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DESCRIPTION
The frequency synthesizer generates the transmitter

output frequency and the receiver first mixer injection
frequency. The synthesizer board (CMG-1 85) mounts
in the top section of the frame assembly as shown in
Figure 1.

CIRCUIT ANALYSIS
The frequency synthesizer circuit (Figure 2 and

schematic diagram) consists of reference oscillator
XU201, synthesizer chip IC201, dual-modulus prescaler
IC204, RX and Tx Voltage Controlled Oscillators
(VCOs) TR203 and TR209, a loop filter and associated
circuitry.

REFERENCE OSCILLATOR
Reference oscillator XU201 operates at a frequency

of 13.2 MHz and is temperature compensated to provide
a frequency stability of ±1.5 ppm. Voltage for the oscil-
lator is supplied by 9-volt regulator IC209 and 4-volt
Zener diode CD201. The oscillator output is applied to
synthesizer chip IC201 -2.

SYNTHESIZER
Synthesizer IC201 (Figure 3) consists of a Program-

mable R counter, phase detector, and programmable
VCO dividers (N and A).

When the microcontroller desires to change transmit
or receive frequencies, new frequency data is received
on the CLOCK, DATA, and ENABLE lines. The synthe-
sizer immediately begins generating the new frequency.

The serial data (DATA line) sets the internal VCO di-
viders which determines the VCO frequency. The refer-
ence oscillator frequency applied to the programmable
reference oscillator divider (R counter) is divided down
to a lower frequency determined by the input data. The
lower frequency output is applied to the internal phase
detector. The phase detector compares this signal with
the output of the internal programmable VCO dividers.
The output of the programmable VCO dividers is a
function of the rf frequency which is divided down by
the dual-modulus prescaler and the programmable VCO
dividers.
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Figure 1 - Synthesizer Location (Top View) Figure 2 - Synthesizer Block Diagram
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When operating on the correct frequency, the inputs to
the phase detector are identical and the output voltage of the
phase detector is constant. Under these conditions, the VCO
is stabilized and locked on frequency. If the compared fre-
quencies (phases) differ, an error voltage is generated and
applied to the VCO through the frequency-acquisition cir-
cuit, causing the Phase-Lock Loop (PLL) to acquire the new
frequency.

The LOCK DETECT (LD) line provides the PLL status
information to the microcontroller. When the PLL is out of
lock, the LOCK DETECT line is low. When locked on fre-
quency, the line is high.

EQUALIZER

The equalizer (see schematic diagram) consisting of
IC202-A, R21 8, R21 9, and C220, receives transmit audio
from LOOP MOD adjust RV201 and provides the required
audio level. The output of the equalizer (LOOP MOD) is
summed with the output signal from the phase detector
(BIAS) by adder IC202-B

DC OFFSET AND HIGH-CURRENT
BUFFERS

DC offset buffers TR201, TR202, and CD202 (see sche-
matic diagram) receive the error voltage from the equalizer
and increase this level by 1.8 Vdc to extend the operating
range of the high-current buffers. When the PLL is off fre-
quency due to a channel change or frequency drift, the error
voltage from the synthesizer (APD OUT) rises or falls turn-
ing TR201 on or off. Transistor TR201 controls the dc offset
buffer (TR202 and CD202). Resistors R206, R208, and
R209 provide a high-current, rapid-charge path between the
+ 9 volt supply and C206 and C208. Transistor TR202 and
CD202 provide a rapid discharge path for the capacitors.

As the error voltage decreases, transistors TR201 and
TR202 turn on completing a discharge path for C206 thru
C208 through bilateral switches IC203. When the error volt-
age goes positive TR201, TR202, and CD202 are turned off,
allowing C206 thru C208 to charge through R206. IC203 is
turned on for 15 milliseconds when a channel is changed.

LOOP FILTER

The loop filter (see schematic diagram) consists of R207
thru R209 and C206 thru C208. This filter controls the band-
width and stability of the synthesizer loop.

Bilateral switch IC203 is controlled by the 4 millisecond, 9
volt channel change (CH. CHANGE) pulse. When the channel
change pulse is present, the bilateral switch shorts out the low-
pass filter, increasing the loop bandwidth to achieve the 4 mil-
lisecond channel acquisition time required for dual-priority
scan.

The low-pass filter removes noise and other extraneous sig-
nals Internal to the synthesizer chip. The output of the filter is
applied to the varicaps in the transmit and receive VCOs to ad-
just or correct the VCO frequency.

RECEIVE VCO

The receiver VCO (see schematic diagram) consists of a
low-noise JFET oscillator (TR203) followed by high-gain buff-
er IC206. This buffer prevents external loading and improves
power gain.

The VCO is a Colpitts oscillator with varactor C225 and
L203 forming the tank circuit. Variable capacitor CV201 al-
lows manual adjustment of the VCO across the frequency split.
The VCO operates over a frequency range of 384.4 to 393.9
MHz.

The VCO switches on and off under control of the DPTT
line. When the DPTT line is low, the receiver VCO is turned on
(TR204 is off and TR205 is on). Buffer IC206 provides a typi-
cal output of +5 dBm.

TRANSMIT VCO

The transmit VCO (TR209) is basically the same as the re-
ceiver VCO. The wide band VCO allows frequency separation
of 45 MHz as determined by the band-split of the radio (806-
825 MHz or 851-870 MHz). The varactor in conjunction with
the frequency segment selector circuitry (TR207, TR208, and
PIN diode CD208) provides a voltage controlled adjustment
range that extends across the entire frequency split.

The VCO operates over frequency ranges of 403-41 2.5
MHz and 425.5-435.0 MHz. Buffer IC207 provides a typical
output of + 5 dBm. Transmit audio is applied to modulation
adjustment control RV202 (VCO MOD ADJ). Deviation is set
for 3.75 kHz (3.0 kHz NPSPAC).

The TX VCO control switch TR210 turns the Transmit
VCO on when DPTT is high (TR210 is on). The use of two

VCOs allows rapid independent selection of transmit and re-
ceive frequencies across the frequency split.

Frequency Segment Selector

The frequency segment selector switches capacitance in
and out of the TX VCO tank circuit to select the frequency seg-
ment containing the channel. The frequency segment selector
consists of TR207, TR208, and CD208 and operates under
control of the microcontroller through transistor TR706. Ca-
pacitor C243 is selected or deselected for operation in a given
segment. Table 1 identifies the circuit conditions and capacitor
used for selection of each segment.

Table 1 - Frequency Segment Selection

SEGMENT FREQUENCY
SPLIT (MHZ)

TRANSISTOR
TR207  TR208

PIN DIODE
CD208

GROUNDED
CAPACITOR

GROUNDED
RESISTOR

1 Tx: 806-825
RX: 851-870

ON     OFF ON C243 NONE

2 Tx: 851-870
RX: 851-870

OFF     ON OFF NONE R232

 Reverse bias to turn PIN diode CD208 off is provided by
the + 8 volt filtered supply through resistor R240. Forward bias
for the diode and power for the switching transistors is pro-
vided by the + 8volt source through resistor R241.

When segment "1" is selected, transistor TR207 is turned
on and transistor TR208 is turned off. PIN diode CD208 is for-
ward biased causing it to turn on. This effectively places a
short across capacitor C244 and ac grounds C243 in the Tx
VCO.

When segment "2" is selected, transistor TR208 is turned
on and TR207 is turned off. Diode CD208 is reverse biased
causing it to turn off. L206 presents a high impedance to rf fre-
quencies and the anode of CD208 is near dc ground and not at
ac ground.

VCO CHARACTERISTICS

The synthesizer has two VCOs, the frequency of which is
directly related to a control voltage generated by the synthe-
sizer circuitry and must remain within specified limits for the
synthesizer to function properly. The RX VCO typically will
increase in frequency about 9.5 MHz when the control voltage
moves from its lower limit to its upper limit. The TX VCO
moves about 9.5 MHz on each split respectively for the same
situation.

Figure 3 - Synthesizer IC201
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FEEDBACK BUFFERS

The RX injection and TX injection voltage output from the
RX VCO and Tx VCO are supplied to the buffer and to the
feedback buffer. Buffer IC208 provides typical output of + 2
dBm to Tx/RX INJECTION P201. Feedback buffer is provided
by IC204 and the output applied to dual-modulus prescaler
IC202.

DUAL-MODULUS PRESCALER

The dual-modulus prescaler (IC204) completes the PLL
feedback path from the synthesizer to loop filter, to the VCOs
and feedback buffer, and then back to the synthesizer through
the prescaler. The prescaler divides the VCO frequency by 128
or 129 under control of N counter in the synthesizer IC.

The output of the prescaler is applied to the synthesizer
where it is divided down to 6.25 kHz by an internal N and A
counter and compared in frequency and phase with the divided
frequency from the reference oscillator. The result of this com-
parison Is the error voltage used to maintain frequency lock.
The divide by N and A counters are controlled by data received
from the microcontroller. Depending on the operating fre-
quency, the dc voltage at TP201 should be within the range of
3.5 and 7.5 Vdc when the PLL is locked.

MODULATION LEVEL CONTROL

The modulation level control circuit automatically sets the
TX Audio level applied to the transmit VCO modulator
CD207, depending on the setting of VCO MOD ADJ control
RV202. The modulation level control circuit consists of R231,
R232, and TR206.

Modulation level is controlled by turning transistor switch
TR206 on or off (under control of IC706), which adds (or re-
moves) attenuator R232 to the circuit. Resistors R231 and
R232 form an adjustable voltage divider used to change the
modulation level as required.

SYNTHESIZER BOARD

OUTLINE DIAGRAM

COMPONENT SIDE

(6PCLD00059A)

SOLDER SIDE
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SCHEMATIC DIAGRAM

SYNTHESIZER
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PHASE LOCK LOOP (PLL)
(IC201)

IC DATA

MC145159P

DUAL-MODULUS PRESCALER
(IC204)
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WIDE-BAND AMPLIFIER
(IC208)
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