potent i omet er, 2k ohm, l/2W, l 

R42 540 1170 000 Resistor, 430 ohm, l/2W, 5% l • 
R43, R44 540 1162 000 Resistor, 1 Megohm, l/2W, 5% 2 

R45 548 0394 000 Resistor, 5.llk ohm, l /4W, 1% 1 

R46 548 0932 000 Resistor, 100k ohm, l/4W l 

R47 548 1389 000 Resistor, 2. 74k ohm, l /4W, 1% l 

R48 548 0340 000 Resistor, 15k ohm, l /4W, 1% 1 

R49 548 1370 000 Resistor, 105k ohm, l/4W, 1% l 

R50 548 0279 000 Resistor, 2000 ohm, l/4W, 1% l 

R51 540 1102 000 Resistor , 100 ohm, l/2W, 5% l 

R52 548 0279 000 Resistor, 2000 ohm, l/4W, 1% 1 

R53 548 1360 000 Resistor , 8450 ohm, l/4W, 1% 1 

RS4 540 1205 000 Resistor , 1200 ohm, 1/2W, 5% 1 

• 38 888-174 2- 005 Rev. F: 6/81 

WARNING: Disconnect primary power prior to servicing. 
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• 
Table 6-2. STEREO ANALOG MODULE Circuit Board - 992 4902 001 (Continued) 

REF. SYMBOL HARRIS PART NO. DESCRIPTION QTY. 

R55 540 1102 000 Resistor, 100 ohm, l/2W, 5% 1 

R56 540 1111 000 Resistor, 10k ohm, l/2W, 5% 1 

R57 540 1105 000 Resistor, 5100 ohm, l/2W, 5% 1 

R58 540 1111 000 Resistor, lOk ohm, l/2W, 5% 1 

R59 540 1105 000 Resistor, 5100 ohm, 1/2W, 5% l 

R60 550 0922 000 Pot entiomt er, 10k ohm, l/2W 1 

R61 540 1102 000 Resistor, 100 ohm, 1/2W • 5% l 

R62 540 1159 000 Resistor, 100k ohm, 1/2W, 5% 1 

R63 540 0292 000 Resistor, 22 ohm, lW, 5% 1 

• 
R64,R65 540 0314 000 Resistor, 180 ohm, lW, 5% 2 

R66 540 0292 000 Resistor , 22 ohm, lW, 5% l 

R67 540 1187 000 Resistor, 1300 ohm, l/2W, 5% 1 

R68,R69 540 1115 000 Resistor, 470 ohm, l /2W, 5% 2 

R70 540 1187 000 Resistor• 1300 ohm, l/2W, 5% 1 

R71 thru R73 540 1159 000 Resistor, 100k ohm, l/2W, 5% 3 

R74 548 0932 000 Resistor, 100k ohm, l/4W, u 1 

R75 thru R78 540 1159 000 Resistor, 100k ohm, l/2W, 5% 4 

Sl 604 0859 000 Switch, Toggle, DPDT 1 

Ul ,02 382 0473 000 Integrated Circuit, AD521JD 2 

U3,U4 382 0472 000 Integrated Circuit, LM318N 2 

U5 , U6,U7 382 0523 000 Integrated Circuit, MC14066BCP 3 

U8,U9 382 0472 000 Integrated Circuit, LM318N 2 

• Rev. F: 6/81 888-1742-005 39 

WARNING: Olaconneot primary power prior to servicing. 
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Table 6-2. STEREO ANALOG MODULE Circuit Board - 992 4902 001 (Continued) 

• 
REF. SYMBOL HARRIS PART NO. DESCRIPTION QTY. 

UlO 382 0359 000 Integrated Circui t , MC7815CP 1 

Ull 382 0471 000 Integrated Circuit, MC7806CT 1 

Ul 2 382 0470 000 Integrated Circuit , MC7906CT l 

Ul3 382 0360 000 Integrated Circuit, MC7915CP 1 

XU1, XU2 404 0674 000 Socket, IC, 14 Contact 2 

XU3 , XU4 404 0673 000 Socket, IC, 8 Contact 2 

XUS thru XU7 404 0674 000 Socket, IC, 14 Contact 3 

XU8,XU9 404 0673 000 Socket• IC, 8 Contact 2 

404 0513 000 Heat Sink, PAl-lCB 2 

410 0344 000 Insulator, Kapton 4 

612 0901 000 Jack, Printed Circuit Mount 28 • 843 1603 00 Printed Board l 

• 40 888-1 742-005 Rev . F: 6/81 

WARNING: Disconnect primary power prior to servicing. 
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TECHNICAL MANUAL 

STEREO OVSC MODULE 

994 7991 001 

HARRIS CORPORATION 

Broadcast Products Division 

Printed: October 1977 
Revision A: April 1980 
Revision E: March 1981 
Revision F: June 1981 
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WARNING 

THE CURRENTS AND VOLTAGES IN THIS EQUIPMENT ARE 
DANGEROUS. PERSONNEL MOST AT ALL TIMES OBSERVE 
SAFETY REGULATIONS . 

This manual is intended as a general guide for trained and qualified personnel 
who are aware of the dangers inherent in handling potentially hazardous 
electrical/electronic circuits. It is not intended to contain a complete 
statement of all safety precautions which should be observed by personnel in 
using this or other electronic equipment. 

The installationJ operationJ maintenance and service of this equipment 
involves risks both to personnel and equipment, and must be performed only by 
qualified personnel exercising due care. HARRIS CORPORATION shall not be 
responsible for injury or damage resulting from improper procedures or from 
the use of improperly trained or inexperienced personnel performing such tasks. 

During installation and operation of this equipment , local building codes and 
fire protection standards must be observed. The following National Fire 
Protection Association (NFPA) s t andards are recommended as references: 

- Automatic Fire Detectors, No. 72E 
Installation, Maintenance, and Use of Portable Fire Extinguishers. 
No. 10 

- Halogenated Fire Extinguishing Agent Systems, No. 12A 

WARNING 

ALWAYS DISCONNECT POWER BEFORE OPENING COVERS, 
DOORS, ENCLOSURES, GATES, PANELS OR SHIELDS. 
ALWAYS USE GROUNDING STICKS AND SHORT OUT HIGH 
VOLTAGE POINTS BEFORE SERVICING. NEVER MAKE 
INTERNAL ADJUSTMENTS , PERFORM MAINTENANCE OR 
SERVICE WHEN ALONE OR WHEN FATIGUED. 

Do not remove, short-circuit or tamper with interlock 
covers, doors, enclosures, gates, panels or shields. 
circuits, know your equipment and don't take chances . 

WARNING 

switches 
Keep away 

IN CASE OF EMERGENCY ENSURE THAT POWER HAS BEEN 
DISCONNECTED . 

on access 
from 1 ive 

ii 888-1742-006 Rev. F: 6/81 
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• 

Treatment of Electrical Shock 

l. If victim is not responsive follow the A-B- Cs of basic life support. 

DLACL VICTIM FLAT ON HIS BACK ON A HARO su~FACL 

® AIRWAY 

l r • ,NI. ,)N<,f I OllS , 
:•PL~ Ai ::lwAY 

LP - l•r •n c" 
Puc,.., f'ORf HEAD BACK 
\.IL AR tl!ll Mnl/Tt♦ Ir N[Cl5!;AF1Y 
11ilSI RV( i 1F1 BRF A Tt·d Ill· 

lHlC~ ~AROTID PULSE 

IF PUU[ ABSENT, 
BEGIN ARTlrJCIAL 
C IRCULA r 1 ON 

© CIRCULATION 

® BREATHING 

tr N01 BREATHltlG, 
BEGIN ARTIF ICIAL 
BREATHING 

TILT HEAD 
PINCH NOSTRlLS 
MAK[ AIRTIGHT S[AL 

4 8UICK f'ULL BREAlllS 

REMEMBER MOUTH TO MOIJlH Rf' 11',c; ! I Ai t 011 

MUST BE COMMENCED A~ SOON A~ I 0'->..,frl1 L 

DEPRESS STERNUM 1 l/2"TO ~-

{

ONE RESCUER 
APPROX. 15 COMPRESSIONS 
SO SEC . 2 QUI CK BREATHS 

APPROX.{T',,10 RESCUERS 
60 sec 5 COMPRESSIONS 

. 1 BREATH 

NOl[: DO NOT INTERRUPT RHYTHM or COMPR[SStnNS 
WHEN SECOND PERSON IS GIVING BREATH 

Cal l for medical assistance as soon as possible. 

2. If victim is responsive. 

a. keep them warm 
b. keep them as quiet as possible 
c . l oosen their clothing 

(a reclining position is recommended) 

Rev. F: 6/81 888-1742-006 l. l. 1. 
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FIRST-AID 

Personnel engaged in the installation, operation, maintenance or servicing of 
this equipment are urged to become familiar with first-aid theory and 
practices. The following information is not intended to be complete first-aid 
procedures, it is brief and is only to be used as a reference . It is the duty 
of all personnel using the equipment to be prepared to give adequate Emergency 
First Aid and thereby prevent avoidable loss of life . 

Treatment of Electrical Burns 

1. Extensive burned and broken skin 

a. Cover area with clean sheet or cloth. 
article.) 

(Cleanest available cloth 

b. Do not break blisters, remove tissue, remove adhered particles of 
clothing, or apply any salve or ointment. 

c. Treat victim for shock as required. 
d. Arrange transportation to a hospital as quickly as possible. 
e. If arms or legs are affected keep them elevated. 

NOTE 

If medical help will not be available within an 
hour and the victim is conscious and not 
vomiting, give him a weak solution of salt and 
soda: 1 level teaspoonful of salt and 1/2 
level teaspoonful of baking soda to each quart 
of water (neither hot or cold). Allow victim 
to sip slowly about 4 ounces (a half of glass) 
over a period of 15 minutes, Discontinue fluid 
if vomiting occurs. (Do not give alcohol . ) 

2. Less severe burns - (1st & 2nd degree) 

a. Apply cool (not ice cold) compresses using the cleanest available 
cloth article. 

b, Do not break blisters, remove tissue, remove adhered particles of 
clothing, or apply salve or ointment. 

c . Apply clean dry dressing if necessary. 
d. Treat victim for shock as required . 
e. Arrange transportation to a hospital as quickly as possible. 
f. If arms or legs are affected keep them elevated. 

REFERENCE: ILLINOIS HEART ASSOCIATION 

iv 

AMERICAN RED CROSS STANDARD FIRST AID AND PERSONAL SAFETY MANUAL 
(SECOND EDITION) 
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1-1. EQUIPMENT PURPOSE 

SECTION I 

GENERAL DESCRIPTION 

1-2. The STEREO OVSC MODULE provides a special filtering process which op
erates independently of limiters or sterophonic generators to limit the 
overshoot on FM sterophooic or future quadraphonic transmission to two per
cent maximum on any input program material processed by any limiter. Typi
cally, a two to six dB increase in loudness can be achieved due to elimina
tion of overshoot with no other audible effect, which allows high signal 
levels to be maintained without degrading signal quality. Low-pass filters 
prevent audio interference with the 19 kHz pilot signal and e liminate inter
ference between the L+R signal s . The filters are transparent to audio with
in+ 0.5 dB of the passband of 30 Hz to 15 kHz and provide 60 dB of attenua
tion at 19 kHz and above . Indicators on the module front panel and outputs 
to the AC meter module aid in level setup and provide overshoot limiting in
dications during operation. 

1-3. TECHNICAL CHARACTERISTICS 

l-4. Table 1-1 lists operating characteristics and parameters of the MS-15 
STEREO OVSC MODULE • 

GENERAL 

SECTION II 

INSTALLATION 

2-1. 

2-2. Refer to 888-1742-001, MS-15 FM Exciter, Section II, Installation. 

3-1. GENERAL 

SECTION III 

CONTROLS AND INDICATORS 

3- 2. Figure 3-1 shows the location of each control or indicator associated 
with the MS-15 STEREO OVSC MODULE and table 3-1 lists the controls and in
dicators with a description of each item listed. Control setup adjustments 
are listed in table 3-2 • 
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Table 1- 1. Technical Characteristics 

FUNCTION 

INPUTS 

POWER: 

SIGNAL: 

LEFT AND RIGHT CHANNEL AUDIO 

OUTPUTS 

OVERSHOOT COMPENSATION (METERING) 

LEFT AND RIGHT CHANNEL OVERSHOOT 
COMPENSATED AUDIO 

CHARACTERISTIC 

+20 Vdc@ 0 . 100 amperes. 
- 20 Vdc@ 0. 120 amperes . 

Pre- emphasized 1.41 Volts Peak for 
100% modul ation. 

5 . 36 Volts Peak indicates 100% 
overshoot. 

DTR l ow-pass filtered 0.707 Volts 
Peak for 100% modulation. 
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Table 3-1 . STEREO OVSC MODULE Controls and Indicators 

CONTROL/INDICATOR 

-15V Indicator 
(CR25) 

+15V Indicator 
(CR26) 

R ADJ OUT Control 
(R33) 

R ADJ IN Control 
(RlO) 

RIGHT Indicator 
(CR28) 

IN/OUT Switch (Sl) 

LEFT Indicator 
(CR27) 

L ADJ IN Control 
(R64) 

L ADJ OUT Control 
(RS 7) 

Left Channel Pre
amplifier Offset 
Adjust (R94) 

Right Channel Pre
amplifier Offset 
Adjust (R93) 

FUNCTION 

Illuminates to indicate the STEREO OVSC 
module -15 volt regulator is opera
tional. 

Illuminates to indicate the STEREO OVSC 
module +15 volt regulator is opera
tional. 

Adjusts t he right channel output 
threshold from the STEREO OVSC MODULE, 

Adjusts the right channel input thresh
old to the STEREO OVSC MODULE. 

Indicates operation of the right chan
nel overshoot control circuitry when 
illuminated. 

IN position: Enables operation of the 
DTR filter, 
OUT position: Enables the conven-
tional low-pass filter. 

Indicates operation of the left chan
nel overshoot control circuitry when 
illuminated. 

Adjusts the left channel input thresh
old to the STEREO OVSC MODULE. 

Adjusts the left channel output thre sh
old from the STEREO OVSC MODULE. 

Adjusts DC voltage offset of left chan
nel preamplifier. 

Adjusts DC voltage offset of right 
channel preamplifier. 
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Table 3-2. Control Adjustments 

CONTROL 

L ADJ OUT Control (R87) 

L ADJ IN Control (R64) 

R ADJ OUT Control (R33) 

R ADJ IN Control (RlO) 

Rev . F: 6/81 

... 

ADJUSTMENT 

Adjustment of the DTR filter con
sists of setting internal compensa
tion thresholds to a level corre
sponding to 100% total modulation 
as follows : 

1. Set the STEREO OVSC MODULE IN/ 
OUT switch to IN. 

2. Adjust all four STEREO OVSC 
MODULE front panel controls to 
the maximum clockwise pos i
t ion. These controls are four 
turn potentiometers without 
stops at the end of their range. 

3. Depress the STEREO DIGITAL mod
ule STEREO switch. The STEREO 
indicator will illuminate • 

4. Depress the SCA 1 and SCA 2 
module(s) OFF switch(es). Each 
SCA module OFF indicator will 
illumminate. 

5. Disconnect the left and right 
stereo inputs from the LEFT 
FRONT (+) and ( - ) and RIGHT 
FRONT (+) and (-) connections 
on the rear of the exciter (TBl 
terminals 1 and 3, 4 and 6). 

6. Apply a 400 Hz sinusoidal sig
nal at +10 dBm into the left 
channel only at TBl terminals l 
and 3. 

7 . Depress the B BAND MODULATION 
meter switch. 

8. Adjust the sinusoidal s ignal 
level until the MODULATION 
meter indicates 97% total modu
lation • 
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WARNING: Disconnect primary power prior to servicing. 

http://www.SteamPoweredRadio.Com


www.SteamPoweredRadio.Com

6 

Table 3-2. Control Adjustments (Continued) 

CONTROL ADJUSTMENT 

9. Depress the LEFT MODULATION 
meter switch. The MODULATION 
meter will indicate 100%. The 
apparent 3% discrepancy is due 
to the normal phase relation
ships between the pilot and 
the 38 kHz DSB signal. 

10. Adjust the STEREO OVSC MODULE 
L ADJ OUT control counter
clockwise until the LEFT in
dicator illuminates. Adjust 
the control clockwise until 
the indicator just goes out. 

11. Adjust the STEREO OVSC MODULE 
L ADJ IN control counterclock
wise until the indicator just 
goes out. 

12. Disconnect the 400 Hz s inuso i -
dal signal from the left 
channel. 

13. Apply the 400 Hz sinusoidal 
signal at +10 dBm into the 
right channel only at TBl, 
terminals 4 and 6. 

14. Depress the B BAND MODULATION 
meter switch. 

15. Adjust the sinusoidal signal 
until the MODULATION METER in-
dicates 97% total modulation. 

16. Depress the RIGHT MODULATION 
meter switch. The MODULATION 
meter will indicate 100%. The 
apparent 3% discrepancy is due 
to the normal phase relation
ships between the pilot and 
the 38 kHz DSB signal. 

888-1742-006 Rev. F: 6/81 

WARNING: Disconnect primary power prior to servicing. 

• 

• 

• 

wigfi
Stolen Red

http://www.SteamPoweredRadio.Com


www.SteamPoweredRadio.Com

• 

• 

• 

Table 3-2. Control Adjustments (Continued) 

CONTROL ADJUSTMENT 

Left Channel Preamplifier 
Offset Adjust (R94) 

Right Channel Preamplifier 
Offset Adjust (R93) 

Rev. F: 6/81 

.. 

>-

17. Adjust the STEREO OVSC MODULE 
R ADJ OUT control counter
clockwise until the RIGHT 1n
dicator illuminates . Adjust 
the control clockwise until 
the indicator just goes out. 

18. Adjust the STEREO OVSC MODULE 
R ADJ IN control counterclock
wise until the RIGHT indicator 
illuminates. Adjust the con
trol clockwise until the in
dicator just goes out. 

19. Disconnect the 400 Hz sinusoi
dal signal from the right 
channel input and reconnect 
the audio inputs to the left 
and right channels • 

1. Remove the module from the ex
citer and remove the side 
cover. 

Mount the module in the ex
citer using the extender board 
provided with the exciter. 

3. Connect a DC millivoltmeter to 
pin 6 of Ul2 in the left chan
nel or Ul in the right channel. 

4. Adjust R94 in the left channel 
or R93 in the right channel to 
obtain a DC indication of 0 
Vdc + O.Ol Vdc . 

5, Disconnect the millivoltmeter 
from the module, remove the 
extender board, replace the 
module side cover, and replace 
the module in the exciter . 
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4-1. 

4-2. 

CIRCUIT DESCRIPTION 

GENERAL INFORMATION 

SECTION IV 

PRINCIPLES OF OPERATION 

4-3. The STEREO OVSC (overshoot compensator) module provides 15 kHz low
pass filtering of the left and right channel audio signals prior to modula
tion of the carrier to prevent interference with the 19 kHz pilot and to 
eliminate interference between the L+R and L-R signals. Low-pass filtering 
allows high dynamic separation and eliminates the raspy noises characteris
tic of harmonic interference between L+R and L-R. 

4-4. Overshoot is usually caused by the effect of low-pass filtering the 
audio to remove signals above 15 kHz. A conventional low-pass filter 
changes two independent characteristics of the input signal. In addition to 
changing the amplitude response versus frequency, the filter also changes 
the phase relationships among different frequencies within the filter pass
band. 

4-5 . Although the pre-emphasized output of most FM limiters is accurately 
amplitude-limited, this is not necessarily true after the limiter output has 
been low-pass filtered. The filter output may ring and overshoot above 100% 
modulation even though the input is constrained to 100%. The overshoot is 
due to ( 1) elimination of harmonics which serve to reduce peak amplitude, 
and (2) non-uniform time delay (nonlinear phase) which rearranges signal 
components in time such that new peaks result. The MS-15 Dynamic Transient 
Response (DTR) filter low-pass filters the limiter output with no more than 
two percent overshoot, allowing high modulation levels to be maintained with 
no loss of audio quality. 

4-6. MODULE SET UP 

4-7 . The audio signal input to the exciter should be processed by an FM 
type peak limiter, that is, a limiter with pre-emphasis protection. Use of 
an AM limiter or no limiter at all after pre-emphasis will result in the in
put signals exceeding certain module internal overshoot sensing thresholds. 
If normal audio exceeds these thresholds, the module will assume the signal 
to be overshoot and limiting and distortion will result. If the audio input 
is correctly limited, only overshoots will exceed the internal thresholds 
producing limiting which will not result in distortion. Refer to "A New 
Filtering Process for Optimal overshoot Control" in Appendix A. 

4-8 . Because the DTR filter presupposes that the input audio signal has 
been properly amplitude limited to exactly 100% modulation, it is important 
to ensure that audio levels from the limiter to the exciter are exact. This 
is considerably more important with the MS- 15 than with conventional ex
citers . If the limiter output is applied to the exciter at 80% modulation, 
the DTR filter will eliminate overshoots above 100% but will allow over
shoots to extend from 80% to 100% modulation. In this case the modulation 
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meter will show that 100% modulation is being maintained when in fact it is 
only ove•rshoots that are reaching 100% with program material peaks remaining 
at 80% modulation. On the other hand, if the limiter is driving the exciter 
at a level corresponding to 120% modulation, the DTR filter thresholds will 
assume that normal program peaks are overshoots, and severe distortion will 
result. For optimum loudness with no degradation of audio quality, the 
output from the limiter to the exciter audio inputs should be maintained at 
exactl y 100%. 

4-9. When the DTR filter is in use, special care must be observed so that 
the exciter audio inputs are not even slightly overdriven. This may be 
checked by depressing the LEFT and RIGHT MODULATION switches and noting the 
level indicated by the MODULATION meter. The output of the FM limiter 
should be adjusted to the 100% level on the MODULATION meter. 

4-10 . Due t o the unconventional DTR technique, if it is desired to increase 
modulation, the output level of the FM limiter should not be increased . The 
STEREO OVSC MODULE will assume the increase is overshoot and limit the sig
nal accordingly . This will result in distortion but no increase in modula
tion. To increase modulation, the STEREO ANALOG module COMP LEVEL control 
should be adjusted. 

4-11 . Normally the STEREO OVSC MODULE and the STEREO ANALOG module will be 
used together in which case the STEREO ANALOG module low-pass filters are 
used in the DTR filtering process. The STEREO OVSC MODULE IN/OUT switch is 
provided to bypass the overshoot control cir cuits and provide conventional 
low-pass filtering if desired. 

4-12 . Some FM limiters contain low-pass filters and/or notch filters at 
their outputs. When such a limiter is used with the MS-15 exciter there is 
not only a duplication of circuitry, but the filters in the limiter will 
overshoot, making the limiter less effective. For maximum modulation with
out filter overshoot, the internal low-pass filters of these FM limiters 
should be disabled. In most cases this will be a simple reversible op
eration. 

4-13 . Toe DTR filter must be disabled to measure crosstalk as the gain and 
phase of the filter is not exactly the same between channels . The differ
ence in gain and phase will affect crosstalk, but not separation. Reason
able crosstalk measurements will be obtained using the DTR filter . However, 
stated performance will be guaranteed ony in the conventional filter mode 
with the IN/OUT switch set to OUT . 

4-14. Since some FM limiters have finite attack times and/or non-uniform 
limiting characteristics, it is preferable to set up limiter levels with 
actual programming rather than with test tones. Steady-state test tones do 
not take into account attack times. Nor do they check limiting level at any 
mor e than one frequency at a time. Therefore, it is advisable to select 
musical programming with a wide spectral distribution as a test signal. 
With programming applied to the limiters at a level sufficiently high such 
that they are in limiting, simply adjust the left and right audio output 
l eve l s of the limiters such that the LEFT and RIGHT meter positions on the 
exciter indicate 100% modulation on peaks. 
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4-15. SIMPLIFIED DESCRIPTION 

4-16. The DTR filter compr ises two low-pass filters, en all-pass filter, an 
input threshold clipper, and an output level clipper. A block diagram is 
provided in figure 4-1. 

4-17. The first fi lter has a cutoff frequency of 15 kHz. The second filter 
has a cutoff frequency of 17.5 kHz and is preceeded by an all-pass filter 
which linearizes the signal phase from DC to the cutoff frequency of the 
first fi lter (15 kHz). The combination of the all-pass filter and the 
second low-pass filter presents a uniform time delay of approxitnately 100 
microseconds between DC and 15 kHz. Since the passband of the first filter 
is contained within the linear phase passband of the second filter, the sec
ond filter changes neither the phase nor amplitude relationships of the 
first output but adds only time delay. 

4-18. If the first low-pass filter overshoots , the second low-pass filter 
will overshoot 100 mic r oseconds later. The inverse is also true: if the 
first filter does not overshoot, the second filter will not overshoot. The 
overshoot is controlled by the threshold clipper which passes only peaks 
which exceed 100% modulation (overshoots). The operation of a threshold 
clipper is the inverse of a conventional clipper. As a convent ional clipper 
prevents the signal amplitude from exceeding a certain level, a threshold 
clipper will not pass a signal unless the signal amplitude exceeds a certain 
level. Then, only the portion of the signal which exceeds the threshold 
will be output and therefore may be used to separate overshoots from the 
signal level. In the MS-15, overshoots from the threshold clipper are al
gebraically subtracted from the 15 kHz filter output in a sum amplifier to 
effectively cancel overshoots applied to the all-pass filter. 

4-19. The output of the all-pass filter loops out of the STEREO OVSC MODULE 
through the STEREO ANALOG module 17 .5 kliz l ow-pass filters and back to the 
STEREO OVSC MODULE . Due to several approximations in the filter ing process, 
the second filter will occasionally overshoot a few percent, however clip
ping the remaining overshoots will produce negligible harmonic components . 
The filtered audio is routed through the output clipper which passes levels 
corresponding to modulation levels of less than 100% only. The filtered 
overshoot compensated audio is then output to the STEREO ANALOG module. 

4- 20 . Comparators across the clipping diodes sense whenever overshoot cor
rection occurs. The comparator outputs are wire-OR'ed and dri~e a one shot 
timer which illuminates the LEFT or RIGHT LEDs to provide a visual indica
tion of overshoot correction. 

4-21. DETAILED DESCRIPTION 

4-22. As the operation of the left and right channels is identical, only 
the left channe 1 will be referenced in the detailed description. Refer to 
the detailed block diagram (figure 4-2) and the schematic diagram (figure 
5-3) for the following discussion. 
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4-23. INPUT CIRCUIT. Audio is input from the STEREO ANALOG module through 
contacts of the STEREO OVSC MODULE IN/OUT switch (Sl). The switch bypasses 
the overshoot control circuitry and provides conventional low- pass filtering 
if desired. The audio is fed through a 15 kHz low-pass filter (FL-lB) and 
drives audio preamplifier (Ul2). Control R94 provides a preamplifier DC 
offset adjustment. 

4-24 . THRESHOLD CLIPPER. The output of preamplifier Ul2 is applied to a 
threshold clipper containing an active programming zener diode (U2). The L 
ADJ IN control (R64) adjusts the zener voltage to the peak voltage level 
corresponding to 100% modulation minus the voltage drops across temperature 
compensating diodes CR21 and CR22 so that the threshold clipper will pass 
only overshoots. The overshoots are output from the junction of diodes CR23 
a nd CR24 to the AC meter circuits and the inverting input of sum amplifier 
Ul4. Audio from the low-pass filter (FL-lB) is summed with the audio over
shoots from the threshold clipper at the input to amplifier Ul4. Because 
Ul2 inverts the signal, the overshoots are also i nverted and are therefore 
subtracted from the filter output by summing amplifier Ul4. 

4-25. ALL-PASS/LOW-PASS FILTERS . Audio from summer Ul4 is applied to all
pass filter Ul5. The all-pass filter (phase equalizer) is flat in frequency 
response but produces a phase shift dependent upon frequency . The signal is 
looped out of the STEREO OVSC MODULE, through 17.5 kHz low-pass filter FL-2A 
in the STEREO Analog module, and back to the STEREO OVSC MODULE. The over
all response of the all-pass and low- pass filter characteristics combine to 
yield a linear phase low-pass characteristic • 

4-26. CLIPPER. The output of the 17.5 kHz filter drives amplifier Ul6 and 
a threshold clipper which contains an active programmable zener diode 
(U17). The L ADJ OUT control (R87} adjusts the zener voltage to the peak 
voltage level corresponding to 100% modulation minus the voltage drop across 
temperature compensating diodes CR15 and CR16. Because the threshold clip
per is in the feed back path of Ul 6, all overshoots ex.ceeding 100% modula
tion will be clipped. The clipper output level is established by resistor 
R31, capacitor C24, and a terminating resistance in the STEREO ANALOG module 
input circuit. 

4-27 . INDICATORS. Overshoots from each threshold clipper are output to the 
peak reading meter circuits . The meter provides a visual indication of the 
amount of filter overshoot which is being corrected within the entire module . 

4-28. The LEFT and RIGHT light emitting diodes indicate how often overshoot 
control is occurring in each channel. Quad comparator UlO monitors the 
voltage across clipping diodes CR23, CR24, CR13 and CR14 in the left chan
nel. Whenever any of these diodes conduct, the associated comparator turns 
on and allows dual timer Ull to begin a short (11 millisecond) timing cyc l e 
which illuminates CR27 for a sufficiently long time to provide a visual in
dication of overshoot control. Test points are provided at both outputs 
from the dual timer to check the indicator drive • 
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• 
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• 

4-29. POWER. Regulated pos1.t 1.ve 20 Vdc is input to the module on pins 31 
and 32 and regulated negative 20 Vdc is input to the module on pins 41 and 
42. The 20 Vdc inputs are re-regulated into +15 Vdc sources by 07 and US as 
required to operate the module internal circuitry. Diodes CR29, CR30, CR31, 
and CR32 provide reverse current protect ion for each regulator and subse
quent circuits. The +15V indicator (CR26) and the -l5V indicator (CR25) 
monitor the regulated outputs and pins 24 and 26 are connected as convenient 
test points to assist in checking the regulator output voltage. 

5-1. CORRECTIVE MAINTENANCE 

SECTION V 

MAINTENANCE 

5-2. The MS-15 FM exciter module maintenance phiolosphy consists of prob
lem isolation to a specific area or individual component and subsequent iso
lation and replacement of the defective component . 

5-3. TROUBLESHOOTING 

5-4. In event of problems, the trouble area must first be isolated to a 
specific area. Most troubleshooting consists of visual checks. The MODULA
TION meter, MULTIMETER, fuse Fl, circuit breaker CBl, and the indicators on 
each module should be used to determine in which area the malfunction ex
ists. All module power supplies are equipped with LEDs which indicate the 
module power supply status. A single dark LED would indicate a problem as
sociated with an individual module monolithic voltage regulator. A consis
tent pattern of dark LEDs however, would indicate an exciter DC distribution 
bus fault. 

5-5. Once the trouble is isolated to a specific area, refer to the theory 
section of this manual for circuit discussion to aid in problem resolution. 
Table 5-1 lists typical trouble symptoms pertaining to the individual module 
operation with references to fault isolation diagrams listing probable 
causes and corrective actions. A corrective action given for a trouble 
symptom is not necessarily the only answer to a problem. It only tends to 
lead the repairman into the area that may be causing the trouble. An ex
tender board (HARRIS PN 992-4989-001) is provided with the exciter to assist 
in troubleshooting. In event parts are required, refer to Section VI, Parts 
List. The following information is contained in this section as an aid to 
maintenance: 

REFERENCE TITLE NUMBER 

Figure 5-1 STEREO OVSC MODULE Parts Layout ------
Table 5-2 STEREO OVSC MODULE Parts lndex -----
Figure 5-2 STEREO OVSC MODULE Waveforms -----
Figure S-3 STEREO OVSC MODULE Schematic 852-8395-001 

Rev. F: 6/81 888-1742-006 15 

WARNING: Disconnect primary power prior to servicing. 
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Table 5-1. STEREO OVSC MODULE Fault Isolation Index 

• 
SYMPTOM DEFECT/REFERENCE 

OVERSHOOTS Figure 5-4 

DISTORTION Figure 5-5 

NOISE Figure 5-6 

UNABLE TO SET COMPENSATION 
THRESHOLD Figure 5-7 

EXCESSIVE HARMONIC CONTENT Figure 5-8 

LEFT OR RIGHT INDICATORS 
INOPERATIVE Figure S-9 

NO OUTPUT Figure 5-10 

• 

• 16 888-1742-006 Rev. F: 6/81 

WARNING: Disconnect primary power prior to servicing. 
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• 
(tO 

"\ ...... ,u r 
.,/ 0ll'IHH00f C0IO"IO• to• ~ ;/ 

1742-41 

• Figure 5-1 . STEREO OVSC MODULE Parts Layout 

Rev. F: 6/81 888-1742- 006 17 

WARNING: Disconnect primary power prior to servicing. 
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IA 

18 

TEST REQUIREMENTS: A. 500 Hz squarewave@ 100% modulation applied t o exciter. 

1A 

1B 

B. STEREO ANALOG module pre-emphasis progra~d to FLAT. 

Filtered audio at Ul2 pin 6. 

Overshoot coq,ensator output at Ul4 pin 6. 

2A 

28 

TES~ REQUIREMENTS: A. 500 Hz squarewave@ 100% modulation applied to exciter. 

2A 

2B 

B. STEREO ANALOC module pre-emphasis prograUIOICd to Ft.AT. 

All-pass filter output at UlS pin 6. 

Clipper output at Ul6 pin 6. 

Figure 5-2 . STEREO OVSC MODULE Waveforms 

888-1742-006 

WARNING: Disconnect primary power prior to servicing. 
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OVUSttOOTS 

I 
•~>Uk> THAT ml Ol'USHOOT INDICATION IS NOT CAUstU 
aY IM£ 0£"Y1Cl USt.U to PO.ASUJ.t. Ovt.Jl:SftOO't, MAA't 
HOOUI.AT JOH lt ll<ITOU 11/oV~ WI! 0£QUU<CY SLC!IU 
CUI.PLlhC INAD£QU4Cl£S IIMICff al:SULT LN TILT 01< LO;/ 

Tl<u/111'HCY SQW.~<WAl'>.S, TRIS Tl LT HAY CAUSt ta• 
tt0HEOUS lKUl CAtlONS OP OVER.SHOOT. TIIL tClHITI)lt 
HHHCATIIJf' ~y It. Vf.ltrlEO I Y OISEJl\1lltC 'THL >C>DUU. 
U~HT AJ<O LlfT CHAN~EL OIITI'llfS WITH All 05CIU.OSCOP£ 
USINC A U PIIOU: 0011PENS4nll roa PIIASt AIID -LJTUl)t. 

I I t~s11 ll. nm muo M.U.OC HOUULt COia' JLva. COlfftOL Is I COIJU.CTU il.lt1St£D. iu,ru TO FICUICI: )-2 AND AJ1JUST 
TII£ L ANO I AJ>J IH 41CD 0\/t COl,'TROI..S 

I 
I ir ms OVlRSkOOT c0No1no,, 1s colUU.cno, oo ~or tOh'Tl"Ul· I 

I 
l1 l.ACL Ittl sn .. 110 ovsc ~OOL.E ~ T>tE &xtr.HOEIL IOAl.l), 
IJ<<c< PUIS 14 AIID l6 roa PDSITIVl AND Ntt:ATlvt 1S 
Vl-C +j), • voe IS CotRICf PottlfflAL PWE!<T? 

YfS I •o 
I I 

U,SUlll Pa..;RANMlhC IS IJ'PLlltl TO TIIE EXCITER. l oencr1vr lll:OJI.ATOI. c1awn, I 
tllPl<LSS TIii. 5CA ltJOULt OH SWrTCk, UlPILSS Tllr 
i iwr.u HOwu.uo:. Ntna swnat. tlEPl•SS 1"l 
St"lk.E(I DJ Ct T Al. MOOU'l.t. K>HO l SVl TCH A.HD h"O'TE 
THE HOOIJLAllON &'ttl llCIICATIO•. DEPRLSS TH£ 
snw..<> OICl?AL ll)llUU MONO L SWIT,H AND NOt\ 
nu. >IJDULATION HE.Ttil' U<DICAI lO~ • .UOvtR• 
SHOO'IS HOTUI l~ Tffl. llC111 OF U:FT CHAl<H&l.1 

Lf.FT I otG>IT 

• 
I I 

~1'1,.Y A AO(> Kt Slhf),'AV£ IO Tltt: U.ClTEI JUCllt APPLY A 400 HZ SINIIIAVE lO tk[ tllL"ltl RICI!? 

CIIAl<NtL A•OIO l~PLl. Cllh1'[CT All OSCltLOSCO•E CHA.."Hlf.L AUDIO 1:,"PUT, cotlli[CT All OSCt LLOSCOPI 
TO HIIOIJLl rth 4 (SlhC A lX non COHPLNSAttO TO HODl.'LE Plff 14 USINC A U PltOll.ll CO!O'E!<SATtD 
ro• PHASE -LITIJl>t. OISUV!. THl 1/AYl.Flll.M. ,Ol PIU\S[ A/10 AMPLI TIJDE. oasuv, TH& IIAYl-

ADJUST THI t. NfD tN C0t-'Tk01.. cmffiTI:8CUlCKVISE JOI.M. AllJUst TIit l Al>J Di oo;rnoL COIJIITU,• 
L'l,ilL nu; u:n l~OICATOl ILL\/KIMTES. DO T'IIE CU>al/lSt UNTIL TII£ lJClff lHOICAtoll ILLU)(t-

POSITIVE AIID HtCAUVt rws o r THt SIHE~AVt 'f,.TU. DO TIil. POsrnVE AIIO tn:CAtl\11: Pf.Al<S 
.un .. u U0\tfklE.O? ~r rill SU.$WAVE APP<AII INVU HDI 

t.O I YLS YU l HO 

0£FtCt!V[ U:FT LIIA-'lltl, I 
TllltUHOLD CLl>PlR 

I l)lfi.t'TlVt. UCHT C1WU(t.L I 
THR!SHOLD Cl.lPPU. 

AW1JS1 JK1 t .Al)J IN C..ON"fllOL t.'\.OClVtS(. tO Tti.£. OltCU.:Al 4'/JijST THE l ADJ IN CO!<TttOL CL.OC~WISt TO tl!E OUC1~"1. 

~llllN,. Al>JUST mt L /,J)J ~ITT cu,TlOt GUU:.TJ.IICLOUGIIS£ stn1.11c. AllJCSf TH& l Al>J 011T COh'TttOL COWTUCLIX.lOllSZ 
l.~'1 IL TtlL u.n l:O,:OICATOll ILL\n1UtATLS. lJO TIil a,iosttlvt UIITIL rHE ~CHT INDlCAT~ 11.LUlll~ATES. 00 THl. POSITIVI 
1..,0 NlCA1 ll'l pt.Al($ or Tk[ SlfflllAVL IJ'P[Al IHVUTLO? ,..0 h£CAt1Vt PUJtS OF THE St"tWAvt Al'Pt:All U.'lllT•Dl 

so nc. •E• "" 
I 1 I l 

tlEltCT!YE lln C.kMNt.L ,LtfPlh, I /,JJJUSI THt k o• l 41.J OUT COJ<T•Ol CLOCIOIISt Ta 
I oa,:cr1n aic11t =~a CUPPt-. 

ITS OUCIMI. stTTt8C. uru ro tH£ snlf.O 
AM.LOG ~OOLE A.'-D WG>.l. I lt ?lit SOUllc:t OF O\'U.-
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Pl.ALI. ldL SI rf,(t.(I 11\'SL :-tll!Jl I.le l ,;, 
du LX, L:,IJl.k llUAf(,1. Ll!LCK J•J:;s 
2~ A~. ll ._. ti r,,1-i l'llSI I 1n ,\1,1) 

:;1 t,AI I VI » \'IJC +0.L VDL. 

Is l l•irn, Ci 1'1111.:,1 I Al. I' IU-.St.:,·1? 

YIS ~l1 

I 
IS :,ulsl. PKI.Sl.'., I 1;; j11. H.C'l l VL Ru;L:.,ITllli I I f(Cl I:. 

"I< ,,1 I CIR u.r·, U,,\;;;;1 I; 

u:r·, l RI C.111 

I I 
~s NOISE PRJ::Sl.:ST A1 t:12 rm 6? I Is NOISI:. PRJ:.SLNT ,\1 Lll 

YES I M) Yl:.S I NO 

I I I 
I IS ,\T 
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ll2 PI!\ 2? 

I IS 
,IT 

NO 1s r. P1<r.su:T I 
Ll~ Pl'.\ 6? 

115 
Al 

NOISE PR1:.s1-xr I 
Ul Pl:-. 2? 

I Yl:.S I NO I YES r,;o I YES NO 

• 
I I 

IS NOl Si:, l'RL [1 S :,01 SI-. PKJ.SE:,T AT Ul) PIS h? I I Sl:.XT A1 l'l ~ 
I' 1:-. 2? 

DEFECT I VI-. l1'PUT I DEFl:.CTI VI. u12 . I 

I 
DEn:cn VL INPUT I IJHEC11 \'I-. 
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A!sALOG MODt.'LE. Yi:.S :,o ,\J\A LOG MODULE . 
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ALL- PASS 
FI L1 ER 
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I I 
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YES I ~o 
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Ul<AILl ro SU toHPENSAT! OH THIESHO\.D 

I 
PLA,L Till STLUO OYSC ll)LJUI.L OIi 
TIU: UTU.U&K ll<>AIUl. CIIEC~ PIWS 
H AWD 26 roa POSlTIVl: A!ID 
!IEl;ATlVL IS YUC _!0.o VUC, 
IS UllU!ECT POTl.liTIAL PlllSEwtl 

YES I NI\ 

I 
115 PIW~LUI ASSOC IATll> WllH I I OErlCT!Vl RlCVLATOR Cl RCUIT I 

l,<Pll'( OR OUTPUT .UU~STME~,S1 

bPL, OIITl'l/f 

I I 
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\'ULTAU Tl<OM THl t,NQll& Of Cll• TO TIit 90LTAC£ rlUlK Tl<£ J,NOO[ Of c1l9 l\J 11{1. 

A.\OOL Of l! roR me RlCHT CHANN~L OR ANOUI. or U6 f'OR TIil U c:KT CHAA~tl. 01 
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NO I HS YES I ~•o 
I I 

• 
[ lllrn, 1 vr cm1PvSlST Is THRlSllOl b I AnLY A •uo Ht SINEIIAVl TO THl lXCl1U ALDI,) INPL, or Till. I 0£FEC1 I~ CUIIFOl<t.\T IN TlllllSIIOLP I <..LI Prut OR CLIPPtR j AS APPl..ICAll.L. ULh.CtlYL t.."liA.,~t:L. UlS',,.ECf AM OSCILLOSCOPE TO MOOOU. Plt- ll.lrPU OR CLIPPER, AS APPLIUBLl 

• (LI o• P Ill lb (R) USlSG A IX PROll C.OKPENSATtO ,ol PHAS~ 
A.>0 AICPLITUllE, Ut,Sl.llvt.. tHt "'AVt.FOl.>t, AU.JUST l!U: L OJ R 
AW I~ Nh'TllOL Clllr.itt.RCWCKIIIS[ 11!,'Tll Till UCIIT oa urr 
l~l)lCATON ll..LU)llNAU$. DO TH£ POS[TIV[ AAD Nl'.CATlVl. PE.AXS 
or ThL Sl~t.llAVl APPlAR INVLRTLUl 

ns I NO 

I I ncn:t.ivc LErt o• Rtcur CAAi'· I AWUST THt L Oil a .uu lH COtlTll(IL TO Tl!e OOICINAL 5iT'!lNG. >EL Tl!R£SHOLO CL IPPU. 
WliST TH£ L Oil R AI.U 01/t COI/TkOL CUl,.nRCLOCKIIISE WTIL 
thl U:P'T OR JICHr INDICATOR ILLUKUAT£$. DO THE POSJ-
TIVl AND NECATIY? PEAi.$ or THE SlhEIIAVl APPUR INVllt[Ul 

HS ~o 

I I 
I ot.Ftcrtvi; u:rt oa ucin CHA,SNEL cuPPtk. I I IS Ttil VllLTACl AOC!S'l> 

~•O •O. l8 VDC !_IOU 

YC~ I NV 

I 

I IS THI. VllLTACE AlllOS!o I IJOUECT THE UPlREN<:l VOLTAl,I 
uv ♦0. 10 voe 1,011 ()o 1140. lU'.PE~ )'O TAALE l·) 

ANO ADJUST rue R A.SD L AOJ IN 
A~O our OOl<TRIJI.S . 

YES NO 

I I 

I Olf£CT1Yl Ull, CR.22, CRl8, 
~ ~CT THE UP'-•ENCl VOLTAGE 01' Rl•1 OR ASSOCIATlD CUCUtTRf. t._ to f AIU: J-2 AHO ADJUST TllE k 

L IN AHO OIJt COIITROLS • 

fU HI 

• Figure 5- 7 . Unable to Set Compensat ion Threshold 
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NO OUTPUT 

PLACl THE STEREO OVSC MODULE ON 
THE EXTENDER BOARD. CHECK PINS 
24 AND 26 FOR POSITIVE AND NEGA
TIVE 15 voe +0.6 voe. IS COR
RECT POTENTIAL PRESENT? 

YES NO 

ENSURE PROGRAMMING IS APPLIED AND THE 
IN/OUT SWITCH IS SET TO IN. DEPRESS 
THE OVSC MODULATION METER SWITCH. 
DOES THE MODULATION METER INDICATE 
ACTIVITY? 

I DEFECTIVE REGULATOR CIRCUIT I 

NO 

r 
DOES ACTIVITY EXIST AT 
Ul2 PIN 6 (L) OR Ul PIN 
6 (R)? 

YES 1 NO 

YES 

l 
DOES ACTIVITY EXIST AT_ 

MODULE PIN 8 (L) OR 
MODULE PIN 14 (R)? 

YES 

l 
1 NO 

l 
DEFECTIVE THRESHOLD 
CLIPPER CIRCUITRY. 

DEFECTIVE Ul2 
(L) OR Ul (R). 

DEFECTIVE U3 
CIRCUITRY. 

DEFECTIVE Ul6 (L) OR LEFT CHAN
NEL CLIPPER OR DEFECTIVE Ul (R) 
OR RIGHT CHANNEL CLIPPER. 

1742-70 

Figure 5-10. No Output 

• • 
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6-1. GENERAL 

SECTION VI 

PARTS LIST 

6-2. Refer to table 6-1 for replaceable parts which are required for 
proper maintenance of the MS-15 STEREO OVSC MODULE. Table entries are in
dexed by component reference designator • 

Rev. F: 6/81 888-1742-006 31 

WARNING: Disconnect primary power prior to servicing, 
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Table 6-1. STEREO OVSC MODULE Front Panel - 994 7991 001 

• REF. SYMBOL HARRIS PART NO. DESCRIPTION QTY. 

992 4903 001 STEREO OVSC MODULE Circuit Board l 
(Refer to table 6-2) 

• 

• 32 888-1742-006 Rev. F: 6/81 

WARNING: Disconnect primary power prior to servicing. 
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Tabl e 6- 2 . STEREO OVSC MODULE Circuit Board - 992 4903 001 

• REF. SYMBOL HARRIS PART NO. DESCRIPTION QTY. 

Cl ,C2 526 0049 000 Capacitor, 6.8 uF. 35V, 20% 2 

C3 516 0453 000 Capacitor, 0.1 uF, lOOV, 20% 1 

C4 500 0803 000 Capacitor , 5 pF, 500V l 

cs 526 0045 000 Capaci t or, 330 uF, 6V, 10% l 

C6 526 0057 000 Capacitor, 100 uF, 20V , 20% 1 

C7,C8 526 0049 000 Capacitor, 6.8 uF, 35V, 20% 2 

C9 500 0809 000 Capacitor , 22 pF, 500V, Mica l 

ClO 500 0878 000 Capacitor, 1500 pF, 500V, 5% l 

Cll 500 0910 000 Capacitor , 6200 pF, 300V 1 

• 
Cl2,Cl3 526 0049 000 Capacitor , 6.8 uF, 35V, 20% 2 

Cl4 500 0809 000 Capacitor, 22 pF, 500V, Mica l 

Cl5,Cl6 526 0045 000 Capacitor , 330 uF, 6V, 10% 2 

Cl7,Cl8 526 0049 000 Capaci t or, 6 .8 uF, 35V, 20% 2 

Cl9 516 0453 000 Capacitor, 0.1 uF, l OOV, 20% 1 

C20 500 0804 000 Capacitor, 10 pF, 500V, Mica 1 

C21 500 0809 000 Capacitor , 22 pF, 500V, Mica l 

C22 526 0045 000 Capacitor, 330 uF, 6V, 10% l 

C23 526 0045 000 Capacitor, 330 uF , 6V, 10% 1 

C24 500 0842 000 Capacit or, 820 pF, 300V l 

C25 526 0045 000 Capacitor, 330 uF, 6V, 10% l 

C26 526 0057 000 Capacit or, 100 uF, 20V, 20% 1 

C27 t h ru C32 526 0049 000 Capacitor, 6 . 8 uF, 35V, 20% 6 

• Rev. F: 6/81 888-1742-006 33 

WARNING: Disconnect primary power prior to servicing. 
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Table 6- 2. STEREO OVSC MODULE Cir cuit Board - 992 4903 001 (Continued) 

• REF. SYMBOL HARRIS PART NO. DESCRIPTION QTY. 

C33 516 0375 000 Capacitor , 0.01 uF, 50V 1 

C34 508 0408 000 Capacit or, O. l uF , SOV, 5% l. 

C35 516 0375 000 Capacitor, 0 . 01 uF, SOV l 

C36 508 0408 000 Capac itor, 0 . 1 uF, 50V, 5% l 

C37,C38 526 0049 000 Capacit or, 6 . 8 uF, 35V, 20% 2 

C39 500 0803 000 Capacitor , 5 pF , SOOV, Mica l 

C40 516 0453 000 Capacitor, 0.1 uF, lOOV, 20% l 

C41 526 0045 000 Capacit or, 330 uF, 6V, 10% 1 

C42 526 0057 000 Capacitor, 100 uF, 20V, 20% l 

C43,C44 526 0049 000 Capacitor, 6.8 uF, 35V, 20% 2 

C45 500 0809 000 Capacitor, 22 pF, 500V, Mica l • C46 500 0878 000 Capacitor, 1500 pF, 500V, 5% 1 

C47 500 0910 000 Capacitor, 6200 pF, 300V l 

C48,C49 526 0049 000 Capacitor, 6.8 uF, 35V, 20% 2 

C50 500 0809 000 Capacitor, 22 pF, 500V, Mica 1 

CS 1,C52 526 0045 000 Capacitor , 330 uF, 6V, 10% 2 

C53,C54 526 0049 000 Capacitor 6.8 uF, 35V, 20% 2 

C55 516 0453 000 Capacitor, 0 . 1 uF, lOOV, 20% l 

C56 500 0804 000 Capacitor, 10 pF, soov, Mica t 

C57 500 0809 000 Capacitor , 22 pF, 500V, Mica l 

C58 526 0045 000 Capacitor, 330 uF, 6V, 10% l 

C59 526 0057 000 Capacitor, 100 uF, 20V, 20% l 

• 34 888-1742-006 Rev. F : 6/81 

WARNING: Olaoonnect primary power prior to servicing. 
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Table 6-2 . STEREO OVSC MODULE Circuit Board - 992 4903 001 (Continued) 

REF. SYMBOL HARRIS PART NO. 

C60,C61 526 0045 000 

C62 500 0842 000 

CR1,CR2,CR3 384 0205 000 

CR4 thru CR9 384 0321 000 

CR10,CR11,CR12 384 0205 000 

CR13,CR14,CR15 384 0321 000 

CR16 thr u CR21 

CR22,CR23,CR24 

CR25 ,CR26 

CR27 ,CR28 

CR29 thru CR32 

FLl 

Ll,L2 

Rl 

R2 

R.3 

R4 

R5, R6 

R7 

R8 

R9 

RlO 

Rev. F: 6/81 

384 0205 000 

384 0321 000 

384 0661 000 

384 0662 000 

384 0284 000 

484 0265 000 

492 0645 000 

548 0678 000 

548 1361 000 

540 1184 000 

548 1424 000 

540 1228 000 

548 1431 000 

540 1182 000 

540 1145 000 

550 0914 000 

DESCRIPTION 

Capacit or, 330 uF, 6V, 10% 

Capacitor, 820 pF, 300V, Mica 

Diode, Silicon, 1N914 

Diode, Hot Carrier 

Diode, Silicon, 1N914 

Diode, Hot Carrier 

Diode, Silicon 1N914 

Diode, Hot Carrier 

LED, Green 

LED, Red 

Diode, 10D4/1N2070 

Filter, Dual Low- Pass 

Inductor, 100 m.H, 2% 

Resistor, 4750 ohms, l/4W, 1% 

Res i stor, 10k ohms, l/4W, 1% 

Resistor, l /2W, 15k ohms, 5% 

Resistor, 95.3k ohms, l/4W, 1% 

Resistor, 12 ohms, 1/2W, 5% 

Resistor, 78.7k ohms, l/4W 

Resistor, 2200 ohms, l /2W, 5% 

Resistor, 6800 ohms, l/2W, 5% 

Potentiometer, lOk ohms 

888-1742-006 

WARNING: Disconnect primary power prior to servicing. 

QTY. 
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Table 6- 2. STEREO OVSC MODULE Circuit Board - 992 4903 001 (Continued) • REF. SYMBOL HARRJS PART NO. DESCRIPTION QTY. 

Rll 540 1189 000 Resistor, 9100 ohms, l/2W, 5% l 

Rl2 540 1182 000 Resistor, 2200 ohms, l/2W, 5% l 

Rl3 540 1111 000 Resistor, 10k ohms, l/2W, 5% 1. 

Rl4 540 1129 000 Resistor, 1500 ohms, l/2W, 5% l 

Rl5 548 1186 000 Resistor, 27.4k ohms, 1/4W, 1% l 

Rl6 548 1361 000 Resistor, lOk ohms, l/4W, 1% l 

Rl7 548 1431 000 Resistor, 78.7k ohms, l/4W l 

Rl8 thru R21 540 1228 000 Resistor, 12 ohms, 1/2W, 5% 4 

R22 540 1105 000 Resistor, 5100 ohms, 1/2W, 5% l 

R23,R24 548 1361 000 Resistor, 10k ohms, l/4W, 1% 2 

R25, R26 540 1228 000 Resistor, 12 ohms, l/2W, 5% 2 • 
R27 548 0279 000 Resistor, 2000 ohms, l/4W, 1% l 

R28 548 1358 000 Resistor, 6650 ohms, l/4W, 1% l 

R29 540 1145 000 Resistor, 6800 ohms, l/2W, 5% l 

R30 540 1105 000 Resistor, 5100 ohms, l/2W, 5% 1 

R31 548 1430 000 Resistor, 23.2k ohms, 1/4W, 1% 1 

R32 540 1147 000 Resistor, 27k ohms, l/2W, 5% l 

R33 550 0914 000 Potentiometer, lOk ohms 1 

R34 540 ~189 000 Resistor, 9100 ohms, l/2W, 5% l 

R35, R36 540 1182 000 Resistor, 2200 ohms, 1/2W, 5% 2 

R37 ,R38 540 1160 000 Resistor• 22k ohms, l/2W, 5% 2 

R39, R40 540 1188 000 Resistor, 270 ohms, l/2W, 5% 2 

• 36 888-1742-006 Rev. F: 6/81 

WARNING: Disconnect primary power prior to servicing. 
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• Table 6-2. STEREO OVSC MODULE Cir cuit Board - 992 4903 001 (Continued) 

REF. SYMBOL HARRtS PART NO. DESCRIPTION QTY. 

R41,R42 540 1122 000 Resistor, 47k ohms, l /2W, 5% 2 

R43 thru R46 540 1159 000 Resistor, 100k ohms, l /2W, 5% 4 

R47 , R48 540 1187 000 Res i s t or, 1300 ohms, l/2W, 5% 2 

R49, R50 540 1159 000 Resistor, 100k ohms, l/2W, 5% 2 

R51,R52 540 1323 000 Resistor, 3.3 ohms , l/2W, 5% 2 

R53,R54 540 1187 000 Resistor , 1300 ohms, l/2W, 5% 2 

R55 548 0678 000 Resistor, 4750 ohms, l/2W, 1% 1 

R56 548 1424 000 Resistor, 95 . 3k ohms, l/4W, 1% 1 

R57,R58 540 1228 000 Resistor , 12 ohms, l/2W, 5% 2 

• R59 540 1184 000 Resistor, 15k ohms, l/2W, 5% l 

R60 548 1361 000 Resistor, 10k ohms, l/4W, 1% l 

R61 548 1431 000 Resistor, 78 . 7k ohms, 1/4W, 1% l 

R62 540 1182 000 Resistor, 2200 ohms, l/2W, 5% l 

R63 540 1145 000 Res is tor, 6800 ohms, l /2W, 5% l 

R64 550 0914 000 Potentiometer, 10k ohms l 

R65 540 1189 000 Resistor, 9100 ohms, l/2W, 5% l 

R66 540 1182 000 Resistor, 2200 ohms, l/2W, 5% l 

R67 540 1129 000 Resistor, 1500 ohms, l/2W, 5% l 

R68 
1, 

540 1111 000 Resis t or, 10k ohms, l/2W, 5% l 

R69 548 1186 000 Resistor, 27 , 4k ohms, l/4W, 1% l 

R70 548 1361 000 Resistor, 10k ohms, l/4W, 1% l 

R71 548 1431 000 Resistor, 78 . 7k ohms, l/4W, 1% l 

• Rev. F: 6/81 888-1742-006 37 

WARNING: Disconnect primary power prior to n rvlclng. 
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Tabl e 6-2. STEREO OVSC MODULE Cir cuit Board - 992 4903 001 (Continued) 

• REF. SYMBOL HARRIS PART NO. DESCRIPTION QTY. 

R72, R73 540 1228 000 Resistor , 12 ohms, l /2W, 5% 2 

R74 540 1105 000 Resistor, 5100 ohms, l /2W, 5% l 

R75,R76 548 1361 000 Resistor , lOk ohms, l/4W, 1% 2 

R77,R78 540 1228 000 Res i stor, 12 ohms, l/2W, 5% 2 

R79 540 1145 000 Resistor, 6800 ohms, l /2W, 5% l 

R80 548 0279 000 Resistor, 2000 ohms , l /4W, 1% L 

R81 548 1358 000 Resistor , 6650 ohms, l /4W, 1% l 

R82,R83 540 1228 000 Resistor, 12 ohms , l/2W, 5% 2 

R84 540 1105 000 Resistor , 5100 ohms, l/2W, 5% l 

R85 540 1182 000 Resistor , 2200 ohms, l/2W, 5% l 

R86 540 1147 000 Resistor, 27k ohms, l/2W, 5% l • R.87 550 0914 000 Po t entiometer, 10k ohms l 

R88 540 1189 000 Resistor , 9100 ohms, l/2W, 5% L 

R89 540 1182 000 Resistor , 2200 ohms, l/2W, 5% L 

R90 548 1430 000 Resistor , 23 . 2k ohms, l/4W, 1% l 

R9 1, R92 540 1144 000 Resistor, 200k ohms, 1/2W, 5% 2 

R93 , R94 550 0930 000 Potent iometer, 200k ohms, l /2W 2 

Sl 600 0581 000 Switch, Rotary, SPOT l 

Ul 382 0472 000 Integrated Circuit L 

U2 382 0520 000 Integrated Circuit., Regulator l 

U3 ,U4,U5 382 0472 000 Integrated Circuit 3 

U6 382 0520 000 Integi-ated Circuit, Regu l ator l 

• 38 888-1742- 006 Rev. F: 6/81 

WAANING: Olaconnect primary power prior to aervlolng. 
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Table 6- 2. STEREO OVSC MODULE Circuit Board - 992 4903 001 (Continued) 

• REF. SYMBOL HARRIS PART NO. DESCRIPTION QTY. 

U7 382 0359 000 Integrated Circuit, MC7815CP l 

us 382 0360 000 Integrated Circuit, MC7915CP l 

U9,Ul0 382 0521 000 Integrated Circuit, LM339N 2 

Ull 382 0381 000 Integrated Circui t , NE556A 1 

Ul2 382 0472 000 Integrated Cir cuit , LM318N 1 

Ul3 382 0520 000 Integrated Circuit, Regulator l 

Ul4,Ul5,Ul6 382 0472 000 Integrated Circuit, LM318N 3 

Ul7 382 0520 000 Integr ated Circuit, Regulator 1 

XUl thru XU5 404 0673 000 Socket, IC, 8 Contact 4 

XU9,XUlO,XUll 404 0674 000 Socket, IC, 14 Contact 3 

• XU12 tbru XU16 404 0673 000 Socket, IC, 8 Contact 4 

939 3564 001 Printed Circuit Board l 

• Rev. F: 6/81 888-1742-006 39/40 

WARNING: Olaconnect primary power prior to aervlclng. 
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TECHNICAL MANUAL 

AFC/PLL MODULE 

992 4985 001 

HARRIS CORPORATION 

Broadcast Products Division 
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Revision A: February 1978 
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Revision E: March 1981 
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AFC/PLL MODULE - 992 4985 001 

MANUAL REVISION HISTORY 
MCNOR MCNOR 
REV. NO REV. DATE ECN NO. 

F- 1 02/03/82 26679 

F-2 06/08/82 26753 

DESCRIPTION OF CHANGE 

Revision F: June 1981 

On page 23/24 , figure 5-3, schematic 852 
8394 001, AFC/PLL Modul e Schematic. 
Change to Revision D. 

Change figure 4-3 to 1742-5A. 

Page 35, Table 6- 2. AFC/PLL Module Cir-
cuit Board - 992 4986 001. Change C7 and 
C32, 508 0336 000, Capacitor, o . 5 uF, 
l OOV, 10% TO 508 0345 000, Capacitor, .4 7 
uF, 200V, 10% . 

Page 23/24, Figure 5-3. AFC/PLL Module 
Schematic 852 8394 001 , change to Rev. E 
according to ECN 26753 • 

888-17 42-007 l 
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WARNING 

THE CURRENTS AND VOLTAGES IN THIS EQUIPMENT ARE 
DANGEROUS. PERSONNEL MUST AT ALL TIMES OBSERVE 
SAFETY REGULATIONS . 

This manual is intended as a general guide for trained and qualified personnel 
who are aware of the dangers inherent in handling potent ial ly hazardous 
electrical/electronic circuits. It is not intended to contain a complete 
statement of all safety precautions which should be observed by personnel in 
using this or other electronic equipment. 

The installation, operation, maintenance and service of this equipment 
involves risks both to personnel and equipment, and must be performed only by 
qualified personnel exercising due care. HARRIS <X>RPORATION shall not be 
responsible for injucy or damage resulting from improper procedures or from 
the use of improperly trained or inexperienced personnel performing such t asks. 

During installation and operation of this equipment, local building codes and 
fire protection standards must be observed. The following National Fire 
Protection Association (NFPA) standards are recommended as references: 

Automatic Fire Detectors, No. 72E 
Installation, Maintenance, and Use of Portable Fire Extinguishers, 
No . 10 

- Halogenated Fire Extinguishing Agent Systems, No. 12A 

WARNING 

ALWAYS DISCONNECT POWER BEFORE OPENING COVERS, 
DOORS, ENCLOSURES, GATES, PANELS OR SHIELDS . 
ALWAYS USE GROUNDING STICKS AND SHORT OUT HIGH 
VOLTAGE POINTS BEFORE SERVICING. NEVER MAKE 
INTERNAL ADJUSTMENTS, PERFORM MAINTENANCE OR 
SERVICE WHEN ALONE OR WHEN FATIGUED. 

Do not remove, short-circuit or tamper with interlock switches on access 
covers, doors, enclosurest gates, panels or shields. Keep away from live 
circuits, know your equipment and don't take chances. 

WARNING 

IN CASE OF EMERGENCY ENSURE THAT POWER HAS BEEN 
DIS<X>NNECTED • 

i 

http://www.SteamPoweredRadio.Com


www.SteamPoweredRadio.Com

Treatment of Electrical Shock 

11 

1. If victim is not responsive follow the A-B-Cs of basic life support. 

PLACE VICTIM FLAT ON HIS BACK ON A HARD SURFACE 

@ AIRWAY 

IF UNCONSCIOUS, 
OPEN AIRWAY 

Lin UP NECK 
PUSH FOREHEAD BACK 
CLEAR OUT MOUTH IF NECESSARY 
OBSERVE FOR BREATHING 

CHECK CAROTID PULSE 

IF PULSE ABSENT, 
BEGIN ARTIFICIAL 
CIRCULATION 

® CIRCULATION 

® BREATHING 

IF NOT BREATHING, 
BEGIN ARTlFlCIAL 
BREATHING 

TILT HEAD 
PINCH NOSTRILS 
MAKE AIRTIGHT SEAL 

4 QUICK FlJLL BREATHS 

REMEMBER MOUTH TO MOUTH RESUSCITATION 
MUST BE CO"'1ENCED AS SOON AS POSSIBLE 

DEPRESS STERNUM 1112·To 2· 

{

ONE RESCUER 
APPROX. 15 COMPRESSIONS 
80 SEC. 2 QUICK BREATHS 

X {TWO RESCUERS 
APPRO' 5 COMPRESSIONS 
60 SEC • 1 BREA TH 

NOTE; DO NOT INTERRUPT RHYTHM OF COMPRESSIONS 
WHEN SECOND PERSON IS GIVING BREATH 

Call for medical assistance as soon as possible. 

2. If victim is responsive. 

a. keep them warm 
b . keep them as quiet as possible 
c . loosen their clothing 

(a reclining position is recommended) 

• 

• 

• 
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FIRST-AID 

Personnel engaged in the installation, operation, maintenance or servicing of 
this equipment are urged to become familiar with first- aid theory and 
practices. The following information is not intended to be complete first-aid 
procedures, it is brief and is only to be used as a reference. It is the duty 
of all personnel using the equipment to be prepared to give adequat e Emergency 
First Aid and thereby prevent avoidable loss of life. 

Treatment of Electrical Burns 

1. Extensive burned and broken skin 

a. Cover area with clean sheet or cloth. (Cleanest available cloth 
article.) 

b. Do not break blisters, remove tissue, remove adhered particles of 
clothing, or apply any salve or ointment . 

c. Treat victim for shock as required . 
d. Arrange transportation to a hospital as quickly as possible. 
e . If arms or legs are affected keep them elevated. 

NOTE 

If medical help will not be available within an 
hour and the victim is conscious and not 
vomiting, give him a weak solution of salt and 
soda: l level teaspoonful of salt and 1/2 
level teaspoonful of baking soda to each quart 
of water (ne ither hot or cold) . Al low victim 
to sip slowly about 4 ounces (a half of glass) 
over a period of 15 minutes. Discontinue fluid 
if vomiting occurs. (Do not give alcohol.) 

Less severe burns - (1st & 2nd degree) 

a. Apply cool (not ice cold) compresses using the cleanest available 
cloth article. 

b. Do not break blisters, remove tissue, remove adhered particl es of 
clothing, or apply salve or ointment. 

c. Apply clean dry dressing if necessary. 
d. Treat victim for shock as required. 
e. Arrange transportation to a hospital as quickly as possible. 
f. If arms or legs are affected keep them elevated. 

REFERENCE: ILLINOIS HEART ASSOCIATION 

AMERICAN RED CROSS STANDARD FIRST AID AND PERSONAL SAFETY MANUAL 
(SECOND EDITION) 

iii 
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1-1. EQUIPMENT PURPOSE 

SECTION I 

GENERAL DESCRIPTION 

1-2. The AFC/PLL MODULE controls the center frequency of any 50 kHz spaced 
channel within the 87.5 MHz to 108 MHz commercial FM broadcast band. A pro
grammable divider and a temperature compensated crystal oscillator (TCXO) 
are interfaced with the MOD OSC module to maintain accurate frequency con
trol through use of a phase locked loop. A test point is provided for WWV 
comparisons of the internal reference frequency for calibration adjustments. 

1-3. TECHNICAL CHARACTERISTICS 

1-4. Table l-1 lists operating characteristics and parameters of the MS-15 
AFC/PLL MODULE. 

GENERAL 

SECTION II 

INSTALLATION 

2-1. 

2-2 . Refer to 888 1742 001, MS-15 FM Exciter. Section II, Installation. 

3-1. GENERAL 

SECTION III 

CONTROLS AND INDICATORS 

3-2. Figure 3-1 shows the location of each control or indicator associated 
with the MS-15 AFC/PLL and table 3-1 lists the controls and indicators with 
a description of each item listed, Control setup adjustments are listed in 
table 3-2. 

4-1. CIRCUIT DESCRIPTION 

SECTION IV 

PRINCIPLES OF OPERATION 

4-2 . The primary purpose of the AFC/PLL MODULE is to control the MS-15 rf 
carrier center frequency. The AFC/PLL module interfaces with the MOD OSC 
module to form a phase l ocked l oop to accomplish accurate frequency control . 

Rev. F: 6/81 888-1742-007 l 

WARNING · o,sconnect pnmary power pnor 10 servicing 
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Table 1- 1 . Technical Characteristics 

FUNCTION 

INPUTS 

POWER: 

SIGNAL: 

RF DRIVE 

OUTPUTS 

CONTROL: 

RF INHIBIT 

RELAY Kl CONTROL 

AFC CONTROL 

METER VOLTAGE 

CHARACTERISTIC 

+20 Vdc@ 0.028 amperes. 

+15 Vdc@ 0 . 022 amperes . 

-15 Vdc@ 0 . 018 amperes. 

+5 Vdc@ 0.460 amper es . 

2 . 0 milliwatts on-frequency rf. 

Ground for inhibit. Open for op
erate. 

Ground for frequency locked con
dition; +20 Vdc for frequency un
locked condition. 

+3 . 0 Vdc to +12.0 Vdc, dependent 
upon exciter operating frequency. 

+3.0 Vdc to +12.0 Vdc, dependent 
upon exciter operating frequency • 

888- 1742-007 Rev . F: 6/81 
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Figure 3-1. AFC/PLL MODULE 
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REF. 

l 

2 

3 

4 

5 

6 

4 

Table 3-1 . AFC/PLL MODULE Controls and Indicators 

CONTROL/INDICATOR FUNCTION 

+5V Indicator (CR2) Illuminates to indicate the +5 volt 
input to AFC/PLL MODULE is present. 

CAL OUT Test Point Provides frequency components at 2.5 
MHz, 5.0 MHz, 10.0 MHz, 20.0 MHz, and 
25.0 MHz for direct frequency compari
sons between the internal frequency 
standard and a broadcast frequency 
standard such as WWV using a communi
cations receiver. 

LOCK Indicator (CR8) 

FREQ ADJ 
Control (Rl8) 

MOD OSC 
Indicator (CR3) 

CRYSTAL REFERENCE 
Indicator (CR4) 

Illuminates to indicate the exciter is 
operating within tolerance of the as
signed frequency. 

Adjusts the FM carrier frequency. 

Illuminates to indicate the MOD OSC 
module rf divider chain is operational. 

Illuminates to indicate the MOD OSC 
module crystal oscillator and refer
ence divider chain is operational. 

888-1742- 007 Rev. F: 6/81 
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Table 3-2. Control Adjustments 

CONTROL 

FREQ ADJ Control 
(Rl8) 

Rev. F: 6/81 

ADJUSTMENT 

l. Adjust a communication receiver 
to receive a broadcast frequen
cy standard such as WWV at one 
of the following frequencies: 

..., 

2 . 5 MHz} s.o MHz wwv 
10.0 MHz 
15.0 MHz ~INTERNATIONAL 
20.0 MHz 
25 .0 MHz 

.. 
2. Connect a short piece of wire 

to be used as an antenna to the 
AFC/PLL MODULE CAL OUT test 
point. Couple the wire to the 
receiver antenna as r equired to 
obtain a signal • 

3. Adjust Rl8 to obtain a zero 
beat. 

4 . Disconnect the wire from the 
CAL OUT test point • 

888-1742-007 

WARNING: Disconnect primary power prior to servicing. 
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4-3. PHASE LOCKED LOOP 

4-4. A phase locked loop (see figure 4-1) is an automatic frequency con
trol system that develops an error signal which is used as a control voltage 
to eliminate the system frequency error. 'Ille VCO operates as a frequency 
source whose phase is compared to the phase of a reference oscillator of the 
same frequency. The phase detector output is applied to a loop filter which 
determines lockup and modulation characteristics . If used for FM, the loop 
filter must average out the frequency or phase modulation that is present at 
the phase detector. 

OUTPUT 

FREQUENCY PHASE REFERENCE REFERENCE 
vco 

SAMPLE COMPARATOR OSCILLATOR FREQUENCY 

CON ROL E OR 
VOLrGE SIGNAL 

LOOP I- I 
FILTER 

1742-50 

Figure 4-1. Phase Locked Loop 

4-5. 'Ille directly controlled parameter of a phase locked loop is not fre
quency, but phase. As frequency is the rate of change of phase, by control
ling phase with a finite constant error, frequency is controlled with no er
ror with respect to the reference frequency. Therefore the phase locked 
loop indirectly controls frequency by accurately controlling phase. 

4-6. MODULE GENERAL DESCRIPTION 

4-7. VOLTAGE CONTROLLED OSCILLATOR. When power is applied, the MOD OSC 
module rf amplifiers drive the RF AMP module and provide an rf frequency 
sample to the AFC/PLL MODULE frequency dividers (see figure 4-2). As the 
phase locked loop is unlocked at this time, any rf transmission would be off 
frequency. Therefore, until phase lock is established a ground applied to 
the RF AMP module by the AFC/PLL MODULE inhibits rf output. 

4-8 . DIVIDERS. The rf frequency sample is divided to a frequency of 3125 
Hz and applied to the lock detector and phase comparator. Frequency changes 
are accomplished through use of a progra11Dnable divider . The reference fre
quency is established by a highly stable temperature compensated crystal os
cillator (TCXO). The CAL OUT test point and the FREQ ADJ control allow cal
ibration of the reference standard. The reference frequency is divided down 
into two outputs of 3125 Hz, one signal lagging 90 degrees in phase . The 
3125 Rz signal is applied to the phase comparator and the lock detector. 
The 3125 Hz quadrature signal is applied to the lock detector. 

6 888-1742-007 Rev. F: 6/81 
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4-9. ERROR SIGNAL. The two 3125 Hz signals applied to the phase comparator 
provide . an error signal to the loop filter consisting of the integrator and 
low-pass filter. When the frequency is unlocked, a gain swit ch increases 
t he rate of correction and bypasses the low-pass filter for rapid loop re
sponse. When frequency lock is detected, the gain switch opens to slow the 
rate of correction and enable the low-pass filter. The module output is ap
plied to the MOD OSC module to correct the VCO center frequency . 

4-10. LOCK DETECTOR. The three 3125 Hz signals applied to the lock detec
tor are used to determine if the frequency divider and the reference divider 
are operational and if the loop is in a frequency locked condition. Visual 
indications of the divider status and frequency lock are provided by light 
emitting diodes. When the loop is unlocked, the integrator gain is in
creased and a ground applied to the lock detector output opens the AFC lock 
relay and inhibits exciter rf output , When the loop is locked, the inte
grator gain is reduced, the AFC lock relay energizes and exciter rf output 
is enabled. 

4-11. MODULE DETAILED DESCRIPTION 

4-12. TEMPERATURE COMPENSATED CRYSTAL OSCILLATOR (TCXO) . The internal ref
erence frequency is produced by a 10.0 MHz temperature compensated crystal 
oscillator (TCXO) (see figure 4-3). The TCXO comprises a seal ed modular os
cillator with an internal thermistor and varactor diode network matched to 
the crystal to compensate for a wide range of ambient t emper atures. The 
unit is highly stable with an aging specification of +2 Hz per year/per MHz 
(+2 PPM). The frequency of the TCXO may be adjusted with the FREQ ADJ con
trol (Rl8) over approximately +l. 7 kHz. Due t o the limited effect of the 
FREQ ADJ control, it is not likely that accidental adjustment of the fre
quency control would put the transmitter off frequency beyond FCC limits. 
The output of the TCXO drives a divide by 3200 counter consisting of U2, U3, 
U4, and US. 

4-13 . DIVIDE BY 3200 COUNTER. The first divide- by- two stages (U2A and U3A) 
provide outputs at 5 . 0 MHz and 2.5 MHz . The signals ar e sutmned with the 
output of the TCXO through resistors Rl9, R20, and R21 to produce a signal 
with frequency components at 2 . 5 MHz, 5.0 MHz, 10.0 MHz, 15.0 Milz, 20 .0 MHz, 
and 25 MHz at the CAL OUT test point . This enabl es comparisons of the phase 
locked loop reference frequency with any internat ional broadcast frequency 
standard such as WWV by attaching a short antenna to the test point. 
coupling an rf sample into a general coverage receiver, and adjusting FREQ 
CAL for zero beat . The 2 . 5 MHz signal is divided down to 3125 Hz by a di
vide by 800 counter consisting of U2B, U3B , U4B, USA, U4A, and U5B. Test 
points are provided along the divider chain to assist in troubleshooting. 
Two 3125 Hz signa l s are output by the reference divider chain. One signal 
obtained from U4A is used as the reference for t he phase det ector . The sec
ond signal which is obtained from U5B lags the first signal by 90 degrees 
and is used by the lock detector to determine phase lock. 

4-14. RF FREQUENCY DIVIDER. On frequency rf from the MOD OSC modul e is in
put to the AFC/PLL MODULE at a level of two milliwatts. A divide by 16 
counter divides the rf input down to the six MHz range to operate t he 

8 888-1742-007 Rev. F: 6/81 
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• 

subsequent TTL logic circuits. The signal is l evel sh ifted from ECL levels 
to TTL logic levels by Q2 and applied th rough NAND gate U7A which operates 
as an inverting buffer . 

4-15 . Programmable Divider. The output of U7A drives a 12 bit programmable 
divider consisting of U8, UlO, and Ull. The divider provides division from 
the approximate six MHz input to 3125 Hz by a programmable divisor from 1748 
to 2158. The programmable counter allows use of any exciter rf output fre
quency from 87,5 MHz to 108,0 MHz in 50 kHz steps without modifying the ref
erence divider chain or adjusting the TCXO, The counter is programmed by 
wire jumpers which by their absence connect the flip flop data inputs to 
positive five volts de (ONE state) or when present short the inl)uts to 
ground (ZERO state). A complete list of exciter operating frequencies and 
divider programming is provided by table 4-1. 

4-16 . Pr ogrammable Divider Operation, When power i s applied , the counter 
is set to the programmed number, When the counter fills to all ONES, the 
next clock pulse shifts a pulse out of the counter to auxiliary flip flop 
Ul2A, The next clock pulse shifts the pulse out of the auxiliary flip flop 
and resets the programmable counter to the number entered with the wire 
jumpers, The counter then begins its count again with the following clock 
pulse, The pulses output by the programmable divider are one clock period 
long (approximately 150 nanoseconds) at a 3125 Hz rate. The pulses are dif
ficult but not impossible to see on an oscilloscope due to the very low duty 
cycle of 0 . 05%, 

4-17, MISSING PULSE DETECTORS . The 3125 Hz signal from the rf frequency 
divider is applied to Ul3B and the 3125 Hz signal from the reference divider 
is applied to Ul 3A. As long as each input pulse is repeatedly applied to 
the respective retriggerable one shot, the output will remain HIGH. If a 
missing pulse occurs in a divider chain, the one shot monitoring the signal 
will go LOW and signal a missing pulse. The MOD OSC indicator (CR3) and the 
CRYSTAL REFERENCE indicator (CR4) (inside the module) provide a visual indi
cation of the status of each divider chain , 

4-18, LOCK DETECTOR. The lock detec t or monitors the output of the two di
vider chains and indicates phase lock when the following three conditions 
are met . The reference divider chain must be operating properly, t he rf 
frequency divider chain must be operat ing properly. and the phase difference 
between the two chains must be l ess than 90 degrees, After these three con
ditions are met for a five second delay, the lock detector will indicate a 
phase locked condition. 

4-19, Lock Flip Flop. The output of the programmable divider c locks a type 
D flip flop which functions as the lock flip flop . The data input is ob
tained from the 90 degree delayed 3125 Hz squarewave f rom the reference di
vider, As long as the loop is in the locked condition, the narrow pulses 
from the programmable divider will occur close to the center of the delayed 
3125 Hz squarewave as shown by figure 4- 4 . The phase detector characteris
tic causes the loop to lock on the negative transitions of the phase detec
tor input signals . 

Rev, F: 6/Sl 888-1742-007 ll 
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3125 HZ FROM 

PHASE { _J ' 
I I REFERENCE DIVIDER 

DETECTOR ! i ! 

INPUTS I 
I 

l I 3125 HZ FROM I PROGRAMMABLE DIVIDER . t i ! 
. 

LOCK { 
. . l ! i DETECTOR j . I t i DELAYED 3125 HZ INPUTS I I L FROM REFERENCE DIVIDER 

1742-54 

Figure 4-4. Detector Waveforms 

4 - 20. During lock, the lock flip flop outputs a continuous HIGH state. If 
the loop unlocks, the phase of the programmable divider waveform will drift 
with respect to the delayed 3125 Hz signal. When the programmable divider 
signal coincides with the LOW state of the delayed 3125 Hz signal, the lock 
flip flop will output a LOW state to signal a frequency unlocked condition. 

4-21. LEVEL DETECTOR/DELAY. The output of the lock flip and the outputs 
from the missing pulse detectors are applied to NANO gate U7B . This signal 
is applied to a quick-charge slow-discharge circuit comprising Ul4A, U14B, 
CR5, C27, and R43. If a missing pulse is detected or if the lock detector 
flip flop output goes LOW, C27 is quickly charged and an out of lock condi
tion is immediately signaled. After lock is achieved, a five second delay 
is required for capacitor C27 to discharge and allow the lock detector to 
recover and perceive lock. The output of the circuit controls illumination 
of the LOCK indicator, applies a ground to the RF AMP module to prevent off 
frequency transmission when the loop is unlocked I operates the remote AFC 
lock relay (Kl), and operates the CMOS switches associated with the loop 
filter to control loop correction rates. 

4-22. PHASE COMPARATOR. The phase comparator is a flip-flop type which has 
a three level output. If both the reference and controlled inputs have a 
zero phase difference between the negative transitions, the output will be 
zero with respect to the +1.4 Vdc. If the controlled input lags in phase, 
the phase comparator wil 1 output negative pulses with r espect to +l.4 Vdc 
with the pulse width proportional to the angle of phase lag. If the con
trolled input leads in phase, the phase comparator will output positive 
pulses with respect to +l . 4 Vdc with the pulse width proportional to the 
angle of phase lead. Additionally, if a frequency difference exists between 
the two inputs the phase comparator will respond by producing negative 
pulses if the controlled frequency is low and positive pulses if the con
trolled frequency is high. The pulses are integrated by Ul6 and filtered 
into a de control signal by 018. 

4-23. Bistable Loop. The integrator and active low-pass filter used in the 
module have bistable characteristics which reduce loop lock up time to a 
minimum. When the loop is unlocked, a CMOS switch arrangement operated by 
the level detector/delay output enables a high rate of correction by Ul6 
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FREQ JUMPERS FR£Q JUMPERS FREQ J U~IPERS FREQ JUMPERS FREQ 
MHZ LKJ I HGFE OCBA MHZ LKJ l HGFE DCBA MHZ LIU! HGFE DCBA MHZ LKJ l IIGFL OCBA MHZ 

87 .5 0 101~ 1 0010 10 11 ~~I . 10 1001(1 11 1 1 0111 9 •. 70 10l~l!l 1100 0,) 1 I 'I" . ··0 1 ~1"11·1 I 1-1!-IM 1111 9; . i:-H,1 

87 . 55 1001 01111 i.• 10llil 90 . 1 '5 101Hl I 1 1 l 1!1 1 H' 9~ . 7'5 10,;10 110<:1 0011-J ''"/5 . 3':, 100,~ I 1iH~0 11 Hl 17 . 15 
87 . 60 1001 00 10 10I~ I ,, 0 . : Iii 10~10 1 I I I 0llil l 9, . 80 1000 1100 000 1 1" . • 4 l:J 100,~ I ,J0~1 11 0 1 9:3 , ~,., 
87. 65 1001 00 10 1000 '10 . ~5 1000 1111 0 101i1 9.:_ .85 1000 11 00 0000 9-;, . 4c-, 10,~0 I ~100 11 00 9;;: . 05 
87 .70 100 1 001 0 0 111 90 . 30 1000 I 1 1 1 0~11 I 9;: . '90 1000 101 I 1111 -;i~ . 50 1000 11~1~0 10 I I ·:,s . , ~, 
8 7.75 1001 00 10 0 11 0 ·:,~ . : ':, 1000 I I I I litril 10 ·9 .:. . 95 1000 I 0 1 1 11 l lil ,:;,1.: . . c-c-, 1000 1000 Hll •~ ·18 . 15 
27. 80 1001 00 10 0 10 1 90 . 40 101~0 1111 0001 9: , 0~1 1000 10 11 11 0 1 ~5, IA I ~)00 10i10 I 0L~ 1 n . .:.0 
87 .85 1001 00 10 0 I 01~ 90 . 45 1000 1 1 I 1 0013,~ 93 . 05 10kl0 10 l 1 I I 01~ 9':· . t :, I 01}0 1000 100,~ ;::: . : ~. 
27 . 90 1001 00 10 001 I 90 . :,0 l01i10 1110 I 1 1 l 93 . 10 1000 10 11 10 I I ~5 . 7,,1 1000 1000 0 1 I• ·;~: . 30 
87 . 95 1001 00 10 00 10 90 . ':,':, 1000 1110 11 "'1 93 . 15 1000 101 l 101 0 ·=, 5 . 7~, 1000 1000 0 11 0 1;· .~: • ~· c-1 

88 . 00 1001 001 0 00131 90 , 60 10,rn 1110 l 10 1 n . .:.0 101~0 10 11 I 0 1~ I ,:;·5 . :::,~ 1 •)00 I •J00 cllill 98 .40 
88 . 05 100 1 0010 001~0 90 . i:.5 1000 1110 I 1013 9•, • c-;, • L. .J 1000 10 11 100,~ q5 , 8~ 10011) 1000 0 10•~ /8 . 4 ~ 
8€" . 10 1001 0001 I I 1 I 90 . 70 1000 1 110 I 0 l 1 93 . ?0 I (;11~1~ 10 I 1 0111 95 . 90 1000 101il0 001 1 9~: . 5fl 
88 . 15 1001 0001 1110 90 .75 1000 11 10 1010 93 . 35 100ii! 10 11 0 l 10 ·j'5 . 9'5 1000 1000 00 I I~ 9€ . 5 •5 
88 . ,0 100 1 000 1 110 I 90 . 80 1000 l I I 0 100 1 93. 40 1000 1 Ii' I I 0101 91; . . 00 1000 1000 0ii10 l '-('>::, . 60 
8~ . 25 1001 000 1 1100 90 . 85 101~0 1110 101~0 93 .45 1000 10 11 0 100 9( . . li'5 1000 1000 00M 98 . 6'5 
88.30 1001 000 1 10 I I 90 . 90 1000 11 I 0 0 1 I I 93 .50 1000 1011 00 11 '(~ . . 10 I .}00 0 111 I I I 1 9:: . 70 
88 . 35 100 1 0001 10 10 90 . 95 101~0 1 I 10 0 11 1!1 9 ., C'C' 

.j . -J .J 1000 10 11 00 I I~ '4,:, . 1 5 101~0 0 1 11 l I I I~ t8 . 75 
88 .40 1001 000 1 1001 9 1 . 00 1000 1110 0101 93 . 60 1000 10 1 I 0001 % . .:.0 101~0 0 11 1 I 10 l 98 . 80 
88 .45 1001 0001 1000 9 I. 05 1000 I 11 0 0 100 9;, . 65 I 001~ I 0 11 0000 96 . .:5 1000 0111 1101/l 98 . 85 
88.50 100 1 0001 0 111 9 I. 10 1000 1 11 0 001 I 93 . 70 I 001~ 10 10 l I I I % . 30 1000 0 11 I 1011 98 . 9111 
8~1 . 55 100 1 0001 0110 9 I . I 5 1000 111 0 0010 93 . 7 5 1000 10 10 111 0 '16 . ;5 1000 0 1 I I I (I 113 98 . 95 
88 . 60 1001 0001 0101 9 1. 20 1000 I I 10 000 1 93 . 80 1000 101 0 11 0 I 96 . 40 1000 0 11 1 1001 99 . 00 
88 . 65 1001 0001 0 100 9 1.;:5 1000 111 0 00ii10 93 . 85 1000 10 10 11 00 96 . 4'5 1000 0 111 1000 9~ . 05 

• 
88 .70 1001 0001 0011 9 1 . 30 1000 1101 I I 1 I 93 . 90 1000 101 0 10 1 I % . 50 1000 0 1 I I 0111 9'1 . 10 
88 .75 100 1 0001 0 01 0 9 1. 35 1000 1101 1110 93 . 95 1000 1010 10 10 96 . ':i'S 1000 0 l I I 0 1 113 99 . 1 ':i 
88 . 80 1001 0001 0001 9 1. 40 1000 I I 0 I 1 101 94 . 00 1000 10 10 1001 % . 60 1000 0 1 1 I 0101 99 . :.0 
88 . 85 100 1 0001 0000 9 I. 45 1000 11 0 1 11 00 9 4.05 . 1000 10 10 1000 96 . 65 1000 0 l I I 01 i,\I~ 99 . :.5 
88 .90 1001 0000 I I I I 9 1. 50 1000 I 10 I 10 11 9 4 . 10 1000 101 0 0 1 I I 9,':, . 70 1000 011 I 00 1 1 99 . 30 
88 . 95 1001 0000 I I 10 9 I . 55 1000 110 1 10 10 94. I 5 1000 10 10 01 10 <:/6 . 75 1000 01 l I 00 10 99 . '35 
89 .00 100 1 0000 I 1 l~ 1 . 9 1 . 60 1000 1101 10131 9 4.Z 0 1000 10 10 0101 96 . 8 0 101~0 0 111 0001 99 .40 
89 . 0'5 1001 0000 1100 91 . 65 1000 1101 101~0 9 4.25 1000 10 10 0100 96 . 85 1000 0 1 I I 0001~ 99 . .15 
89 .1 0 1001 0000 101 I 9 1 . 70 1000 I I 0 1 0 1 I I 94. 30 1000 1010 00 11 96 . 90 1000 0 11 0 1 I I I 99 . 50 
89 . l 5 10131 0001~ 1010 9 1. 75 1000 110 1 0 11 0 94. 35 1000 101 0 00 10 96 . 95 I 0130 0 11 0 I I II~ ·'19 .55 
89 .20 1001 0000 100 1 9 1. 80 1000 11 0 1 0 101 9 4.4 0 1000 10 10 00 01 97 . 00 1000 0 11 0 11 01 99 . 60 
8~ .2.5 1001 0000 1000 9 1. 85 1000 1 I 0 1 0 I 01~ 94.4 ':i 10013 1010 0000 97 . 05 1000 0 11 0 l 100 99 . 65 
89 . 30 100 1 0000 0 I I 1 9 1. 90 1000 I I 0 1 001 1 9 4.50 1000 1001 1111 97 .1 0 1000 0 110 I 0 I I _j;l . j~ 
89 . 35 1001 0000 01 10 9 I . 9 5 1000 1101 00113 9 4. 55 1000 100 1 I I 10 97 . 15 1000 0 11 0 101 l<l 99 . 75 
89 .40 1001 0000 01 01 9, . 00 1000 I tel\ 000 1 94. 60 1000 100 1 1 10 1 97 . ,0 1000 0 11 0 10(,11 99 . 80 
89 .45 100 1 0000 0100 9Z . 05 1000 11 01 001~0 9 4. 65 1000 1001 1100 97 . i:':i 1000 0 1 I 0 1000 99 . 85 
89 . '50 1001 0000 00 11 9 .:. .1 0 1000 11 00 1111 94.70 1000 100 1 10 11 97 . 30 1000 0 I I 0 01 I 1 99 . 90 
89 .55 1001 0 000 00 10 92 . 15 1000 11 01!! 111 0 94. 7':i 1000 100 1 10 10 97 . ::5 1000 01 10 0110 99 . 95 
89 . 6 0 100 1 0000 0001 9::. . 2.0 1000 11 0 0 I 101 94. 8 0 1000 1001 100 1 97 .40 1000 01 10 0101 100 . 00 
89 . 65 1001 0000 0000 9L . 2.5 1000 11 00 I 11~0 94. 85 1000 100 1 1000 97 .45 1000 0 110 0 100 100. 05 
89.70 1000 I l I I I I I I 92 . 3 0 1000 11 00 10 11 94. 90 100~ 1001 0 I I I 9 7 . 50 1000 011 0 0011 100. 10 
89 .75 1000 I I I I I I 10 9t. . 35 1000 1100 101 0 9 4. '95 1000 100 1 0 1 I 0 97 . 55 1000 0110 001 0 100 . 15 
89 . 80 1000 I I I I 1 101 92. 40 1000 1100 1001 95.00 1000 1001 0101 '17 . 60 1000 0110 0001 100. 20 
89 . 85 1000 I I I I 1100 92 . 45 1001!' I I 00 1000 95 . 05 1000 100 1 0 100 97 . t•5 1000 0110 0000 100.25 
89 . 9 0 1000 I I I I 10 1 I 9, . 50 1000 1100 011 1 95 . 10 1000 1001 0011 97.70 1000 0 101 I I I I 100 . 3 0 
S9 . 9 5 1000 1 1 I I 1010 9, , 5 5 1000 I I 00 0 I 10 , 5 .1 '5 1000 100 1 00 10 97 . 75 1000 0101 1110 100. 35 
90 .00 1000 I I I I 1001 </Z . 6 0 1000 1100 0 10 1 95. ::.0 I 001~ 100 1 0001 97 . 3 0 1000 0 101 I 10 I 100.40 
90. 05 1000 I I I 1 10"10 9,. 6 5 1000 11 00 0100 95 . Z5 1001~ 1001 0000 97 . 85 1000 0101 1100 100.45 

LEGEND: JUMPER IN • ~ 

I JUMPER OUT • l 

• 

JUMPERS FREl) JUMPERS FR:EQ 
LK.J I HGFf DCBA MHZ LKJ I HGFE DCBA MHli'. 

1 .,i;1.1 \,) 1 ,1 1 10 1 l 1 \,llil . ",~J li-100 01;1 10 Iii! 11 103 . 10 
1000 0 101 101 0 1110 . '55 1000 0010 0 110 103 . I ':i 
t01i10 0 101 100 1 100 . ,;,0 t 01il0 01i'10 010 1 103 . .:.0 
I lil1~0 0 10 1 1001~ IIH1 . 65 I 0i'l0 00 10 0 100 103 . .:5 
1000 0 101 0111 Hl0 . 70 10,rn 00 10 00 I l 103 . 30 
Hl01(1 ~lll,ll ill I I I~ 11)\:1 . 75 I 0111~ 0010 00 I IJ 103 . '35 
1000 0 10 1 0 101 100.80 1000 00 10 0001 103 .40 
1000 0 101 01 k10 1 l!H~ . 8~ 1000 00 10 0000 103 . 45 
I 0vl0 0 101 001 I I 1110 . 9•1 1000 0001 I I I I 103 . ~.0 
1000 0 10 1 0010 100 . 9c; 10M 000 1 I I I 0 103 . 55 
1000 0 101 0001 10 1. 00 1000 0001 I I I~ I 103 . 60 
1000 0101 0 001~ I 01 . 05 1000 0001 11 00 103 . b", 
1000 0 100 I l 1 I 101. 10 101~0 000 1 101 1 103 . 70 
1000 0 100 1110 101. l ':i 1000 000 1 1010 103 . 75 
101~0 0 101/l I I 01 I 0 1. ;:0 1000 000 1 1001 103 . 80 
l l,:l00 0 100 1100 I 0 I . .:. 5 1000 000 1 I 00I~ 103 . 85 
1000 0 100 I 0 1 I I 0 I. 30 1000 000 1 0 I I I 103 . 90 
1000 0 100 101 0 101. 35 1000 0001 0 I 10 103 . 9 5 
1000 0 100 1013 l 10 I. 40 1000 0001 :1' I Ill I 104 .00 
1000 0 100 1000 10 1.45 1000 0 001 0100 104. 05 
1000 0 100 01 1 I 101. 50 1000 0001 0011 104. 10 
1000 0100 0 I I 0 101 . 55 1000 0001 0010 104. 15 
1000 0 100 0 10 1 101. bf} 1000 000 1 000 1 104. 20 
10(,10 0100 0 100 10 1. 65 1000 000 1 0000 104 . 25 
1000 0100 00 I I 101. 70 1000 0000 I I 11 104. 30 
1000 0100 0010 111' I. 75 1000 0000 I I 10 104. 35 
1000 0100 000 1 10 1 . 8 0 1000 0000 I 10 1 104.40 
1000 0 100 001~0 101 . 85 1000 0000 1100 104. 45 
101~0 00 11 I I 1 I 101 . 90 1000 0000 1011 104. 50 
101~0 00 11 11 l 0 101. 95 10!,10 0000 1010 104.55 
1000 001 I 1 I I~ I 10:. . 00 1000 0000 1001 104. 60 
1000 0 0 11 1100 10;: . 05 1000 0000 1000 104 . 65 
1000 00 1 ; 1011 10,: . 10 1000 0000 0 I 1 I 104. 70 
1000 0011 10 1111 I 0i: . I 5 1000 0000 0 110 104. 75 
1000 00 11 I 01~ I 10,.. 20 1000 0000 0101 10 4 . 80 
1000 00 1 1 10130 I 02 . ::,5 1000 0000 0 100 104. 8'5 
1}'100 0011 011 I ) 10,: . 30 1000 0000 0011 104 . 90 
1000 00 11 0 I 10 J 0~ . 35 1000 0000 0010 104 . 95 
1000 00 I I 1/1 10 I 10;: . 40 1000 0000 000 1 105.00 
1000 0011 0 100 I Iii,: . 4 5 100'1' 0000 0000 105.05 
1000 00 11 00 11 10<.. 50 0 1 1 1 I I 1 I I I I 1 105. 10 
1000 00 I 1 00llil ]0(.. . 55 0 1 I I I I I I I 110 I 05 . I 5 
1000 00 11 0001 10 ;: . 60 01 1 I I I I I 11 0 I 105. 21!1 
1000 0011 0001~ I 0.:. 6'5 01 I I 1 I I I 11 00 10'5. '25 
100 0 0010 I I I I 10, . 70 0 11 I 1 I I I I 01 I 105. 30 
1000 0010 111 0 10::. 75 0 I 11 I I I I 10 10 105. 35 
1000 0010 I I 0 I I 0Z.80 0 I I I I I I I 1001 105 . 40 
1000 0010 11 00 10Z. 85 011 I I I I I 1000 105.45 
1000 0010 10 11 11'l2. 90 01 11 1 1 I I 01 I I 105.50 
1000 0010 10 ll~ 102. 95 01 11 I I I I 0110 105 . 55 
1000 0010 100 1 103 . 0111 0 11 1 111 l 01,u 105. 60 
1000 0010 101~0 103 . 05 0 1 I 1 I I I I 0100 105. 65 

JUMPERS FREQ JUMPERS 

LKJI HGJE DCBA MHZ LKJ l HGFE DCBA 

0 I 11 1 I I I 00 11 10'5.70 011 I 10 I 1 1 I 1 I 
0 11 1 111 1 0010 10':i. 75 011 1 1011 1110 
0 11 1 1 111 0001 105.80 01 11 101 I 1 101 
0 1 1 I l I 1 I 0000 105 . 8 5 011 1 101 1 1 I 00 
0 111 1110 1 I 1 1 105. 90 01 I I 101 I 101 1 
0 I 1 1 11 10 I 110 105 . 95 0 1 I I I 01 I 1010 
0 I I I 1 11 0 II IH 106. 00 0 1 I 1 10 I I I 001 
0 I I I 1110 1 l 01~ 106 .05 0 111 l 0 I I 1000 
0 I I I I I 10 I 011 106 . 10 0 1 I I 101 I 01 1 I 
011 1 111 0 1010 106 . 15 01 11 1011 0110 
0 111 111 0 I 01~ I 106 . 20 0111 101 1 0101 
0 111 I 110 1000 106 . 25 0 I I I 101 I 011~0 
0 1 11 1 110 0 l I I 106 . 30 01 l I 101 I 0011 
0 I 11 1110 0 11 0 106 . 35 0111 1011 0010 
0 I 11 1110 0 101 106. 40 011 1 1011 0001 
0 I 11 111 0 0100 106. 45 01 I I 101 1 0000 
01 I I I I 10 001 1 106 .50 011 I 1010 I I I 1 
01 I I 1110 00 10 106 . 55 0111 1010 I 110 
0 I I I I I 10 000 1 106 . 60 01 I 1 1010 I 10 1 
01 11 1 I 10 0000 106 . 65 0 11 1 1010 1100 
01 l I I 101 1111 106 . 70 01 I I 1010 10 I I 
01 11 I 10 1 I 1 10 106 .75 0 1 I I 1010 1010 
0111 I 101 1101 106 . 80 01 I I 1010 1001 
0 11 I I 101 1100 106 . 8 5 0111 1010 1000 
01 1 I 1101 I 01 I 106 . 90 01 I I 1010 011 I 
01 I I 110 1 101 0 106.95 011 1 1010 0110 
0 I 11 110 1 1001 107.00 01 11 1010 0 101 
0 111 I 101 1000 107 . 05 0 I I I 1010 0100 
0 I 11 1101 0111 1a1 .1 0 01 I I 1010 00 I 1 
011 I 110 I 01 10 107 . 15 01 11 1010 0010 
011 I 1 10 1 0101 107 . 20 01 I 1 1010 0001 
0 1 11 11 01 0100 107. 25 011 1 10 10 0000 
0 I I I 11 0 I 0011 107. 3 0 0111 1001 I I I 1 
0111 1 I 0 I 00 10 107. 3'5 01 I I 1001 I I 10 
0 1 I I 110 1 0001 107.40 0 11 I 100 1 I I 0 I 
01 11 I 101 0000 107.45 01 I 1 1001 1100 
0111 1100 1 I I I 107. 50 0 1 I I 1001 1011 
01 I I 11 00 11 10 107.55 0 I 1 I 100 1 1010 
0 1 I I 1100 1101 107. 60 0111 1001 1001 
01 I I 1100 I l 01~ 107 . 65 0 11 1 1001 1000 
0111 1100 10 1 I 107.70 0111 1001 01 I I 
0 11 I 1100 1010 107.75 01 11 1001 0110 
l'J I I I 1100 1001 107. 80 0111 1001 0101 
01 1 I 1100 1000 107 . 8 5 01 1 I 1001 0100 
0 1 I I 1100 0111 107 . 90 0111 1001 0011 
0 I I I 1100 0110 107. 95 0111 1001 0010 
0 I 1 l 1100 0101 108 .00 01 I I 1001 0001 
0 I 11 1100 0100 108 .05 0 I I I 1001 0000 
0 I I 1 1100 001 1 
01 11 1100 0010 
0 11 I 11 00 0001 
0 1 I I 1100 0000 

1742-55 

TABLE 4-1 . FREQUENCY PROGRAM CHART 
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• 

and bypasses low-pass filter Ul8 . When the lock detector/delay detects 
lock, t~e gain of Ul6 is reduced and low-pass filter 018 is connected in the 
signal path. The output provides control voltage to the MOD OSC module VCO 
assembly for frequency correction . An additional output to the de meter 
cir cuit provides an indication of the de output control voltage which usu
ally ranges from positive three volts to +12 Vdc. 

4-24 . POWER. An input of positive five volts de from the exciter power 
supply is internally filtered to operate the logic circuitry. The +5V indi
cator provides an indication of the operation of the five volt source. An 
additional input of +20 Vdc applied through R36 is stabilized by zener diode 
CR6 to provide +15 volt potential. Re-regulated +15 Vdc inputs from the MOD 
OSC module provide +15 Vdc potentials to operate the AFC/PLL MODULE loop 
filter circuit . 

5-1. CORRECTIVE MAINTENANCE 

SECTION V 

MAINTENANCE 

5-2. The MS- 15 FM Exciter module maintenance philosophy consists of prob
lem isolation to a specific area or individual component and subsequent iso
lation and replacement of the defective component • 

5-3. TROUBLESHOOTING 

5-4. In event of problems, the trouble area must first be isolated to a 
specific area. Most troubleshooting consists of visual checks. The MODULA
TION meter, MULTIMETER, fuse Fl, circuit breaker CBl, and tbe indicators on 
each module should be used to determine in which area the malfunction ex
ists. All module power supplies are equipped with LEDs which indicate a 
problem associated with an individual module monolithic voltage regulator. 
A consistent pattern of dark LEDs however, would indicate an exciter de dis
tribution bus fault. 

5-5. Once the trouble is isolated to a specific area , refer to the theory 
section of this manual for circuit discussion to aid in problem resolution. 
Table 5-1 lists typical trouble symptoms pertaining to the individual module 
operaton with references to fault isolation diagrams listing probable causes 
and corrective actions. A corrective action given for a trouble symptom is 
not necessarily the only answer to a problem. It only tends to lead the re
pairman into the area that may be causing the trouble. An extender board 
(HARRIS PN 992 4989 001) is provided with the exciter to assist in trouble
shooting . In event parts are required, refer t o Section VI, Parts List . 
The following information is contained in this section as an aid to mainte
nance: 

Rev . F: 6/81 888-1472-007 15 

WARNING: Disconnect primary power prior to servicing. 
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REFERENCE TITLE NUMBER 

Figure S-1 AFC/PLL MODULE Parts Layout • Table S-2 AFC/PLL MODULE Parts Index 

Figure S-2 AFC/PU. MODULE Waveforms 

Figure S-3 AFC/PLL MODULE Schematic 852 8394 001 

• 

16 888-1742-007 Rev. F: 6/81 • 
WARNING: Disconnect primary power prior to servicing. 
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Table 5-1. AFC/PLL MODULE Fault I solation Index 

SYMPTOM 

LOOP WILL NOT LOCK 
(LOCK indicator out) . 

LOOP LOCKS ON INCORRECT 
FREQUENCY (LOCK indicator 
illuminated). 

NOISE 

3125 HZ WHINE 

SLOW WAVERING OF FREQUENCY 
(LOCK indicator illuminated). 

LOOP LOCKS THEN QUICKLY 
UNLOCKS 

OUTPUT OFF FREQUENCY 

Rev. F: 6/81 

DEFECT/REFERENCE 

Figure 5-4 

Figure 5-5 

Figure 5- 6 

Figure 5-7 

Figure 5-8 

Figure 5-9 

Refer to table 3-2 and adjust the 
FREQ ADJ Control • 

888-1742-007 17 

WARNING: Disconnect primary power prior to servicing. 
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• 

A 

• 

1742-33 

Figure 5-1. AFC/PLL MODULE Parts Layout 

• 18 888-1742-007 Rev . F: 6/81 

WARNING: Disconnect primary power prior to servicing. 
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Figure 5-2 • AFC/PLL MODULE Waveforms 

888-1742-007 

WARNING: Disconnect primary power prior to servicing. 
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Figure 5-2. AFC/PLL MODULE Waveforms (Continued) • 22 888-1742-007 Rev. F: 6/81 

WARNING: Disconnect primary power prior to servicing. 
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• 

• 

• 

LOOP Lons 0~ lNCORllECT FREQUENCY (LOCK 1-.0ICATOR lLLUMlMfEll) 

I 
Pl.AU 1 Ill. AfC/PLL HODUI.L ON THl 
LXTlN~lk HOARD. CHLC~ THE. ANOOl 
Of CR& FOR •I~ voe +201. IS COR· 
IU.CT PO!L~l !Al. PRlSlNP 

ns -Lso------------------------, 
tHlC~ PINS J• A~D 40 FIIR POS!T!Vl 
MD SEC:AT!VL 1~ V!Jl; +0.o VOL IS 
UlRRl(;l PllTIS"T!Al. PRi:SlST' 

lllFtCT !VI +20 VIJC INf'L"T t"ROH 
lXCIHk POl.l.R Sl'PPLY OR Ut· 
HCTIVl CR6/k36. 

~0-----------------~ 

111.A~URl THl fRlQUlSLY AT Lb PIN 2. 
IS !Ill fREQUlNCY 1/ lbTII OF THE 
LXLI HR OPEkATil-C FREl/(;L~CY? 

lllfl.L11\'l +S VOC RlC\:LATOR IS lXC!TlR POI/ER SUPPLY. 

klflR TO 1A8Ll 4-1. LOCATl Ttll:. OP· 
lkAT !SC fRl.<)UI.NCY Of lllE lXCII ER 
A.~D ~Oil THl CORRlSPONOINC CODE. 
1'.ACH 1 CORRESPONDS TO ·~ voe MD 
LACH O CORlllSPONllS TO O voe. 
RlflR TO FIGURl ~-l ASD VlRIFY 111TH 
A VOLTM!,.TlR THAT TIil VOLTACLS AT 
Pl~S J , 4, S, and 6 Of U8 , UIO , AND 
Ull CllRRlSPONDS TO THL CODE I.I STlD 
BY TABLE 4-1. IS THl CODE CORR£CTLY 
PROGRA.'iXl:D' 

DlfECTIVl U6 CIRC\;ITRY. 

NO---------------------~ 

NOTE THE FREQUENCY AT U12 Pll> 9. 
DIVIDE TIIE EXCITER OPERATING FRE
QUENCY l S HERTZ BY SO, 000 AND 
MULTIPLY Tit£ RlSUI.T BY Tl!£ FREQUENCY 
NOTED AT Ul2 PIN 9. THE RESULT HUST 
EQUAL TIU:. FREQUENCY AT U7 PIN 8 
EXACTLY, SUBJ!:.CT OtlLY TO THE ACCURACY 
OF THE FREQU£.'ICY HEASURINC £QUIPHEN1. 
DO THE FREQUENCIES MATCH? 

IS A 10.000 MHZ SIGNAL PRESENT AT TP9? 

INCORRECTLY PLACED PROCRAK 
JUNJ'ER OR DEFECTIVE U9. 

SUBSTITllTE Ul2. IF THE PROBLEM IS NOT COllRECTED 
SU8STITL"TE U8, UIO, AJ,O Ull UNTIL Tit£ PROBLEM IS 
COllRECTED. 

YlS NO----------------------~ 

IS A S.000 MHZ SIGNAL PRlSENT AT U2 PIN 12? Rt.FlR TO TABLL J-2 A.~0 ADJUST THE FllEQ ADJ COIITROL. 

!SA 2.500 MHZ SIGNAL PRlSl:.NT AT UJ PIN 12? DEFECTIVE l/2 CIRCUITRY. 

YES ~•)-----------------------------~ 

IS A 500 KHZ SICNAL PRESENT AT U2 PIN 111 JJlnCTIVl UJ CIRCUITRY. 

NO----------------------------------, 

lS A 100 KHZ SlCNAL PRESENT AT UJ PIN 11? UEFECTIVE U2 CIRCUITRY. 

YES NO--------------------------------------, 

IS A 12. S KHZ SICNAJ. PRESENT AT U4 PIN 117 DEFt.:CTlVl UJ CIRCUlTRY. 

YES NO---------------------------------------~ 

IS A 6250 HZ SICNAJ. PRESENT AT US PlN 91 DEFECTIV!:. U4 CIRCUITRY. 

YES--110------------------------------------------, 

15 A Jl2S HZ SICNAJ. PRESENT AT U4 PIN 127 DEFECTIVE US CI RCUITRY. 

NO---------------------------------------------, 

IS A 3125 HZ QUAllRATUllE SIGNAL PRESE.~T AT US PIN 57 llEFECT! VE U4 CIRCU I TRY. 

YES NO-----------------------------------------------~ 

DEFECTIVE UI) CIRCUITRY. DEFECTI VE 1,;S CIRCUITRY. FIGURE 5-5. LOOP LOCKS ON INCORRECT FREQUENCY 
(LOCK INDICATOR ILLUMINATED) 
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• 

NOISE 

I 
MONlTOR THE OUT~UT OF TIU: EXCITER TO EN-
SURE THE NOISE IS AN EXCITER PROBLEM. 

I 

PLACE THE AFC/PLL MODULE ON Tl!E 
EXTENDER BOARD. CHECK THE ANODE 
OF CR6 FOR +15 VDC +20%. 
CORRECT POTENTIAL PRESENT? 

YES__j_Nn 

CHECK PINS 34 AND 40 FOR POSITIVE 
ANlJ NEGATIVE 15 VDC +-0.6 VDC. IS 
CORllCT POTENTIAL PRESENT? 

IS 

DEFECTIVE +20 voe INPUT FROM 
EXCITER POWER SUPPLY OR DE
FECTIVE CR6/RJ6. 

YES NO-----------------

CHECK TP12 FOR +5 voe + 20%. 
CORRECT POTENT!AL PRESEN'r? 

DEFECTIVE ±15 VOLT INPUT FROM MOD OSC K>DULE . 

YES Nu---------------------, 

REMOVE THE AFC/PLL MOlJULE FROM THE EXCITER WITH 
POWER APPLIED. DOES THE NOISE CEASE? 

DEFECTIVE +5 VOC REGIJl.ATOR IN EXCITER POWER SUPPLY . 

NOTE 

THE EXCITeR WILL REMAIN ON FREQUENCY FOR A PERIOD 
OF TIME WITH THE AFC/PLL MOIJULE REMOVED AS THE 
CAPACITOR ASSOCIATED WITH THE FINAL POLE OF LOOP 
FILTERING (CJB) IS LOCATED IN THE MOO OSC MODULE. 

REMOVAL OF THE AFC/PLL MODULE WILL OPEN THE AFC 
INTERLOCK RELAY (Kl) ANO CAUSE THE TRANSMITTER 
TO SHUT DOWN. 

Y~S NO------------------- - ----, 

SUBSTITUTE Ul7. DOES THE NOISE CEASE? DEFECTIVE MOD OSC MODULE. 

YES 

DEFECTUVE Ul 7 • 

Rev . F: 6/81 

NO--------------- -

SUBSTITUTE UlS. DOES nu: 
NOISR CEASE? 

NO----, ~i - - --- ---YES 

I DEFECTIVE un. ) SUIISTITUTE Ul6. DOES 
THE NOISE CEASE? 

------YES NO--~ 

DEFECTIVE Ul6. I OEFEC.'T IVE UHi. 

Figure 5-6 . Noise 

888-1742- 007 

WARNING: Disconnect primary power prior to servicing. 
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6-1. GENERAL 

SECTION VI 

PARTS LIST 

6-2. Refer to table 6-1 for replaceable parts which are required for 
proper maintenance of the MS-15 AFC/PLL module. Table entries are indexed 
by component reference designator • 

Rev . F: 6/81 888-1742-007 33 
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Table 6-1. AFC/PLL MODULE Front Panel - 992 4985 001 

• REF. SYMBOL HARRIS PART NO. DESCRIPTION QTY. 

------- 992 4986 001 AFC/PLL MODULE Circuit Board 1 
(Refer to table 6-2) 

• 

• 34 888-1742-007 Rev. F: 6/81 

WARNING: Disconnect primary power prior to servicing. 
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• 
Table 6-2 . AFC/PLL MODULE Circuit Board - 992 4986 001 

REF. SYMBOL HARRIS PART NO. DESCRIPTION QTY. 

Cl 526 0331 000 Capacitor, 0 . 33 uF, 35V, 20% l 

C2 500 0804 000 Capacitor, 10 pF, 500V, Mica t 

C3 526 0049 000 Capacitor, 6 . 8 uF, 35V, 20% 1 

C4 .526 0359 000 Capacitor, 4 7 uF, 20V, 10% l 

cs 516 0375 000 Capacitor, 0 . 01 uF, 50V 1 

C6 516 0484 000 Capacitor, 0.1 uF, lOOV, 10% l 

C7 508 0336 000 Capacitor, 0 . 5 uF, lOOV, 10% l 

cs 508 0280 000 Capacitor, 0.25 uF, 100V, 10% l 

C9 526 0049 000 Capacitor, 6 . 8 uF, 35V, 20% l 

• 
ClO ,ell 522 0422 000 Capacitor, 1000 uF, lOV 2 

Cl2 thru Cl9 516 0375 000 Capacitor, 0 . 01 uF, 50V 8 

C20 500 0755 000 Capacitor , 270 pF, Mica , 500V l 

C21 516 0375 000 Capacitor, 0 . 01 uF, 50V l 

C22 500 0833 000 Capacitor, 390 pf, 500V, Mica, 5% l 

C23 516 0375 000 Capacitor , 0.01 uF, 50V 1 

C24,C25 516 0484 000 Capacitor 0.1 uF, lOOV, 10% 2 

C26 516 0375 000 Capacitor, 0.01 uF, 50V l 

C27 526 0311 000 Capacitor, 2.2 uF, 35V, 20% 1 

C28 thru C31 516 0375 000 Capacitor, 0.01 uF, 50V 4 

C32 508 0336 000 Capacitor , 0.5 uF, lOOV, 10% l 

C33 526 0047 000 Capacitor, 220 uF, lOV, 20% 1 

C34,C35 526 0049 000 Capacitor, 6 .8 uF, 35V, 20% 2 

• Rev. F: 6/81 888- 1742- 007 35 

WARNING: Olaconnect primary power prior to servicing. 
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Table 6- 2 . AFC/PLL MODULE Circuit Board - 992 4986 001 (Continued) 

REF. SYMBOL 

CRl 

CR2 

CR3 ,CR4 

CR5 

CR6 

CR7 

CR8 

Ll 

Ql 

Q2 

Rl 

R2 

R3 

R4 

R5 

R6 

R7 ,RB 

R9 

RlO 

Rll 

Rl2 

Rl3 

36 

HARRtS PART NO. DESCRIPTION 

384 0205 000 Diode, Silicon, 1N914 

384 0661 000 LED, Green 

384 0610 000 LED, Green 

384 0205 000 Diode, Silicon, 1N914 

386 0092 000 Diode, Zener, 1N4744 

387 0205 000 Diode, Silicon, 1N914 

384 0664 000 LED, Yellow 

494 0436 000 Inductor, 15 uH 

380 0189 000 Transistor, 2N3904 

380 0421 000 

540 1116 000 

540 1222 000 

540 1156 000 

540 1111 000 

540 1222 000 

540 1189 000 

540 1116 000 

540 1122 000 

540 1107 000 

540 1116 000 

540 1107 000 

548 0317 000 

Transistor, 2N4258 

Resistor, 1000 ohm, l/2W, 5% 

Resistor, 62k ohm, l/2W, 5% 

Resistor, 2700k ohm, l/2W, 5% 

Resistor, 10k ohm, l/2W, 5% 

Resistor, 62k ohm, 1/2W, 5% 

Resistor, 9100 ohm, l/2W, 5% 

Resistor, 1000 ohm, l/2W, 5% 

Resistor, 47k ohm, l/2W, 5% 

Resistor, 20k ohm,l/2W, 5% 

Resistor, 1000 ohm, l/2W, 5% 

Resistor, 20k ohm, l/2W, 5% 

Resistor, 301k ohm, l/4W, 1% 

QTY. 

1 

l 

2 

1 

l 

1 

1 

l. 

1 

1 

1 

1 

1 

l 

1 

1 

2 

1 

1 

l 

t 

l 

888-1742-007 Rev. F: 6/81 
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Tabl e 6- 2 . AFC/PLL MODULE Circuit Board - 992 4986 001 (Continued) 

REF. SYMBOL HARRIS PART NO. DESCRIPTION QTY. 

Rl 4 540 1111 000 Resistor, l0k ohm, l/2W, 5% l 

Rl5 540 1183 000 Resistor, 5600 ohm, l/2W, 5% l 

R16 540 1216 000 Resistor 330 Ohm, l/2W 5% t 

Rl7 540 1192 000 Resistor, 51 ohm, l/2W, 5% l 

Rl8 550 0914 000 Potent iometer , 10k ohm l 

R19,R20,R21 540 1165 000 Resistor, 3300 ohm, l/2W, 5% 3 

R22 , R23, R24 540 1116 000 Resistor , 1000 ohm, l /2W, 5% 3 

R25 540 1181 000 Resis t or , 680 ohm, l/2W, 5% 1 

R26 540 1225 000 Resis t or, 82 ohm, l/2W, 5% l 

• 
R27 540 1191 000 Resistor, 560 ohm1 1/2W, 5% 1 

R28 540 1115 000 Resistor, 470 ohm, l /2W, 5% l 

R29 540 1190 000 Resistor, 240 ohm, l/2W, 5% l 

R30 540 1181 000 Resistor, 680 ohm, l/2W, 5% l 

R31 540 1110 000 Resistor , 68 ohm, l/2W, 5% l 

R32 540 1113 000 Resistor, 18k ohm, l/2W, 5% 1 

R33 540 1181 000 Resistor, 680 ohm, l/2W, 5% l 

R34 540 1113 000 Resistor, 18k ohm, l /2W, 5% l 

R35 540 1116 000 Resis t or , 1000 ohm, l /2W, 5% 1 

R36 540 0308 000 Resistor, 100 ohm, lW, 5% l 

R37,R38 540 llll 0000 Resistor , 10k ohm, l/2W, 5% 2 

R39 540 1116 000 Resistor , 1000 ohm, l /2W, 5% l 

R40 540 1212 000 Resistor, 220k ohm, l/2W, 5% l 

• Rev . F: 6/81 888-1742- 007 37 
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Table 6-2. AFC/PLL MODULE Circuit Board - 992 4986 001 (Continued) 

REF. SYMBOL HARRIS PART NO. DESCRIPTION 

R41 540 1184 000 Resistor, 15k ohm, 1/2W, 5% 

R42 540 1111 000 Resistor, 10k ohm, l/2W , 5% 

R43 540 1162 000 Resistor, 1 Megohm, l/2W, 5% 

R44 540 1322 000 Resistor, 10 Megohm, l/2W, 10% 

Ul 700 0423 000 Oscillator, Crystal, 10 MHz 

U2,U3 382 0162 000 Integrated Circuit, N7490N 

U4 382 0034 000 IC, SN7493AN, Texas Instrument 
Only 

US 382 0121 000 Integrated Circuit, DM7474N 

U6 382 0541 000 Integrated Circuit, MC10178L 

U7 

U8 

U9 

UlO,Ull 

Ul2 

U13 

Ul4 

Ul 5 

Ul6 

Ul7 

Ul8 

XU2 thru XU5 

XU6 

382 0082 000 

382 0532 000 

540 1331 000 

382 0532 000 

382 0121 000 

382 0148 000 

382 0428 000 

382 0174 000 

382 0472 000 

382 0523 000 

382 0472 000 

404 0674 000 

404 0675 000 

Integrated Circuit, MC7420P 

Integrated Circuit, DM74161AN 

Resistor, Network, lk ohm, 2% 

Integrated Circuit, SN74161N 

Integrated Circuit, DM7474N 

Integrated Circuit, SN74123N 

Integrated Circuit, LN358N 

Int egrated Circuit, MC4044P 

Integrated Circuit, LM318N 

Integrated Circuit, MC14066BCP 

Integrated Circuit , LM318N 

Socket, IC, 14 Contact 

Socket, IC, 16 Contact 

QTY. 

l 

l 

1 

1 

l 

2 

1 

1 

1 

l 

l 

l 

2 

1 

1 

1 

l 

l 

1 

l 

4 

1 
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Table 6- 2 . AFC/PLL MODULE Circuit Board - 992 4986 001 (Cont inued) 

• REF. SYMBOL HARRIS PART NO. DESCRIPTION QTY. 

XU7 404 0674 000 Socket, IC , 14 Contact 1 

XU8 404 0675 000 Socket, IC, 16 Contac t l 

XU9 404 0674 000 Socket, IC, 14 Contact 1 

XUlO ,xun 404 0675 000 Socket, I C, 16 Contact 2 

XU12 404 0674 000 Socket , IC, 14 Cont act 1 

XU13 404 0675 000 Socket, IC, 16 Contact 1 

XU14 404 0673 000 Socket, IC, 8 Contact 1 

XU15 404 0674 000 Socket, IC, 14 Contact l 

XU16 404 0673 000 Socket , I C, 8 Cont ac t l 

XU17 404 0674 000 Socket , IC, 14 Contact l 

• XU18 404 0673 000 Socket, IC, 8 Contact l 

610 0750 000 Test Probe, Type C 1 

612 0890 000 Tes t Jack, Vertical Pr i nted 
Circuit Mount 12 

843 1800 001 Printed Boar d 1 

• Rev. F: 6/81 888-1742- 007 39/40 
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TECHNICAL MANUAL 

MOD OSC MODULE 

994 4987 001 

HARRIS CORPORATION 

Broadcast Products Division 

Printed: October 1977 
Revision A: February 1978 

Revision B: August 1978 
Revision C: March 1979 
Revision D: April 1980 
Revision E: March 1980 

Revision F: June 1981 
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WARNING 

THE CURRENTS AND VOLTAGES IN THIS EQUIPMENT ARE 
DANGEROUS. PERSONNEL MUST AT ALL TIMES OBSERVE 
SAFETY REGULATIONS. 

This manual is intended as a general guide for trained and qualified personnel 
who are aware of the dangers inherent in handling potentially hazardous 
electrical/electronic circuits. It is not intended to contain a complete 
statement of all safety precautions which should be observed by personnel in 
using this or other electronic equipment. 

The installation, operation. maintenance and service of this equipment 
involves risks both to personnel and equipment, and must be performed only by 
qualified personnel exercising due care, HARRIS CORPORATION shall not be 
responsible for injury or damage resulting from improper procedures or from 
the use of improperly trained or inexperienced personnel performing such tasks. 

During installation and operation of this equipment, local building codes and 
fire protection standards must be observed. 11\e following National Fire 
Protection Association (NFPA) standards are recommended as references: 

- Automatic Fire Detectors, No. 72E 
Installation, Maintenance, and Use of Portable Fire Extinguishers. 
No. 10 

- Halogenated Fire Extinguishing Agent Systems, No . 12A 

WARNING 

ALWAYS DISCONNECT POWER BEFORE OPENING COVERS, 
DOORS, ENCLOSURES, GATES, PANELS OR SHIELDS. 
ALWAYS USE GROUNDING STICKS AND SHORT OUT HIGH 
VOLTAGE POINTS BEFORE SERVICING. NEVER MAKE 
INTERNAL ADJUSTMENTS, PERFORM MAINTENANCE OR 
SERVICE WHEN ALONE OR WHEN FATIGUED. 

Do not remove, short-circuit or tamper with interlock switches on access 
covers, doors, enclosures, gates, panels or shields. Keep away from live 
circuits, know your equipment and don't take chances, 

WARNING 

IN CASE OF EMERGENCY ENSURE TRAT POWER RAS BEEN 
DISCONNECTED. 

888-1742-008 Rev. F: 6/81 
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Treatment of Ele ctrical Shock 

l. If victim is not responsive follow the A-B-Cs of basic life support. 

PLACE VICTIM FLAT ON HlS BACK ON A HARD SURFACE 

® AIRWAY 

lF I.JN1,,0NStlOUS , 
OPI N AIRWAY 

ur T uP ·JECK 
PUSH l'Of?(ttEAD BAI..K 
CLLAR OUT MOUTH IF NCCLSSARY 
OBSLRVI rnR BREATH!Nb 

t H(Ci< CARO 1 TD PULSE 

IF PULSE ABSENT, 
BEGIN ARTIFICIAL 
ClPCULA1!0N 

© C IRCULAT I ON 

® BREATH ING 

IF NOT BRCATHING , 
BEGIN ARTIFICIAL 
BREAlHtNG 

TlLT HLAD 
PI NCH NOSTRILS 
MAKE AIRTIGHT SEAL 

4 QUICK FULL BREATHS 

REMEMBER MOUTH TO MOUTH RESUSC ITATION 
MUST BE COMMENCED AS SOON AS POSSlELt 

DEPRESS STERNUM l l/2" TO 2" 

{

ONE RESCUER 
APPROX. 15 COMPRESSIONS 
80 SLC . 2 QUI CK BREATHS 

APPROX .{ TWO RESCUERS 
bO SEC 5 COMPRESSIONS 

• 1 BREATH 

NOTE : DO NOT INTERRUPT RHYTHM OF COMPRESSI ONS 
WHEN SECOND PERSON lS GIVING BACATH 

Call for medical assistance as soon as possible. 

2 . If victim is responsive. 

a. keep them warm 
b. keep them as quiet as possible 
c . loosen their clothing 

(a reclining position is recommended) 

Rev. F: 6 / 81 888- 1742-008 iii 
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FIRST-AID 

Personnel engaged in the installation, operation, maintenance or servicing of 
this equipment are urged to become familiar with first-aid theory and 
practices. The following information is not intended to be complete first-aid 
procedures, it is brief and is only to be used as a reference. It is the duty 
of all personnel using the equipment to be prepared t o give adequate Emergency 
First Aid and thereby prevent avoidable loss of life. 

Treatment of Electrical Burns 

1. Extensive burned and broken skin 

a. Cover area with clean sheet or cloth. 
article.) 

(Cleanest available cloth 

b . Do not break blisters, remove tissue, remove adhered particles of 
clothing, or apply any salve or ointment. 

c. Treat victim for shock as required. 
d . Arrange transportation to a hospital as quickly as possib le. 
e . If arms or legs are affected keep them elevated. 

NOTE 

If medical help will not be available within an 
hour and the victim is conscious and not 
vomiting, give him a weak solution of sal t and 
soda: l level teaspoonful of sal t and 1/2 
level teaspoonful of baking soda to each quart 
of water (neither hot or cold). Allow victim 
to sip slowly about 4 ounces (a half of glass) 
over a period of 15 minutes, Discontinue fluid 
if vomiting occurs. (Do not give alcohol .) 

2. Less severe burns - (1st & 2nd degree) 

a . Apply cool (not ice cold) compresses using the cleanest availabl e 
cloth article. 

b. Do not break blisters, remove tissue, remove adhered particles of 
clothing, or apply salve or ointment. 

c. Apply clean dry dressing if necessary . 
d. Treat victim for shock as required. 
e. Arrange transportation to a hospital as quickly as possible. 
f . If arms or legs are affected keep them elevated . 

REFERENCE : ILLINOIS HEART ASSOCIATION 

iv 

AMERICAN RED CROSS STANDARD FIRST AID AND PERSONAL SAFETY MANUAL 
(SECOND EDITION) 

888- 1742-008 Rev . F: 6/81 
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1-1. EQUIPMENT PURPOSE 

SECTION I 

GENERAL DESCRIPTION 

1-2. The MOD OSC MODULE contains the voltage controlled oscillator (VCO) 
assembly which generates the frequency modulated rf carrier from a composite 
modulating signal input. An rf amplifier chain on the module produces an rf 
output at 2S0 milliwatts to drive the RF AMP module and an output at t wo 
milliwatts is used as a feedback signal to the AFC/PLL module. The rf out
put frequency is control led by a de voltage obtained from the AFC/PLL module 
as part of phase locked frequency control. Level switching for different 
combinations of SCA, s t ereophoinic, and monaural operation is also provided 
by the module. 

1-3 . TECHNICAL CHARACTERISTICS 

1-4. Table 1-1 lists operating characteristics and parameters of the MS-15 
MOD OSC MODULE and VCO assembly. 

GENERAL 

SECTION II 

INSTALLATION 

2-1. 

2- 2. Refer to 888-1742-001 , MS-1S FM Exciter, Section II, Installation. 

3-1. GENERAL 

SECTION III 

CONTROLS AND INDICATORS 

3- 2. Figure 3-1 shows the location of each control or i ndicator associated 
with the MS-15 MOD OSC MODULE and table 3-1 1 ists the controls and indica
tors with a description of each item listed. Control setup adjustments are 
listed in table 3-2 . 

Rev. F: 6/81 888-1742-008 1 
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2 

Table 1-1. Technical Characteristics 

FUNCTION 

INPUTS 

POWER: 

SIGNAL: 

QUAD COMPOSITE 
SCA 1/SCA 2 COMPOSITE 

STEREO or MONO COMPOSITE 
EXTERNAL COMPOSITE 

CONTROL: 

AFC CONTROL VOLTAGE 

SCA 1/2 CONTROL 

OUTPUTS 

POWER: 

SIGNAL: 

RF DRIVE 

PLL FEEDBACK 

DETECTED RF 

B-BAND AUDIO 

CHARACTERISTIC 

+20 Vdc@ 0.200 amperes 

-20 Vdc@ 0.025 amperes 

1.0 RMS for 100% modulation. 
100 millivolts RMS for 10% modula
tion. 
1.0 RMS for 100% modulation . 
1.0 RMS for 100% modulation. 

+3 Vdc to +12 Vdc, Dependent 
exciter frequency. 

+6 Vdc with SCA off. 
-6 Vdc with SCA on. 

+15 Vdc @ 0.022 amperes 

-15 Vdc @ 0.018 amperes 

upon 

250 milliwatt on-frequency rf to RF 
AMP module. 

2.0 milliwatt on-frequency rf sam
ple to AFC/PLL module . 

3.5 Vdc to de meter circuit 

l.OV RMS to ac meter circuit 

888-1742-008 Rev . F: 6/81 
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REF. 

l 

2 

3 

4 

5 

6 

7 

8 

4. 

Table 3-l. MOD OSC MODULE Controls and Indicators 

CONTROL/INDICATOR 

-lSV I ndicator (CR6) 

+lSV Indicator (CR5) 

VCO GAIN 
Control (R74) 

DIST. NULL 
Control (R67) 

B- BAND LEVEL 
Control (R56) 

SCA-1 LEVEL SHIFT 
Control ( R54) 

SCA-2 LEVEL SHIFT 
Contr o l (RSS) 

RF POWER CALIBRATE 
Control ( R72) 

11 luminates 
MODULE - 15 
tional. 

Illuminates 
MODULE +15 
tional. 

FUNCTION 

to indicate the MOD OSC 
vo l t regulator is opera-

to indicate the MOD OSC 
volt regulator is opera-

Adjusts VCO modulation sensitivity. 

Adjusts amount of pre- distort ion ap
plied to modulating signal. 

Adjusts total modulation level for cor
rect drive to pre-distortion network. 

Adjusts attenuation of modulating sig
nal to allow SCA-1 injection without 
ovennodula t ion. 

Adjusts attenuation 
nal to allow SCA- 2 
overmodulation. 

of modulating sig
injection without 

Calibr ates excit er MULTIMETER MOD OSC 
module rf power indication. 

888-1742-008 Rev. F; 6/81 

WARNING: Disconnect primary power prior to servicing. 
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B-BAND LEVEL 
Control (R56) 

Table 3-2. Control Adjustments 

CONTROL ADJUSTMENT 

1. Remove the STEREO ANALOG module 
from the exciter. 

2 . Remove the module from the ex
citer and remove the side cover. 

3. Mount the module in the exciter 
using the extender board pro
vided with the exciter. 

4. Depress the OFF switches on 
each SCA module. The SCA OFF 
indicators will illuminate . 

5. Disconnect the signal from the 
COMPOSITE INPUT (J4) on the 
rear of the exciter and apply a 
2. 83V P-P +1% 400 Hz sinewave -into J4 • 

6. Connect an oscilloscope to moo-
itor pin 6 of Ul for a 4 .6V P-P 
signal. 

7. Adjust R56 to obtain a 4.6V P-P 
+1% indication. -

8. Disconnect the oscilloscope, 
remove the module and extender 
board, replace the s ide cover 
and replace the module in the 
exciter. Replace the STEREO 
ANALOG module and reconnect the 
signal to the COMPOSITE INPUT 
(J4). 

VCO GAIN Control (R74) 1. Remove the STEREO ANALOG module 
from the exciter. 

Rev. F: 6/81 

2. Remove the module. Mount the 
module in the exciter using the 
extender board provided with 
the exciter • 

888-1742-008 

WARNING: Disconnect primary power prior to servicing. 
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Table 3-2. Control Adjustments (Continued) 

CONTROL 

DIST. NULL Control (R67) 

3. 

ADJUSTMENT 

Connect the exciter 
to a 50 ohm load 
directional coupler 
sampler. 

rf output 
through a 

or line 

4. Connect a modulation monitor to 
the line sampler or the forward 
port of the directional coupler. 

5 . Disconnect the signal from the 
COMPOSITE INPUT (J4) on the 
rear of the exciter and apply a 
2.83V P-P +U 400 Hz sinewave 
into J4. 

6 . Adjust R74 to obtain an indi
cation of 10% modulation. 

7. Remove the module and extender 
board, replace the module in 
the exciter, and reconnect the 
exciter output to the load. 
Replace the STEREO ANALOG mod
ule and reconnect the signal to 
the COMPOSITE INPUT (J4) . 

l. Remove the STEREO ANALOG module 
from the exciter. 

2. Remove the module from the ex
citer and remove the side cover. 

3. Mount the module in the exciter 
using the extender board pro
vided with the exciter. 

4. Connect the exciter rf output 
to a 50 ohm load through a di
rectional coupler or line 
sampler . 

888-1742- 008 Rev. F : 6/81 

WARNING: Disconnect primary power prior to servicing. 
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Table 3-2 . Control Adjustments (Continued) 

CONTROL ADJUSTMENT 

5. Connect a modulation monitor to 
the line sampler or the forward 
port of the directional coupler. 

6. Connect an intermodulation dis
tortion analyzer to the modula
tion monitor composite output 
or the audio output with the 
de-emphasis disabled. 

7. Disconnect the signal from the 
COMPOSITE INPUT (J4) on the 
rear of the exciter and apply a 
2 .83V P-P +1% SMPTE intermodu
lation test-signal into J4. 

8. Check the voltage at pin 6 of 
Ul with an oscilloscope for 
4 .6V P-P +1%. If the ~oltage 
is incorrect, the B-BAND LEVEL 
Control ( R55) adjustment proce
dure must be accomplished be
fore proceeding. 

9. Adjust R67 to obtain a minimum 
intermodulation distortion. 

10. Change the signal input to the 
COMPOSITE INPUT (J4) to a 2,83V 
P-P +1% 400 Hz sinewave. 

11. Check the voltage at pin 6 of 
Ul with an oscilloscope for 
4.6V P-P +1%. If the voltage 
is incorrect, the B-BAND LEVEL 
Control (R56) adjustment pro
cedure must be accomplished 
before proceeding • 

888-1742-008 

WARNING: Disconnect primary power prior to servicing. 
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Table 3- 2. Control Adjustments (Continued) 

CONTROL ADJUSTMENT 

SCA-1 LEVEL SHIFT 
Control (R54) 

SCA-2 LEVEL SHIFT 
Control (R55) 

12 . Check the modulation monitor 
for 100% total modulation . If 
the modulation level is not 
correct, the VCO GAIN Control 
(R74) adjustment procedure must 
be accomplished before pro
ceeding. 

13. If R56 was adjusted in step 11 
or R74 was adjusted in step 12, 
repeat steps 4 through 12 until 
R56 and R74 no longer require 
adjustment. 

14. If R56 was adjusted, depress 
the MODULATION B-BANO switch 
and adjust the R5 on the ac 
meter board unt i 1 the MODULA
TION meter indicates 100%. 

15 . Remove the module and extender 
board, replace the side cover, 
replace the module in the ex
citer, and reconnect the ex
citer output to the load. Re
place the STEREO ANALOG module 
and reconnect the signal to the 
COMPOSITE INPUT (J4). 

1, Remove the STEREO ANALOG module 
from the exciter. 

2, Depress the OFF switches on each 
SCA module. The SCA OFF indi
cators will illuminate. 

3. Remove the module. Mount the 
module tn the exciter using ex
tender board provided with the 
exciter. 

4. Depress the B-BANO MODULATION 
meter switch. 

888-1742-008 Rev. F: 6/81 

WARNING: Disconnect primary power prior to servicing. 
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Table 3-2. Control Adjustments (Continued) 

CONTROL ADJUSTMENT 

5. Depress the SCA l ON switch . 
The SCA l ON indicator will il
luminate. 

6. Connect the exciter rf output 
to a 50 ohm load through a dir
ectional coupler or line 
sampler. 

7 . Connect a modulation monitor to 
the line sampler or the forward 
port of the directional coupler. 

8. Connect an SCA monitor to the 
SCA provision on the modulation 
monitor. 

9. Adjust the INJ LEV control on 
the SCA l module for the de
sired amount of SCA 1 injection • 

10. Apply a 2.83V P-P +1% 400 Hz 
s inewave to the COMPOSITE INPUT 
(J4) on the rear of the exciter. 

11. Adjust R54 to obtain an indica
tion of 100% total modulation 
on the MODULATION meter. 

12. Disconnect the test signal ap
plied to the COMPOSITE INPUT 
(J4) on the rear of the exciter. 

13. Repeat steps 9 through 12 until 
100% total modulation at the 
desired SCA injection level u 
obtained. 

14. Repeat steps l through 14 for 
the SCA 2 module, adjusting R55 • 

888-1742-008 

WARNING: Disconnect primary power prior to servicing. 
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Table 3-2. Control Adjustments (Continued) 

CONTROL ADJUSTMENT 

15. Remove the module and extender 
board. Replace the module in 
the exciter and reconnect the 
exciter output to the load. 
Replace the STEREO ANALOG mod
ule and reconnect the signal to 
the COMPOSITE INPUT (J4). 

R. F. POWER CALIBRATE 
Control (R72) 

l. Remove the module. Mount the 
module 1n the exciter using the 
extender board provided with 
the exciter. 

10 

2. Depress the MULTIMETER MOD OSC 
meter switch. 

3. Adjust R72 to obtain a 300 mil
liwatt indication on the MULTI
METER. 

4. Remove the module and extender 
board and replace the module in 
the exciter. 

888-18742-008 Rev. F: 6/81 

WARNING: Disconnect primary power prior to servicing. 
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4-1. CIRCUIT DESCRIPTION 

SECTION !V 

PRINCIPLES OF OPERATION 

4-2. The MOD OSC MODULE contains a VCO sub-module which generates a fre
quency modulated rf carriet" (see figure 4-1). The rf center frequency is 
controlled by a de correction voltage from the AFC/PLL module as part of a 
phase locked loop. The carrier deviation is controlled by a modulation 
voltage produced from individual audio inputs. The module rf output is am
plified into two outputs of approximately 250 milliwatts and two milliwatts 
to drive the RF AMP and AFC/PLL modules, respectively. 

4-3 . GENERAL DESCRIPTION 

4-4. SUMMING AMPLIFIER/PREDISTORTION. Individual composite inputs from 
each option are summed at the input to the module summing amplifier. An RC 
input network ensures each signal is summed in the correct proportion. A 
true summing node at virtual ground eliminates interact ion between inputs. 
An SCA control input and a level swit cher arrangement controls the summing 
amplifier gain to allow for various combination of SCA channel s and maintain 
a constant peak modulating signal level. The slight distortion in VCO modu
lation characteristic to other designs is substantially reduced in the 
MS-15. The modulating signal is applied to a predistortion network which 
adds a small portion of distortion to cancel distortion generated by the VCO . 

4-5 . VCO SUB-MODULE. The voltage controlled oscillator accepts the pre
distorted audio input and a de frequency correction voltage from the AFC/PLL 
module and generates the modulated rf carrier. A varactor tuned MOSFET os
cillator drives a MOSFET buffer stage for isolation. 

4-6. RF AMPLIFIER. The r f amplifier produces two outputs from the 300 
millivolt RMS output of the VCO sub-module, One output of 250 milliwatts 
drives the RF AMP module and the second output of two milliwatts is applied 
co the AFC/PLL module as the phase locked loop feedback. path to control the 
rf carrier center frequency. 

4-7. DETAILED DESCRIPTION 

4-8 . AUDIO PREAMPLIFIER. Five composite signals are input to the modula
ted oscillator. The quadraphonic composite and stereophonic or monaural 
composite inputs are de coupled and the SCA 1, SCA 2, and the external com
posite inputs are ac coupled to amplifier Ul . All modulation applied to am
plifier Ul is summed to a total modulation (B-BAND) signal. The amplifier 
gain is established by feedback through resistor R51 and the B-BAND LEVEL 
control (R56) which provides an adjustment to obtain a precise signal lev
el. The B- Band audio is output from the audio preamplifier at the level of 
4.6V P- P to the ac meter module which provides an indication of the modula
ting signal level (see figure 4-2) . 

Rev. F: 6/81 888-1742- 008 11 
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4-9. LEVEL SWITCHER. Whenever an SCA subcarrier is enabled, a positive 
six volt de level closes a corresponding MOD OSC MODULE CMOS swi tch pair in 
U2 . This shunts feedback resistor R51 and reduces the gain of the audio 
preamplifier. The SCA-1 LEVEL SHIFT control (R54) and the SCA-2 LEVEL SHIFT 
control (R55) provide an adjustment to calibrate the gain reduction to the 
SCA channel injection level. As a result, 100% peak modulation is main
tained for all combinations of SCA, monaural, and ster eophonic modes . A 
negative six volt de level input from each SCA module to the respective CMOS 
switch holds the CMOS switches open when the SCA subcarrier is off . To pre
vent level switcher operation when an SCA module is removed from the ex
citer, an internal negative six volt source is connected to each control in
put to U2. 

4-10. PREOISTORTION NETWORK. The predistortion network cancel s the slight 
distortion caused by nonlinearity of the VCO to produce lower audio distor
tion, high stereo separation, and improved SCA performance. The predistor
tion is accomplished by a diode/resistor network which accepts total modula
tion from amplifier Ul and acts as a level dependent voltage divider across 
the DIST. NULL control (R67) and the VCO GAIN control (R74). The signal 
level at the output of R67 is 4.6V P-P and may be checked at t est point TP-2. 

4-11. The cathodes of diodes CRlO and CRll are biased at +0.57 volts and 
the cathodes of diodes CR9 and CR12 are biased at +l.42 volts. When ampli
fier Ul outputs zero volts (no signal), diodes CR9 and CRlO will conduct and 
diodes CRll and CR12 are turned off. As the modul ating voltage swings in a 
positive direct ion, CR9 and CRlO conduct less and eventually turn off. As 
the modulating voltage swings in a negative direction, CRll and CR12 turn on 
when the modulating voltage exceeds the bias t hreshold on each diode. 

4-12. Whenever any diode is turned on , the modulation signal from amplifier 
Ul is shunted to ground through resistors in the predistortion network. 
This effect slightly stretches the positive portion of the modulating signal 
in the negative direction to cancel the effect of the VCO assembly slight 
modulation nonlinearity. The DIST . NULL control (R67) provides an adjust
ment to control the amount of predistortion and the VCO GAIN control (R74) 
pr ovides an output level adjustment. 

4-13. VCO ASSEMBLY. The voltage controlled oscillator comprises a varactor 
diode tuned Hartley oscillator using MOSFETS in submodule. In the event of 
VCO failure, repairs to the VCO assembl y may be made by cutting out the de
fective component and installing a replacement. 

4-14. Modulation Input. Predistorted modulation is applied through the VCO 
GAIN control (R74) and coupled through capacitor C37 to the VCO input. The 
modulation is applied to a back-to-back configuration of varactor diodes in 
the tank circuit of oscillator Ql . 

4-15. As the time constant of coupling capacitor C37 is many times the fre
quency control phase locked loop lockup time, the capacitor must be quickly 
charged when power is applied to ensure a stable locked condition. 

12 888-1742-008 Rev. F: 6/81 

WARNING: Disconnect primary power prior to servicing. 
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The capacitor is charged by a network consisting of Q6 and associated com
ponents which charges the capacitor close to the steady state value and de
couples itself from the active signal path to present a high impedance input 
to the varac t or diode network . When power is applied, Q6 is turned ON by 
C59 and C70. C37 is charged through Q6 and a resistive voltage divider. 
When C49 becomes charged Q6 turns off and C37 continues to charge at a slow 
rate from the positive source through R31. 

4 -1 6. AFC Input. The VCO assembly frequency output 1.s determined by the 
AFC voltage input from the AFC/PLL module, a positive going potential ap
plied to the VCO assembly increases the oscillator frequency . If the VCO 
frequency is higher than the internal reference in the AFC/PLL module, a 
negative going potential applied to the VCO assembly decreases the oscilla
tor frequency. A steady de potential on the AFC line indicates the VCO fre
quency and the internal reference frequency in the AFC/PLL module agree. 
The AFC voltage is applied to a back-to-back configuration of varactor 
diodes to control oscillator Ql. 

4-17. Oscillator/Amplifier. The frequency control voltage and predistorted 
modulation are combined by the varactor diode network and applied to a com
mon drain ttartley MOSFET oscillator (Ql). The oscillator is connected in a 
triode configuration with both gates tied together. Capacitor C3 adjusts 
the bias voltage on the varac t ors for a region of reduced sensit ivity to 
noise voltage. The AFC will lock within a range of 3-12v, but a nominal 
value of 5-7v is selected for optimum FM S/N consideration. A MOSFET am
plifier follows che oscil l ator as a buffer stage which outputs the carrier 
signal. A transformer provides isolation for the fol l owing amplifier stages • 

4- 18. Rf OUTPUT CIRCUIT. The rf amplifier i s powered by the -15 volt sup
ply and operates on an isolated ground plane. The rf ground plane must not 
be grounded as this will short the -15 volt de supply potential. Two rf 
outputs from the module are provided. One output provides a feedback path 
for the fequency control phased locked loop circuit in the AFC/PLL module. 
The second output provides drive to the RF AMP module . 

4-19. The rf input to the amplifier chain is inductively coupled by trans
former Tl in the VCO to common base amplifier Ql . Separate outputs from Ql 
drive the AFC/PLL module input circuit and the succeeding amplifier stages 
in the MOD OSC MODULE . This provides isolation between the rf amplifier 
drive and the AFC/PLL module frequency divider s which tend to generate 
switching products and cause mutual interference . One output from Ql drives 
a common emitter amplifier Q2 which outputs two milliwatts of rf through 
low-pass filter to the AFC/PLL module divide by 16 counter. The second out
put from Ql drives a connnon emitter amplifier Q3 which in turn drives the 
two successive class B amplifiers (Q4 and QS). The output of QS is applied 
to a Chebishev impedance matching l ow-pass filter (L9 , LlO, Lll C23, and 
C24) which attenuates harmonics and provides a 50 ohm impedance output from 
QS. The output of 250 milliwatts is applied by microstrip transmisssion 
line to drive the RF AMP modul e. The RF AMP module drive is sampled by an 
rf detector and fed to the de meter circuit which provides an indication of 
the rf output level . The RF POWER CALIBRATE control (R72) allows calibra
tion of the meter indication • 

Rev. F: 6/81 888-1742-008 17 
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4-20. POWER. Inputs of positive and negative regulated 20 Vdc are re-regu
lated by U3 and 04 into +15 Vdc sources to operate the MOD OSC MODULE. Out 
puts of positive and negative 15 Vdc are applied to the AFC/PLL module to 
operate the loop filter circuitry. Diodes CR13, CR14,' CR15, and CR16 pro
vide reverse voltage protection for t he regulator and module circuitry. 
Light emitting diodes provide a status indication of the operation of the 
positive (+15V) and negative (-lSV) fifteen volt power supplies. Addition
ally, positive and negative six Vdc sources are produced from a series cir
cuit consisting of CR7, R34, and CR8 from the +15 volt pot entials to control 
the CMOS level switching circuits. 

5-1. CORRECTIVE MAINTENANCE 

SECTION V 

MAINTENANCE 

5-2. The MS-15 FM exciter module maintenance philosophy consists of prob
lem isolation to a specific area or individual component and subsequent iso
lation and replacement of the defective component. 

5-3. TROUBLESHOOTING 

5- 4. In event of problems, the trouble area must first be isolated to a 
specific area. Most troubleshooting consists of visual checks. The MODULA
TION meter, MULTIMETER, fuse Fl, circuit breaker CBl, and the indicators on 
each module should be used to determine in which area the malfunction ex
ists. All module power supl ies are equipped with LEDs which indicate the 
module power supply status. A single dark LED would indicate a problem as
sociated with an individual module monolithic voltage regulator. A consis
tent pattern of dark LEds however, would indicate an exciter de distribution 
bus fault. 

5-5. Once the trouble is isolated to a specific area, refer t o the theory 
section of this manual for circuit discussion to aid in problem resolution. 
Table 5-1 lists typical trouble symptoms per taining to the individual module 
operation with references to fault isolation diagrams listing probabl e 
causes and corrective actions. A corrective action given for a trouble 
symptom is not necessarily the only answer to a problem. It only tends to 
lead the repairman into the area that may be causing the trouble . An ex
tender board (HARRIS PN 992 4989 001) is provided with the exciter to assist 
in troubleshooting. In event parts are required, refer to Section VI, Parts 
List. The following information is contained in this section as an aid to 
maintenance: 

18 888-1742-008 Rev. F: 6/81 
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REFERENCE TITLE NUMBER 

• Figure 5-1 MOD OSC MODULE Parts Layout 

Table 5-2 MOD OSC MODULE Parts Index 

Figure 5-2 MOD OSC MODULE Waveforms 852 8406 001 

Figur e S-3 MOD OSC MODULE Schematic 829 2599 001 

• 
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Table 5-1. MOD OSC Module Fault Isolation Index 

• SYMPTOM DEFECT/REFERENCE 

NO RF OUTPUT (AFC/PLL 
module LOCK indicator 
illuminated). Figure 5-4 

NO RF OUTPUT (AFC/PLL 
module LOCK indicator out). Figure 5-5 

NOISE Figure 5-6 

DISTORTION Figure 5-7 

NO MODULATION Figure 5-8 

• 

20 888-1742-008 Rev. F: 6/81 • 
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NO RF OUTPUT (AFC/ PLL MODULE LOCI( INDICATOR OUT) 

I 
PLACE TllE MOD OSC MODULE ON Tl!£ 
EXTENDER BOA!lD. CHECK MODULE 
PINS 33 AND 39 FOR POSITIVE AND 
NEGATIVE 15 VDC +o.6 voe. IS n1& 
COlUlEC'T POTENTIAL PRESENT? 

1---------YES_J_NO-------, 

CHECK TIIE ANOD£ OF CR7 FOR -t6 VDC 
+20% AND TIIE CATHODE OF CR8 FOR 
~6 voe. +20%. ARE THE CORRECT 
POT!:NTIALS PRESENT? 

YES 

DEFECTIVE !:15 VOLT RECU!.ATOR. I 

Of.PRESS TUE MOD OSC HULTUl£TER SWITCH. 
DOES THE MULTlll£TER tNDICATE DRIVE IS 
PRESENT 

DEFECTIVE _t6 VOLT RECUI.ATOR CIRCUIT. 

I 
OEPECTIVE APCIPLL MODULE . CHECK TUE EMITTER OF QI 111TH A 

100 HHZ OSCILLOSCOPE OR RF 
VOLTl1ETER. IS RF PRESENT? 

,----------YES--'
1--No-- -------

CHECK ntE BASE OF Q) 111TH A 
100 MHZ OSCILLOSCOPE OR 1U' 
VOLTME:TER. IS RF PRESENT! 

,-----YES NO------, 

DEFE~IVE QI CHECK THE BASE or Q4 \/ITH A 
100 MIIZ OSCILLOSCOPE OR RF 
VOLTMETER. IS RF PRESENT7 

..-----YES NO---------, 

ARC J 

OEPRlSS THE AFC HUL TMETI:R SIITTCJI. 
DOES THE HULTlHETER INDI CATE LESS 
THAN TWO VOLTS? 

YES NO 

CHECK THE BASE OF Q5 \/ITH A 
100 MHZ OSCILLOSCOPE OR RF 
VOLTMETER. IS RF PRESENT? 

DE1ECTTVF. Q3 
CIRCUITRY. 

REFER TO THE FINAL TEST AOUENOIJM 
SHEETS SlllPPED WITH TH£ EQUIPKf.NT 
ANO NOTE THE AFC VOLTAGE. APPLY 
TRE STATED VOLTAGE TO HOUULE PtN. 
27. 

NOTE 

YES No---------, 
nu: AFC HETER WILL NOT 
INDICATE THIS VOLTAGE. 
CH6CK THE DUTTER OF QI 
WITH A 100 MHZ OSCILLOSCOPE 
OR RF VOLTMETER, IS RF 
PRESENT? 

DEFECTIVE. QS 
CIRCUITRY, 

Figure 5-5. 

30 

DEFECTIVE Q4 
CIRCUITRY. 

.--------------------YES 

DEHCT1V£ 
AFC/ PLL 
MODULE. DEFECTIVE VCO SUBHODULE. THE VCO SUBMODULE HAY BE 

REPAIRED, REPLACED AND ALIGNED, OR THE ENTIRE MOD 
OSC MODULE HAY BE RETURNED TO HARRIS FOR REPAIR DR 
EXCHANGE. 

NOTE: IIIE POTfINC MATERIAL MAY BE REMOVED FROM THE 
COMPONENTS 1N THE VCO SUBMODULE 111TH A KNIFE. USE 
CARE NOT TO DEFORM THE COILS IN TIIE ASSEMBLY , 

TIU! ONl.Y COMPONENTS PRONE TO FAILURE ARE CRI ,\111) 

CR4 (TIIE AFC VARACTORS), CR2 ANO CR.3 (THE HODtn.ATINC 
VARACTORS) , ANO QI ANO Q2 (THE HOSPETS). 

tN EHERCENCY, THE VARACTORS HAY BE REPLACSD WITH 
S(Hl LIAR UNITS lollilCH EXHIBIT 26 TO 32 l'F AT A TIIREE 
VOLT BIAS, lF ONE VARACTOR IS DEFECTIVE AND A TYPE 
OTHER THAN Tl!E ORIGINAL IS USED FOR REPAIR, BOTH 
DIODES OF THE PAlR HUST BE REPLACED. AFTER REPAIRS, 
NEIi ENCAPSUI.ANT MUST BE POURED INTO THE SUBHODULE 
TO MAINTAIN GOOD MECHANICAL CHARACTERISTICS. 

No RF Output (AFC/PLL Module Lock Indication Out) 

888-1742-008 Rev . F: 6/81 

WARNING: Disconnect primary power prior to servicing, 

• 

• 

• 
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• 

• 

• 

NOISr 

I 
ru.c1. mE HOD osc ~DUL[ 0~ TIit 
tXTl~'1lER &oAltl>. CliECK ltODIJLf 

PISS lJ A.'1D 39 FOR l'OSITIVE AND 
MCAllVt IS VOC +0.6 voe. 1S 
lllL UJRJ!ECT POTENTlf,,L PR£SENT? 

,-----------YES ___ ._I _M>--------, 
I I 

llll ~ TIIE A.'IODt OF CR 7 FOR •6 voe 
:';20l AND lltL C<\TliOlll Of CRd l"l)R 
-~ V1JC -,.20z. Nil Tllf CORI\U;t 

Ptll ENT! ALS PJILSLNT? 

I DHU;'C.Vt. .!,Is VOLl REC;llt.\TOR. I 

YE.S--~1 -NO-----------------~ 

Rl: . .'lOH. TUI <\fC/l'LL ~Dl:Lt IROH lllF. txcnu WITII 

POl.'tR t,Ptllrl•. oors THl NOIS CU.SU 

Nun 
nn. tXCITIR 1/JLL Rf.MAIS OS FREt/ULNC'I fl)R ... 
P[RIOIJ Lll Tl!II llllli 111[ t,pi;/PLL ~Olltll RE,

:-tol'[D A!> lHF lAl'ACITOR ASSllCJATFD IIITII nu: 
FISAL !'()LE: or WOP fllTl:RISC (C)8) IS LOCA· 
TED IN TIil '.-11.lD OSl' '4<.JD\'Lt. 
Rtl~lVAl Of TIIE Aff./1'1,I. :-IODCL[ ~•11.L ori-:N TltL 

MC INTt.RLllCK REI.A~ (Kl) AND CAUSL Till TRANS· 

~ITH.R TO Slil'T OOIIX, 

I llf.tl'CT J\'t. •6 YOLr llEGIJI.ATOR CIRCUIT 

HS-___....__:,,v--------------------
DI fl.C I l /\FC/l'LL ~o~u T))ll'ORARILY ru.n A SHORT ACROSS 

Rl2. Rl:)IOVt JHE SHORT. DID Till 
NOISC DIS/J'PEAR7 

~----YES so---------, 

UNSOLDER ONE 1!11D OP Rl2 fRCJ,t ntr TI.HPORAlllLY SHORT rHE 
CONNECTION OF R)l AND 
R/4 TO CROlJl'ID. RE-
HO\lf Tit£ SHORT. DtD Tltf 
NOi St. Dl SArPt:ARI 

Cl RCltlT 80/IRD. Tt:MPORARlLY CONNECT 
A .00\ llP CAPACITOR FROM TIIE EXIT• 
TEI\ C1F QI TO A COOi> FH R£CF1 VER 01'
HOOUU.TlOII HllNITOII . IS TltE NOISl 
PRESUIT' 

Rev . F: 

~---·ns 

OlF[CTIVl Ul, U2 OK 
ASSOCIATED CIRCUIU\ 

DI SCUMIECT THE l:Al1Attr0R ANO R£ 
PLACE Rll. 

~-------------------YES---'---NO 

I 
Dt.rlCTl\'1. \'CO SCl!.'lOIILU. lUl VCO S~0l10Dt;Lf .'1AY 6l 

U rAtRfD. MtPLAClb ,\.~U AUC:.lD, OR THE L'likl ltOO 

')Sc.; '400\:U !IAY IE RCT\:RNtD TO IWUIIS t"OR RU'AIR OR 
LX~11A~.i;t. 

~Ort; TH[ POlTUIG NA'rtll!AL lt/lY Se RUtOVIO rROH THI, 

("llMt'li~f.NTS I~ THE vco Sl1~/10DULl WIT!l t, KNIFE. ust 

CAML :,OT to llEfORli THE COi LB IN THE ASSPfftLY, 

11tl \IM Y C0:1.l'OM~'TS PRO~[ lO tAILCII£ AKF CRI "-'D 

•:R4 nu•. AFC. VARACTORS). <:R2 /\1.0 CR) ( IHl HOIIULA· 
! INC V/\RAi;TORS), ANll <ll ANO Ql (nit MOSITTS), 

I~ L'ILRC.l~\;\, fl<l VNIACTOkS 11>,\ Bl REPI..AC£11 WI Tit 

Sl!'IILl/lk l·~ns Wlll(;II I.XJll8l1 :>b 10 )2 Pr AT /\ THRlt. 

VOLT BIAS. If O~E VARACTOI\ IS DEn:cnvi; A!fD A TYPl 

OllllR nw. TIIE OR!Gll</\1. IS USED FOR REPAIR, BOTH 

11101/lS Of TIii PAIR 11\JST lit: RlfLAC.tD. AfTEN REPAIRS. 

NL\/ l:NCArStl..ANT IIIJST 5l POURUl rnTO Tl!£ SU8MODULt 10 

~l:,lAI~ <,000 HLCltA:HCAI. CHARACTERISTICS . 

F i gure 5- 6. 

!HE PROBLEM IS ASSOClATED ll!Tli NONLINEARLY 1.llffRAtED 

liOISE OR SPURIOLS OSCILLATIONS IN SliCCEDl!iG RF A.'fP

Llflf II STAGES. PROB£ EACH SUCCtDl~G STAGE WITH THE 

.001 CAPACIIOR A.~D NOISE i'IONITOR U~TIL Tli[ NOISY 

STACC IS FOUND. 

Noise 

6/81 888-1742-008 31 

WARNING: Disconnect primary power prior to servic ing. 

http://www.SteamPoweredRadio.Com


www.SteamPoweredRadio.Com

DISTOR110N 

I 
NOTE: BEFORE PRECEE'.OtNC, ENSURE TIIE MODULATION MONITOR 
WlliCH IS USED TO MEASURE DISTORTION HAS LESS THAN 0,05% 
INTERNAL DISTORTION. 

I 
PLACE THE HOO OSC MODULE ON THE 
EXTENDER BOARD, CHECK MODI/LE 
PlNS 13 AND 19 FOR POSITIVE AND 
NEGATIVE 15 voe +o. 6 VOC. IS 
THE CORRECT POTENUAL PRESENT? 

YES 

CHECK THE ANODE OF CR7 FOR +6 voe 
+201 AND THE CATIIOOE OF CR8 FOR -
VOC +20%. ARE THE COAAECT POTEN 

lALS PRESENT? 

I "0 

I D£FECTIVE +15 VOLT REGULATOR, 

,---YES--_._--tlO-----------------,, 

MEASURE THE DISTORTION AT I DEFECTIVE ±6 VOLT REGULATOR CIRCUIT. 
MODULE PINS. IS THE DIS- . 
TORTION PRESENT l..£SS TIIAN 
0 . 25'%-? 

NO------, 

IS TIIE DISTORTION ON THE 
ORDER OF 0. 2511 

1
..-------YES---'---Nu----, 

REFER TO TABLE 3-2 AND 
ADJUST TIIE DIST. NULL 
COi.'TROL (R6 7), 

TEMPORARILY PLACE A SHORT ACROSS R67 
i\NO M'EASURE THE DISTORTION AT HODIILE 
PlN 6. NOTE THE MEASIIREMENT, 

Mf;ASUR£ THE DISTORTION OUTPUT BY TIIE 
VCO SUBHOOULE AT SUBMODllLE PINS I AND 
2. NOTE THE H£ASUREHENT AND Rf.MOVE TIIE 
SHORT FROM ACROSS R67. (11lE TWO 
MEASUREMENTS WILL BE OUT OF PHASE), 

IS TIIE DISTORTION GREATER THAN 0. 25\7 

,------------YES--''--N0--------
1 

ISOLATE DEFECTIVE COMPONENT IN PREDISTORTION NETWORK, DEFECTIVE VCO SIJMODULE. Tl!E VCO SUBMODULE MAY BE 
REPAIRED, REPLACED AND ALIGNED, OR Tl!E Et(TIRE MOD 
OSC MODULE HAY BE RETURNED TO HARRIS fOR REPAI.R OB 
EXCHANGE. 

32 

Figure 5-7. 

NOTE: Tl!E POTTtNC MATERIAL MAY BE RE.'!OVEO FROM THE 
COMP0!'1£NTS IN Tl!E VCO SUBMODULE WITH A KNlf'E. USE 
CARE NOT TO DEFORM THE COll.S IN THE ASSEMBLY. 

TIIE ONLY COMPONENTS PRONE TO FAILURE AR£ CRl AND 
CR4 (TIIE AFC VARACTORS), CR2 AND CR4 ( Tl!E MODULA
TING VARACTORS), ANO Ql AND Q2 (THE HOSFETS). 

1N EMERGENCY , TIIE VAAACTORS MAY BE REPLACED WITII 
SI.MILIAR UNITS WHICH EXIIIBIT 2b TO 32 PF AT A 
THREE VOLT BlAS. If ONE VAAACTOR IS DEFECTIVE 
AND A TYPE OTHER TIIAN TIIE 01\IClNAL IS USED FOR RE
PAIR, BOT!! DIODES Of THE PAIR MUST BE REPLACEO. 
AFTER RKPAlRS, Nl!.1,1 ENCAPSUlJINT MUST BE POURED INTO 
THE SUBMODULE TO MAINTAIN GOOD MECHANICAL CHARACTER
ISTICS. 

Distortion 

888-1742-008 Rev. F: 6/81 

WARNING: Disconnect primary power prior to servicing. 

• 
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• 

• 

• 

NO MODULATION 

I 
PLACE THE MOD OSC MODULE ON THE 
EXTENDER BOARD . CHECK MODULE 
PINS 33 AND J9 FOR POSITIVE AND 
NEGATIVE 15 VDC +o . 6 voe . IS 
TIIE CORRECT POTENTIAL PRESENT? 

- ---YES I N;u-:--------

CHECK TUE /\NODE OF CR FOR +6 voe 
+20% AND THE CATHODE OF CR8 FOR -6 
VDC +20%. ARE THE CORRECT POTEN
TIALS PRESENT? 

DEFECTIVE ± 15 VOLT REGULATOR. 

r-
1
---Yr:S-__. _ _ N .1-------------, 

DEFECTIVE !,6 VOLT REGULATOR CIRCUIT. 
CONNECT A l.OV RMS AUDIO SOURCE TO THE 
COMPOSITE INPUT CONNECTOR (J4) ON '!'HE 
REAR OF TUE EXCITER. DEPRESS 'l'HL ll 

BAND MODULATlON METER SWITCH, DOES THF. 
HETER INDICATE ACTIVITY? 

,-----YES--L-
1 -NO------------

DEFECTIVE Ul 
CIRCUITRY, 

CHECK FOR MODULATING VOLTAGE ACROSS 
R32 (10 TO 50 MILLIVOLTS FOR 100% 
MODULATION). DOES THE VOLTAGE 
EXIST? 

1
----- -YES--.._-NO- -----------

DEFECTIVE VCO SUBMODULE. THE VCO SUBMODULE MAY BE 
REPAIRED, REPLACED AND ALIGNED, OR THE ENTIRE MOD 
OSC MODULE MAY BE RETURNED TO HARRIS FOR REPAIR OR 
EXCHANGE . 

NOTE: THE POTTING MATERIAL MAY BE REMOVED FROM '1'111'. 
COMPONENTS lN THE VCO SUBMODULE WITH A KNlFE. USE 
CARE NOT TO DEl'ORM THE COILS IN THE ASSEMBLY . 

THE ONLY COMPONENTS PRONE TO FAILURE ARE CRl AND CR4 
(THE AFC VARACTORS) , CR2 AND CR3 (THE MODULA1'1Nt: VAR
ACTORS) , AND Ql A.~U Q2 (THE MOSFETS). 

IN EMERGENCY , THE VARACTORS MAY BE REPLACED WITH SI MILIAR 
UNITS WHICH EXHIBIT 26 TO 32 PF AT A THREE VOLT BIAS . IF 
ONE VA.RACTOR IS DEFECTIVE AND A TYPE OTHER THAN THE ORIG
INAL IS USED FOR REPAIR, BOTH DIODES OF THE PAIR MUST BE 
REPLACED, AFTER REPAIRS, NEW ENCAPSULANT MUST BE POURED 
INTO T~E SUBMODULE TO MAINTAIN GOOD 1-lECHANICAL CAARACTER
!STICS . 

Figure 5-8. No Modul a t ion 

Rev. F: 6/81 888-1742- 008 

OPEN R74, OPEN R67, OR 
SllORT TO GROUND BETWEEN 
R74 AND R67 . 

1742- 82 

WARNING: Disconnect primary power' prior to servicing. 
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6-1. GENERAL 

SECTION VI 

PARTS LIST 

6-2 . Refer to table 6- 1 for replaceable parts which are required for prop
er maintenance of the MS-15 MOD OSC MODULE and VCO assembly . Tables entries 
are indexed by component reference designator . 

Table 6-1. Replaceable Parts List Index 

TABLE 
NO. UNIT NOMENCLATURE PART NO. PAGE 

6-2 MOD OSC MODULE Front Panel 992 4987 001 6-31 

6-3 MOD OSC MODULE Circuit Board 992 4988 001 6- 32 

6- 4 VCO Assembly 992 5049 001 6-39 

6-5 VCO Assembly Circuit 
Board 992 5048 001 6-40 

34 888-1742-008 Rev. F: 6/81 

WARNING: Disconnect primary power prior to servicing. 

• 

• 

• 

wigfi
Stolen 2 Line Transparent
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• 
Table 6-2. MOD OSC MODULE Front Panel - 992 4987 001 

REF. SYMBOL HARRIS PART NO. DESCRIPTION QTY. 

------ 992 4988 001 MOD OSC MODULE Circuit Board l 
(Refer t o table 6-3) 

• 

• Rev . F: 6/81 888-1 742- 008 35 

WARNING: Disconnect primary power prior to servicing. 
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Table 6-3. MOD OSC MODULE Circuit Board - 992 4988 001 

• ' 

REF. SYMBOL HARRIS PART NO. DESCRIPTION QTY. 

Cl 500 0833 000 Capacitor, 390 pF, 500V, Mica 1 

C2 ,C3 500 0842 000 Capacitor, 820 pF, 300V, Mica 2 

C4 500 0807 000 Capacitor, 18 pF, 500V, Mica l 

cs 500 0833 000 Capacitor, 390 pF, 500v, Mica l 

C6,C7,C8 500 0811 000 Capacitor, 27 pF, 500V, Mica 3 

C9 500 0804 000 Capacitor, 10 pF, 500V, Mica l 

ClO 500 0833 000 Capacitor, 390 pF, 500V, Mica l 

Cll 516 0375 000 Capacitor, 0,01 uF, 50V l 

Cl2 500 0809 000 Capacitor, 22 pF, 500V, Mica l 

Cl3 500 0811 000 Capacitor, 27 pF, 500V, Mica l 

Cl4 500 0809 000 Capacitor, 22 pF, 500V l • Cl5 516 0375 000 Capacitor, 0 . 01 uF, SOV 1 

Cl6 500 0833 000 Capacitor, 390 pF, 500V, Mica 1 

Cl7 516 0375 000 Capacitor, 0.01 uF, 50V 1 

Cl8 500 0811 000 Capacitor, 27 pF, 500V, Mica l 

Cl 9 516 0375 000 Capacitor, 0 . 01 uF, 50V 1 

C20 500 0833 000 Capacitor, 390 pF, 500V, Mica l 

C21 515 0375 000 Capacitor, 0.01 uF, 50V 1 

C22 516 0453 000 Capacitor, O.l uF, lOOV, 20% 1 

C23,C24 500 0809 000 Capacitor, 22 pF, 500V 2 

C25 526 0049 000 Capacitor, 6 . 8 uF, 35V, 20% t 

C26 500 0833 000 Capacitor, 390 pF, 500V , Mica l 

• 36 888-1742- 008 Rev. F: 6/81 

WARNING: Disconnect primary power prior to servicing. 
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Table 6- 3. MOD OSC MODULE Circuit Board - 992 4988 001 (Continued) 

• REF. SYMBOL HARRIS PART NO. DE SC Rt PTION QTY. 

C27 500 0803 000 Capacitor, 5 pF, 500V, Mica 1. 

C28 500 0833 000 Capacitor, 390 pF, 500V, Mica 1 

C29 516 0453 000 Capacitor, 0 .1 uF, lOOV, 20% 1 

C30 500 0833 000 Capacitor, 390 pF, 500V, Mica l 

C31 516 0453 000 Capacitor, 0.1 uF, lOOV, 20% l 

C32 526 0057 000 Capacitor, 100 uF, 20V, 20% l 

C33 516 0375 000 Capacitor, 0.01 uF, 50V l 

C34,C35 526 0049 000 Capacitor , 6 . 8 uF, 35V, 20% 2 

C36 516 0375 000 Capacitor, 0 . 01 uF, 50V l 

C37 526 0352 000 Capacitor, 18 uF, 35V, 10% 1 

• C38 526 0340 000 Capacitor, 1 uF, 35V, 10% l 

C39 516 0375 000 Capacitor, 0.01 uF, SOV l 

C40,C41 526 0049 000 Capacitor, 6 . 8 uF, 35V, 20% 2 

C42 516 0375 000 capacitor, 0 . 01 uF, 50V l 

C43 500 0833 000 Capacitor, 390 pF, soov, Mica 1 

C44 526 0057 000 Capacitor, 100 uF, 20V, 20% l 

C45 516 0375 000 Capacitor, 0 . 01 uF, SOV l 

C46 526 0057 000 Capacitor, 100 uF, 20V, 20% l 

C47 516 0375 000 Capacitor, 0 . 01 uF, SOV 1 

C48,C49 526 0049 000 Capacitor, 6.8 uF, 35V, 20% 2 

C50 500 0804 000 Capacitor, 10 pF, SOOV, Mica 1 

CSl thru CSS 516 0375 000 Capacitor, 0 . 01 uF, SOV 5 

• Rev . F: 6/81 888-1742-008 37 

WARNING: Disconnect primary power prior to aertlclng. 
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Table 6-3 . MOD OSC MODULE Circuit Board - 992 4988 001 (Continued) 

• REF. SYMBOL HARRIS PART NO. DESCRIPTION QTY. 

C56,C57 526 0047 000 Capacitor, 220 uF, lOV, 20% l 

C58 500 0833 000 Capacitor, 390 pF, 500V, Mica l 

C59 526 0049 000 Capacitor, 6.8 uF, 35V, 20% 1 

C60 516 0453 000 Capacitor, 0 .1 uF, lOOv. 20% 1 

C61 thru C65 526 0050 000 Capacitor, 1 uF, 35V, 20% 5 

CR1,CR2 384 0431 000 Rectifier, 1N4001 2 

CR3 386 0091 000 Diode, Sil icon, 1N914 l 

CR4 384 0321 00 Diode, Hot Carrier l 

CR5 ,CR6 382 0661 000 LED, Green 2 

CR7,CR8 386 0091 000 Diode, Silicon, 1N4738 l 

CR9 thru CR12 384 0321 000 Diode, Hot Carrier 4 • CR13 thru CR16 384 0431 000 Diode, 1N4001 4 

Ll 494 0374 000 Choke, RF• 0.15 uH l 

L2 394 0384 000 Choke, RF• 1.00 uH l 

L3 404 0372 000 Choke, RF• 0.10 uH 1 

L4 404 0218 000 Choke, Wide Band 1 

L5,L6 494 0384 000 Choke, RF, 1.00 uH 2 

L7 494 0218 00 Choke, Wide Band l 

LB 404 0384 000 Choke , RF, 1.00 uH l 

L9 494 0378 000 Choke, RF, 0 . 33 uH 1 

LlO 494 0375 000 Choke, RF, 0.18 uH 1 

Lll 494 0372 000 Choke, RF, 0 .10 uH l 

• 38 888-1742-008 Rev . F: 6/81 

WARNING: Olaconnect primary power prior to ae,vlelng. 
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• 
Tabl e 6-3. MOD OSC MODULE Ci rcuit Board - 992 4988 001 (Cont inued) 

REF. SYMBOL HARRIS PART NO. DESCRIPTION QTY. 

Ll2,Ll3,Ll4 494 0388 000 Choke, RF , 2 . 20 uH 3 

Ql,Q2 , Q3 380 0536 000 Transistor, 2N5179 3 

Q4,Q5 380 0116 000 Transistor , 2N3866 2 

Q6 380 0126 000 Transis t or, 2N4403 1 

Rl 540 1118 000 Resistor, 220 ohm, 1/2W, 5% l 

R2 540 1174 000 Resistor , 16 ohm, l/2W, 5% l 

R3 540 1111 000 Resistor, 10k ohm, l/2W, 5% l 

R4 540 1114 000 Resistor, 4700 ohm, l /2W, 5% l 

RS 540 1178 000 Resistor, 750 ohm, l /2W, 5% L 

• 
R6 540 1115 000 Resistor, 470 ohm , l/2W, 5% l 

R7 540 1111 000 Resis t or, 10k ohm, l/2W, 5% l 

R8 540 Ll82 000 Resis t or , 2200 ohm, l/2W, 5% 1 

R9 540 1102 000 Resistor, 100 ohm, l/2W, 5% l 

RlO 540 1151 000 Resistor, 10 ohm , l/2W, 5% l 

Rll 540 1111 000 Res i s t or, ! Ok ohm, l /2W, 5% 1 

Rl2 540 1117 000 Resistor, 150 ohm, l /2W, 5% l 

Rl3 540 1111 000 Resis t or , 10k ohm, l /2W, 5% l 

Rl4 540 1182 000 Res i stor, 2200 ohm, l /2W , 5% 1 

R15 540 1102 000 Resistor, 100 ohm, l/2W, 5% 1 

Rl6 540 1116 000 Resistor, 1000 ohm, 1/2W, 5% l 

Rl7 540 1102 000 Resistor, 100 ohm, l/2W, 5% l 

Rl8 540 1216 000 Resistor, 330 ohm , l /2W, 5% l 

• Rev. F: 6/81 888- 1742- 008 39 

WARNING: Disconnect primary power prior to servicing. 
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Table 6-3. MOD OSC MODULE Circuit Board - 992 4988 001 (Cont i nued) 

• REF. SYMBOL HARRIS PART NO. DESCRIPTION QTY. 

R19 540 1116 000 Resistor, 1000 ohm, l/2W, 5% 1 

R20 540 1223 000 Resistor, 30 ohm, l/2W, 5% 1 

R21 540 1117 000 Resistor, 150 ohm, l /2W, 5% l 

R22 540 1223 000 Resistor, 30 ohm, 1/2W, 5% 1 

R23, R24 540 1111 000 Resistor, 10k ohm, l/2W, 5% 2 

R25 540 1223 000 Resistor, 30 ohm, l /2W, 5% 1 

R26 540 1116 000 Resistor, 1000 ohm, l/2W, 5% 1 

R27,R28 540 1181 000 Res is tor, 680 ohm, l /2W, 5% 2 

R29 540 1102 000 Resistor, 100 ohm, l/2W, 5% 1 

R30 540 1116 000 Resis t or, 1000 ohm, l /2W, 5% 1 

R31 540 1162 000 Resistor, l Megohm, l /2W, 5% l • R32 548 0869 000 Resistor, 604 ohm, l/4W, 1% 1 

R33 540 1171 000 Resistor, 12k ohm, l /2W, 1% l 

R34 540 1129 000 Resistor, 1500 ohm, l/2W, 5% l 

R35 540 1182 000 Resistor, 2200 ohm, l/2W, 5% l 

R36 540 1117 000 Resistor, 150 ohm, 1/2W, 5% 1 

R37 , R38 540 1102 000 Resistor, 100 ohm, l/2W, 5% 2 

R39 540 1117 000 Resistor, 150 ohm, 1/2W, 5% 1 

R40 540 1182 000 Resistor, 2200 ohm, l /2W, 5% 1 

R41 540 1212 000 Resistor, 220k ohm, l /2W, 5% 1 

R42 540 1222 000 Resistor, 62k ohm, l /2W, 5% 1 

R43 540 1185 000 Resistor, 39k ohm, l/2W, 5% 1 

40 888-1742-008 Rev. F: 6/81 • 
WARNING: Disconnect primary power prior to servicing. 

wigfi
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Table 6-3. MOD OSC MODULE Circuit Board - 992 4988 001 (Continued) 

• REF. SYMBOL HARRIS PART NO. DESCRIPTION QTY. 

R44 540 1159 000 Resistor, 100k ohm, l/2W, 5% l 

R45 540 1102 000 Resistor, 100 ohm, l/2W, 5% 1 

R46 540 1216 000 Resistor, 330 ohm, l /2W, 5% l 

R47 540 1102 000 Resistor, 100 ohm, l/2W, 5% l 

R48 540 0284 000 Resistor, 10 ohm, lW, 5% l 

R49, RSO 540 1109 000 Resistor, 33k ohm, l/2W, 5% 2 

R51 548 0340 000 Resistor, 15k ohm, l/4W, 1% 1 

R52 540 1116 000 Resistor, 1000 ohm, l/2W, 5% 1 

R53 540 1159 000 Resistor, 100k ohm, l/2W, 5% l 

R54,RSS 540 0936 000 Potentiometer, 500k ohm, l /2W 2 

• R56 550 0922 000 Potentiometer, 10k ohm, l/2W l 

R57 540 1183 000 Resistor, 5600 ohm, l /2W, 5% l 

R58 540 1138 000 Resistor, 3000 ohm, l/2W, 5% l 

R59 540 0593 000 Resistor, 10 ohm, 2.SW , 1% l 

R60,R61 540 1159 000 Resistor, lOOk ohm, l/2W, 5% 1 

R62 thru R66 548 1361 000 Resistor, lOk ohm, l/4W, 1% 5 

R67 550 0934 000 Potentiometer, 500 ohm, l/2W, 10% l 

R68 540 1116 000 Resistor, 1000 ohm, l/2W, 5% 1 

R69, R70 540 1111 000 Resistor, 10k ohm, l/2W, 5% 2 

R7l 540 1117 000 Resistor, 150 ohm, l/2W, 5% 1 

R72 550 0929 000 Potentiometer, 50k ohm, l/4W 1 

R73 540 1151 000 Resistor, 10 ohm, l/2W, 5% 1 

• Rev. F: 6/81 888-1742-008 41 

WARNING: Disconnect primary power prior to servicing. 
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Table 6-3 . MOD OSC MODULE Circuit Board - 992 4988 001 (Cont inued) 

REF. SYMBOL HARRIS PART NO. DESCRIPTION QTY. 

R74 550 0929 000 Potentiometer, 50k ohm, l/4W 

R75 , R76 540 1159 000 Resistor, 100k ohm, l/2W, 5% 

Ul 382 0472 000 Integrated Circuit, LM318N 

U2 382 0523 000 Integrated Circuit, MC14066BCP 

U3 382 0359 000 Integrated Circui t , MC7815CP 

U4 382 0360 000 Integrated Circuit , MC7915CP 

XUl 404 0673 000 Socket, IC, 8 Contact 

XU2 404 0674 000 Socket, IC, 14 Contact 

42 

404 0198 000 

404 0513 000 

404 0528 000 

410 0344 000 

843 1891 001 

829 3666 001 

Transipad, 10020 DAP 
(Fits Q4 & Q5) 

Heat Sink PAl- lCB 

Heat Sink 2228B 

Insulator, Kapton 

Print ed Board 

Insulator 

888-1742-008 

WARNING: Disconnect primary power prior to servicing. 

Rev. F: 

l 

2 

l 

l 

l 

1 

l 

l 

2 

1 

2 

2 

1 

1 

• 

• 

6/81 • 
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Table 6- 4 . VCO Assembl y - 992 5049 001 

• REF. SYMBOL HARRIS PART NO. DESCRIPTION QTY. 

------- 992 5048 001 VCO Assembly Circuit Boar d 1 
(Refer to tab l e 6- 5) 

• 

• Rev. F: 6/81 888-1742- 008 43 

WARNING: Disconnect primary power prior to servicing. 
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REF. SYMBOL 

Cl 

C2 

CJ 

C4 

CS thru C8 

C9 

Cl0 

Cll 

Cl2,Cl3 

CR3,CR4 

Ll thru L4 

LS 

L6 

L7 

Ql,Q2 

Rl 

R2 

R3 

R4 

Tl 

44 

Table 6-5. VCO Assembly - 992 5048 001 

HARRIS PART NO. 

500 0833 000 

500 0817 000 

518 0047 000 

500 0759 000 

500 0833 000 

516 0375 000 

500 0817 000 

526 0050 000 

500 0833 000 

528 0030 000 

404 0388 000 

829 2303 002 

829 2303 001 

494 0388 000 

380 0570 000 

548 0869 000 

548 0932 000 

548 0416 000 

548 0869 000 

478 0392 000 

829 2303 001 

DESCRIPTION 

Capacitor, 390 pF, 500V 

Capacitor, 47 pF, S00V 

Capacitor, Variable, 2.5-11 pF 

Capacitor, 100 pF, 500V 

Capacitor, 390 pF, 500V 

Capacitor, .0l uF, 50V 

Capacitor, 47 pF, 500V 

Capacitor, 1 uF, 35V 

Capacitor, 1 uF, 35V 

Diode, Varactor 

Socket, Tube 

Inductor 

Inductor 

Choke, RF, 2 . 20 uH 

Transistor, 40673 

Resistor, 604 ohm, 1/W, 1% 

Resistor, 100k ohm, l/4W, 1% 

Resistor, 30.lk ohm, l/4W, 1% 

Resistor, 604 ohm, l/4W, 1% 

Transformer, RF, Model T4-l 

Printed Circuit Board 

QTY. 

1 

1 

l 

l 

4 

1 

l 

l 

2 

2 

4 

1 

1 

l 

2 

1 

1 

1 

L 

l 

l 

888-1742- 008 Rev . F: 6/81 

WARNING: Disconnect primary power prior to servicing. 
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• 

• 

T. M. No. 888-1742- 009 

• 

TECHNICAL MANUAL 

RF AMP MODULE 

992 4978 001 

HARRIS CORPORATION 

Broadcast Products Division 

Printed: October 1977 
Rev. A: February 1978 

Rev . B: Augus t 1978 
Rev . C: Mar ch 1979 
Rev. D: Apri l 1980 
Rev. E: Mar ch 1981 

Rev. F: June 1981 
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WARNING 

THE CURRENTS AND VOLTAGES IN TRIS EQUIPMENT ARE 
DANGEROUS . PERSONNEL MUST AT ALL TIMES OBSERVE 
SAFETY REGULATIONS. 

This manual is intended as a general guide for trained and qualified personnel 
who are aware of the dangers inherent in handling potentially hazardous 
electrical/electronic circuits. It is not intended to contain a complete 
statement of all safety precautions which should be observed by personnel in 
using this or other electronic equipment . 

The installation, operation, maintenance and service of this equipment 
involves risks both to personnel and equipment, and must be performed only by 
qualified personnel exercising due care. HARRIS CORPORATION shall not be 
responsible for injury or damage resulting from improper procedures or from 
the use of improperly trained or inexperienced personnel performing such tasks. 

During installation and operation of this equipment, local building codes and 
fire protection standards must be observed. The following National Fire 
Protection Association (NFPA) standards are recommended as references: 

- Automatic Fire Detectors, No. 72E 
Installation, Maintenance, and Use of Portable Fire Extinguishers, 
No. 10 

- Halogenated Fire Extinguishing Agent Systems, No. 12A 

WARNING 

ALWAYS DISCONNECT POWER BEFORE OPENING COVERS, 
DOORS, ENCLOSURES, GATES, PANELS OR SHIELDS. 
ALWAYS USE GROUNDING STICKS AND SHORT OUT HIGH 
VOLTAGE POINTS BEFORE SERVICING. NEVER MAKE 
INTERNAL ADJUSTMENTS, PERFORM MAINTENANCE OR 
SERVICE WHEN ALONE OR WHEN FATIGUED. 

Do not remove, short-circuit or tamper with interlock switches on access 
covers. doors, enclosures, gates, panels or shields. Keep away from live 
circuits, know your equipment and don't take chances. 

ll 

WARNING 

IN CASE OF EMERGENCY ENSURE THAT POWER HAS BEEN 
DISCONNECTED. 

888-1742-009 Rev. F: 6/81 
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• 

Treatment of Electrical Shock 

1. If victim is not r e sponsive follow the A- B-Cs of basic life support . 

PLACE VICTIM FLAT ON HIS BACK ON A HARD SURFACE 

@ AIRWAY 

Ir UNCONSCIOUS, 
Or>EN AIRWAY 

LlrT UP NECK 
PUSH FOREHEAD BACK 
CLLAR OUT MOUTH IF NECESSARY 
OBSERVE roR BR[ATHING 

tHlCK CAROTID PULS£ 

IF PULSE ABSENT, 
BEGIN ARTIFICIAL 
CIRClJLATION 

©CIRCUL ATION 

® BREATHING 

IF NOT BR£ATH1NG, 
BEGIN ARTIFICIAL 
BREATHING 

TILT HEAD 
PINCH NOSTRILS 
MAKE AIRTIGHT SEAL 

4 QUICK FULL BREATHS 

REMEMBER MOUTH TO MOUTH R[SUSCITATION 
MUST BE COMMENCED AS SOON AS POSSIBLL 

DEPRESS STERNUM 1 tJ2· ro 2· 

{

ON£ RESCUER 
APPROX. 15 COMPRESSIONS 
BO SEC. 2 QUICK BREATHS 

APPROX.{rwo RESCUERS 
oO SEC 5 COMPRESSIONS 

. 1 BREATH 

NOTE: DO NOT INTERRUPT RHYTHM OF COMPRESSIONS 
WltEN SECOND PERSON IS GIVING BREATH 

Call for medical assis tance as soon as possible. 

2 . If vic t i m is r e spons ive. 

a. keep them warm 
b . keep t hem as quiet as possible 
c . loosen the ir c l othing 

(a r e clining pos i tion is recommended) 

Rev. F: 6/81 888- 1742-009 l. l. l. 
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FIRST-AID 

Personnel engaged in the installation, operation, maintenance or servicing of 

this equipment are urged to become familiar with first-aid theory and 

practices. The following information is not intended to be complete first-aid 

procedures, it is brief and is only to be used as a reference. It is the duty 

of all personnel using the equipment to be prepared to give adequate Emergency 

First Aid and thereby prevent avoidable loss of life, 

Treatment of Electrical Burns 

l. Extensive burned and broken skin 

a . Cover area with clean sheet or cloth. (Cleanest available cloth 

article,) 
b. Do not break blisters, remove tissue, remove adhered particles of 

clothing, or apply any salve or ointment . 
c . Treat victim for shock as required. 
d. Arrange transportation to a hospital as quickly as possible. 

e. If arms or legs are affected keep them elevated . 

NOTE 

If medical help will not be available within an 

hour and the victim is conscious and not 
vomiting, give him a weak solution of salt and 

soda: l level teaspoonful of salt and 1/2 
level teaspoonful of baking soda to each quart 
of water (neither hot or cold). Allow victim 

to sip slowly about 4 ounces (a half of glass) 
over a period of 15 minutes. Discontinue fluid 
if vomiting occurs. (Oo not give alcohol .) 

2. Less severe burns - (1st & 2nd degree) 

a. Apply cool (not ice cold) compresses using the c l eanest available 

cloth article. 
b . Do not break blisters, remove tissue, remove adhered particles of 

clothing, or apply salve or ointment. 
c. Apply clean dry dressing if necessary . 
d. Treat victim for shock as required. 
e . Arrange transportation to a hospital as quickly as possible. 

f . If arms or legs are affected keep them elevated . 

REFERENCE: ILLINOIS HEART ASSOCIATION 

iv 

AMERICAN RED CROSS STANDARD FIRST AID AND PERSONAL SAFETY MANUAL 

(SECOND EDITION) 
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1-1. EQUIPMENT PURPOSE 

SECTION 1 

GENERAL DESCRIPTION 

1- 2. The RF AMP MODULE comprises two class C operated amplifier stages 
which accept a 250 milliwatt RF input from the MOD OSC module and provide a 
continuously variable three to fifteen watt RF output. An internal AGC cir
cuit ensures a stable RF output level. Automatic VSWR shutdown, off fre
quency inhibit control, and power supply current limiting allow automatic 
module operation. Forward and reflected power sensed by the directional 
coupler and outputs of amplifier voltage and current provide indications of 
the module status. RF shutdown, as well as forward and reflected (VSWR) 
levels are remoteable from provisions on the rear of the exciter. 

1-3. TECHNICAL CHARACTERISTICS 

1-4. Table 1-1 lists operating characteristics and parameters of the MS-15 
RF AMP MODULE. 

2-1. GENERAL 

SECTION II 

INSTALLATION 

2-2. Refer to 888-1742-001, MS-15 FM Exciter, Section II, Installation. 

3-1. GENERAL 

SECTION III 

CONTROLS AND INDICATORS 

3-2. Figure 3-1 shows the location of each control or indicator associated 
with the MS-15 RF AMP MODULE and table 3-1 lists the controls and indicators 
with a description of each item listed. Control setup adjustments are 
listed in table 3-2 • 

Rev. F: 6/81 888-1742-009 l 
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Table 1-1. Technical Characteristics 

FUNCTION 

INPUTS 

POWER: 

SIGNAL: 

RF Drive 

CONTROL: 

RF Inhibit 

External RF Inhibit 

OUTPUTS 

2 

POWER: 

Regulator Drive 

SIGNAL: 

RF Carrier 

METERING: 

Amplifier Voltage 

Amplifier Current 

CHARACTERISTIC 

Filtered +34 Vdc @ 3.0 amperes 
maximum. 

0 to +24 Vdc, Regulated by external 
pass transistor. 

87. 5 MH.z to 108 MHz @ 250 milli
watts. 

Open for Operate 
Ground for Inhibit 

Open for Operate 
Ground for Inhibit 

0 to +24 Vdc@ 0.020 amperes. 

88 MHz to 108 MHz FM @ 3 to 15 
watts, adjustable . 50 ohms 
impedance for full specification 
performance. 

0 to +30 Vdc, full scale 

0 to 3.0 amperes, full scale 

888-1742-009 Rev. F: 6/81 

WARNING: Disconnect primary power prior to servicing. 
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• Table 1-1. Technical Characteristics (Continued) 

FUNCTION CHARACTERISTIC 

Forward Power - Local 0 - 4 Vdc into open circuit. 
Remote 0 - 4 Vdc into open circuit. 

Reflected Power - Local 0 - 4 Vdc into open circuit. 
Remote 0 - 4 Vdc into open circuit . 

• 

• 
Rev. F: 6/81 888-1742-009 3 
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Table 3-1 . RF AMP MODULE Controls and Indicators 

CONTROL/INDICATOR 

AGC ON/OFF Switch 
(2A2Sl) 

OUTPUT ADJUST 
Control 

+lSV Indicator 
(CRS) 

VSWR THRESHOLD 
Control (Rl8) 

REMOTE POWER 
REFLECTED LEVEL 
Control (R37) 

REMOTE POWER FORWARD 
LEVEL Control (R46) 

POWER REF Control 
(R47) 

POWER FWD Control 
(R38) 

SECOND HARMONIC 
NOTCH Adjustment 
(C31) 

FUNCTION 

Enables the power amplifier automatic 
output level control . 

Adjusts 
level. 

the power amplifier output 

Illuminates to indicate the RF AMP MOD
ULE +15 volt regulator is operational. 

Adjusts the reflected power level at 
which the module limites rf output. 

Calibrates remote reflected power 
meter indication. 

Calibrates remote forward power meter 
indication. 

Calibrates exciter MULTIMETER 
fleeted power indication. 

re-

Calibrates exciter MULTIMETER forward 
power indication. 

Adjusts notch filter to second harmo
nic. Allows use of exciter as a ten 
watt transmitter - adjustment not 
required when used as exciter • 

Rev. F: 6/81 888-1742-009 5 
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Tabl e 3-2. Control Adjustments 

CONTROL 

OUTPUT ADJUST Control (Rl3) 

VSWR THRESHOLD Control (Rl8) 

ADJUSTMENT 

1. Depress the MULTIMETER FWD PWR 
switch. 

NOTE 

Due to finite coupler directiv
ity and detector diode forward 
voltage drop, the range and 
accuracy of the forward and 
reflected power indications ~s 
limited to +10% full scale. 

2. If used as an exciter, adjust 
Rl9 to obtain the required 
drive to the transmitter as 
indicated by the MULTIMETER. 

3. If used as a ten watt trans
mitter, adjust R19 to obtain 
the licensed power output as 
indicated by the MULTIMETER. 

1. Depress the MULTIMETER FWD PWR 
Switch. Note the MULTIMETER 
indication. 

2. Depress the MULTIMETER REF PWR 
Switch. If the MULTIMETER 
indication is approximately 50% 
or more of the forward power 
indication (3.1 VSWR) adjust 
the exciter load before pro
ceeding. Note the MULTIMETER 
indication. 

3. Remove the module . Mount the 
module in the exciter using the 
extender board provided with 
the exciter . 

888-1742-009 Rev. F: 6/81 
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Table 3-2 . Control Adjustments (Continued) 

CONTROL ADJUSTMENT 

4 . Disconnect the RF cable from J3 
on the rear of the exciter. 

5. Adjust Rl8 fully counterclock
wise. 

6. Adjust Rl8 clockwise to in
crease the MULTIMETER re fleeted 
power indication over the indi
cation noted in step 2 as 
desired. 

7. Remove the module and extender 
board, replace the module Ln 
the exciter, and reconnect the 
RF cable to J3 on the rear of 
the exciter • 

SECOND HARMONIC NOTCH 
Adjustment (C31) 

This adjustment is only re
quired when using the MS-15 as 
a ten watt transmitter. 

Rev. F: 6/81 

1. Connect the exciter 
to a 50 ohm load 
directional coupler 
sampler. 

RF output 
through a 

or line 

2. Con nee t a spectr um analyzer to 
the line sampler or directional 
coupler forward port. 

3. Remove the module . Mount the 
module in the exciter using the 
extender board provided with 
the exciter. 

4. Note the spectrum analyzer 
display and adjust C31 for 
minimum amplitude of the second 
harmonic • 

888-1742-009 1 
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Table 3-2. Control Adjustments (Continued) 

CONTROL ADJUSTMENT 

POWER FWD Control (R38) 

REMOTE POWER FORWARD LEVEL 
Control (R46) 

POWER REF Control (R47) 

REMOTE POWER REFLECTED LEVEL 
Contro 1 (R3 7) 

5. Remove the module and extender 
board, replace the module in 
the exciter, and reconnect the 
exciter output to the load. 

NOTE 

This procedure affects meter 
calibration only and should not 
be adjusted unless the meter 
circuit is repaired. 

1. Connect the exciter RF output 
to a 50 ohm load through an 
accurately calibrated wattmeter 
capable of measuring forward 
and reflected power. 

2. Remove the module. Mount the 
module in the exciter using the 
extender board provided with 
the exciter. 

3 . Adjust the wattmeter to measure 
forward power and adjust the 
OUTPUT ADJ control to obtain a 
mid-range indication on the 
external wattmeter. 

4 . Depress the MULTIMETER FWD PWR 
switch and adjust R38 until the 
MULTIMETER indication matches 
the external wattmeter 
indication. 

5 . If an external forward power 
meter is used, adjust R46 until 
the indication matches the 
external wattmeter indication • 

888-1742-009 Rev. F: 6/81 

WARNING: Disconnect primary power prior to servicing. 
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Table 3- 2. Control Adjustments (Continued) 

CONTROL ADJUSTMENT 

6. Adjust the external wattmeter 
to measure reflected power. 
Replace the 50 ohm load with a 
2:1 to 3:1 mismatch. 

7. Depress the MULTIMETER REF PWR 
switch and adjust R47 until the 
MULTIMETER indication matches 
the external wattmeter 
indication. 

8. If an external reflected power 
meter is used, adjust R37 until 
the indication matches the 
external wattmeter indication. 

9. Remove the module and extender 
board, replace the module in 
the the exciter, and reconnec t 
the exciter output to the load • 

888-1742-009 9 
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4-1. 

4-2. 

CIRCUIT DESCRIPTION 

RF CIRCUIT 

SECTION IV 

PRINCIPLES OF OPERATION 

4-3. RF AMPLIFIER. Drive is input to the RF AMP MODULE from the MOD OSC 
module at a level of 250 milliwatts (see figure 4-1). Chebishev wideband 
impedance matching networks al low full 88 MHz to 108 MHz coverage with no 
amplifier tuning. The RF input is matched to the base impedance of Q3 by 
capacitors C35, C36, and a series section of microstrip. The RF driver (Q3) 
amplifies the signal to approximately a two watt maximum level. A matching 
network consisting of capacitors Cl3 through Cl 7 and the associated series 
sections of microstrip match the collector impedance of Q3 to the base 
impedance of the RF final amplifier (Q4) over the entire FM broadcast band. 
The fifteen watt maximum output is transformed to a 50 ohm impedance by 
capacitor C22 and the output section of series microstrip. DC blocking is 
provided by capacitor C23. 

4-4 . OUTPUT CIRCUIT. The RF is output through a directional coupler and a 
low-pass filter implemented with microstrip techniques. The shunt leg at 
the input to the filter consisting of the series combination of a section of 
microstrip and capacitor C32 traps the third harmonic. In a similar manner, 
the output shunt leg consisting of the series combination of a section of 
micros trip and capacitor C33, traps the second harmonic. The series leg 
consisting of a parallel combination of micr ostrip and the SECOND HARMONIC 
NOTCH control (C31) provides additional suppression of the second harmonic. 
This contr ol should be adjusted as required to reduce the second harmonic to 
a minimum level when the exciter is used as a low power transmitter . This 
adjustment is not required when using the unit as an exc iter. The remaining 
series microstrip and shunt capacitor C37 attenuate harmonics above the 
third harmonic. The RF carrier is output from J3 on the rear of the exciter 
at an impedance of 50 ohms . 

4- 5. DIRECTIONAL COUPLER 

4-6. The RF AMP MODULE includes a directional coupler produced in printed 
circuit form with microstrip techniques using the principle that adjacent 
sections of microstrip transmission line share common inductive and capaci
tive coupling. Due to basic microstrip principles, perfect directivity 
cannot be achieved . This limits the "zeroing" of the reflected power 
directional coupler. 

4-7. FORWARD POWER SENSOR. The forward port of the directional coupler is 
broadbanded over the entire commercial FM broadcast band by capacitor C27 
and LS. Resistor R41 terminates diode CR8 which rectifies the RF present at 
the unterminated end of the sensing line. Tbe voltage is filtered by C28, 
C30, and L6 and applied to the AGC amplifier (UlD) and to the forward power 
meter amplifier (UlS). The PINC test point (TPl) provides a convenient 

10 888-1742-009 Rev. F: 6/81 
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location to monitor the potential deve loped by the forward port of the 
directioqal coupler. 

4 - 8. REFLECTED POWER SENSOR. The reflected port 'of the directional 
coupler similiarly develops a rectified RF voltage through CR6 produced 
along the sensing line which is terminated by resistor R36. The voltage is 
filtered by C25, C26, and L4 and applied to the VSWR threshold amplifier 
(UlC) and the reflected power meter amplifier (UlA). The PREF test point 
(TP2) provides a convenient location to monitor the potential developed by 
the reflected port of the directional coupler. 

4-9. VSWR METERING. The forward power indication is applied to the for
ward power meter amplifier (UlB) which isolates the local and remote power 
meters from the directional coupler. In a similar manner 1 the reflected 
power indication is applied to the reflected power meter amplifier (UlB). 
One output from each meter amplifier is applied to the DC meter circuits to 
provide a local indication of the forward and reflected power. The local 
indications are calibrated by the POWER FWD control (R47) and the POWER REF 
control (R38) . Provisions on the rear of the exc iter allow both the forward 
and r eflected power indications to be remoted. The REMOTE POWER FORWARD 
LEVEL control (R37) allows calibration of both potentials to match external 
metering. 

4 - 10. CONTROL CIRCUITS 

4-11. VSWR POWER LIMITING . The VSWR power limiting circuit automatically 
limits the RF power output to prevent over-dissipation of the RF amplifier 
devices. It does not totally inhibit RF power output . Under high VSWR con
ditions, the amplifier could become unstable and the foldback current lim
iting circuit could create spurious outputs. Thus, the RF AMP MODULE should 
not be operated into high VSWR conditions for maximum performance . No 
damage can be expected under short or open load conditions if the factory 
adjustment of the VSWR THRESHOLD control (Rl8) is maintained. 

4-12. The directional coupler reflected power output is monitored by 
adjustable threshold amplifier UlC. Whenever the reflected power exceeds 
the level preset by the VSWR THRESHOLD control (Rl8), a bias is applied 
through CR4 to the AGC amplifier (010) which limits the voltage applied to 
the RF amplifier devices and thereby protects the output stages. The POFF 
test point (TP4) provides a convenient location to monitor the control bias 
to the AGC amplifier (UlD). 

4-13 . AMPLIFIER INHIBIT. During power applicaton or whenever a frequency 
unlocked condition exists between the AFC/PLL module and the MOD OSC module, 
a ground is automatically applied from the AFC/PLL module to the input of 
the RF inhibit amplifier (U2B) which inhibits RF output. The ground causes 
amplifier U2B to output a bias through CR7 to the AGC amplifier (UlD) which 
removes the voltage applied to the RF amplifier stages. When the AFC/PLL 
module signals a frequency locked coodit ion, RF output is again enabled. 
The RF shutdown provision is remoteable from connections on the rear of the 
exciter. The POFF test point (TP4) provides a convenient location to 
monitor the control bias to the AGC amplifi er (UlO) • 

Rev. F: 6/81 888-1742-009 13 
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4-14. RF AMPLIFIER AGC. RF amplifier output power is controlled by regu
lating the RF amplifier collector voltage. This allows simplified AGC cir
cuitry and high RF power transistor effeciency at all power levels. As less 
thermal stress on the RF power transistors will produce 'more reliable opera
tion, heat generated by the controlling process is dissipated by the DC reg
ulator in the power supply. To ensure adequate heat dissipation, the RF 
transistors and the DC regulator transistor are mounted on large heat sinks 
in the direct air flow from the fan. 

4-15. AGC Operation. High gain negative AGC feedback determines the supply 
potential applied to the RF output transistors. A DC voltage proportional 
to the forward power output is produced by the directional coupler and ap
plied to the inverting input of AGC amplifier UlD. A reference voltage 
which is adjusted by the OUTPUT ADJ control (R13) is applied to the non
inverting input of the AGC amplifier. If the RF output power decreases 
beyond the value adjusted by Rl3, the inverting input of the AGC amplifier 
will be driven increasingly negative. This causes the output of UlD to 
increase in a positive direction which in turn drives regulator driver U2A 
in a positive direction. U2A compares a sample of the RF collector voltage 
and drives regulator transistor Ql in the exciter power supply to increase 
the RF amplifier collector voltage . If the RF output power increases beyond 
the AGC value, the opposite sequence limits the power applied to the RF 
amplifier collector circuit. The only DC feedback path for UlD in the AGC 
mode is through the entire AGC control loop. The AGC circuit is disabled to 
allow manual control by adding negative feedback directly to the AGC 
amplifier (UlD) through the AGC ON/OFF switch (Sl). 

4-16. Current Limiting. RF amplifier collector current through resistors 
R6 and R9 is monitored by current limiter Q2. If the collector of Q3 
exceeds 0.5 amperes or if the collector current of Q4 exceeds two amperes, 
the AGC control loop action will be overridden by the current limiter stage 
which prevents any increase in drive to power supply regulator transistor 
Ql. During normal operation, the current through resistors R6 and R9 cuts 
off current limiter Q2. 

4-17. POWER 

4-18. Filte red positive 34 VDC obtained from the exciter power supply 
enters the module on pins 59 and 60. The potential is regulated into a 
positive 15 Vdc source by U3 to operate the RF AMP MODULE internal cir
cuitry. Diodes CRlO and CRll protect the regulator circuit from damage due 
to shorts and reverse potentials. The +15V indicator provides an indication 
of the internal power supply status. Additionally a stabilized source of 
positive 24 Vdc is developed by R53 and CRl to operate the regulator driver 
(U2A). 

14 888-1742-009 Rev. F: 6/81 

WARNING: Disconnect primary power prior to servicing. 
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5-1. CORRECTIVE MAINTENANCE 

SECTION V 

MAINTENANCE 

5-2. The MS-15 FM exciter module maintenance philosophy consists of 
problem isolation to a specific area or individual component and subsequent 
isolation and replacement of the defective component. 

5-3 . TROUBLESHOOTING 

5-4. In event of problems, the trouble area must first be isolat ed t o a 
specific area . Most troubleshooting consists of visual checks . The MODULA
TION meter, MULTIMETER, FUSE Fl, circuit breaker CBl, and the indicators on 
each module should be used to determine in which area the malfunction 
exists. All module power supplies are equipped with LEDs which indicate the 
module power supply status. A single dark LED would indicate a problem 
associated with an individual module monolithic voltage regulator . A con
sistent pattern of dark LEDs however, would indicate an exciter DC 
distribution bus fault. 

5-5. Once the trouble is isolated to a specific area, refer to the theory 
section of this manual for circuit discussion to aid in problem resolution. 
Table 5-1 lists typical trouble symptoms pertaining to the individual module 
operation with references to fault isolation diagrams listing probable 
causes and corrective actions. A corrective action given for a trouble 
symptom is not necessarily the only answer to a problem. It only tends to 
lead the repairman into the area that may be causing the trouble. An ex
tender board (HARRIS PN 992 4989 001) is provided with the exicter to assist 
in troubleshooting. In event parts are required, refer to Section VI, Parts 
List. The following information is contained in this section as an aid to 
maintenance: 

Rev. F: 6/81 

WARNING I 
LOW VOLTAGES ARE USED THROUGHOUT THE 
MODULE CIRCUITRY, HOWEVER MA1NTENANCE 
WITH POWER ENERGIZED IS ALWAYS HAZARD
OUS AND CAUTION SHOULD BE OBSERVED. 
THIS IS PARTICULARLY TRUE OF THE RF AMP 
MODULE WHERE HIGH RF POTENTIALS EXIST 
AT HIGH IMPEDANCE POINTS. IT IS POSSI
BLE TO RECEIVE PAINFUL BUT USUALLY NOT 
INJURIOUS RF BURNS FROM THE 15 WATT 
OUTPUT STAGE. COMPONENT OR MODULE RE
PLACEMENT WITH POWER ON IS NOT 
RECOMMENDED • 

888-1742-009 

WAHNING Disconnect primary power pnor to servicing , 

15 
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REFERENCE TITLE NUMBER 

Figure S- 1 RF AMP MODULE Parts Layout ------ • Table 5-2 RF AMP MODULE Parts Index ------

Figure 5-2 RF AMP MODULE Schematic 852 8396 001 

• 

16 888- 1742-009 Rev. F: 6/ 81 • 
WARNING Disconnect primary power prior 10 servicing 
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• Table 5-1 . RF AMP MODULE Fault Isolation Index 

SYMPTOM DEFECT/REFERENCE 

NO RF OUTPUT Figure 5-3. 

INADEQUATE RF OUTPUT Figure 5- 4. 

CANNOT REDUCE OUTPUT POWER Figure 5-5 . 

AM NOISE ON OUTPUT Figure 5-6. 

FUSE Fl OPENS Figure 5-7 • 

• 

• 
Rev . F: 6/81 888-1742-009 17 

WARNING: Disconnect primary power prior to servicing. 
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Figure 5-1. RF AMP MODULE Parts Layout 

18 888-1742-009 

WARNING: Disconnect primary power prior to servicing. 
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CONTINUE OPERATION. 

NI'\ RF OUTPll'f 

AllJUST THE OUTPUT ADJ CONTROL. 
IS ADEl/UATE Ol!TPut ESTABL1Sll£0? 

YM N:: 

.SET TIit ACC SWITCH TO ON . ENSURE 
THE \'SWR TtlP.ESl'IOLO CONTROL AND TH£ 
OUTPl'T ADJ CONTROL ARE 'lITT ADJUSTED 
flJLLY COUNTERCLOCK\11SE AND DEPRESS 
THE Rf' V+ Hl'LTIMETER SWITCH. DOES 

THE MULTHIETI!R INDICATE +5 VOLTS OP 
•~RE? 

I 1ES -No I 
DEPRESS TIIE ~10D OSC DE!'ECT l VE Ul , 
HULTUIETER SWITCll. OR CR4 IN THE 
DOES THE MULTIMETER 
INDICATE 250 HW :!_100 

POWER SUPPLY. 

►nH 

:_j_NO ~--YES 

U2 OR Ql 
EXCITER 

PLACE TTIE RF 1.1-1!' MODULE ON 
THF EXTENDER BOARD. CHECK 
TEST POINT TP5 FOR +15 VDC 
-+-0.6 voe. IS THE CORRECT 
POTf.Nrt AL PR.ES ENT? 

I DEFECTIVE mo osc I 
MODULE . 

NC1>----------------- -.I 

I DEF'ECTl\'f +15 VOLT REGULATOR. , CllEC{ THE CATHODE Of CIU FOR +24 voe. 
IS THF CORRECT POTENTIAL PRES'f.NT? 

NO----------------------------------------- ------

OFFECTll'E 03 A.'ID/OR C4. 
NOTE: ~f POWER TRNISISTORS WITH MULT I PLE EMITTER SITES SUCH AS USED IN TUE 
l-1S-15 CAN FAIL PARTIALLY WHICH WILL SL1>DENLY R£DUCE THE TRANSISTOR OUTPUT 

OE FECTI\'F. +24 VOLT RECULATOR 
CI RCUIT. 

POWF.R. WHEN TRA.'ISISTORS WHICH f'AlL IN THIS HANNER ARE HEASURED WITI! AN 
OHMMETER, THE BASE- E'IITTER JUNCTION l'SUALLV !'EASl'RES LOW RES I STANCE TN 110TH 
DIRECTIONS , YET THE TRA.'ISlSTOR WILL STILL WORK TO SOI(£ EXTENT. 

TO OIEO< THE 115-lS RF Af1PtIFlER TRANSISTC1RS , 11£1-CVE R54 , Ll, L2, AND L3 . USE 
A l'l X OR HIGHEP SCALE T() AVl'llO DRIVING TOO MUCH CURRENT TH!\OUCHOl/f THE DEVICE 
ANO CHECK EACH Jl'llCTION FOR f'ORIIARD A.'ID REVERSE RESISTANCE. 

REPtACEHf.NT OF Q) OR Q4 REQUIRES SPECIAL CARE. REFER TO 888-1742-001, SECTION V, 
HAINTENANCf A.'llD t.OTE THE PROCEDU'U: FOR DOUBLE SIDED BOARD REPAIR. UNSOLDER EACH 
LEAD fl RST . WHEN ALL THE LEADS >.RE FREE , RE HOVE THE NUT FRO►\ THE STUD OF TIIE 
TRA.'ISISTOR A.'ID RE►DVE TH£ DEVICE. 

8Ef'OR£ REPLACE~IENT , TIN THE VNDERS 1 DE ()f EACH TRANS lSTOR LEAD Ill TH A Sl',',LL 
Mill/NT OF SOLDER. APPLY A SMALL AMOl'NT Of THERHAL COHPOtlND TO THE BOTTOM OF 
THE TRANS I STOR WHERE THE STUD CONTACTS THE llf,\TSINK. BOLT THE TRANSISTC1R ro 
THE HEATSISK !EffiR£ SOLDE~l'llC. WITH A TORQl'E OF 6 ~1 INO!-POUNOS. 

Figure S-3. No RF Out put 

Rev. F: 6/81 888-1742-009 

WARNING D1:;connect primary power prior to ser,1c1ng. 

1742~8 
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INADE t:ATf RF Ol/TPt'T 

ADJUST THE OUTPUT ADJ CONTROL. IS 
ADfQUATE 0l'TPL'T ESTABl, ISHFD? 

1
.--------------HS---'---NCI I CO!'ITINVE OPERATlllN. I DCPRESS THE REF PWR MULT!Mf.TER 

SWITOI. oors TIit Mt't.rl 'IETER 
INDICATE A HICH \'SWR C0NDITIO'i ? 

,-------------YE:.--~-•o 

THE MODULE IS IN A VSWR 
Ll~ITINC CX'INDITl0N. RE
PAIR OEFECTtvr LOAD • 

IS TIIE VSWR THPESH0LD 
(l)NTROL SET fl;LLY 
COl'NTl:RCLOCK\.IISE! 

.--------------ns--.._-No I 
RHf.R TO TABLE l-2 A.'ID 
ADJl:ST TIIE \'SWR ntRtSH-
01.U CONTROL. 

SET TIIE ACC SlllTQI 
TO ON AND DEPRESS 
THE RF V+ Mtll.Tl-
M[TER SWITCH. DOES 
n1c MULTIMETER IN
DICATE +5 VOLTS OR 
"IORE? 

,-------------YES-........ -N0 

D£PR£SS TIIE 1100 0SC 
Ht1.Tl'lrTER SWITOI. 
DOES THE Ht:LTlMETER 
INDICATE 250 '1W !:,100 
~? 

r-------YF!>--.._-'lo----, I 
PLACE THE Rf AMP lkJDULE ON 
THE EXTENDER BOARD. CHECK 
TEST POINT TP5 FOR +15 voe 
+0.6 \'DC. IS THF CORRECT 
POTENTIAL PRESENT' 

DEFECTIVE 'IJD 0SC 
~r>Dl'U. 

YES I NO-----------------, 

DEF'ECTl VE l'l , U2 , 
OR QI OR CR4 IN 
THE EXCITE R POIIER 
SUPPLY. 

O!EQ; THE CATII00E Of CRl FOR +24 \'0(. 
tS THE CORRECT POTENTIAL PRESENT? 

IIEtl:.CTt\.E ns \'0LT REGULATOR. 

orrECTI\'E Ql A,-;0/OR Q4. 

'lOfE: Rf PO-•'EP TRA'ISIST0RS \.IITII l't:LTlPU El'(lTTf:P. SITFS St:CII AS LSED Ill THE 
DEFECT IVE • 24 VOLT RECutATOR 
CIRClllT. 

"15-15 CA."l FAIL PARTIALLY WHICH WILL Sl'DDESLY Rflll'CE THE TRA.'lSISTOR 0l'TPUT 
POWER. \./IIE:<1 TRANSISTOltS "111ICII fAIL l'l THIS l'A.'lNER ARE IIEASl'RED 1/ITII A.'l 
0HM:-IETER, TIIE BASE-E'r!TTE~ JllNCTI0N l'St:ALLY l!EASl'RES LOW RESISTA.'lCF. IN BOTH 
Dl'\ECTIONS, YET TIil TRANSISTOR IIILL STltL 1/0'U{ TO SO)i[ EXTENT. 

TO OiECK THE MS-IS RF AMPl.lflf,R TRA.~StSTORS , RI !OVE R54 , 1.1, 1.2, >-NO Ll. C$E 
A 10 X OR lllr.HER SCALE TO AVOID DRlVl'IC TOO HUnt Ct'PRENT 1HR0l'Cl!Ol'T Tl!f. m:\'ICt 
A."l0 CHECK EACH JUNCTION f'l'lR FORWARD AND REVERSE Rf'.StSTAN CE. 

REPLACE"l:NT or Q1 OR Q4 REl)l:IRES SPECIAL CARE. REFER TO 888-17H-001, SECTIOS \~ 
~l~iENA.'ICE A.NO NOTE THE PROCE0l"RE FOR OOL'BLE SI OED B0AR.ll REPAIR. l~S0L0ER FAOI 
LE>-D Fl PST. l.'HE'I ALL TIIF LEADS ARE fRiE, RE~Vt. THE NLi fROH TIIE STl'0 OF TIil 
TRANSISTOR ANO REMO\'£ THE DEVICE. 

BEFORE REl'LACE:<EIIT, TIS THE tr.lOERSI0E OF EACH TRA.',SISTOR LEAD WITH A S:<ALL 
A."'Ot'ST or SOL0EP. APPLY A S'1Al.L Al-l0l~T or TIIE~'W. COMP0l"'iD TO TH[ BOTTO>! or 
THE TRANSISTOR WHERE TIIE STt:D COllTACTS THE IIEATSINK. BOLT TH[ TRA.'1S!ST0R TO 
THE HEATSINK BEFORf S0L0ERINC WITH A TOROL'E or " .tl INO!-P0UNDS. 

Figure 5-4. Inadequate RF Output 

24 888-1742-009 

WARNING Disconnect pmnary power prior to serv1c1ng 

1742·88 
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6-1. GENERAL 

SECTION VI 

PARTS LIST 

6- 2 . Refer to table 6-1 for replaceable parts which are required for 
proper maintenance of the MS-15 RF AMP MODULE. Table entries are indexed by 
component reference designator. 

28 888-1742-009 Rev. F: 6/81 

WARNING . Disconnect primary power prior to servicing. 
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• Table 6-1. RF AMP MODULE Front Panel - 992 4978 001 

REF. SYMBOL HARRIS PART NO. DESCRIPTION QTY. 

------ 992 4979 001 RF AMP MODULE Cir cui t Board l 
(Refer to table 6-2) 

• 

• 
Rev. F: 6/81 888-1742-009 29 

WARNING: Disconnect primary power prior to servicing. 
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Table 6-2. RF AMP MODULE Circuit Board - 992 4979 001 • REF. SYMBOL HARRIS PART NO. DESCRIPTION QTY. 

Cl 516 0453 000 Capacitor, 0 .1 uF, 100v. 20% 1 

C2 526 0342 000 Capacitor. 2 . 7 uF, 35V, 10% 1 

CJ 516 0375 000 Capacitor, 0.01 uF, 50V l 

C4 516 0453 000 Capacitor, 0.1 uF, lOOV, 20% l 

C5,C6 526 0049 000 Capacitor, 6.8 uF, 35V, 20% 2 

cs 522 0256 000 Capacitor, 20 uF, 50V 1 

C9 516 0453 000 Capacitor, 0 .1 uF, lOOV, 20% 1 

ClO 516 0054 000 Capacitor, 0.001 uF, lkV, Disc l 

Cll 516 0453 000 Capacitor, 0 . 01 uF, lOOV, 20% l 

Cl2 500 0759 000 Capacitor, 100 pF, Mica, 500V l 

Cl3 500 0809 000 Capacitor, 22 pF, 500V, Mica l • 
Cl4 500 0759 000 Capacitor, 100 pF, Mica, 500V l 

Cl5 500 0813 000 Capacitor, 33 pF, 500V, Mica l 

Cl6 ,Cl1 500 0830 000 Capacitor, 240 pF, 500V, Mica 2 

Cl8 522 0256 000 Capacitor, 20 uF, SOV l 

Cl9 516 0453 000 Capacitor, 0 . l uF, lOOV, 20% 1 

C20 516 0054 000 Capacitor, 0.001 uF, lkV, Disc 1 

C21 500 0826 000 Capacitor, 120 pF, 500V 1 

C22 500 0817 000 Capacitor, 47 pF, 500V, Mica 1 

C23 500 0761 000 Capacitor, 150 pF, Mica, 500V l 

C24 516 0375 000 Capacitor, 0.01 uF, SOV l 

C25,C26 500 0842 000 Capacitor, 820 pF, 300V, Mica 2 

• 
30 888-1742-009 Rev. F: 6/81 

WARNING: Disconnect primary power prior to servicing. 
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• Table 6-2. RF AMP MODULE Circuit Board - 992 4979 001 (Continued) 

REF. SYMBOL HARRIS PART NO. DESCRIPTION QTY. 

C27 500 0809 000 Capacitor, 22 pF, 500V, Mica 1 

C28 500 0842 000 Capacitor, 820 pF, 300V, Mica 1 

C29 500 0805 000 Capacitor, 12 pF, SOOV, Mica l 

CJO 500 0842 000 Capacitor, 820 pF, JOOV, Mica 1 

C31 518 0058 000 Capacitor, 5.5-18 pF, Variabl e 1 

C32,C33 500 0809 000 Capacitor, 22 pF, 500V, Mica 2 

C34 516 0453 000 Capacitor, O.l uF, lOOV 1 

C35 500 0815 000 Capacitor, 39 pF, 500V, Mica l 

C36 500 0823 000 Capacitor, 82 pF, 500V, Mica 1 

• C37 500 0804 000 Capacitor, 10 pF, 500V, Mica l 

C38 516 0375 000 Capacitor, 0 .01 uF, 50V 1 

CRl 386 0366 000 Diode, Zener, 1N5359A 1 

CR2, CR3, CR4 384 0205 000 Diode, 1N914 3 

CRS 384 0661 000 LED, Green 1 

CR6 384 0321 000 Diode, Hot Carrier l 

CR7 384 0205 000 Diode, 1N914 1 

CR8,CR9 384 0321 000 Diode, Hot Carrier 2 

CRlO ,CRll 384 0284 000 Diode, 1N2070 2 

Ll 414 0087 000 Ferrite Bead l 

L2 494 0218 000 Choke, 180 mHz, Wide Band 1 

• · 
Rev. F: 6/81 888-1742-009 31 

WARNING: Disconnect primary power prior to servicing. 
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Table 6- 2 . RF AMP MODULE Circuit Board - 992 4979 001 (Continued) 

REF. SYMBOL HARRIS PART NO. DESCRIPTION QTY. 

L3 929 7155 001 Choke Assembly, 23 Turns +l Turn, 1 
(30 Inches/76.2cm) of No.-24 AWG 
Magnet Wire on a 2 Watt, 22 ohm, 
5% Resistor (HARRIS P/N 540- 0571-
000) 

L4 494 0384 000 Inductor, 1 uH 1 

LS 494 0378 000 Inductor, 0 . 33 uH 1 

L6 494 0384 000 Inductor, l uH l 

L7 414 0087 000 Ferrite Bead 1 

Q2 380 0189 000 Transistor, 2N3904 1 

Q3 380 0556 000 Transistor, B-3-28 l 

Q4 

Rl 

R2 

R3 

R4 

R5 

R6 

R7 

R8 

R9 

RlO, Rll 

Rl2 

Rl3 

32 

380 0610 000 

540 0977 000 

540 0912 000 

540 0888 000 

540 0886 000 

540 0915 000 

540 0846 000 

540 0936 000 

540 0920 000 

548 1425 000 

540 0936 000 

540 0924 000 

550 0914 000 

Transistor, BAM40SR 

Resistor, 510k ohms, l/4W, 5% 

Resistor, 1000 ohms, l/4W, 5% 

Resistor, 100 ohms, l/4W, 5% 

Resistor, 82 ohms, l /4W, 5% 

Resistor, 1300 ohms , l/4W, 5% 

Resistor, 3 ohms, l /2W, 5% 

Resistor, lOk ohms, l/4W, 5% 

Resistor, 2.2k ohms, l/4W, 5% 

Resistor , 0.68 ohms, 5W, 1% 

Resistor, 10k ohms, l/4W, 5% 

Resistor, 3300 ohms, l/4W, 5% 

Potentiometer, 10k ohms 

1 

1 

l 

l 

l 

l 

1 

1 

1 

l 

2 

1 

1 

888-1742-009 Rev . F: 6/81 

WARNING: Disconnect primary power prior to aeiviclng. 
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• Table 6- 2 , RF AMP MODULE Circuit Board - 992 4979 001 (Continued) 

REF. SYMBOL HARRIS PART NO. DESCRIPTION QTY. 

Rl 4 540 0923 000 Resistor, 3k ohms, l/4W, 5% 1 

Rl S,Rl6 540 0936 000 Resistor, 10k ohms, l/4W, 5% 2 

Rl 7 540 0924 000 Resistor, 3,3k ohms, l/4W, 5% 1 

Rl8 550 0922 000 Potentiometer, 10k ohms, l/2W 1 

Rl9 540 0936 000 Resistor, 10k ohms. l/4W, 5% l 

R20 540 0888 000 Resistor, 100 ohms, l/4W, 5% l. 

R21 540 0898 000 Resistor, 270 ohms, l/4W, 5% 1 

R22 540 0910 000 Resistor, 280 ohms, l/4W, 5% 1 

R23 540 0946 000 Resistor, 27k ohms, l/4W, 5% l 

R24,R25 540 0954 000 Resistor, 56k ohms, l/4W, 5% 2 

R26,R27 540 0912 000 Resistor, lk ohm, l/4W, 5% 2 

R29 540 0936 000 Resistor, 10k ohms, l/4W, 5% l 

R31 540 0936 000 Resistor, 10k ohms, l/4W, 5% 1 

R32 540 0885 000 Resistor, 75 ohms, l/4W, 5% 1 

R33, R34 540 0936 000 Resis tor, lOk ohms, l/4W, 5% 2 

R35 540 0939 000 Resistor, Uk ohms, l/4W, 5% l 

R36 540 0885 000 Resistor, 75 ohms, l/4W, 5% 1 

R37 ,R38 550 0929 000 Potentiometer, 50k ohms, l/4W 2 

R39,R40 540 0952 000 Resistor, 47k ohms, l/4W, 5% 2 

R41 540 0885 000 Resistor, 75 ohms, 1/4W, 5% l 

R42,R43,R44 540 0936 000 Resistor, 10k ohms, l/4W, 5% 3 

R45 540 0928 000 Resistor , 4.7k ohms, l/4W, 5% 1 

Rev . F: 6/81 888-1742-009 33 

WARNING: Disconnect primary power prior to servicing. 
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Tabl e 6- 2. RF AMP MODULE Cir cuit Boar d - 992 4979 001 (Continued ) • 
REF. SYMBOL HARRIS PART NO. DESCRIPTION QTY. 

R46,R47 550 0929 000 Pot ent i ometer, 50k ohms, l /4W 2 

R48,R49 540 0952 000 Resistor, 47k ohms, l/4W, 5% 2 

RSO 540 0888 000 Resistor, 100 ohms, l/4W, 5% 1 

RS l 540 0934 000 Resistor, 8.2k ohms, l/4W, 5% 1 

R52 540 0888 000 Res istor , 100 ohms, l/4W, 5% 1 

R53 540 0315 000 Res i s t or , 200 ohms, lW, 5% 1 

R54 540 0888 000 Resistor, 100 ohms , l /4W, 5% 1 

R55 540 0868 000 Resi s t or, 15 ohms , l/4W, 5% l 

Sl 604 0859 000 Swit ch , Toggle l 

Ul 382 0415 000 Integrated Circuit, CA3246 1 

U2 382 0428 000 I ntegrated Circuit, LM358P l • 
U3 382 0359 000 I ntegrat ed Circuit, MC7815CP 1 

XUl 404 0674 000 Socket, Integrat ed Circuit , 1 
14 Contact 

XU2 404 0673 000 Socket, Integrated Circuit, l 
8 Contact 

943 1599 001 Pr int ed Board 1 

839 2919 001 Heat Sink 1 

• 
34 888- 1742-009 Rev . F : 6/81 

WARNING: Disconnect primary power prior to servicing. 

wigfi
Stolen 2 Line Transparent
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