TECHNICAL DESCRIPTION
PCB[611]1SYNTHESIZER BOARD
45-75 MHz Synthesizer

The 45-75 MHz Synthesizer is of the Fractional-N type and has a frequency
resolution of 10 Hz. The 40.96 kHz reference frequency derived from the
Master Oscillator[612|is fed to both Phase Comparator and Phase/Frequency
Comparator. Likewise the output signal of the Loop Divider is fed to both
comparators. When the loop is locked the Phase/Frequency Comparator is turned
of f and there exists no difference in frequency, but a definite and time
varying phase difference between the reference signal and the Loop Divider
output signal. The Phase Comparator compares the phase of the two signals and
if it differs from the steady state value, the Phase Comparator will produce a
correction signal, which via the Loop Filter corrects the frequency and phase
of the VCO until the steady state phase difference is reestablished. If the
phase difference exceeds the limits of the Phase Comparator, for example
during change of the synthesizer output frequency, the Phase/Frequency
Comparator is automatically turned on. It will override the Phase Comparator
by producing a correction signal which via the Loop Filter will alter the
frequency and phase of the VCO until the difference between the reference
signal and the Loop Divider output signal is well inside the working limits of
the Phase Comparator. After a short amount of time the Phase/Frequency
Comparator is turned off and the Phase Comparator takes over again ending up
vith the steady state locked condition. The Loop Filter is capable of
changing parameters when required by means of four diodes. When the loop is
locked the diodes are turned off, and in this condition the Loop Filter is
designed to prevent noise modulation of the VCO and to give the loop a good
dynamic response. During a major change in the synthesizer output frequency
the diodes are turned on, and in this case the Loop Filter is designed to give
the loop a fast dynamic response. The VCO covers a frequency range of 45-75
MHz which is divided in 4 bands. The bands are selected by the microprocessor
on the Transceiver Control Board[624l. The amplitude stabilized output signal
of the VCO is split between two buffer amplifiers. One for the output signal
of the synthesizer, which is led to the lst mixer on the Rx/Ex Signal Path!610]
, the other buffer amplifier drives the input of the Loop Divider. The
Transceiver Control Board determines the output frequency of the synthesizer
by loading the corresponding division ratio into the Loop Divider and the
Binary Accumulator. The integer part of the division ratio is stored in the
Loop Divider and the fractional part is fed to the one input of the Binary
Accumulator. The 12-bit Binary Accumulator enables 10 Hz resolution of the
synthesizer output frequency. The output of the Binary Accumulator is fed back
to one of it’s own inputs and in that way added to the fractional division
ratio fed to the other input. The sum is transferred to the output of the
Binary Accumulator when it receives an Accumulator Clock Signal. This happens
in every period of the loop divider output frequency. When the sum exceeds the
maximum capacity (4095) of the Binary Accumulator, it produces an Accumulator
Carry Signal, and the remainder of the contents is kept for the next addition.
The carry signal increases the division ratio of the Loop Divider by one. The
loop will respond to this increase by producing an output frequency



corresponding to the fractional division ratio. The time varying phase
difference between the reference signal and the loop divider output signal,
caused by the said increase in the division ratio, is a function of the
fractional division ratio. This function is derived from the output of the
Binary Accumulator and converted into a current by the DA-Converter. The
current is fed to the Phase Comparator where it cancels the signal produced by
the time varying phase difference and thus preventing modulation of the VCO.
The frequency information, loaded by the microprocessor on the Transceiver
Control Board[624}, is fed to the Ramp Current Generator, resulting in a
current directly proportional to the output frequency of the synthesizer. As
the Ramp Current controls the gain of the Phase Comparator, the dynamic
response of the loop is held constant over the entire frequency range of the
synthesizer. If the said cancellation of the time varying phase difference
isn’t complete, the Ramp Current Correction circuit measures the error at the
Phase Comparator output and automatically adjusts the Ramp Current Generator
until cancellation is obtained. Two signals derived from the Phase Comparator
and the Phase/Frequency Comparator are combined in a check circuit with the
check signals from the 43.6 MHz and 1.4 MHz Synthesizer resulting in a final
check signal led to the Transceiver Control Board.

43.6 MHz Synthesizer

The synthesizer used is of the fractional-N type, which refers to the fact
that the smallest step in output frequency is not equal to the reference
frequency but a fractional part of this. From the Master Oscillator[612]a
1.28 MHz signal is led to the Reference Divider which divides the signal by 10
having a 128 kHz reference frequency at the input of the Phase/Frequency
Comparator. The 128 kHz reference frequency and the output frequency of the
Loop Divider are compared in the Phase/Frequency Comparator. When the loop is
locked there exists no difference in frequency but a definite and time varying
phase difference between the two signals. If the loop is out of lock the
Phase/Frequency Comparator will produce a correction voltage which will alter
the frequency and phase of the VCX0 until the loop is back in the locked
condition. The Loop Filter is designed to give the loop a good dynamic
response and to stop noise modulation of the VCX0. The VCXO0 covers a
frequency range of 14.53333 MHz +1.333 kHz/-1 kHz. The output signal of the
VCXO0 is fed to the Tripler where the frequency is multiplied by 3, resulting
in a synthesizer frequency of 43.6 MHz + 4 kHz - 3 kHz. The signal from the
Tripler is amplified in the Buffer Amplifier and the level-stabilized output
signal is led to the 2nd Mixer on the Rx/Ex Signal Path[610). Another signal
derived from the Buffer Amplifier is fed to the input of the Loop Divider. A
7-bit Binary Accumulator is incorporated in order to obtain a fractional
division ratio in the loop, giving a 1 kHz step capability of the synthesizer
output frequency. By loading the fractional division ratio into the input of
the Binary Accumulator, the microprocessor on Transceiver Control Board
determines the output frequency of the synthesizer. The other input of the
Binary Accumulator is connected to its output. The two inputs are added and
.the sum is transferred to the output when the Binary Accumulator is clocked.
The clock input is connected to the output of the Loop Divider. When the sum
exceeds the maximum capacity (127) of the Binary Accumulator it produces an
Accumulator Carry Signal which increases the ratio of the Loop Divider by one,



and the remainder of the accumulator contents is kept for the next addition.
The loop responds to this increase by producing an output frequency
corresponding to the fractional division ratio. As a result of the variation
in the division ratio, the phase difference between the reference frequency
and the output frequency of the Loop Divider will be varying and a function of
the fractiomal division ratio. This function is derived from the output of
the Binary Accumulator and converted into a voltage by the DA-converter. The
output signal of the Phase/Frequency Comparator caused by time varying phase
difference is canceled at the input of the Loop Filter by the output voltage
of the DA-converter, and thus preventing modulation of the VCX0. The 128 kHz
reference frequency and a signal derived from Phase/Frequency Comparator are
combined in the Check Detector to give information of the synthesizer lock
status.

1.4 MHz Synthesizer

The synthesizer consists of a Loop Filter, a 5.6 MHz VCO, a Buffer Amplifier
and a single integrated circuit which contains both Reference Divider, Loop
Divider and Phase/Frequency Comparator. The division ratio of the Reference
Divider and the Loop Divider are controlled by the microprocessor on the
Transceiver Control Board[624]. A 1.28 MHz signal from the Master Oscillator
|612|is fed to the input of the Reference Divider and divided by 3200, thus
obtaining a reference frequency of 400 Hz as well as a frequency step size of
400 Hz for the synthesizer loop. The reference frequency and the Loop Divider
output frequency are compared in the Phase/Frequency Comparator. In the locked
condition there exists no difference between the two signals neither in
frequency nor in phase. If a difference occurs, say during a change of the
synthesizer output frequency, the Phase/Frequency Comparator will produce a
correction voltage which will correct the frequency and phase of the VCO until
the locked condition is obtained again. The Loop Filter is designed to give
the loop a proper dynamic response and to prevent noise from modulating the
VCO. The 5.6 MHz VCO covers the frequency range from 5.582 MHz to 5.612 MHz.
The output signal of the VCO is amplified in the Buffer Amplifier and then
split into two, one for the input of the Loop Divider and one for the Divide-
by-4 circuit. The output frequency range of the Divide-by-4 circuit is 1.4
MHz + 3 kHz/4.5 kHz and the frequency step size is 100 Hz. The output signal
of the Divide-by-4 circuit is fed to the Output Filter where the harmonics of
the signal are reduced and the exact output level is set. The output signal is
led to the 3rd Mixer on the Rx/Ex Signal PathLélQl. A check detector ic
incorporated to indicate the lock status of the synthesizer.
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TESTPOINTS FOR SYNTHESIZER BOARD

@-12V DC @+5V bC

@ OUTPUT 1.LO. 45-75Mhz synthesizer 15Vpp

SELF TEST# | F OUT
9 | 45 Mhz
10 |525Mhz
11 |525Mhz
12 |60 Mhz

@ OUTPUT 2.LO. 43.6Mhz SYNTHESIZER

SELF TEST # 17 F OUT=43597 Mhz 2 Vpp
SELF TEST# 18 F OUT =43603Mhz 2 Vpp

@ OUTPUT 3.LO. 14Mhz  SYNTHESIZER
SELF TEST# 20 F OUT=13955Mhz 650 mVpp
SELF TEST# 21 F OUT=1403 Mhz 650 mVpp

4096 KHz FROM MASTER OSCILLATOR

128 Mhz 5Vpp FROM MASTER OSCILLATOR
SYNADR 0 (IC23PIN 5)

SYNADR 1 (IC 23 PIN 6)

SYNADR 2 (IC 23PIN 7)

SYNDATA O (IC 28 PIN2)

SYNDATA 1 (IC 28 PIN 1)

SYNDATA 2 (IC 28 PIN 20)

SYNDATA 3 (IC 28 PIN 19)

SYNSTR 0 (IC 28 PIN12]

SYNSTR 1 (IC 42PIN9)

O10161601616101030101010,

SYNSTR 2 (IC 46 PIN11)

SELF TEST#

@+12V DC

F OUT _
13 | 60 Mhz
14 | 67.5Mhz
15 | 675 Mhz
16 | 75 Mhz




TIMING DIAGRAM

+5V ><
ADR ESS+DATAO ;
'I Lus 6L.|SI
S
+v5V
STROBE 3

L 32uS

The strobe pulse is generated at each update of

the frequency. eg. the self tests# 9 to 21.
or by repeating the test by pressing “DIM -
MER DOWN"
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