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DESCRIPTION

The Phase Locked Loop (PLL) Exciter is a crystal con-
trolled, frequency modulated, wideband exciter designed for
multifrequency operation (1 through 8) with wide channel
spacing in 138-174 MHz frequency band. The wideband
exciter utilizes a phase locked loop to provide a maximum
transmitter frequency spacing of up to 17 MHz in the 138-155
MHz range or up to 24 MHz in the 148-174 MHz range. The
frequency range is determined by the response of the plug-in
bandpass filter and the core in L101. The solid state exciter
uses integrated circuits (IC’s) and discrete components to
provide 250 milliwatts of RF power to the PA assembly. The
exciter is used in standard and Voice Guard applications.

The operating frequency is selected by the channel selec-
tor switch on the control unit and is determined by the FM

ICOM associated with the selected channel. The crystal fre-
quencies range from approximately 11.5 to 14.5 MHz and are
one-twelfth the RF carrier frequency. Oscillator stability is
maintained with ±0.0005% or ±0.0002%.

Except for individual frequency trimmer adjustments on
the FM ICOM’s and the modulation controls, only one tuning
control, L101, in the voltage controlled oscillator (VCO)
circuit, is used to center tune the exciter for all operating
frequencies. For this reason, a centralized metering jack to
monitor exciter operation is not applicable. The Exciter RF
output power is metered by the PA metering jack.

The PLL exciter utilizes the divided VCO frequency
(Countdown train), phase detector, and a feedback path to
lock the output frequency of the VCO to the 12th multiple of
the FM ICOM frequency.
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CIRCUIT ANALYSIS

The phase detector compares the 3rd harmonic of the FM-
ICOM with the output frequency of the VCO (divided by 4) to
derive an error voltage proportional to the frequency and phase
difference of the two inputs. The error voltage is amplified,
passed through a lead/lag filter and applied to a varactor which
instantaneously corrects the output frequency and phase of the
VCO to the 12th multiple of the FM ICOM frequency.

After the VCO frequency is locked, (a maximum of 20
milliseconds), the RF amplifiers are turned on and the RF carrier
output is presented to the PA.

Temperature compensation is provided in the audio and
voltage regulator circuits to assure frequency stability and dis-
tortion free communications over the specified operating tem-
perature range.

References to symbol numbers mentioned in the text are
found on the block diagram, schematic diagram, outline dia-
gram and parts list. Figure 1 is a block diagram of the PLL
exciter.

Audio, supply voltages and control functions are connected
from the system board to the exciter board through P902.

The PLL exciter contains up to eight FM ICOM’s, an Audio
Processor and amplifier, bandpass filter, harmonic amplifier,
phase lock loop, RF amplifiers, frequency lock detector, voltage
regulators and temperature compensation circuits.

FM ICOMS (Frequency Modulated)

Three different types of FM ICOM’s are available for use in
the exciter. Each ICOM contains a crystal-controlled Colpitts
oscillator, and two of the ICOM’s contain compensator IC’s.
The different FM ICOM’s are:

5C-FM ICOM - contains an oscillator and a 5 part-per-
million (±0.0005%) compensator IC.
Provides compensation for EC-ICOM’s.

EC-FM ICOM - contains an oscillator only. Requires ex-
ternal compensation from a 5C-ICOM.

2C-FM ICOM - contains an oscillator and a 2 PPM
(±0.002%) compensator IC. Will not pro-
vide compensation for an EC-FM ICOM.

The ICOM’s are enclosed in an RF shielded can with the
type ICOM (5C-FM ICOM, EC-FM ICOM or 2C-FM ICOM)
printed on the top of the can. Access to the oscillator trimmer is
obtained through a hole in the top of the can.

Frequency selection is accomplished by switching the
ICOM keying lead (terminal 9) to A- by means of the frequency
selector switch on the control unit. In single-frequency radios,
a jumper from H9 to H10 in the control unit connects terminal
9 of the FM ICOM to A-. The oscillator is turned on by applying
a keyed +10 Volts to the external oscillator collector load resis-
tor, R153, which forward biases an internal diode switch.

The FM ICOM’s have an audio input which receives audio
from the audio processor circuit. Therefore, with Modulation
present, the output frequency of the "FM" ICOM varies at an
audio rate.

In standard 5 PPM radios using EC-FM ICOM’s, at least one
5C-FM ICOM or 5C ICOM must be used. The 5C ICOM is
normally used in the receiver F1 position, but can be used in any
receive position. A 5C-FM ICOM can be used in any transmit
position.

One 5C ICOM or 5C-FM ICOM can provide compensation
for up to 15 EC ICOM’s or EC-FM ICOM’s in the transmitter
and receiver. Should the 5C ICOM or the 5C-FM ICOM com-
pensator fail in the open mode, the EC-FM ICOM’s will still
maintain 2 PPM frequency stability from 0° to 55°C (+32°F to
131°F) due to the regulated compensation voltage (5 Volts) from
the 10 Volt regulator IC. If desired, up to 8 5C-FM ICOM’s may
be used in the radio.

The 2C-FM ICOM’s are self-compensated at 2 PPM and will
not provide compensation for EC-FM ICOM’s.

Oscillator Circuit

Quartz crystals used in ICOM’s exhibit the traditional "S"
curve characteristics of output frequency versus operating
temperature.

At both the coldest and hottest temperatures, the fre-
quency increases with increasing temperature. In the middle
temperature range (approximately 0°C to 55°C), frequency
decreases with increasing temperature.

Since the rate of change is nearly linear over the mid-tem-
perature range, the output frequency change can be compen-
sated by choosing a parallel compensation capacitor with a
temperature coefficient approximately equal to and opposite
that of the crystal.

Figure 2 shows the typical performance of an uncompen-
sated crystal as well as the typical performance of a crystal
which has been matched with a properly chosen compensa-
tion capacitor.

At temperatures above and below the mid-range, addi-
tional compensation must be introduced. An externally gen-
erated compensation voltage is applied to a varactor (voltage-
variable capacitor) connected in parallel with the crystal.
Refer to Figure 3 for a simplified diagram of the FM ICOM.

A constant bias of 5 Volts (provided from Regulator IC
U901 connected in parallel with the compensator) maintains
varactor capacity at a constant value over the entire mid-tem-
perature range. This compensation voltage achieves the ±2
PPM stability.

Modulation is accomplished with a hyperabrupt varicap
connected in series with the crystal feedback capacitors. The
varicap impedance is the dominant impedance in the loop.
This allows large swings of load capacity with modulation,
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Figure 2 - Typical Crystal Characteristics

Figure 3 - Equivalent FM ICOM Circuit

All ICOM’s are individually compensated at the factory and
cannot be repaired in the field. Any attempt to repair or
change the ICOM frequency will void the warranty.

CAUTION

The EC and 5C type ICOM’s are not interchangeable with
EC-FM or 5C FM type ICOM’s. The EC and 5C type
ICOM’s are used only in the receivers. While the EC-FM
and 5C-FM type ICOM’s are always used in the transmitter.

NOTE
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therefore, large frequency shifts are achieved for the modu-
lated input. Biasing for the modulation varicap is provided by
a voltage divider, R152 and R163, connected across the 10
volt regulator input at P902-7. A bias voltage of 6.2 volts is
applied to pin 6 of all ICOM’s.

Compensator Circuits

Both the 5C ICOM’s and 2C-FM ICOM’s are temperature
compensated at both ends of the temperature range to provide
instant frequency compensation.

The cold end compensation circuit does not operate at
temperatures above 0°C. When the temperature drops below
0°C, the circuit is activated. As the temperature decreases, the
equivalent resistance decreases and the compensation voltage
increases.

An increase in compensation voltage decreases the ca-
pacitance of the varactor in the oscillator, thereby increasing
the output frequency of the ICOM.

The hot end compensation circuit does not operate at
temperatures below +55°C. When the temperature rises above
+55°C, the circuit is activated. As the temperature increases,
the equivalent resistance decreases and the compensation
voltage decreases. The decrease in compensation voltage
increases the capacity of the varactor, decreasing the output
frequency of the ICOM.

AUDIO PROCESSOR A101

The transmitter audio processor contains audio circuitry
consisting of two operational amplifiers, AR101-A and-B, a
pre-emphasis circuit with amplitude limiting and a post
limiter filter. A total gain of approximately 24 dB is realized
through the audio processor. Twenty dB is provided by
AR101-B and 4 dB by AR101-A.

The 10 Volt regulator powers the audio processor and
applies regulated +10 V thru P902-6 to a voltage divider
consisting of R108 and R110. The +5 V output from the
voltage divider establishes the operating reference point for
both operational amplifiers. C107 filters out any noise that
may be on the 10 Volt line to assure a stable voltage supply
to the operational amplifiers.

Resistors R105, R106, and R107 and diodes CR101 and
CR102 provide limiting for AR101-B. Diodes CR101 and
CR102 are reverse biased by +5 VDC on AR101B-6 and
voltage divider network R105, R106 and R107. The voltage
divider network provides +7 VDC at the cathode of CR101
and +3 VDC at the anode of CR102. C102 and C103 permit
a DC level change between AR101B-& and the voltage di-
vider network for diode biasing.

When the input signal at AR101B-6 is of a magnitude such
that the amplifier output at AR101B-& does not exceed 4
volts P-P, the amplifier provides a nominal 20 dB gain. When
the audio signal level at AR101B-& exceeds 4 volts PP, diodes
CR101 and CR102 conduct on the positive and negative half
cycles providing 100% negative feedback to reduce the am-
plifier gain to 1. This limits the audio amplitude at AR101B-&
to 5 volts PP.

Resistors R102, R103, R104 and C104 comprise the audio
pre-emphasis network that enhances the signal-to-noise ratio.
R104 and C104 control the pre-emphasis curve below limit-
ing. R103 and C104 control the cut-off point for high fre-
quency pre-emphasis. As high frequencies are attenuated, the
gain of AR101 is increased.

Audio from the microphone is applied to the audio proc-
essor at P102-1 and coupled to the input of operational
amplifier AR101-B through R101 and C101.

The amplified output of AR101-B is coupled through
P102-4 audio MOD ADJ control R104, R102-3, C106, R112
and R113 to a second operational amplifier AR101-A. Audio
MOD ADJ control is set for a deviation of 4.5 kHz.

The Channel Guard tone input is applied to the audio
processor through P902-2, CG MOD ADJ R103 to P102-5.
The CG tone is then coupled through C105 and R111 to
AR101A-2 where it is combined with the microphone audio.
AR101-A provides a signal gain of approximately 4 dB.

A post limiter filter consisting of AR101A, R112-R114,
C108 and C109 provide 12 dB per octave roll off. R109 and
C111 provide an additional 6 dB per octave roll off for a total
of 18 dB.

The output of the post limiter filter is coupled through
C110 and P102-9 to the temperature compensated audio
amplifier Q101.

AUDIO AMPLIFIER, BANDPASS FILTER,
AND HARMONIC AMPLIFIER

The output of the audio processor is presented to audio
amplifier Q101 through temperature compensator and biasing
network consisting of RT101, R108 and R109. RT101, with a
nominal resistance of 50 ohms from 25°C to 70°C, maintains a
constant modulation index over the normal operating tempera-
ture range. The resistance of RT101 increases with a decrease
in temperature below 25°C, thereby decreasing the signal drive
to audio amplifier Q101. Audio amplifier Q101 has a nominal
gain of 2. The temperature compensated audio is applied to pin
3 of the FM ICOM. A varactor within the FM ICOM is used to
modulate the carrier frequency at the audio rate. The output of
the FM ICOM is taken from pin 2 and applied to the bandpass
filter.

The bandpass filter is a passive device with sharp frequency
cutoff characteristics that pass only the 3rd harmonic. The
fundamental frequency and all other harmonics are suppressed
by at least 30 dB. The 3rd harmonic is amplified by high
frequency harmonic amplifier AR101. The harmonic amplifier
circuit has a high input impedance and provides a nominal
power gain of 10. The output of AR101 is presented to pin 4 of
phase detector U101 in the phase lock loop. Bandpass filter
19b226748G1 is used for frequencies between 138-155 MHz
while bandpass filter 19B226748G2 is used for frequencies
between 148-174 MHz.

PHASE LOCK LOOP

Phase detector U101, error voltage amplifier Q102 and
Q103, frequency acquisition and load/lag filter circuit Q105 and
Q106, voltage controlled oscillator circuit (VCO) Q107 and
Q108, buffers Q109 and Q110, and frequency divider U102
form a phase locked loop. The PLL locks the VCO frequency
to the 12th multiple of the FM ICOM frequency to provide the
RF carrier output frequency. The phase locked loop locks the
output of the VCO in frequency and in phase.

Phase detector U101 is a doubly-balanced modulator used
to detect the difference (frequency and phase) between the
divided frequency from the VCO and the 3rd harmonic of the
FM ICOM and to provide a resultant error voltage output. The
error voltage is directly proportional to the frequency/phase
error.

When the frequency input from VCO (+4) is exactly the
same as the frequency received from the harmonic amplifier, the
output of the phase detector will be 8.0 VDC. If the two input
signals are not at the same frequency, the output of the phase
detector will be a DC voltage with an AC component equal to
the difference frequency. This error voltage is amplified and
applied to the VCO to correct and lock the VCO to the operating

frequency. Biasing of the phase detector is arranged so that both
inputs must be present for normal operation. Lack of either input
will cause the voltage at U101-6 to rise to its maximum value
(approximately 8.2 VDC).

DIFFERENTIAL ERROR VOLTAGE
AMPLIFIER

Q102 and Q103 comprise a differential amplifier pair. Q103
is the reference amplifier that establishes the operating point
against which error voltage amplifier Q102 operates. The oper-
ating point is established by a biasing network consisting of
R127, R128, and C128. The differential amplifier pair translates
the error signal and amplifies it to a level large enough to control
the VCO. The error voltage detected by the phase detector is
amplified by Q102 and applied to the emitter of reference
amplifier Q103. The collector voltage of Q103 varies in propor-
tion to the error voltage. When there is no frequency or phase
error there will be no varying error voltage. The collector
voltage of Q103 is determined by its biasing network and the
frequency assignments and spacing of the assigned transmitting
frequencies. This voltage may be stable over a range of 3.4 to
6.4 Volts. A second output from the error voltage amplifier
(taken from Q102-C) is applied to the lock detector (Q104,
Q117, and Q118) to control the RF Amplifiers.

Lock detector/DC threshold control R171 controls the
threshold level differential amplifier Q102, providing compen-
sation for different output characteristics of U101. It is set for
1.8 0.1 VDC as measured at Q102-C (top of R129) with the
transmitter keyed and an unused channel selected.

ACQUISITION CIRCUIT AND LEAD/LAG
FILTER

The acquisition circuit consists of Q105 and Q106. The
lead/lag filter circuit consists of R133, R135, R168, C129, and
C130.

The lead/lag network controls the loop phase to provide
frequency and phase stability and sets the bandwidth to about
20 kHz. The output of the differential error voltage amplifier is
applied to the lead/lag filter. The lead/lag filter corrects the
phase of the error signal applied to varactor CR102 to maintain
loop stability. The varactor alters the frequency and phase of the
VCO to stabilize the VCO at the RF output frequency.

Proper ICOM operation is dependent on the closely-con-
trolled input voltages for the 10-Volt regulator. Should all
of the ICOM’s shift off frequency, check the 10-Volt
regulator module.

NOTE

R112-R114 are 1% resistors. This tolerance must be main-
tained to assure proper operation of the post limiter filter.
Use exact replacements.

NOTE

R171 is preset at the factory and normally does not require
field adjustment. However, if Q102, Q103, or U101 is
replaced, readjustment may be necessary.

NOTE
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During initial acquisition (when the transmitter is first
keyed) the error signal from the differential error voltage am-
plifier will contain useful information far outside the normal
bandwidth of the phase locked loop. For this reason, the acqui-
sition circuit consisting of Q105 and Q106 is used to greatly
increase the bandwidth. When an error signal with high fre-
quency components is present and that has sufficient amplitude,
either Q105 or Q106 will turn on. Q105 has the capability of
increasing the voltage applied to varicap CR102 to a nominal
8.5 V while Q106 has the capability of lowering the varicap
voltage to less than 1 Volt. This wide range of voltage being
applied to varicap CR102 permits large and instantaneous fre-
quency range. As the free running frequency of the VCO ap-
proaches the operating frequency, Q105 or Q106 turns off to
permit final acquisition and phase lock. Frequency acquisition,
and RF power output occurs in less than 20 milliseconds after
the Tx lead is keyed.

Test point TP101 monitors the voltage applied to the varicap
and is used to optimize the VCO frequency over the operating
range.

The voltage at TP101 varies directly with frequency, (as the
voltage increases, the frequency increases), and may range from
+3.4 V to 6.4 V; however, the normal operating voltage is
optimized around +5.0 V.

VCO (VOLTAGE CONTROLLED
OSCILLATOR)

The VCO consists of two FET’s, Q107 and Q108, connected
in a cascade configuration with total feedback through C137 to
provide instantaneous starts. The VCO operates over the output
frequency range of 138-174 MHz. The free running frequency
of the VCO is adjusted by L101 and is optimized by center
tuning the free running frequency (TP101 at +5 V) between the
highest and lowest operating frequencies. One of two cores are
used in L101 to adjust the frequency (voltage) measured at
TP101. One core is used for the 138-155 MHz range (ferrite)
and a second core (aluminum is used for the 148-174 MHz
range.

BUFFER, INTERFACE AND FREQUENCY
DIVIDER

RF output power from the VCO is taken from Q107 through
a 4:1 step down transformer T101 and applied to the RF Ampli-

fier and the feedback leg of the phase lock loop. The feedback
leg of the phase lock loop consists of buffer Q110, interface
Q109, and frequency divider Q102.

The input to buffer Q110 is coupled through isolating resis-
tor R139 and capacitor C148. Biasing for Q110 is provided by
R149 and R150. The output of Q110 is taken from the collector
and coupled through C149 to the base of emitter follower
interface transistor Q109. Biasing for Q109 is provided by a
voltage divider network consisting of CR104, R145, and R146.
The output of interface transistor Q109 is taken from the emitter
and applied directly to the input of frequency divider U102. The
frequency divider divides the VCO frequency (assigned operat-
ing) by 4 and supplies it as the second input to the phase detector.
The output of the frequency divider is compared in frequency
and phase with the 3rd harmonic of the selected FM ICOM
frequency to maintain the VCO output frequency at the 12th
multiple of the FM ICOM frequency. Operating voltage for
interface transistor Q109 and frequency divider Q102 is pro-
vided by a temperature compensated +5 Volt regulator, Q115.

RF AMPLIFIERS

The wideband RF Amplifiers, Q111 and Q112, supply a
minimum of 250 milliwatts of RF power at the carrier frequency
to the power amplifiers. Q111 receives its input from the 4:1
step down transformer through coupling capacitor C138. It is
biased for Class A operation by a biasing network consisting of
R140 and R141.

The output of Q111 is taken from the collector and coupled
to Class C amplifier Q112 through L104 and C130. The RF
Amplifier provide 250 milliwatts of RF power to J101 through
L105 and C142.

DC power for the RF Amplifiers is controlled by 10 Volt
switch Q116 and is not applied until the VCO output frequency
is stable and locked on frequency.

LOCK DETECTOR AND 10 VOLT SWITCH

The lock detector monitors the operation of the differential
error voltage amplifier and turns the RF Amplifiers on when the
VCO is locked on frequency or turns them off if the VCO begins
to vary or if one of the inputs to the phase detector is missing.

The lock detector consists of voltage doubler CR107,
CR108, and C127, DC switch Q104, and Schmitt trigger Q117
and Q118.

When the VCO frequency is not locked with the FM ICOM
frequency, the phase detector output at U101-6, instead of being
a stable DC level (8.0 Volts), will be a DC level with an AC
component varying at the beat (difference) frequency of the two

inputs. The AC component is rectified by the voltage doubler,
filtered by C169 and R162. The resultant DC voltage turns on
DC switch Q104, lowering the base voltage of Schmitt trigger
Q117. Q117 then turns off, allowing the base voltage of 10
volt switch Q116 to increase and turn it off. With Q116 turned
off, + 10 V is removed from the RF amplifiers, thereby
removing the RF input to the PA. The collector of Q117 is
also tied back to the base of Q118, the second stage of the
Schmitt trigger. The increase in base voltage at Q118 causes
it to turn on and raise the emitter voltage of Q117. With an
increase in emitter voltage, Q117 is held off. The lock detect
and control circuits and the RF amplifiers will remain in this
state until the VCO achieves stability and is locked on fre-
quency. The two inputs to the phase detector must be synchro-
nous for normal operation. When either of the two inputs to
the phase detector is absent, the phase detector output will
increase to approximately +8.2 Volts dues to pull up resistor
R121. The increase in base voltage turns differential error
voltage amplifier Q102 off causing the collector of Q102 to
decrease to A- through R125. A- from the collector of Q102
is applied through R129 to the base of Schmitt trigger Q117,
causing Q117 to turn off. With Q117 turned off, the base
voltage of Q116 increases to near +10 V causing Q116 to turn
off and remove voltage from RF Amplifiers Q111 and Q112.

Normally, Q117 is in the on condition, which allows 10
Volt switch Q116 to conduct and apply voltage to the RF
amplifiers. RT102 in the base circuit of Q117 provides a
temperature compensated reference for Q117 over the normal
operating temperature range. The value of RT102 is approxi-
mately 2200 ohms.

LOCK DETECT INDICATOR

Lock detect indicator LED CR109 monitors the state of
10 Volt switch Q116. When Q116 is on and power is applied
to the RF Amplifiers indicator CR109 is on. when the VCO
voltage at TP101 is varying, or when one of the two inputs to
the phase detector is lost, Q116 is switched off and indicator
CR109 is out.

TRANSMIT SWITCH

The transmit switch applies +10 Volts to the exciter when
the PTT switch is operated. It consists of control transistor
Q114 and 10 Volt switch Q113.

When the PTT switch is operated, +10 V (keyed) is
applied to the base of Q114, turning it on. The collector of
Q114 goes low turning 10 Volt switch Q113 on. Q113 con-
trols the 10 Volt regulated input to the +5 Volt temperature
compensated regulator Q115, pin 2 of the FM ICOM’s
AR101, U101, Q102 and Q103, Q105 and Q106, and Q107,
and Q108. 10 Volt regulated input power is applied directly

to 10 Volt switch Q116, controlling the RF Amplifiers, pin 10
of all FM ICOM’s A101 and Q101.

+5 VOLT REGULATOR

The +5 Volt regulator receives a regulated 10 Volt input
from Q113 and supplies a temperature compensated +5 Volt
output to buffer interface transistor Q109 and frequency
divider U102. A 4.4 Volt zener diode VR101 and two series
connected diodes (CR105 and CR106) having a positive
temperature coefficient comprise the temperature compensat-
ing network.

When adjusting the VCO voltage, always be sure to use a
high impedance meter (10 megohm input impedance mini-
mum).

NOTE

Due to the temperature compensation characteristics of
CR105 and CR106, only exact replacement diodes should
be used. See parts list. 

NOTE
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MODIFICATIONS INSTALLATION

VOICE GUARD MODIFICATION INSTRUCTIONS
(19C336664, Sh. 1, Rev. 2)

HARNESS INSTALLATION INSTRUCTIONS
(19C336664, Sh. 2, Rev. 9)
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OUTLINE & SCHEMATIC DIAGRAMS

138-174 MHz BAND PASS FILTER
19B226748G1, 2

(19B227106, Rev. 3)

(19C321542, Sh. 2, Rev. 8) (19C321542, Sh. 1, Rev. 8)

19C321542G2 19C321542G1

AUDIO PROCESSOR
19C321542G1, 2

(19C321854, Rev. 10)

(19B227783, Rev. 1)
(19B226746, Sh. 1, Rev. 1)
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OUTLINE & SCHEMATIC DIAGRAMS

138-174 MHz EXCITER
19D423249G1, 2

EXCITER BOARD 19D423249G2

EXCITER BOARD 19D423249G1

(19D424601, Rev. 7)
(19C321568, Sh. 1, Rev. 5)

(19D432754, Rev. 1)
(19A143781, Sh. 1, Rev. 2)
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SCHEMATIC DIAGRAMS

138-174 MHz EXCITER
19D432249G1, 2

(19R622197, Rev. 19)
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SCHEMATIC DIAGRAMS

138-174 MHz EXCITER
19D432249G1, 2
(19R622197, Rev.19)
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BLOCK DIAGRAM

Figure 1 - Block Diagram
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