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Model 660 

1-1. INTRODUCTION 

SECTION I 

GENERAL INFORMATION 

Section I 

This manual contains information required to install• operate, and maintain the Bauer 
Model 660 FM Exciter. Section I describes the exciter and lists its specifications, Section 
II provides installation instructions , Section III contains operating procedures.~ and Section 
IV describes the principles of operation. Maintenance procedures and troubleshooting 
diagrams are contained in Section V and replaceable parts are identified and listed in 
Section VI. 

1-2. GENERAL DESCRIPTION 

The Model 660 FM Exciter (figure 1-1) is an all-solid-state unit that provides monaural. 
stereo, and Subsidiary Communications Authorization (SCA) modes of operation in accordance 
with FCC and international standards . The modulation method is "direct FM" with no mixers · 
or multipliers after the modulated oscillator. The unit is equipped with relay c ircuitry that 
enables remote switching to the monaural mode if one of the two stereo program lines is 
impaired. 

--

Figure 1-1. Bauer Model 660 FM Exciter 

· 098-1241-01 1-1 
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1-2.1. Physical Description 

The Model 6(,0 consists of a main frame assembly and plug-in functional modules. The main 
frame contains the power supplies , metering circuits, and the main operating controls. 
Stereo, monaural, FM, and SCA circuitry are mounted on printed circuit boards . The RF 
amplifier plug-in module is contained in a shielded chassis with the components wired to 
standoff terminals. Physical characteristics of the Mode l 660 are lis ted in table 1-1. 

Table 1-1 . Physical Characteristics 

Dimens ions: 

Weight: 

Construction Sty le: 

Maximum Altitude: 

Maximum Humidity : 

Connectors 

RF Output: 

All Others: 

1-2. 2. Functional Description 

10-1/2 inches high, 12 inches deep, 
17 inches wide across chassis , and · ; 
19 inches wide across mounting flanges . 

42 pounds , fully equipped with modules. 

Alodine aluminum and cadmium steel : 
flush-fitting front panel with mounting 
flanges notched to mate with standard 
19-inch equipment rack. 

7500 feet 

95% 

BNC type 

Standard barrier strip 

The Model 660 FM Exciter provides 5 to 12 watts output power into a matched 50- ohm load 
within the FM broadcast band. The unit can be used either as a 10-watt broadcas t transmitter 
for educational FM stations or as an exciter to drive a high-power transmitter. 

The Model 660 can be equipped with modules for monaural or stereo operation. When 
equipped with a stereo module and a failure occurs within the stereo system, the Model 660 
can be switched from s tereo to monaural operation over either program channel by push­
button mode selection at the front panel. 

Remote mode selection capability is provided and, as shown in figure 1-1, two multimeter s 
are mounted on the front panel to facilitate maintenance. The left-hand meter is used for 
monitoring the audio and the right-hand meter is used ·for monitoring electrical parameters 

1-2 098-1241-01 

http://www.SteamPoweredRadio.Com


www.SteamPoweredRadio.Com

Model 660 Section I 

during operation. A module extender and probe are furnished with the exciter to be used in 
conjunction with the multimeters for fault i solation. The exciter has SCA capabilities and 
separate modules are available for 41-kHz and 67-kHz operation. Exciter design permits the 
use of one or both SCA channels when operating in the monaural mode. SCA operation is lim­
ited to 6 7 kHz when the exciter is in the stereo mode. 

Electrical characteristics of the Model 660 are listed in table 1-2. 

Table 1-2. Electrical Characteristics 

Power Requirements: 

Frequency Range: 

Power Output: 

Load Impedance: 

Load VSWR: 

Modulation : 

Modulation Capability: 

Harmonic Attenuation: 

Frequency Stability: 

Ambient Temperature Range 
(monaural operation): 

Altitude Range: 

115, 208, or 230 vac, 50 to 60 Hz , single 
phase; 120 watts maximum. 

87 to 109 MHz; channelized to frequency 
specified by customer. 

5 to 12 watts (adjus table) 

50 ohms 

2:1 maximum 

F3 and F9 

±150 kHz (±75 kHz = 100% modulation) 

>56 db below carrier 

±750 Hz after 5-minute warmup 

0°F to 120°F (-20°C to +50°C) 

Sea level to 7500 feet 

MONAURAL OPERATION 

Frequency Response: 

Distortion: 

FM Noise: 

Incidental AM Noise: 

• 098-1241-01 

Within ±1 db from 50 Hz to 15 kHz 
(referred to 75-µsec preemphasis) 

0. 5% maximum (50 Hz to 15 kHz) . 

65 db below 100% modulation at 400 Hz 

>60 db below 100% equivalent AM 
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Table 1-2. Electrical Characteristics (Continued) 

MONAURAL OPERATION (Continued) 

Synchronous AM: 

Input Impedances 

Monaural Audio: 

Composite Baseband: 

Subcarrier Injection: 

>50 db below 100% equivalent AM 
(100% modulation at 400 Hz) 

600 ohms (±10%), balanced 

4. 7 kilohms, unbalanced 

15 kilohms, unbalanced 

Input Levels · · 

Monaural Audio: ±10 dbm ±2 db (not adjustable) at 400 Hz 

Baseband (Stereo or Monaural): 2-volts peak-to-peak for 100% modulation 

Subcarriers: 2-volts peak-to-peak for 30% injection 

SCA OPERATION 

Ambient Temperature Range: 

Frequency Stability: 

Subcarrier Frequencies: 

Frequency Response: 

Distortion: 

Modulation Method: 

Modulation Capability: 

Injection Range: 

Audio Input Impedance: 

40°F to 120°F (+5°C to +50°C) 

±500 Hz 

41 kHz and 67 kHz 

±2 db from 50 Hz to 7. 5 kHz (referred 
to 75-µsec preemphasis) 

<1. 5% a t 10% deviation (50 Hz to 7. 5 kHz) 

Direct FM 

±15% of subcarrier frequency (10% 
deviation = 100% modulation) 

Subcarrier injection adjustable from 
0 to 30% 

600 ohms (±10%), balanced 

098 -1241-01 
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Table 1-2. Electrical Characteristics (Continued) 

SCA OPERATION (Continued) 

Audio Input Level: 

FM Noise: 

Muting: 

Muting Sensitivity: 

Muting Delay: 

±10 dbm ±2 db for 100% modulation at 
400 Hz 

65 db below 15% deviation 

Selectable at front panel 

Subcarrier gate opens at - 10 dbm at 
400 Hz 

Adjustable from O. 6 to 4 seconds, 
nominal 

STEREOPHONIC OPERATION 

Ambient Temperature Range: 

Pilot Frequency Stability: 

Audio Input Impedance: 

Audio Input Level: 

32°F to 120°F (0°C to +50°C) 

±1 Hz 

600 ohms (±10%), balanced 

+10 dbm ±2 db at 400 Hz for 90% 
modulation 

Section I 

Frequency Response: ±1 db from 50 Hz to 15 kHz (referred to 

Distortion: 

FM Noise: 

AM Noise: 

Stereo Separation: 

Carrier Suppression: 

Crosstalk (main channel to 
subchannel and subchannel 
to main channel) : 

·098-1241-01 

75- µsec preemphasis) 

<O. 75% of composite waveform 

>65 db be low 100% modulation 

>60 db below 100% equivalent AM 

>35 db from 50 Hz to 15 kHz 

>45 db below 100% modulation 

>42 db below 100% modulation 
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1-3 . MODULE EQUIPMENT 

The Model 660 FM Exciter is equipped with the following module s , which provide the 
capability of monaural FM oper ation : 

a. One FM Exciter Module (001- 7560- 01) 

b. One Monaural Module (001-7565-01) 

c. One RF Amplifier Module (001-7559-01) 

d. Two Dummy SCA Modules (001-7569- 01) 

The following modules, which are available from Granger Associates, provide the Model 660 
with the capability of stereo and SCA operation: 

a. One Stereo Generator Module (001-7562- 01) 

b. One 41-kHz SCA Module (001- 7563-01) 

c. One 67- kHz SCA Module (001-7566 - 01) 

Wben operating in the monaural mode, the 41-kHz and 67- kHz SCA modules may be used 
individually or s imultaneously. When operating in the stereo mode , the 41-kHz and 67- kHz 
generators are automatically muted. However I the 67 - kHz SCA module can be used in com­
bination with the s tereo generator in any mode of operation without program interruption if 
an optional 5-kHz filter kit is installed. 

A 5-kHz filter kit (091- 5971-01) may be specified for initial ins tallation by Granger Associates, 
or it can be added to the SCA module at a later date. The kit consists of a low-pass filter 
which limits the SCA input bandwidth to 5 kHz. In addition to the input filter I the subcarrie r 
deviation s hould be limited to 6% to avoid interference with the stereo channel. 

1-4. ACCESSORIES 

The Model 660 is supplied with the following accessories: 

a . One Module E>.-tender (001-7570-01) 

b. One DC Probe (001-0015-01) 

The module extender permit s any module to be withdrawn from the exciter main frame for 
voltage checks and maintenance. The de probe extends the use of the right-hand multimeter 
to allow point- to - point voltage checks of the extended modules . Extensive circuit checking 
can therefore be accomplished without additional test equipment. 

1-6 098-1241-01 
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2-1. INSTALLATION PLANNING 

SECTION II 

INSTALLATION • .I 

Dimensions essential to know for proper installation of the Model 660 FM Exciter are shown 
in figure 2-1. 

2-1. 1 Environmental Requirements 

Location of the Model 660 must be within the following environmental limitations : 

a. Maximum altitude: 7500 feet 

b. Maximum temperature : +50°C 

c. Minimum temperature: 0°C 

d. Maximum humidity: 95% 

2-1. 2. Power Requirements 

Requirements for input power and power consumption are provided in Section I, table 1-2. 

2-1. 3. Cooling Requirements 

The Model 660 is convection cooled and considerations for panel mounting should include 
adequate space around the unit to permit free flow of air. Most of the heat is generated in 
the RF amplifier at the upper right-hand side of the unit; therefore, the installation should be 
made such that adequate circulation of air at that point is ensured. 

2- 2 . INPUT AND OUTPUT CONNECTIONS 

All input and output connections for the Model 660 are made at terminal boards TB3, TB4, 
and TB5 , and the RF OUT connector at the rear of the unit. (See figure 2-2.) The s ilk­
screened terminal board nomenclature of each connection is listed and briefly described in 
table 2-1. 

• 098-1241- 01 2-1 
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2-2 .1. Primary Power Coruiections 

Verify that the primary connections to trans­
former Tl have been made to agree 'with the 
available mains voltage. These connections and 
jumpers are made on terminal board TB2 . (See 
figures 5-3 and 6-1.) 

• J 

Connect the single-phase power to TB3-l and TB3-2. Connect TB3-3 to station ground. Do 
not apply primary power to the exciter until directed to do so in the initial turn-on procedure 
given in paragraph 2-3. 

2-2. 2. Control Connections 

Exciter control connections are made at terminal board TB3 on the rear panel. Three sets 
of terminals on TB3 provide connections to three sets of contacts on off-frequency alarm 
relay Kl located on the upper inside rear wall of the exciter. (See figure 6-1.) The control 
functions for the exciter enabled through these connections are as follows: 

a. RF amplifier module power (TB3- 4 and TB3- 5) 

b. Off-frequency alarm (TB3-6 and TB3-7) 

c. Off-frequency alarm interlock (TB3-8 and TB3- 9) 

Terminals 4 and 5 of TB3 (PA ON) must be jumpered in order for the exciter to operate. 
Terminals 6 and 7 of TB3 (OFF FREQ N. 0.) provide an a larm function in case of off­
frequency operation. 

When the exciter output is used to drive a high- power transmitter, terminals TB3- 8 and 
TB3-9 (OFF FREQ N. C . ) provide an interlock function to remove operating power from the 
transmitter during off-frequency operation. 

2-2 . 3. Input/Output Signal Connections 

Connect the input and output signal lines to the exciter at TB4 , and use twisted-pair shielded 
cable for all audio and SCA input connections. 

For monaural operation, connect audio signal leads to TB4-5 and TB4-7 (STEREO AUDIO L) 
and connect l ine shie ld to TB4-6 (GND) . 

For stereo operation, connect left audio line to TB4-5 and TB4-7 (STEREO AUDIO L) and 
line shield to TB4-6 (GND) . Connect right audio line to TB4-8 and TB4-10 (STEREO 
AUDIO R) and line shield to TB4-9 (GND) . 

.098-1241- 01 2-5 
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For SCA operation, connect balanced audio line to TB5-5 and TB5- 7 (SCA 1 AUDIO IN) and 
line shield to TB5-6 (GND) . 

For the second SCA, connect balanced audio line to TB5-8 and TB5-10 (SCA 2 AUDIO IN) 
and line shield to TB5-9 (GND). 

NOTE 

If the 67-kHz SCA is to be controlled locally, 
connect a jumper from TB5-1 (67 KHz DISABLE) 
to TB5-2 (GND). For remote 67 - kHz SCA opera­
tion , refer to paragraph 2-2. 4 . 

The RF output connection is made at the BNC connector (RF OU'I) on the rear panel. Use 
RG-58/U cable with matching connector to feed the exciter output to an antenna or a 
transmitter. 

2-2 . 4. Remote Control Connections 

Remote control connections are made at TB4 and TB5. The four REMOTE terminals on 
TB4 are used in stereo operation and provide duplicate remote functions of the LEFT, 
STEREO, and RIGHT pushbutton switches on the exciter front panel. These remote control 
functions require the use of three momentary-contact pushbutton switches at the remote 
control point. 

To connect the pushbutton switches for remote stereo control, use three twisted. pair con­
ductors. Connect one wire of each twisted pair to its related terminal (TB4- l, ·i2 , or -3) 
and connect the common return wire of each twisted pair to TB4- 4 (REMOTE GND) . 

Four terminals on TB5 provide remote metering of the SCA mode of operation when one or 
both SCA modules are installed. Terminals TB5- l (67 KHz DISABLE) and TB5-2 (GND) are 
used to remotely disable the 67 -kHz SCA mode of operation. A remote switch connected to 
these terminals provides normal SCA operation when in the closed position. When the switch 
is in the open position~ the SCA module is disabled. 

NOTE 

If remote control of the 67 - kHz SCA mode is not 
desired, connect a jumper between TB5-1 and 
TB5- 2. 

Subaudible tele metry tones can be applied to the SCA modules by making connections to 
TB5 -3 and TB5-4 (METER IN). Use coaxial cable such as RG58A/U for this function and 
ground the shield to TB5-2 (GND) . The 41-kHz SCA module telemetering function connects 
to TB5-3 and the 67-kHz SCA module telemetering function connects to TB5-4. 
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2-3 . INITIAL TURN-ON PROCEDURE 

Perform the following preliminary adjustments and checks before placing the Model 660 in 
operation: 

a. Verify that proper fuses are installed in the two fuseholders on rear panel. Fuse Fl 
has a rating of 2 amperes for 117-vac operation and a rating of 1 ampere for 230-vac 
operation. Fuse F2 has a rating of 2. 5 amperes. -

b. Verify that all modules are seated firmly and locked in place. 

c. Verily that input power connections have been made in accordance with 
paragraph 2-2.1. 

d, Verify that external power control switch for RF amplifier module is in open position 
(paragraph 2-2. 2). 

e. Remove fuse F2 from fuseholder and apply power to exciter. 

f. Rotate EXCITER MULTIMETER switch to following positions and verify and record 
meter indications in accordance with final test data: 

Switch Position 

(1) MOD OSC 

(2) REF OSC 

(3) BINARY OUT 

(4) RF INPUT 

Meter Indication 

g . Rotate EXCITER MULTIMETER switch to AFC UNLOCK and set AFC ADJUST 
screwdriver adjustment on FM exciter module to produce zero indication on 
multimeter. 

h. Allow 15 minutes for exciter warmup. 

i. Connect 50-ohm nonreactive load to RF OUT connector; jumper terminals 4 and 5 
on TB3 and replace fuse F2. 

j. Rotate EXCITER MULTIMETER switch to PA VOLTS and PA CURRENT and record 
multimeter indications for future reference. 

k. Rotate EXCITER MULTIMETER switch to RF OUT and observe power output indica­
tion on multimeter. (Full-scale indication of 100% is equivalent to 10 watts RF 
output.) 
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m. Connect electronic counter or calibrated frequency monitor to exciter output 
through a 20 db pad or to a "sniffer" in transmission line. 

2-8 

n. Set FREQUENCY ADJUST control on FM exciter module for precise center fre­
quency. Rotate EXCITER MULTIMETER switch to AFC and set AFC ADJUST 
control for midscale indication on multimeter . 

o . Verify that all multimeter indications are in reasonable agreement with fif\al test 
data. 

p. Disconnect jumper wire between terminals 4 and 5 of TB3 . Connect exciter RF OUT 
connector to antenna or power amplifier. Reconnect jumper wire between terminals 
4 and 5 of TB3. 

q. Rotate EXCITER MULTIMETER to RF OUT and withdraw RF amplifier module from 
main frame. Adjust capacitors Cl8 and C l 9 (Figure 6- 2) for maximum RF output 
as observed on multimeter. Reinsert RF amplifier into main frame and lock in 

place . 

098-1241-01 
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SECTION Ill 

OPERATION 

3-1. OPERATING CONTROLS AND Il'l'DICATORS 

Section m 

As shown in Figure 3-1 , all operating controls and indicators are located on the front panel 
of the exciter main frame. The controls on the optional plug-in modules are not used during 
routine operation of the Model 660 . Table 3-1 lists the Model 660 operating controls and 
indicators and gives the reference designator and a brief functional description of each. 

M2 S2 A9S1 AlOSl TP2 TPl Sl AllSl Ml 

A1Rl6 AlDSl 

Figure 3-1. Model 660 FM Exciter Front Panel Controls and Indicators 
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Table 3-1. Operating Controls and Indicators 

Ref. Des . Panel Nomenclature Function 

Ml None Provides indication of functions selected 
by EXCITER MULTIMETER switch Sl : 
external l'I!etering, power amplifier 
voltage, basic oscillator, refe.iience 
oscillator, binary out, AFC, and RF 
amplifier input/ output and current 
conditions. 

M2 None As selected by switch S2 1 provides indi-
cation of modulation levels fed into 
exciter. 

S1 EXCITER MULT™ETER Selects functions for application to meter 
Ml. 

S2 AUDIO MULTIMETER Selects audio functions for application to 
meter M2. 

A9S1 LEFT Selects left channe l only (monaural) . 
Disables right channel . 

Al0Sl STEREO Selects and indicates activation of stereo 
mode. 

AllSl RIGHT Selects right channel only (monaural) . 
Disables left channel. 

AlDSl CARRIER ON Indicates activation of RF Amplifier 
module . 

A1R16 OUTPUT POWER ADJUST Adjusts collector voltage in RF Amplifier 
module . 

3-2 . OPERATING PROCEDURES 

When operating power is initially applied, the crystal oven in the FM exciter module begins 
to warm up and the modulated oscillator circuit searches for ·phase lock; after a short inter­
val, the oscillator will lock to the crystal reference frequency. The phase-locked condition 
c an be verified by rotating the EXCITER MULTIMETER switch to AFC UNLOCK and 
observing a zero indication on meter Ml . If necessary. slightly adjust the AFC ADJUST 
control on FM exciter module A2 to produce zero indication. 

3- 2 098-1241- 01 

http://www.SteamPoweredRadio.Com


www.SteamPoweredRadio.Com

Model 660 Section III 

Operating power should be applied continuously to the exciter. At the end of a broadcast 
period, remove operating power to the RF amplifier module by disconnecting the jumper 
(or opening the switch) between terminals 4 and 5 of TB3. To resume operation, simply 
apply power to the RF amplifier; no warmup period is required. 

3- 2.1. Mode Selection 

Monaural operation is enabled with the use of either the monaural or stereo modules 
installed in the exciter. For monaural operation with either module installed, audio s ig-
11als are connected to the STEREO AUDIO L input terminals 5 and 7 of TB4. If the stereo 
module is in place, press the LEFT pushbutton on the upper panel to provide monaural 
operation. If the monaural module is in place, switching is not required for monaural 
operation. 

Either one or both 41-kHz and 67- kHz SCA modules may be installed and used simultaneously 
when the exciter is operating in the monaural mode; thus , full-time operation of all three 
modes is permitted . 

The exciter must be equipped with a stereo generator module to produce the stereo mode of 
operation. When the module is in place, either left channel, right channel, or stereo 
operation is available as selected by the LEFT, RIGHT, or STEREO pushbutton switches 
on the upper front panel. When the 41-kHz SCA module is used in the exciter equipped for 
stereo operation, it is automatically disabled when the stereo mode is selected. This does 
not apply to the use of the 67- kHz SCA module if it is equipped with a 5-kHz filter. This 
filter prevents interference between the SCA and stereo subchannels. 

3-2. 2. Monitoring 

Complete monitoring of the exciter operating functions is enabled by the use of two multim­
eters (Ml and M2) located on the control panel. Monitoring functions of both meters are 
selected by adjacent rotary switches. The left-hand meter is used to measure modulation 
levels and the right -hand meter is used to evaluate the electrical parameters of the exciter. 
The EXCITER MULTIMETER switch is related to the r ight-hand meter and provides an 
additional function of allowing the multimeter to be used for de measurements in maintenance 
procedures. 

3-2 . 3. Channelization 

The exciter is crystal controlled and complete ly adjusted for operation on a specific fre­
quency at the factory. The crystal i s contained p lug-in oven HRl, which mates with XHRl 
located at the rear of the FM exciter module . (See figure 5- 5 . ) 

Compute the crystal frequency for a specific allocation as follows: 

F :x1:al = 

.. 098-1241- 01 

F carrier (kHz) 

1024 
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When ordering a spare or replacement crystal for the exciter , state the required crystal 

frequency and specify G/ A part number 166-0006-01. Table 3- 2 contains a reference listing 

of FM broadcast frequency allocations and the required crystal frequency for each allocation. 

Table 3- 2. FM Frequency Allocations/Crystal Frequencies 

CARRIER CRYSTAL CARRIER CRYSTAL CARRIER CRYSTAL 

FREQUENCY FREQUENCY FREQUENCY FREQUENCY FREQUENCY FREQUENCY 

(MHz) (kHz) (MHz) (kHz) (MHz) (kHz) 

88.1 86 . 0352 94. 9 92. 6758 101. 5 99.1211 

88.3 86. 2305 95 . 1 92. 8711 101. 7 99. 3165 

88. 5 86 .4258 95 . 3 93. 0665 101.9 99 . 5118 

88. 7 86.6211 95.5 93,2618 102. 1 99. 7071 

88 . 9 86.8165 95.7 93. 4571 102. 3 99 . 9024 

89.1 87 . 0118 95.9 93 . 6524 102. 5 100.0977 

89 . 3 87. 2071 96.1 93.8477 102. 7 100.2930 

89.5 87 . 4024 96.3 94. 0430 102.9 100 .4883 

89 . 7 87.5977 96.5 94. 2383 103.1 100.6836 

89.9 87 .7930 96 . 7 94. 4336 103.3 100.8790 

90.1 87.9883 96.9 94.6290 103.5 101 . 0743 

90.3 88 . 1836 97. 1 94.8243 103.7 101. 2696 

90.5 88.3790 97.3 95.0196 103.9 101.4649 

90.7 88 . 5743 97 . 5 95 . 2149 104.1 101 . 6602 

90.9 88.7696 97 . 7 95.4102 104 . 3 101. 8555 

91.1 88.9649 97.9 95. 6055 104.5 102.0508 

91. 3 89.1602 98. 1 95.8008 104 . 7 102 . 2461 

91. 5 89.3555 98.3 95.9961 104.9 102 . 4415 

91. 7 89 .5508 98.5 96 .1915 105.1 102.6368 

91. 9 89.7461 98.7 96.3868 105.3 102.8321 

92. 1 89. 9415 98.9 96.5821 105.5 103.0274 

92.3 90 . 1368 99 .1 96. 7774 105.7 103.2227 

92.5 90 . 3321 99.3 96.9727 105.9 103 . 4180 

92.7 90.5274 99.5 97 .1680 106.1 10:L 6133 

92. 9 90 . 7227 99.7 97.3633 106.3 103. 8086 

93. 1 90.9180 99 .9 97 . 6586 106 . 5 104.0040 

93. 3 91.1133 100.1 97.7540 106. 7 104. 1993 

93.5 91. 3086 100.3 97 .9493 106. 9 104.3946 

!)3.7 91. 5040 100.5 98 .1446 107. 1 104.5899 

93 . 9 91.6993 100.7 98.3399 107. 3 104.7852 

94. 1 91.8946 100.9 98 . 5352 107.5 104.9805 -
94. 3 92.0899 101.1 98. 7305 107. 7 :no5. l 758 

94.5 92 . 2852 101. 3 98 . 9258 107 . 9 105.3711 

94.7 92. 4805 
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4-1. INTRODUCTION 

SECTION IV 
PRINCIPLES OF OPERATION 

This section describes the principles of operation of the Model 660 FM Exciter . An overall 
description of the exciter is given, followed by a detailed description of the operation of each 
module or other operational assembly contained in the exciter. The unit descriptions apply 
to the basic modules and to other modules which may be optionally supplied. 

4-2. EXCITER CIRCUIT DESCRIPTION 

The Model 660 FM Exciter (figure 4- 1) comprises a modulated oscillator, audio input circuits, 
frequency control circuits, an RF amplilier, and a multivoltage power supply. 

The modulated oscillator generates the carrier frequency, and the frequencies shown in 
figure 4-1 are nominal and are given for reference only. The oscillator accepts modulating 
signals from as many as three modules. The modulated RF output signal of the oscillator is 
amplified and isolated by a buff er stage before application to the RF power amplifier. 

The center frequency of the modulated oscillator i s held fixed by a phase-lock system of 
automatic frequency control. A sample of the oscillator output signal is divided and compared 
with the divided output of the crystal reference oscillator. The resulting error signal output 
of the NOR gate phase detector is used to activate an automatic frequency control (AFC) circuit, 
which provides frequency stability for the modulated oscillator. The error signal circuitry 
is also used to deactivate a transmitter in the event the oscillator falls out of phase lock. 
A fine-tuning adjustment (FREQ. ADJUST) on the front panel permits precise adjustment of 
the exciter to the authorized frequency. 

The following paragraphs describe the operation of the phase-lock AFC system used in the 
exciter. The nominal frequencies shown in figure 4-1 are used only in the description as a 
reference. 

The 100-MHz oscillator carrier frequency is fed to a series of binary dividers for division 
by a factor of 16,384 to a frequency of nearly 6 kHz. The output of the 100-kHz reference 
oscillator is divided by a factor of 16 to produce a s ignal closely related to the _6-kHz signal 
derived from the carrier frequency division process. · · 

The two signals are compared in a phase detector and the error signal is used to stabilize 
the carrier frequency and to off set the effects of temperature change and aging components . 
The AFC system must also permit modulation over the entire range of 50 Hz to 75 kHz while 
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holding the center carrier frequency within tolerance. The wide range of modulation is 
necessary to accommodate transmission in the monaural, stereophonic, and SCA modes . 

F igure 4- 2(a) is a s implified block diagram of the AFC control circuit. The phase detector 
is a form of OR gate, which has a high output when the input from e ither the reference 
oscillator chain or the modulated oscillator chain is high. When both inputs are low, the 
output of the OR gate is low. A buffer s tage inverts the output waveform of the OR gate and, 
during quiescent conditions, the buffer output consists of a train of square waves that have a 
peak amplitude of 15 volts and a duty factor of 25%. 

With the e xception of the phase detector in the feedback loop, this AFC system behaves 
much like an ordinary .feedback control system. The phase detector is characterized by the 
function ¢ shown in figure 4- 2(b), which resembles that of an amplifier hav ing a linear output 
in volts- per-degree of erTor for excursions that do not exceed ±90 degrees. For excursions 
that exceed ±90 degr ees, the detecto1' acquires a negative resistance characteristic which 
would normally produce instability. 

In the following simplified analysis of the AFC loop, it is assumed that the divide r chains 
are integral parts of the phase detector and that the effects of phase shift introduced by the 
divider chains are negligible. See figure 4-3(a). When referred to the carrier frequency , 
the phase detector characteristic is stable over ±1, 474,560 degrees of phase excursion at 
that frequency . This wide latitude of phase s tability is shown in figure 4-3(b). 

The nonlinear nature of the AFC system requires separate consideration of perturbations of 
varying intensity . Exciter modulation at 100% represents a ±75-kHz frequency deviation, 
and the peak phase deviation is a function of the modulation frequency , as s tated by the 
formula: 

ak . h d . t · 75,000 x 3600 t 100% d l . pe carrier p ase ev1a ion = Z-rrf mod (Hz) a mo u ation. 

Thus , 100% modulation in the region of 2. 5 Hz or lower will cause oscillation in the AFC 
system. 

Smaller perturbations caused by temperature variations and mild mechanical shock have 
negligible effect on tl1is circuit stability , and during these disturbances the phase detector 
r emains a stable , linear device, permitting analysis of the AFC circuit based on conven­
tional feedback theor y. The system behavior is thus determined by the loop gain and filter 
response in the feedback loop. These parameters are affected by component tolerances, and 
the loop gain is affected by the varicap diode sensitivity , which is a function of. the oper ating 
frequency. · ' 

The typical AFC loop response should be approximately as shown in figure 4-4 . Transient 
response s hould be damped su.ffic iently to avoid excessive ringing or overshoot. The low­
pass filter in the feedback loop prevents the AFC system from being influe nced by modulating 
frequencies above a nominal 20 Hz . Be low 20 Hz , the AFC system opposes carrier modula­
tion, so the action of the AFC system limits the lower audio transmission frequencies . 

• 098-1241-01 4-3 

http://www.SteamPoweredRadio.Com


www.SteamPoweredRadio.Com

Section IV 

4 - 4 

AUDIO 
INPUT 

MODULATED 
OSCILLATOR ---- - 100 MHz 

AFC 
CORRECTION 

'-- LOW-PASS 
Fl LTER -

BUFFER 

+ 16,384 

♦ 
PHASE 

DETECTOR 
'P 

a. AFC System Basic Block Diagram 

PHASE 
DETECTOR 

OUTPUT 

PHASE ERROR AT 6 kHz COMPARISON FREQUENCY 

b. Phase Oelector Characterisllc -- tf, 

- TO RF AMPLIFIE R 

REFERENCE 
CRYSTAL 

OSCILLATOR 
- 100 kHz 

~ 
- 716 

Figure 4-2. AFC System Basic Block Diagram 
and Phase Detector Characteristic --q, 

Model 660 

098-1241-01 

http://www.SteamPoweredRadio.Com


www.SteamPoweredRadio.Com

Model 660 

AUDIO 
INPUT 

098-1241-01 

.··,; 

MODULATED 
OSCILLATOR -- BUFFER TO RF AMPLIFIE 

- -100 MHz 

AFC 
CORRECTION PHASE REFERENCE 

- DETECTOR 
p OSCILLATOR 

1-. 
LOW-PASS I 

FILTER -

a. AFC System Reduced Block Diagram 

PHASE ERROR AT CARRIER FREQUENCY 

. ; 
b. Phase Detector Characteristic --p 

F igure 4 -3. AFC System Reduced Block Diagram and 
Phase Detector Characteristic -- 4> 

Section IV 

R 

4- 5 

wigfi
Stolen 2 Line Transparent

http://www.SteamPoweredRadio.Com


www.SteamPoweredRadio.Com

Section IV Model 660 

+5 

.0 
0 "'O NOMI NAL 6 db/ I 

I -OCTAVE SLOPE w 
(./'} -5 
z 
0 DOTTED LI NE DENOTES Cl.. 
(./'} 

-10 RESPONSE LIMITED BY LU 
a:: INPUT COUPLI NG 

I CAPACITOR 
-15 

1 HZ 10 HZ 100 HZ 

NOTE: 1-VOLT p-p CONNECTED BETWEEN PI NS 5 AND 1 ON MODULATED 
OSC ILLATOR ASSEMBLY. OUTPUT MEASURED ACROSS C6 ON 
SAME ASSEMBLY. 

Figure 4-4. Typical AFC Loop Response Vs. Frequency 

Perturbations of medium intensity may move the operation of the phase detector from its 
s table region and cause the AFC circuit to lose phase lock . It is difficult to predict the 
precise response of the AFC circuit under such conditions as mornentary power failure and 
s imilar problems, due to the nonlinear behavior of the circuit. After such a disturbance, the 
phase detector quickly locks into a stable operating region and normal exciter operation is 
resumed immediately. 

For a major perturbation such as encountered during initial equipment warmup, the modulated 
oscillator may be considerably off the assigned frequency and the circuits may se_arch for 
one or two minutes before acquiring phase lock. As the oscillator frequency appr6aches the 
lock point, a low-frequency phase-error beat note appears. The low-pass filter rejects the 
beat note, but as the frequency becomes lower, the modulated oscillator tends slightly 
toward lock e ach time the phase detector passes through the stable part of a cycle. As the 
freque ncy of the beat note becomes lower than 10 Hz in its approach to zero , the modulated 
oscillator is drawn into lock during a stable part of a cycle. The phase-lock circuits have 
a pull-in capability from 100 kHz to 150 kHz at the carrier frequency . 

4-2. 1. RF Amplifier Module Al 

The RF amplifier is a three-stage VHF amplifier of conventional design. All three stages 
use overlay transistors operating class C. (See figure 5-4.) A 6 db resistive pad at the 
input provides proper termination for the coaxial line between the exciter module and the 
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amplifier input. The pad also provides extra isolation between the modulated oscillator and 
subsequent stages. 

The RF amplifier is designed to feed a 50-ohm nonreactive load. An SWR of up to 2:1 can be 
accommodated by adjusting the output stage tuning and loading controls, Cl8 and Cl9. 
Access to these controls is provided through two holes adjacent to the output connector on 
the left side of the chassis as it is removed from the exciter main frame. 

The amplifier can withstand load faults ranging from open to short circuit without damage; 
however , prolonged operation under such conditions should be avoided, since the output 
stage is forced to dissipate the additional power that would normally be fed to _the load. 

4-2. 2. FM Exciter Module A2 

-. . . 

As s hown in figure 5- 5, the FM exciter module consists of two printed circuit board assem­
blies. Assembly A2Al contains the modulated oscillator and buffer amplifier and assembly 
A2A2 contains the reference oscillator and AFC circuits. The module includes a receptacle 
for plug- in crystal oven HRl. 

The modulated oscillator on A2Al uses an RCA type 2N4427 transistor in an emitter- coupled 
Hartley configuration. The tuned oscillator cir cuit uses inductor L3 and the combination of 
capacitors C7 and C12 and varicaps CRl to CR4 as capacitive elements. Capacitor C7 is 
used as a coarse frequency control. Trimmer Cl2 is used to adjust the tension in the AFC 
loop. Varicaps CRl and CR3 are connected back-to-back to provide excellent linearity over 
the required frequency swing. Varicaps CR2 and CR4 are part of the AFC loop. 

Resistors R3 , R4, and R5 are used in conjunction with L2 to establish the proper operating 
point for varicaps CRl and CR3. Potentiometer R4 is set at the factory to provide a 2. 5-vdc 
potential at the junction of CRl and CR3. 

The output power of approximately 200 milliwatts is fed to the attenuator pad composed of 
R22, R23, and R24 to isolate the modulated oscillator from succeeding stages. The pad 
provides an RF feed for the AFC network. 

Transistor Q2 is also a type 2N4427, and is operated as a conventional collector-tuned 
amplifier. The amplifier provides approximately 200 to 300 milliwatts of power to drive 
RF amplifier module Al. Audio is fed from a monaural amplifier or stereo generator to 
pin W of input connector Pl. SCA signals are applied to pins V and T of the connector. 
Potentiometer R2, which controls the modulation sensitivity, is adjusted at the factory so 
that 2 volts peak-to-peak at pin W will cause 100% modulation. Input impedance at pin Wis 
approximately 5000 ohms. 

The AFC circuit on assemlby A2A2 is a phase-lock type of automatic frequency control in 
which the phase of the modulated oscillator on assembly A2Al is compared with the phase of 
a temperature-stabilized crystal reference oscillator . The resultant phase error signal is 
used to correct the frequency of the modulated oscillator. The AFC action is described in 
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paragraph 4-2; therefore, the following description is limited to an analysis of the binary 
counting circuits and their relnted components. 

The first four integrated circuits (IC - 1, IC - 2, IC-3, and IC-5) on assembly A2A2 are high­
speed binary dividers connected in cascade to produce an output that is 1/ 16 the carrier 
frequency. The output of IC-3 is fed to level shifter and buffer transistor Ql, which drives 
a series of low-speed integrated circuits connected as divide-by-four binary circuits. 
Integrated circuits IC -6 through IC-10 divide the signal from 1/16 the carrier frequency to 
1 / 16, 384 the carrier frequency. The output of IC-10, which is a square wave with a period 
inversely proportional to the mean frequency of the modulated oscillator, is fed to one input 
of OR gate IC -13. 

Integrated circuit IC-4 and crystal Yl form the refer ence crystal oscillator circuit. The 
crystal oven is internally heated and contains a thermostat which is connected to 
power transistor Ql for even temperature control. The crystal frequency is in fl'ie nominal 
range from 85 to 105 kHz . (Refer to paragraph 3-2.3.) The output of IC-4 is fed to buffer 
Q2, which drives IC-11. Integrated circuits IC - 11 and IC-12 each divide by four , and 
together in cascade divide the crystal frequency by 16. The output of IC-12 is a square 
wave with a period inversely proportional to the ref ere nee oscillator frequency. This output 
is fed to the second input of IC-13 . 

The output of IC-13 is a train of pulses , the width of which is proportional to the phase 
1·elationship of the two input signals. The pulses are fed to Q3 for amplification sufficient to 
drive the integrator network composed of Rl3, Cll, Rl6, and C14. The integrator network 
removes the 6-kHz component of the pulse train and leaves a de voltage which is proportional 
to the pulse width, and hence proportional to the relative phase of the two signals. This 
voltage is fed to AFC varicaps CR2 and CR4 in assemlby A2Al for control of the modulated 
oscillator center frequency. A steady- state frequency error will develop a beat note signal 
at the output of integrator network R13 and C 11. This signal is fed to off-frequency 
detector circuit board A4. 

4 - 2. 3 . Meter Amplifier Circuit Board A3 

Meter amplifier board A3 (figure 5-6) comprises seven calibrating potentiometers, a 
three - stage direct-coupled amplifier, and a peak-reading voltmeter circuit. The potentiom­
eters are used to calibrate meter M2 to external references. The potentiometers for LEFT, 
RIGHT, and COMP (composite) functions are calibrated for a meter indication of 100% with a 
2-volt peak-to-peak input to FM exciter module A2. Both SCA MOD inputs should produce 
a meter reading of 100% at 10% subcarrier deviation. Both SCA INJ inputs should produce a 
meter reading of 30% with a 2-volt peak-to-peak subcarrier input to module A2. 

Voltage amplifier transistor Ql has a gain of approximately five. The following two current 
amplifier stages develop sufficient power at low impedance to drive the peak detector and 
meter M2. The audio signal is fed through C2 to diode CRl, from which the rectified output 
voltage charges C3 to peak signal value. Capacitor C4 is connected in parallel with R16 to 
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accelerate the slow response time of meter M2. Diode CR5 protects the meter from 
transient voltages. 

4-2. 4. Off-Frequency Detector Board A4 

During normal operation, the oscillator in FM exciter module A2 (figure 5-5) is locked to the 
frequency of the crystal reference oscillator. The output of buffer amplifier Q3 on assembly 
A2A2 is a train of 6-kHz square wave pulses having a peak value of 15 volts and a duty factor 
of 25%. This waveform is fed to the network composed of Rl3 and Cll, which.produces a 
nominal 3 . 5-vdc signal containing a negligible amount of residual ripple. 

If the FM oscillator becomes unlocked, the duty factor of the square wave output of the buffer 
amplifier Q3 varies cyclically as the AFC circuit attempts to regain phase lock. The varia­
tion appears as a beat note, which is amplified by Ql on off-frequency detector board A4, 
after which it is rectified and filtered by diodes CR2 and CR3 and capacitor C4. (See 
figure 5-7.) The resulting de voltage drives amplifier Q4-Q5 to actuate off-frequency relay 
Kl, which is mounted on the main frame of the exciter. 

The off-frequency relay can be actuated by circuit malfunctions other than loss of phase lock: 
the reference oscillator may fail or one of the dividers may be stalled. Either event is 
sufficient to cause a high or low output to appear at Q3 instead of a beat note. A stalled 
condition in either divider chain in the high-output condition produces a 0-volt output at Q3 
on assemlby A2A2. A stall in the lower condition produces a symmetrical square wave. 

A 0-volt output at Q3 causes the collector of Ql on off-frequency board A4 to be high, turning 
on the following Q3~ which turns on the relay amplifier Q4-Q5. The symmetrical square 
wave output causes the emitter of Ql to be high, turning on Q2, which turns on relay 
amplifier Q4-Q5. 

The condition of the divider chains can be determined by rotating the EXCITER MULTIM­
ETER selector to the BINARY OUT and REF OSC positions . In either position the meter 
should indicate between 50 and 80 on the linear scale of multimeter M2. The actual meter 
indications depend on component tolerances but should remain constant during the operation 
of the exciter. Failure of an oscillator or divider chain produces either a O or 100 meter 
indication at the BINARY OUT or REF OSC positions , respectively. 

4- 2. 5. Monaural Module AS 

Monaural module A5 (see figure 5-8) comprises a resistive input pad, an input transformer, 
a low-pass filter , and a low-distortion audio amplifier. 

The audio input line is connected to a pad which provides a resistive termination at all audio 
frequencies and prevents interaction with other audio equipment connected to the exciter. 
The pad is followed by a balanced-line input transformer. A 15-kHz low-pass filter is 
inserted between the input transformer and the audio amplifier to remove all undesired 
audio content which might interfere with SCA operation. 

'098-1241-01 4-9 
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The amplifier section consists of a two-stage , high-gain amplifier with negative feedback. 
The transfer function of the feedback network is adjusted to provide the 75-µsec preemphasis 
curve required for FM broadcast service. The preemphasis may be removed by restrapping 
two terminals on the circuit baord and may be changed to 50 µsec by replacing C4 with a 
0 . 022 µF capacitor . 

-1 -2. 6 . Stereo Generator Module A5 

The stereo generator module (figures 4-5 and 5 - 9) is also designated A5, as either 
monaural module A5 or stereo generator module A5 may be inserted into J3 in the main 
frame of the exciter, depending on the type of operation required. (See figure 5-2. ) 

The stereo generator comprises three assemblies: an input pad-transformer-filter assembly 
and two etched-circuit board assemblies . Assembly A5Al contains the subcarrier oscillator, 
modulator , and pilot injection circuitry. Assemlby A5A2 contains both the left and right 
channel audio amplifiers, the composite output amplifier, and the relay switching and control 
circuitry . 

Audio from separate sources is fed to the left and right channel s of the module. Each line 
feeds a 10 -db pad which is followed by a transformer so the input circuit is balanced and 
presents a 600-ohm resistive characteristic over the entire audio frequency range. The 
right channel circuitry is equipped with filter-terminating potentiometer R46 and gain 
potentiometer R47. These controls are used to match the right channel filter gain and phase 
characteristics to those of the left channel. A two-stage negative feedback amplifier follows 
the input circuits in each channel, with the frequency response of the amplifiers governed by 
their feedback networks. Terminal s on assembly A5A2 may be strapped to provide a choice 
of 75-µsec preemphasis or flat frequency response. The 75-µsec preemphasis t ime constant 
is provided in the left channel by capacitor C5 and the parallel combination of RlO and Rll; 
the 75-µsec preemphasis time constant i s provided in the right channel by C16 , R36, R37, 
and R38. If preemphasis is provided in the audio equipment feeding the exciter, both 
channels should be strapped in the FLT (flat) position. For the left channel, this change 
involves moving the jumper from C3 and C5 to connecting C3 to C6 . For the right channel, 
remove jumper from R34 and connect to Cl 7. 

In the left channel, the impedance of Ll and R7 control s the response at the higher frequen­
cies, so that the gain does not continue to increase indefinitely as the signal frequency ·is 
increased beyond 15 kHz. The right channel contains three additional balancing adjustments: 
R50 sets the nominal 75-µsec break point to match that of the left channel, R33 sets the high­
frequency rolloff to match that of the left channel , and R37 is a gain control to match the 
gain of the right channel against that of the left channel. The preemphasis break-point time 
constant may be changed to 50 µsec by replacing C5 and C16 with O. 022 µF capacitors. 

Assembly A5Al contains the 76-kHz crystal oscillator circuit which includes transistors 
Ql and Q2. The oscillator frequency may be adjusted precisely by PILOT FREQUENCY 
control Cl on the front of the module. The oscillator output waveform i s ''squared'' by 
buffer Q3, and the steep falling edge of the square wave triggers bistable flip-flop Q4-Q5 . 

. 
. l 
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The symmetrical 38-kHz square wave from the flip-flop drives the balanced modulator 
form ed by CR7 through CRl0. CARRIER BALANCE control Rll is used to null out the 
38 -k II z carrier. The switching action of the modulator gates audio first from the left 
chatme l, and then from the right channel. When there is no audio modulation, the modulator 
output at the junction of CRB and CR9 on assembly A5Al i s a steady de pedestal. 

The output of the modulator is fed to buffer Q9 for amplification before being fed to com­
posi.le low-pass filter FL3. A 19-kHz pilot tone is also injected into FL3. The 38-kHz out­
put or Q4-Q5 drives bistable flip-flop Q6-Q7, which yields a 19-kHz square wave. This is 
fed to buffer QB, which is followed by a tuned circuit consisting of Ll, C14, C15, and Cl6, 
which provides low-pass filtering of the square wave signal. The phase of the pilot tone is 
adjustable by the use of PILOT PHASE capacitor Cl6, which i s mounted on assembly A5Al. 

All circuits following the balanced modulator must have wide bandwidth and very good phase 
linearity for effective stereo channel separation. Filter FL3 removes all spurious frequen­
cies above 53 kHz to avoid interference with SCA subchannel operation. The operation of the 
filter is s implified by the symmetrical nature of the 38-kHz switching waveform, which con­
tains no even-order harmonics. Filter FL3 is followed by composite amplifier Q5 on 
assembly A5A2. Best phase response is provided by the adjustment of STEREO FLTR 
potentiometer R19; STEREO L EVEL potentiometer R24 controls the amplitude of the compos­
ite waveform . Both of these conh·ol s are located on assembly A5A2. The single composite 
output waveform of Q5 contains all the information required for stereo transmission. The 
composite signal is fed to emitter-follower Ql0 before application to the modulated oscillator 
in module A2. 

SEPARATION control R13 on the lower front panel of the stereo generator is used to add 
extra left-plus-right to the composite waveform for good stereo separation, and is adjusted 
to correct the minor amplitude error that is inherently produced by the action of the low­
pass filter. 

Control relays Kl and K2 enable the selection o[ either left or right monaural, or stereo 
composite, and provide mode indication by lighting the appropriate front panel lamps. 

4 - 2. 7. 41-kHz and 67-kHz SCA Modules A6 and A 7 

Ina smuch as the 41-kHz SCA module and the 67-kHz SCA module have similar circuitry, the 
following discussion applies equally to both Wlits. The difference table in figure 5-10 speci­
fies those components used for operation at either frequency. 

Incoming audio is fed to a 10 db resistive pad that is followed by transformer Tl. The 
circuit board contains provision for an optional 5-kHz low-pass filter for use with the 67-kHz 
SCA module when the exciter is equipped with a stereo generator. The filter connects to 
terminals 20, 21 , and 22, and the jumper should be removed from between terminals 20 and 
21. 

The emitter circuit of Ql contains the preemphasis and rolloff networks. The 75-µsec 
preemphasis network consists of R12 and C4, and high- frequency rolloff is provided by the 
network of Ll and Rl0. The preemphasis time constant may be changed to 150 µsec by 

4-12 098-1241- 01 

http://www.SteamPoweredRadio.Com


www.SteamPoweredRadio.Com

Model 660 Section IV 

changing the value of C4 to O. 33 µF. Te lemetry tones can be injected into the emitter of 
Ql from terminals on the rear panel of the exciter. Emitter -follower Q2 is used to drive 
the muting amplifier , the exciter multimeter, and the subcarrier modulated oscillator. 

Modulated oscillator Ql0-Qll is a free-running multivibrator, the frequency of which is 
proportional to its bias voltage. Transistor Q9 regulates the bias to compensate for 
temperature drift. 

The modulated oscillator is followed by diode gate CR5-CR6, buffer amplifier Ql2, and a 
low- pass filte r which removes harmonics of the oscillator waveform. The output of the 
filter is fed to emitter- follower Ql3 before application to FM exciter module A2. 

Subcarrier control switch S1 is mounted on the front panel of the SCA module. This switch 
provides a choice of three operating conditions: ON, OFF, and AUTO. These designations 
relate to muting the subcarrier . In the AUTO position, the subcarrier is automatically 
muted when there i s no audio input into the SCA module . The muting amplifier composed of 
Q3 through QB gates the subcarrier on with normal audio inputs of 20 db or less below peak 
deviation capability. The subcarrier remains on for a short period (nominally between 0. 6 
and 4 seconds) after the audio input is removed; the duration of the period i s adjustable by 
muting delay control R41. 

4-3. POWER SUPPLY CffiCUIT DESCRIPTION 

The Model 660 Exciter main frame contains a power supply which provides four de output 
voltages to the modules as follows: +24 volts regulated to RF amplifier Al and off-frequency 
detector A4; +15 volts regulated to FM exc iter module A2, monaural module A5 , stereo 
module A5 , and SCA modules AG and A7; -15 volts regulated to stereo module A5 ; and +3 . 5 
volts regulated to the AFC circuit s . Unregulated +40 volts is also available for the crystal 
oven HRl in FM exciter module A2. One power transformer with three secondary windings 
is used in the power s upply . (See figure 5-11.) 

The +24-volt and the ~3.5-volt circuits use conventional full-wave bridge rectifier s. The 
+15-volt and -15-volt circuits s hare a common center-tapped primary and full - wave bridge 
rectifier. 

The +24-volt circuit uses cascaded emitter followers in series with the load . The output 
voltage is controlled by an error-amplifier trans is tor and a zene r diode voltage reference. 
The output voltage is adjustable by potentiometer R4 mounted on TBl in the exciter main 
frame. 

The +24-volt supply section provides a thoroughly filtered output voltage which is also used 
as a r efer ence for the + 15-volt and +-3 . 5-volt output circuits . Both the + 15-volt and the 
+3 . 5-volt cir cuits use single series-pass transistors controlled by zener r eference diodes. 
Their output voltages have very low ripple content because of the s table reference voltage 
from the +24-volt supply . 
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The -15-volt supply uses a single series-pass transistor controlled by a single zener 
r eference diode. 

4- 4. POWER DISTRIBUTION 

The Model 660 can be used with supply voltages from 105 to 125 volts, or from 200 to 250 
volts , at 50 to 60 Hz. The transformer primary is adapted to local supply voltage by a 
combination of split and tapped windings. Refer to figure 5- 3 for proper primary connections 
to powe r transformer Tl. The de power supply output voltages are wired to the module 
plug-in sockets and to the frame- mounted modules. The power supply sources and their 
destinations are also shown in figure 5- 3. 
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5 -1. PERIODIC MAINTENANCE 

SECTION V 

MAINTENANCE 

Section V 

Periodic inspection, c leaning, and maintenance requirements for the Model 660 FM Excite r 
are in accordance with standard practice for maintaining any communications equipment. 

5 - 2. PRINTED CIRCUIT BOARD COMPONENT REPLACEMENT 

To replace a circuit board component, proceed as follows: 

a. Brush a coating of ros in flux over both leads of component to be r eplaced and on 
circuit board copper. Coat a piece of 1/ 32-to 1 / 4-inch-wide flat shie lding braid 
(tinned copper wire woven into a flat braid) with ros in flux. Lay end of braid over 
lead of component to be removed . Apply heated soldering iron to braid in such a 
manner that braid absorbs all solder as it melts from copper and around component 
lead . 

b . Repeat for all leads holding component onto printed circuit board. 

c . After all component leads are loose in their mounting holes, st r aighten out leads 
that have been bent over to secure component during soldering. Remove com ponent 
carefully so as not to damage or break copper tracings on printed circuit board. 

d. Replace component in mounting holes on printed circuit board. Bend leads over to 
secure component and cut off excess length. Be extremely careful not to damage 
traces on board. Remove any excess rosin flux from solder ed area with clean 
a lcohol. 

5-3. OP ERATIONAL CHECK 

Correct operati::m of the Model 660 FM Exciter can be ver ified by performing the operational 
check described in the following paragraph. This check is general in scope and is intended 
to verify adequate modulation capability and s ignal power output. If inadequate operation is 
indicated, or if a change of ope rating frequency is required, perform the alignment and 
adjustment procedures in this section for remedial action. 

; 

The following test equipment (or equivalent) i s r equired in the performance of this check and 
for subsequent ~ests and alignment procedures: 

VOM 

Low-Distortion Audio Oscillator 

098-1241-01 

Tripplett Model 630 

HP Model H20-2oocD 
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FM Monitor 

SCA Monitor 

Oscilloscope 

RF Power Meter 

Electronic Counter 

50-Ohrn Load or 20- db Pad 

Belar Models FMM-1 and FMS-1 

Belar Model SCM-1 

Tektronix Model 504 

Sierra Model 164 

HP Model 5245- L 

Sierra Model 661A-20 

5-3. 1. General Performance Check 

The following check is performed to determine the general operating characteristics of the 

exciter : 

5- 2 

a. With power off, remove lower front panel cover and remove FM exciter module A2. 
Place module in extender board and reconnect to exciter receptacle . 

b . Connect jumper wire between terminals 4 and 5 ,of TB3 . 

c . Note setting of OUTPUT POWER ADJUST control on front panel of RF AMPLIFIER 
and turn control fully counterclockwise. 

d . Apply power to exciter and allow short warmup period. 

e. Using VOM, verify +24 vdc at TB3 terminals 4-5 to ground. 

f. Feel outside of crystal oven on FM exciter module A2 to verify oven heater 
operation. 

g . Verify application of 40 vdc across terminals 3 and 4 of crystal oven socket , with 
voltage recurring intermittently at approximately 1-minute interval s. 

h. Rotate EXCITER MULTIMETER switch to AFC UNLOCK. Exciter multimeter 
should indicate O. 

i . Using low-distortion audio oscillator, feed 1-kHz signal at +10 dbm into each active 
channel input and verify output at studio monitors. 

j. If exciter contains stereo generator module, feed 1-kHz s ignal at 2. 5 volts rms to 
paralleled r ight and left inputs. Verify output signals as in s tep i. 

k . Connect RF power meter to exciter/RF OUT jack J2. Restore OUTPUT POWER 
ADJUST control to original setting noted in step c. Rotate EXCITER MULTIMETER 
switch to RF OUTPUT and compare indications of RF power meter with exciter 
multimeter. 

NOTE 

The output indication of the exciter multimeter is 

adjusted at the factory to indicate 10-watts RF 
output at the 100% mark . 

098-1241-01 
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5- 4. ALIGNMENT AND ADJUSTMENT PROCEDURES 

If the exciter requires alignment or _adjustment 
it should be performed only by experienced per­
sonnel having an adequate understanding of the 
exciter and who are thoroughly familiar with test 
instruments, monitors , etc. 

The test equipment specified in paragraph 5- 3 is used in t he following procedures. The use 
of the module extender permits ac cess to all control s for the plug-in modules under the 
front cover panel. Reference to figures 6-1 through 6-12 in Section VI may be helpful in 
locating specific components and test points. 

The following alignment and adjustment procedures apply to: (1) the de power supply and 
its relation to the modules, (2) the individual modules and their circuit board assemblies, 
and (3) the complete interconnection of the circuit board assemblies and modules comprising 
the exciter. 

5-4.1. OC Power Supply Assembly Alignment and Adjustment 

The alignment and adjustment of the power supply assembly is conducted as follows: 

a. Check line and power supply fuses and verify correct connections to the primary of 
power transformer Tl under top cover of exciter . Apply power. 

b. Refer to figure 5 -11 for power supply schematic diagram. Measure 40 vdc (:!:10%) 
at positive terminal of capacitor C 1 in power supply. 

c. Place test probe at junction of R3, R7, and R9 in power supply. Adjust voltage 
control potentiometer R4, if necessary , to obtain +24-vdc (:i:10%) indication. 

d. Verify +15 vdc (±5%) at the emitter of Q4 . 

e. Verify -15 vdc (±10%) at the emitter of Q5. 

f . Verify +3 . 5 vdc at the emitter of Q6 . 

5-4. 2. RF Amplifier Module Al Alignment and Adjustme nt 

For minor realignment of RF amplifier module Al after component replacement, leave all 
capacitor s in their preset posit ions and use this procedure as a guide . When changing to a 
new operating frequency , follow this procedur e exactly. Refer to figures 5-4 and proceed 
as follows: 

'098-1241-01 5-3 

, l 

http://www.SteamPoweredRadio.Com


www.SteamPoweredRadio.Com

Section V Model 660 

a. With power off, unlock and withdraw the RF amplifier module from exciter main 
frame. Do not disconnect RF cables from module co1U1ectors. 

b. Remove the six screws holding RF amplifier to side panel of module. Invert 
amplifier on work surface to rest on heat sink. 

c . Set capacitors Cl, C2, and Cl 7 to maximum capacitance. 

d. Set capacitors C5, C7 . Cll, Cl2, Cl6, and Cl8 to minimum capacitance. 

e. Set C 19 to half capacitance. 

f. Connect RF power meter to RF OUT jack J2 on rear panel of exciter. ~onnect 
20 db pad to RF power meter output. 

g . Rotate OUTPUT POWER ADJUST control Rl6 fully counterclockwise. 

h. Apply power to exciter. 

i. Rotate EXCITER MULTIMETER switch to IPA CURRENT. Connect external VOM 
between TPl and chassis ground. 

j. Adjust C7 for peak indication on VOM. 

k. Increase capacitance of C5 in small increments and readjust C7 for peak readings 
of approximately 0. 5 volt. The peak should occur at peak indication on multimeter 
Ml. 

m. Connect VOM between TP2 and ground. Rotate EXCITER MULTIMETER switch to 
PA CURRENT. Tune C12 and Cll for peak VOM indication of approximately 1.5 volts 
coinciding with peak indication on multimeter Ml. 

n. Rotate EXCITER MULTIMETER switch to RF OUT. Adjust Cl6 and C18 in 
sequence for peak RF power meter indication coinciding with peak indication on 
multimiter Ml. The RF power meter should be set on the 1-watt scale for finding 
the initial tuning point. 

o. Rotate OUTPUT POWER ADJUST control R16 to maximum clockwise position for 
maximum power output. Adjust PA tuning and loading controls C16 through C19 for 
maximum. Carefully readjust all tuning capacitors for maximum power output. 

p. Press LEFT pushbutton on exciter front panel and connect FM monitor to output 
of 20 db pad. Feed 400-Hz signal into AUDIO L terminals on rear panel of exciter 
at sufficient level to produce 100% modulation indication on FM monitor. Set 
reference input level on FM monitor and measure AM noise. Carefully readjust 
interstage and output tuning for at least -50 db AM noise while maintaining the 
required power output. 

q. Remove modulating signal and read AM noise. Noise indication should be at least 
60 db below 100% modulation. 

r. Rotate OUTPUT POWER ADJUST potentiometer R16 to produce 10-watt indication 
on RF power meter . Adjust Rl on RF amplifier chassis to produce 100% indication 
on multimeter Ml. 
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s. Reassemble RF amplifier by replacing the six screws to fasten RF amplifier to 
module. Rotate EXC!TER MULTIMETER switch to AFC UNLOCK. 

t . Disconnect primary power for five or six seconds and then reconnect primary power. 
Exciter should quickly regain phase lock. If not, slightly detune Cl 7 in FM exciter 
module A2. If necessary, set AFC ADJUST C 12 on FM exciter module for phase 
lock. Repeat this procedure several times to ensure that exciter will always 
regain phase lock after a power interruption. 

5-4 . 3. FM Exciter Module A2 Alignment and Adjustment 

To align and adjust FM exciter module A2, or to change frequency, refer to figure 5-5 and 
proceed as follows: 

a. With power removed, insert module extender into FM exciter module socket. 

b. Remove top cover from FM exciter module and insert module into extender socket. 

c. Apply power to exciter and allow 10-minute warmup. 

d . Connect electronic (frequency) counter by means of a 50~hm attenuator to exciter 
module output jack Jl. Set AFC ADJ control C12 to midrange position. Adjust 
capacitor C7 while observing counter to ensure oscillator coil L3 will tune to the 
r equired frequency. If necessary, carefully squeeze or stretch L3 to raise or lower 
its inductance. 

e. Rotate EXCITER MULTIMETER switch to AFC UNLOCK. If zero indication is not 
observed on multimeter Ml, carefully adjust C7 for the required zero indication. 

f. Adjust MOD BIAS control R4 for 2. 5 vdc as measured across R5. 

g. Remove monaural or stereo module and connect FM monitor to module RF OUT 
jack Jl. Feed a 1-kHz, 2-volts peak-to-peak signal to terminals 5 on assembly 
A2Al, and adjust BASEBAND LEVEL control R2 for 100% modulation indication on 
FM monitor. 

5-4. 4. Monaural Module A5 Alignment and Adjustment 

To align and adjust monaural module A5, refer to figure 5-8 . The only adjustment on the 
monaural module is accomplished by a choice of strapping terminals C-P or C-F to 
determine either the preemphasis mode or flat mode of operation. The only alignment 
required is setting the related calibration resistor on meter amplifier board A3 to 
calibrate meter M2 to agree with a test standard. For this alignment, proceed as follows: 

a . Connect FM monitor to RF OUT jack J2 at the re~ of exciter. 

b. Feed 400-Hz input signal into STEREO AUDIO L terminals at level sufficient to 
produce 100% indication on FM monitor. 

c. Rotate AUDIO MULTIMETER switch to LEFT and adjust Rl on meter amplifier 
board for indication of 100 on meter M2. 

. 
• J 
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•. 5-4. 5. Stereo Generator Module A5 Alignment and Adjustment 

The PILOT FREQUENCY, PILOT LEVEL, CARRIER BALANCE , and SEPARATION controls 
on the front panel of the stereo generator may be touched up occasionally as required during 
routine maintenance . If alignment and adjustment is required , refer to figure 5-9 and 
proceed as follows: 

5-6 

The following procedure should only be performed 
by experienced personnel having an adequate under­
standing of the stereo generator and who are 
thoroughly familiar with test instruments. 

a. With power removed from exciter . connect test equipment as shown in figlll'e 5-1. 

b. On assembly A5A2, disconnect preemphasis jumpers connecting C3 to CS and C14 
to R34. 

SIGNAL 
GENERATOR 

HP H20·200CD 

-

MODEL 660 FM EXCITER 

,-:;---7 

_i!~4 
• I 

• AUDIO L 
AUDIO R 

MODULE 
A5 

STEREO MONITOR 
I STANDARD 

A2 Al STUDIO 
EQUIPMENT! 

>-- •• - ~ 

•• OUTPUT CABLE RECE0 TACLE FROM A2 
!DISCONNECTED FROM RF AMPLIFIER Al 
INPUT CONNECTORI 

OSCILLOSCOPE 

~ 

Figure 5 - 1. Stereo Generator Module Test Setup 

c. Preset trimming controls on board A5A2 as follows: 

SUB/IVIN/XTLK R26: 

BRK 1 R50: 

RT GAIN R37: 

STEREO LEVEL R24: 

Mid- range 
-

Mid-range 

Fully clockwise 

Mid-range 

098-1241-01 
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RT FLTR R46: 

BRK 2 R33: 

STEREO FLTR Rl9: 

RT BAL R47: 

Fully counterclockwise 

Mid-range 

Mid-range 

Fully clockwise 

d. Disconnect input from audio oscillator. Apply operating power to equipment. Set 
FM monitor function switch to 38-kHz position and allow IO-minute warmup. 

e. Adjust CARRIER BALANCE control on front panel for null indication. Observe 
minimum carrier suppression of 60 db or better . 

f. Connect audio oscillator output in phase to left and right channels. Feed 500-Hz 
signal to inputs. Press STEREO pushbutton on exciter upper front panel and adjust 
oscillator level to indicate 100% modulation on FM monitor. 

g. Make reference measurement of audio level required (2.5 ±0.5 volts rms) for 100% 
modulation. 

h. Press RIGHT and LEFT channel pushbuttons in sequence and observe approximately 
equal indications before making adjustments. Observe that nominal 2.5 volts at 
inputs provides approximately 100% modulation on left channel, right channel, and 
stereo modes. 

i. Set FM monitor function switch to L - R position and adjust RT BAL control R4 7 
for minimum L - R indication. 

j. Turn RT FLTR control R46 fully clockwise and adjust RT GA1N control R37 for 
minimum L - R indication. 

k. Set audio oscillator to 13 kHz with level adjusted to produce 100% modulation and 
adjust RT FLTR R46 for minimum L - R indication. 

m. Vary audio frequency over range of 5 kHz to 15 kHz. Verify L - R indication to be 
a minimum of 42 db below 100% indication. If necessary, trim RT BAL and RT 
FLTR controls to produce required indication. 

n. Reverse one of the audio feed lines at audio input terminals to feed L and Rout of 
phase. 

o. Adjust audio frequency to 7. 5 kHz and adjust level for 100% modulation. 

p. Adjust SUB/MN XTLK control R26 for minimum L + R indication. 

q . Vary audio frequency over range of 5 kHz to 15 kHz. Verify L + R indication to be 
a minimum of 42 db below 100% over the range. If necessary, trim SUB/MN/XTLK 
adjustment to produce required indication. 

r. Connect temporary jumpers at preemphasis terminals associated with C3 and C5, 
and with C14 and R34. 

s. Again reverse one of the audio lines to produce in-phase condition. Set oscillator 
frequency to 2 kHz and adjust level for 100% modulation. Adjust BRI( 1 control R50 
for minimum L - R indication. 

·098-1241-01 5-7 
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t. Set audio oscillator to 15 kHz and adjust level for 100% total modulation. Adjust 
BRK 2 control R33 for minimum L - R indication. Trim BRK 1 1 BRK 2, and RT 
BAL controls to produce an L - R indication at least 42 db below 100% modulation 
at 50 Hz, 400 Hz, 1 kHz, 2 kHz, 5 kHz, 10 kHz, and 15 kHz. 

u. Reverse one of the audio feed lines to produce out-of-phase condition. Set audio 
level for 100% total modulation. Check crosstalk into L + R channel for better than 
42 db indication below 100% at frequencies specified· in step t. Trim the SUB/MN/ 
XTLK control if necessary to produce required results. 

v. Set FM monitor function switch to PILOT position. Adjust exciter module front 
panel PILOT LEVEL control Rl2 for 9% pilot injection. 

.. 

w. Feed 1-kHz signal into left and right channels. Push LEFT and STEREO pushbuttons 
while observing total modulation indicator. Adjust stereo LEV EL contr.ol R24 so 
that modulation indicator does not change when switching between LEFT, RIGHT. 
and STEREO, then set PILOT LEVEL control Rl2 to minimum output position. 

x. Feed a 12. 5-kHz signal into left channel input and adjust level for 100% total 
modulation. Connect oscilloscope to wideband output of FM monitor. Place 
oscilloscope vertical amplifier in de-coupled mode on the 10 mv/cm scale. Trim 
STEREO FLTR control Rl9 and panel-mounted SEPARATION control R13 for a 
flat baseline display on oscilloscope. 

y. Set audio oscillator to 1. 25 kHz and adjust level for 100% modulation. Adjust 
front - panel SEPARATION control R13 for flattest baseline. 

NOTE 

Channel separation can be measured by connect­
ing the oscilloscope to the COMPOSITE OUTPUT 
jack on the FM monitor and using the following 
formula: 

. V total p-p 
Separation = 20 log10 V b 1. ase me p-p 

z. With modulation remaining at 100%, check min'imum separation of 35 db or better 
at frequencies of 50 Hz, 100 Hz, 1 kHz, 5 kHz, 10 kHz, and 15 kHz. 

aa. Feed audio oscillator into right channel and adjust for 100% modulation. Without 
further adjustment , check separation as in step z, using same frequencies. If 
further trimming adjustments are necessary to obtain correct separation, repeat 
steps e through z. 

ab. Set PILOT LEVEL control Rl2 for 9% injection. Adjust FM monitor PHASE 
CONTROL in accordance with monitor instruction manual. Feed I-kHz signal into 
right or left channel with level adjusted to produce 100% modulation. Adjust panel­
mounted PILOT FREQUENCY control Cl for 19-kHz output . Adjust PILOT PHASE 
control C16 for best separation as read on the appropriate L or R meter. 

ac. Remove temporary jumper leads from preemphasis terminals and solder jumpers 
in place . 
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ad. On exciter front panel, press LEFT pushbutton and set oscillator for 100% modula­
tion at 400 Hz. Rotate AUDIO MULTThiETER switch to LEFT and adjust potentiom­
eter Ill on meter amplifier board A3 for 100% indication on audio multimeter M2. 

ae. Press RIGHT pushbutton and rotate AUDIO MULTIMETER switch to RIGHT. Adjust 
potentiomete r R2 on meter amplifier board A3 for 100% indication on audio multim­
eter M2. 

af. Press STEREO pushbutton and rotate AUDIO MULTIMETER switch to COMP. 
Adjust potentiometer R3 on meter amplifier board A3 so that audio multimeter M2 
is in reasonable agreement with indication on FM monitor. 

5-4.6. SCA Modules A6 and A7 Alignment and Adjustment 

To align and adjust SCA module A6 or A7, refer to figure 5-10 and proceed as follows: 

a. Insert module extender into exciter receptacle Jl or J2, as appropriate, and insert 
SCA module in extender. Set FREQUENCY adjust potentiometer R42 on front panel 
of SCA module to mid-range position. 

b. Connect SCA monitor to wideband output of FM monitor; connect input of FM monitor 
to exciter RF OUT jack J2 through a 20 db pad. Set subcarrier control switch Sl 
to ON. 

c . Adjust coarse frequency control R43 to produce 41-kHz or 67-kHz indication, as 
appropriate, on SCA monitor. 

d. Connect low-distortion audio oscillator to terminals 1 and 2 of SCA module circuit 
board. Set audio oscillator for 400- Hz output and verify that an audio input level 
between +8 and +12 dbm yields a 10% frequency deviation. 

e . Set subcarrier control switch Sl to AUTO. Decrease oscillator output to approxi­
mate ly -10 dbm and verify muting function. Verify correct setting of MUTlNG 
DELAY control R41 to ensure muting turnoff time between 0. 5 and 4 seconds. 

f. Connect oscilloscope to wiper terminal of OUTPUT LEVEL control R76. Set 
subcarrier control switch Sl to ON and verify that OUTPUT LEVEL control R76 
produces variation of from O to 2 volts peak-to-peak (0. 7 volt rms). 

5-5. FREQUENCY CHANNELIZATION AND ALIGNMENT 

When a new operating frequency is required, a new reference frequency oscillator crystal 
must be obtained and minor physical adjustments to the modulated oscillator inductor may be 
required. The RF amplifier will also require realignment. 

Specify the required crystal frequency and provide all pertinent information when ordering 
replacement crystals from the factory. Refer to paragraph 3-2.3 and table 3-2 for precise 
ordering information. 
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To chnnnelize a new specific operating frequency , refer to figure 5-5 and proceed as follows : 

a. With power removed, insert module extender into FM exciter module socket. 

b. Remove top cover from FM exciter module A2 and remove crystal oven from 
socket. Remove crystal and replace with new crystal to be used. 

c . Replace crystal oven in socket , insert FM exciter mo.dule in extender socket. 

cl . Apply power to exciter unit and allow a IO- minute warmup period . 

e . Refe r to paragraph 5-4.3 and perform alignment procedure steps d through g. 

f. Refer to paragraph 5-4. 2 and perform entire alignment procedure for RF amplifier 
module Al. 

5-6 . TROUBLESHOOTING 

Table 5-1 lists possible trouble symptoms. The source of other troubles can be localized 
by observing indications on monitor meters on the front panel, then using standard trouble ­
shooting procedures to isolate the defective part. 

Table 5-1. Troubleshooting Guide 

SYMPTOM POSSIBLE CAUSE 

lntermediate power amplifier (IPA) Off-frequency alarm relay. 
and power amplifier (PA) not 
operating; CARRIER ON lamp not 
lighted. 

IPA and PA not operating; AFC Modulated oscillator not locked to reference 
UNLOCK indication above zero . oscillator. 

IPA and PA not operating; AFC Reference oscillator or divider chain. 
UNLOCK at zero, but REF OSC or 
BINARY OUT indication e ither zero 
or full scale. 

[PA or PA not operating: CARRIER Broken connection between exciter module and 
ON lamp illuminated and MOD OSC RF amplifier. 
indication normal . 

Drive input to transmitter power Check connections between exciter output and 
amplifier lacking or inadequate; power amplifier input; adjust exciter tuning and 
exciter operation appears normal . load control s C18 and C19 of RF amplifier. 

, 

AFC indication does not r e main Check all power supply voltages; check socket 
steady; high r eading (over 80) or low connections for integr ated circuits and transis-
reading (below 40) on REF OSC or tors in FM exciter module A2. Verify correct 
BINARY position; MOD OSC does not seating of FM exciter module in main frame . 
r emain locked to reference . 

, 

5-10 098- 1241-01 
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Table 5-1. Troubleshooting Guide (Continued) 

SYMPTOM POSSIBLE CAUSE 

Excessive AM noise. Check 24-volt power supply. 

Excessive FM noise. Check all power supplies. Verify exciter not 
subject to excessive vibration, and that modules 
are seated firmly in main frame. 

CARRIER ON lamp flashes on and Interaction between modulated oscillator and 
off repeatedly. following stages. On modulated oscillator 

assembly, slightly detune C 1 7. 

Carrier frequency drifts out of Check crystal oven; should feed warm. Oven 
tolerance. heater should cycle on and off about_ once per 

minute. . . 
No modulation; exciter audio multim- Verify that modules are firmly seated in main 
eter M2 indication normal. frame. 

No modulation; exciter audio multim- Check program lines. 
eter M2 indication abnormal. 

5-7. MAINTENANCE AND TROUBLESHOOTING DIAGRAMS 

The maintenance and troubleshooting schematic diagrams for the Model 660 FM Exciter 
are as follows: 

Figure 5-2. Signal Distribution Diagram 

Figure 5-3. Power Distribution Diagram 

Figure 5-4. RF Amplifier Module Al Schematic Diagram 

Figure 5- 5. FM Exciter Module A2 Schematic Diagram 

F igure 5-6. Meter Amplifier Board A3 Schematic Diagram 

Figure 5- 7. Off- Frequency Detector Board A4 Schematic Diagram 

Figure 5- 8. Monaural Module A5 Schematic Diagram 

Figure 5-9 . Stereo Module A5 Schematic Diagram 

F igure 5-10. SCA Modules A6 and A 7 Schematic Diagram 

Figure 5-11. Power Supply Schematic Diagram. 
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Model 660 Section VI 

SECTION VI 
REPLACEABLE PARTS 

. . 
G-1. ORDERI NG INFORMATION 

When ordering parts for the Model 660 FM Exciter give the model nwnber and the serial 
number of the equipment and the reference designation, G/ A part number , maJufacturer 's 
part number, and name of manufacturer. To order a part not listed in paragraph 6-3 of 
this section , give a complete description of the part including function and loca~ion. 

All parts may be ordered from either of the following off ices: 

For North and South America, the Pacific area , Australia, and most of the Far East, com­
municate with: 

Granger Associates, Marketing Department 
1601 California Avenue, Palo Alto . California 
Telephone: 415-321-4175 
TWX: 910-373-1291 , Cable: RADCOM 

For European, African, a nd Eastern Mediterranean countries, communicate with : 

Granger Associates Limited 
Granger Corner , 1 Brooklands Road 
Weybridge, Surrey, Engla nd 
Telephone: BYFLEET 44261-2, -3, or -4 
T elex: 851-261780 Answerback ANSOUND WALTON 
Cable: ANSOUND-Walton-on-Thames 

6-2. PARTS LOCATION 

The location of parts lis ted in tables 6-2 through 6-17 a r e shown in figures 6-1 through 6-12. 
Wherever possible , individual components are identified in these figures in relationship to 
their subassemblies. Components mounted directly to the exciter enclosure are identified 
by lhe ir location on the enclosure assembly . 

6-3. TABLES OF REPLACEABLE PARTS 

Table 6-1 lists the manufacturers of the component parts of the Model 660 FM Exc iter. 
These manufacturers ar e ref ere need for each component by a 5-digit code number which 
appears in the column headed "Mfr" in tables 6-2 through 6-17. 

098-1241-01 6-1 

http://www.SteamPoweredRadio.Com


www.SteamPoweredRadio.Com

Section VI Model 660 

When ordering a replaceable part, provide all the data listed in the replaceable parts table 
as well a s the name and address of the manufacturer and the code number indicated in 
table G-1. 

Table 6- 2 lists the replaceable parts of the Model 660 FM Exciter down to the chassis­
mounted component and major subassembly level. Tables 6-3 thr ough 6-17 list the re­
placeable pa1·ts for each of the major subassemblies down to the component level. The 
par ts I ists are organized as follows : · 

6-2 

Chassis-Mounted Components 

RF Amplifier Module Al 

FM Exciter Module A2 

Modulated Oscillator Assembly A2Al 

AFC Assembly A2A2 

Meter Amplifier Assembly A3 

Off-F requency Detector Assembly A4 

Monaural Module A5 

Monaur al Module Assembly A5Al 

Stereo Gener ator Module A5 

Stereo Generator Module Assembly A5Al 

Stereo Genera tor Module Assembly A5A2 

41-kHz SCA Module A6 

41-kHz SCA Module Assembly A6Al 

67-kHz SCA Module A7 

67-kHz SCA Module Assembly A7 Al 

Table 6-2 

Table 6-3 

Table 6-4 

Table 6-5 

Table 6-6 

Table 6- 7 

Table 6-8 

Table 6- 9 

Table ·6-10 

Table ·6-11 

Table 16- 12 

Table 6-13 

Table 6 - 14 

Table 6-15 

Table 6 - 16 

Table 6 - 17 

098-1241- 01 
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Model 660 

Code No. 

MOLEX 
SCHMI 
01121 
01295 

02114 
02660 
02735 

03508 

04713 
07263 

08806 
08935 
13934 
17117 
24759 
44655 
56289 
71400 
71590 
71785 
72136 
72619 
73445 

73899 

74970 
76493 
80089 
80223 
80294 
80740 
81312 
81349 
83330 
88245 
94990 
95146 
98291 

• 098-1241-01 

Table 6-1. List of Manufacturers 

Manufacturer 

Molex Products Company 
Schmidt Electronics 
Allan-Bradley Company 
T exas Instruments Inc. Semiconductor-

Components Division 
Ferroxcube Corporation of America 
Amphenol Corporation 
Radio Corporation of America Solid State and 

Receiving Tube Division 
General Electric Company Semiconductor Products 

Department 
Motorola Semiconductor Products Incorpor a ted 
Fairchild Camera & Ins trument Corporation 

Semiconductor Division 
General Electric Company Miniature Lamp Dept . 
Granger Associates 
Midwec Corporation 
Electronic Molding Corporation 
Lenox-Fugle Electronics Inc. 
Ohmite Manufacturing Company 
Sprague Electric Company 
Bussman Manufacturing Division of McGraw-Edison 
Centralab Divis ion of Globe-Union Inc. 
Cinch Manufacturing Co. & Howard B. Jones Div. 
Electro Motive Manufacturing Company Inc. 
Dialignt Corporation 
Amperex Electronic Corporation 

JFD Electronics Co. A Division of Stratford 
Retreat House 

EF Johnson Company 
JW Miller Company 
Essex Wire Corp. Controls Division 
United Transformer Company 
Bourns Incorporated 
Beckman Instruments Inc. 
Wincheste r Electronics Division Litton Industries 
Mi 1 i tary Specification 
Herman H. Smith Inc. 
Litton Industr ies USECO Division 
Motor ola Inc. Government Electronics Division 
Alco Electronics Products Inc. 
Sealectro Corporation 

Section VI 

Address 

Brookfie.ld , Ill. 
Sonoma, Calif. 
Milwaukee, Wisc. 

Dallas. Tex. 
Saugerties, N. Y. 
Broadview, Ill. 

Somerville, N. J . 

Syracuse, N. J. 
Phoenix, Ariz. 

Mountain View , Calif. 
Cleveland , Ohio 
Palo Alto, Calif. 
Oshkosh, Nebr. 
P a wtucket , R. I. 
Watchung, N. J. 
Skokie, Ill. 
North Adams. Mass. 
Lt. Louis, Mo. 
Milwaukee, Wisc. 
Chicago, Ill. 
Willimantic , Conn. 
Brooklyn , N. Y. 
Hicksville, L. I. , 

N.Y. 

Br ooklyn , N. Y. 
Waseca, Minn. 
l..os Angeles, Cal if. 
Logansport, Ind . 
New York, N. Y. 
Riverside, Calif. 
Fullerton, Calif. 
Oakville, Conn. 

Brooklyn, N. Y. 
Van Nuys, Calif. 
Scottsdale, Ariz. 
Lawrence, Mass. 
Mamaroneck, N. Y. 

6-3 
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.. 098-1241-01 
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