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DESCRIPTION

The system-audio-squelch (SAS) board for MASTR®

Executive II provides interconnections between the control
cable from the control unit and the transmitter and receiver
RF boards that plug into it.  It also provides interconnections
to the Channel Guard and Carrier Control Timer (CCT) op-
tion boards.

Mounted on the underside of the radio chassis, the SAS
board is accessible by removing the radio chassis from the
mounting frame.  Molex pins on the board protrude through
slots on the radio chassis to make connections with the ex-
citer, IF-Detector (IF-DET), and multi-frequency boards.
Molex pins on top of the board provide harness connections
to system jack J1, Channel Guard (optional), audio output
transformer T1901, power supply filter L1901 and the an-
tenna transfer relay.  The optional Carrier Control Timer
plugs into P908 on the system board.

Centralized metering jack J910 is accessible from the top
of the radio, and is provided for use with General Electric
Test Set 4EX3A11 or Test Kit 4EX8K12.  The red metering
plug provides continuous access to the regulated 10 Volts,
A+, transmitter and receiver audio, and PTT.

The black metering plug on the Test Set is used for me-
tering the transmitter and receiver circuits.

SAS boards 19D423191G1 or G2 are used with "RT"
and "RX" Combinations.

SAS board 19D423191G3 is used in "ST" and "SX"
Combinations.

The SAS board contains the +10 Volt Regulator, system
control circuits, and the receiver audio and squelch circuits.

CIRCUIT ANALYSIS

+10 VOLT REGULATOR

The +10 Volt Regulator provides a closely-controlled
supply voltage for the transmitter exciter, the receiver, Chan-
nel Guard, the Carrier Control Timer and multi-frequency
boards.  The 13.8 VDC is applied to the choke input com-
posed of L1901 and C920 The output of this filter is then ap-
plied to the regulator circuit which consists of Q901, Q902,
Q903 and zener diode VR901
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SPECIFICATIONS*

INPUT VOLTAGE 13.8 Volts DC

OUTPUT VOLTAGE Regulated 10 Volts DC at 0.1 to 0.5 Amperes

MAXIMUM CURRENT DRAIN 0.30 Amperes (Squelched)
1.40 Amperes (Unsquelched)

AUDIO OUTPUT 5 Watts

CAS OUTPUT 0.4 Volts DC (Squelched)
10 Volts DC (Unsquelched)

* These specifications are intended primarily for the use of the serviceman. Refer to the appropriate Specification Sheet for
         the complete specifications.

Although the highest DC Voltage in MASTR Executive II Mobile Equipment is +12 Volts DC, high currents may be
drawn under short circuit conditions.  These currents can possibly heat metal objects such as tools, rings, watch-
bands, etc., enough to cause burns.  Be careful when working near energized circuits.

High-level RF energy in the transmitter Power Amplifier Assembly can cause burns upon contact.  Keep away from
these circuits when the transmitter is energized!

WARNING
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When the output of the regulator starts to increase, Q903
conducts harder and Q902 conducts less, causing Q901 to
conduct less.  This increases the voltage drop across Q901,
keeping the output constant.  Potentiometer R906 is used to
set the base voltage of Q903 for the desired 10-Volt output.

Diodes CR901 and CR902 provide reverse battery polar-
ity protection, and will cause the in-line fuse in the yellow
lead to blow if the polarity is reversed.

SYSTEM CONTROL

Operating the PTT switch pulls the base of Q904 low in
the receiver muting and delay circuit, turning Q904 on.
When Q904 conducts, Q905 turns on, causing its collector
voltage to drop.  When Q905 is in the "on" condition, the re-
ceiver squelch and audio control circuits are turned off, mut-
ing the receiver.

With the PTT switch operated, C925 changes to +10-
Volts.  When the PTT switch is released, C925 discharges
through R909, keeping Q904 and Q905 on for approxi-
mately 75 milliseconds as the capacitor discharges. This de-
lays the turn-on of the receiver audio for 75 milliseconds
after transmitting.

Transmitter Keying and Delay

Operating the PTT switch on the microphone forward bi-
ases diodes CR908 and CR909 connecting the emitter of
Q906 to A-.  Capacitor C926 charges through R916.  In ap-
proximately 30 milliseconds, the voltage on C926 is high
enough to turn on time delay switch Q906.  This causes
transmitter oscillator control switch Q907 to turn on.  Opera-
tion of Q907 applies voltage to the transmitter oscillator and
applies an RF signal to the transmitter.  The collector voltage
of Q907 turns off Q908, removing the supply voltage from
the receiver oscillator on the OSC-MULT and multi-fre-
quency boards.

The 30 millisecond time delay in the transmitter oscilla-
tor keying circuit allows the antenna relay to energize before
RF is applied to the delay.

When the radio is in the receive mode (transmitter
unkeyed), the transmitter oscillator control switch Q907 is
off and receiver control switch Q908 is conducting. The volt-
age at the collector of Q908 is applied to the receiver oscilla-
tor circuits on the OSC-MULT and multi-frequency boards.

Transmitter Disable

When the radio is equipped with a Carrier Control Timer,
the TX DISABLE lead from the Carrier Control Timer
Board is connected to the base of Q906, When the timing cy-
cle on the Carrier Control Timer times out, the base of Q906
is switched to A-, turning off the transmitter oscillator con-
trol voltage and disabling the transmitter.

Audio Amplifier and Driver

The audio signal from the volume control arm is fed
through the de-emphasis network (C933, C935, R931 and
R932) to the audio amplifiers Q914 and Q915.  Q915 pro-
vides push-pull drive for the pA through transformer T901.
Output from the Class AB PA stage, Q916 and Q917, is cou-
pled through transformer T1901 to the speaker. A tertiary
winding of T1901 supplies feedback to Q915 through J906-
1.

Audio Bias Adjust potentiometer R945 is used to set the
PA bias current through J906 to 20 milliamperes.

SQUELCH CIRCUIT

Noise from Volume Hi is used to operate the squelch cir-
cuits.  The setting of Squelch Adjust control R953 deter-
mines the squelch opening sensitivity.  High-pass filter R981
and C946 reduce effects of audio signals on high settings of
the Squelch Adjust R953. Diodes CR914 and CR915 and
amplifier Q920 prevent audio squelching with large audio
signals (squelch clipping).

To keep the receiver squelched with temperature
changes, fixed squelch circuit Q918, RT902, and RT903 is
used.  This circuit compensates for gain changes by shunting
less of the noise to ground with temperature changes.  Below
approximately 40°C, RT902 keeps Q918 on causing the im-
pedance of RT903 to increase and shunt less noise to ground.
Above 40°C, RT902 turns Q918 off, removing the shunting
effect of RT903.

Q919 and Q920 provide noise gain.  Q921 maintains a
high load impedance for limiter/ amplifier Q920.

C953, C954, and L901 form a second high pass filter to
prevent audio signals from reaching the detector (CR916 and
CR917) and squelching the receiver.  Positive filtered DC
from the detector is fed to the base of Q909 which turns on,
causing the collector of Q909 to drop to near zero volts. This
voltage drop turns Q913 off and in turn removes the forward
bias from audio amplifiers Q914 and Q915, squelching the
receiver.

A hysteresis action is provided by the positive DC feedback
from the collector of Q909 through R970 to the emitter of
Q920 and also from the collector of audio amplifier Q914
through Q940 to the base of Q909. When Q909 and Q914 turn
on and off, they vary the gain of noise amplifier Q902 in such a
way as to assist the hysteresis action and provide positive
switching.

Squelch Monitor & CAS

In radios equipped with SAS board 19D423191G1, un-
squelching the receiver applies ground to the output of the
noise detector at the junction of R975 and R976. This turns off
squelch switch Q909 and allows receiver mute switch Q913 to
turn on. With Q913 turned on a positive voltage is applied to
the base of audio amplifier transistors Q914 and Q915, turning
both transistors on and passing audio through to the speaker.

In radios equipped with SAS board 19D423191G2, un-
squelching the receiver applies ground to the base of Q910,
turning the Q910 off.  With Q910 off, Q909 and Q911 are both
prevented from conducting.  Q913 is now allowed to conduct,
turning on Q914 and Q915 and passing the receiver audio
through to the speaker.

In addition to turning the audio amplifiers on, the positive
voltage at the collector of Q909, turns off the Carrier Activity
Sensor (CAS) switch Q922 and Q923. This removes ground
from J901B-7.

When the receiver is squelched, a positive voltage from the
squelch circuit is applied to the base of Q909 turning it on.
This applies a low to the base of CAS switch Q922, turning
Q922 and Q923 on.  When turned on, Q923 applies A- to the
CAS line.

CARRIER CONTROL TIMER

In radios equipped with a Carrier Control Timer (CCT), in-
terconnections to the SAS board are made through P908.  The
CCT determines the maximum length of each transmission.
When the preset transmission time has elapsed, a squelch dis-
able signal (A-) is applied to the base of squelch disable switch
Q912.  Q912 turns on and applies regulated 10 Volts to audio
amplifiers Q914 and Q915, allowing an alerting tone to be
heard in the speaker.

In addition, a transmitter disable signal (A-) is applied to
the base of transmitter oscillator keying transistor Q906, turn-
ing Q906 and Q907 off.  This removes the Tx OSC control
voltage from the exciter and multi-frequency to remove the RF
drive to the transmitter.  In units equipped with Channel Guard,
the Tx CG control voltage is also removed.

CHANNEL GUARD

In radios equipped with Channel Guard, interconnections to
the SAS board are made through J907.  The Channel Guard
board contains a tone reject filter to prevent the tone from be-
ing heard in the speaker.  The output of the tone reject filter is
applied directly to the audio de-emphasis network (junction of
R932, C936 and C935) in the base circuit of audio amplifier
Q914.

CRYSTAL MODULE

Crystal modules determine the operating frequency of the
transmitter and receiver. The plug-in module contains a crystal,
a trimmer capacitor, and varicap for temperature compensation.

The quartz crystals used in the crystal module exhibit the
traditional "S" curve characteristics of output frequency versus
operating temperature.

In the mid-temperature range (-10°C to +50°C), the raw
crystal characteristic is maintained.  The compensation voltage
which drives the crystal module varicap is approximately con-
stant over this temperature range.  Consequently, the crystal al-
most solely determines the temperature characteristic.  The
crystals whose temperature characteristic lie toward the high
limit of +4PPM shown in Figure 1 are rotated slightly.  All oth-
ers have little or no rotation.

The cold end temperature characteristic is "lifted" by a tem-
perature-dependent increasing voltage.  The compensator
which drives the crystal module varicap produces a voltage
which increases linearly from -10°C to -30°C.  This voltage de-
creases the varicap capacity, which in turn increases the mod-
ule tuned circuit frequency to compensate for the decreasing
frequency characteristic of the crystal.

The hot end crystal temperature characteristic in Figure l is
shown to be increasing with temperature.  The hot end (above
50°C) crystal characteristic is compensated for by a decreasing
voltage from the compensator.  This results in added capacity
from the varicap.  In turn, a decreasing module frequency re-
sults to counteract the increasing frequency response of the
crystal.

Service Note:  Proper crystal module operation is dependent on
the closely-controlled input voltages from the 10-Volt regula-
tor.  Should all of the crystal modules shift off frequency, check
the 10-Volt regulator.

Compensation voltage from the exciter is applied to pin 4
of the crystal modules to maintain frequency stability within
+5 PPM over a temperature range of -30°C to +60°C.
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The compensation voltage varies nonlinearly with tempera-
ture to complement the temperature/frequency characteristics
of the crystal.  Listed below are typical minimum and maxi-
mum voltage readings to be expected at pin 4 of the crystal
modules, as measured with a high impedance meter.

TEMPERATURE
RANGE

OUTPUT VOLTAGE

MINIMUM MAXIMUM

-30°C 4.9 Volts 6.0 Volts

-10°C to +50°C 3.7 Volts 4.3 Volts

-75°C 3.3 Volts 3.8 Volts

Trimmer capacitor C3 is used to adjust the radio for the ex-
act operating frequency.  Refer to the applicable Alignment
Procedure for details.

Operating voltage for the crystal module is supplied from
the Tx OSC Control circuit on the SAS board or through the
forward biased pin diode on the multi-frequency board to pin l
of the selected crystal module.

MULTI-FREQUENCY BOARD

The multi-frequency board is provided in radios with more
than one operating frequency.  It contains the necessary cir-
cuitry to provide three additional transmit and three additional
receive frequencies to the standard radio.  The multi-frequency
board plugs into J904 on the SAS board and utilizes crystal
modules to determine the exact operating frequencies.

In multi-frequency radios, the DA jumper wire connected
between H12 and H31 on the SAS board is removed.  This re-
moves the fixed ground from the F1 keying lead and allows
frequency selection of F1-F4 by the frequency selector switch
on the control unit.

When frequencies other than F1 are selected, A- is removed
from the F1 select lead.  The F1 oscillator turns off due to a ris-
ing base voltage applied through pull-up resistor R983 on the
SAS board.

OSCILLATOR CIRCUITS (F2-F4)

Separate oscillator circuits are used for transmit and receive
frequencies.

The transmit and receive oscillator circuits are identical,
each using a single transistor in conjunction with the selected
crystal module to comprise the oscillator circuit.  Crystal mod-
ules are selected for operation by the frequency select lead
from the control unit.  PIN diodes are used to switch the output
of the selected crystal module to the base of the appropriate
transistor, Q2601 (transmit) or Q2602 (receive).

Since the oscillator circuits are identical, only the F2 trans-
mit circuit is described here.

When F2 is selected on the control unit, A- is applied to the
junction of R2601 and R2606 through P904-9 and a jumper
connected between pins 3 and 5 of crystal module socket
XY2601.  PIN diode CR2601 now is forward biased applying
the output of the crystal module (pin 1) to the base of common
oscillator transistor Q2601.  The selected crystal module and
the transistor circuit comprise a Colpitts oscillator

The oscillator control voltage, required for oscillator op-
eration, is controlled by the transmit keying and delay cir-
cuits on the SAS board.

Pressing the PTT switch applies the Tx OSC Control
voltage (+10V) to the emitter/base circuit of Q2601 causing
it to oscillate at the assigned F2 crystal frequency.  A short
plug-in coaxial cable (W2601) connects the output of the os-
cillator to J102 on the exciter board.  When the PTT switch
is released, the transmitter oscillator control voltage is re-
moved from Q2601 and the anode of PIN diode CR2601.
Q2601 stops oscillating and therefore, does not provide an
input to the exciter. With the PTT switch released, the re-
ceiver oscillator control voltage from the transmit keying
and delay circuit on the SAS board is applied to the emitter
base circuit of Q2602.  Since the transmit and receive mod-
ules are selected simultaneously, (on SAS board) Q2602
now oscillates at the F2 receive crystal frequency and pro-
vides an output to J401 on the receiver Osc-Mult board
through cable W2602.

When a different frequency is selected A- is removed
from the junction of pull-up resistors R2601 and R2606.
This reverse biases PIN diode CR2601 and removes the
crystal module from the base circuit of Q2601.

ANTENNA TRANSFER RELAY
(Medium Power)

Two types of antenna transfer relays may be used in
MASTR Executive II radios. In earlier model radios an ex-
ternal antenna relay is used.  In later model radios (including
high power) an integral antenna relay is used and is located
on the Transmitter PA Assembly.

MODIFICATION FOR ALTERNATE
CONTROL UNITS ("S" Series Combinations)

MASTR Executive II mobile radios may be used with
other control units.  For this type of application, one or more
of the following modifications may be required.  For com-
plete details, refer to the applicable Modification Instructions
as listed in the Table of Contents.

Transistorized Microphone Kit

This modification changes the SAS board to provide im-
pedance matching and supply voltage for a transistorized mi-
crophone.  The modification also includes a change in the
receiver audio feedback loop to permit the use of an 8-ohm
speaker.

Variable Squelch Kit

This modification changes the squelch monitor circuit on
the SAS board from a fixed squelch function to an operator
controlled variable squelch in the control units.

External Channel Guard Encoder Kit

This modification adds a potentiometer to the SAS board
for setting the Channel Guard tone deviation to the transmit-
ter.

Channel Guard Monitor Isolation Kit

This modification adds two diodes to the SAS board to
disable the Channel Guard decoder when control unit
mounted Type 90 or Type 99 tone is present in radios
equipped with Channel Guard.

Figure 1 - Typical Crystal Characteristics
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SYSTEM-AUDIO-SQUELCH-BOARD
ISSUE 7
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SYSTEM-AUDIO-SQUELCH-BOARD
ISSUE 7
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SYSTEM-AUDIO-SQUELCH-BOARD
(HIGH POWER)
ISSUE 5

INTERCONNECION DIAGRAMLBI-30043 LBI-30043
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SYSTEM-AUDIO-SQUELCH-BOARD
(MEDIUM POWER WITH INTEGRAL ANTENNA RELAY)

ISSUE 4
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SYSTEM-AUDIO-SQUELCH-BOARD
(MEDIUM POWER WITH EXTERNAL ANTENNA RELAY)
ISSUE 2

INTERCONNECION DIAGRAMLBI-30043 LBI-30043
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SYSTEM-AUDIO-SQUELCH-BOARD
ISSUE 8

OUTLINE DIAGRAM

C941/C963
SYSTEM BOARD 19D423191

R952/R993

R937/R994

R946/R995

(19D423900, Rev. 9)
(19B226768, Sh. 1, Rev. 9)

C941/C963

R952/R993

R937/R994

(19D423900, Rev. 9)
(19B226768, Sh. 2, Rev. 8)

R946/R995
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SYSTEM-AUDIO-SQUELCH-BOARD
ISSUE 8

OUTLINE DIAGRAM

C941/C963
SYSTEM BOARD 19D432566

R952/R993

R937/R994

R946/R995

(19D432568, Rev. 1)
(19A143635, Sh. 1, Rev. 0)

C941/C963

R952/R993

R937/R994

(19D432568, Rev. 1)
(19A143635, Sh. 2, Rev. 0)

R946/R995
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5 PPM MULTI-FREQUENCY BOARD AND CRYSTAL MODULE
Issue 5

OUTLINE & SCHEMATIC DIAGRAMS

CRYSTAL MODULE

(19C327100, Rev. 1)
(19C321612, Sh. 1, Rev. 1)

(19C327100, Rev. 1)
(19C321612, Sh. 2, Rev. 1)

(AS REQUIRED)

(19B227337, Rev. 8)
(19B226851, Sh. 1, Rev. 8)

(AS REQUIRED)

(19B227337, Rev. 8)
(19B226851, Sh. 2, Rev. 7)
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EXTERNAL ANTENNA TRANSFER RELAY
Issue 3

OUTLINE & SCHEMATIC DIAGRAMSLBI-30043 LBI-30043
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FIXED SQUELCH AND EXTERNAL CHANNEL GUARD ENCODER
Issue 3

MODIFICATIONS INSTRUCTIONSLBI-30043 LBI-30043
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1 & 2 FREQUENCY TRANSMIT
1 & 2 FREQUENCY RECEIVE

Issue 3

MODIFICATIONS INSTRUCTIONSLBI-30043 LBI-30043
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TRANSISTORIZED MICROPHONE 8 OHM SPEAKER & VARIABLE SQUELCH
Issue 2

MODIFICATIONS INSTRUCTIONSLBI-30043 LBI-30043

18



This page intentionally left blank

LBI-30043 LBI-30043

19


