" B MoBILE RADIO

¢

MASTR II

(Includes Addendum #1, may be incomplete)

MAINTENANCE MANUAL

138-174 MHz RECEIVER

SPECIFICATIONS *

Audio Output (to 8-ohm Speaker)

Standard Receiver

Sensitivity

12 Watts at less than 3% distortion

Ultra-High Sensitivity

12-dB SINAD (EIA Method)
20-dB Quieting Method

SELECTIVITY
EIA Two-Signal Method
20~dB Quieting Method
Spurious Response
Intermodulation (EIA)
Frequency Stability
5C-ICOM with EC-ICOM

5C-ICOM or EC-ICOM
2C-I1COMS

Modulation Acceptance
Squelch Sensitivity

Critical Squelch
Maximum Squelch

Maximum Frequency Separation

Receiver
0.35 pv 0.175 uv
0.50 pv 0.25 pv
-100 dB -95 dB
~100 dB
-100 dB -90 dB
-85 dB -80 dB

+0.0005% (-40°C to +70°C)
+0.0002% (0°C to +55°C)
+0,0002% (~40°C to +70°C)

+7 kHz (narrow-band)

(Multi-Frequency Units)
138-155 MHz
150.8-174 MH=z

Frequency Response

RF Input Impedance

0.2 pv
Greater than 20 dB quieting (less than
1.5 V)
Full Specifications 3 dB Degradation
.900 MHz 1,60 MHz
1.0 MHz 1.80 MHz

Within +1 and -8 dB of a standard 6-dB
per octave de-emphasis curve from 300
to 3000 Hz (1000-Hz reference)

50 ohms

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

complete specifications.
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WARNING

Although the highest DC voltage in MASTR II Mobile Equipment is supplied by the
vehicle battery, high currents may be drawn under short circuit conditions. These
currents can possibly heat metal objects such as tools, rings, watchbands, etc.,
enough to cause burns. Be careful when working near energized circuits!

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




DESCRIPTION

MASTR II, 138 to 174 megahertz receiv-
ers are single conversion, superheterdyne
FM receivers designed for one- through
eight-frequency operation, The solid state
receiver utilizes integrated circuits (ICs),
monolithic crystal filters and discrete
components with each of the crystal filters
located between gain stages to provide 100
dB selectivity and maximum protection from
de-sensitization and intermodulation.

The receiver consists of the follow1ng
modules:

® RF Assembly
™ Mixer/IF (MIF)

° Oscillator/Multiplier (Osc/Mult)
° IF/Audio and Squelch (IFAS)

Optional Ultra-High Sensitivity (UHS)
Pre-Amplifier

Audio, supply voltages and control
functions are connected to the system board
through P903 on the Osc/Mult board, and
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P904 on the IFAS board. The regulated +10
Volts is used for all receiver stages except
the audio PA stage which operates from the
A+ system supply.

Centralized metering jack J60l1 on the
IFAS board is provided for use with GE test
Set 4EX3All or Test Kit 4EX8K12, The test
set meters the oscillator, multiplier, dis-
criminator and IF amplifier stages. Speaker
high and low are metered on the system board
metering jack,

CIRCUIT ANALYSIS

RF ASSEMBLY
PRE-AMPLIFIER

The pre-amplifier is present only in
UHS receivers, and uses a dual-gate Field
Effect Transistor (FET) to provide approxi-
mately 12 dB gain,

RF from the antenna is coupled through
T2301 to Gate 1 of pre-amplifier Q2301.
The primary of T230l1 provides a 50-ohm in-
put impedance. The amplified output at the
drain terminal of Q2301 is coupled through
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Figure 1 - Receiver Block Diagram
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T2302 and connected to J1 on Antenna Input
board A301 through cable W2302. T2302 is
tapped to provide a 50-ohm output impedance.
P2301 connects to J501 on the MIF board for
the regulated +10-Volt supply voltage.

ANTENNA INPUT A301

An RF signal from the antenna or UHS
pre-amplifier is applied to A301 which pro-
vides an AC ground between vehicle ground
and receiver A-. Resistor Rl prevents a
static charge from building up on the ve-
hicle antenna. The output of A301 is
coupled through five high Q helical reson-
ators that provide the front end RF selec-
tivity. The helicals are tuned to the in-
coming frequency by C301 through C305.

OSCILLATOR - MULTIPLIER

The oscillator-multiplier can be e~
quipped with up to eight Integrated Circuit
Oscillator Modules (ICOMs), The ICOM crys-
tal frequencies range from approximately 14
to 18 megahertz, and the crystal frequency
is multiplied nine times and then amplified
to provide a low side injection frequency to
the mixer. An optional modification kit is
available for high side injection.

ICOMS

Three different types of ICOMs are
available for use in the Osc/Mult module.
Each of the ICOMs contains a crystal-con-
trolled Colpitts oscillator, and two of
the ICOMs contain compensator ICs. The
different ICOMs are:

) 5C-ICOM - contains an oscillator and
a 5 part-per-million (*0.0005%)
compensator IC. Provides compensa-
tion for EC-ICOMs.

EC-ICOM - contains an oscillator only.
Requires external compensation from
a S5C-ICOM,

2C-ICOM - contains an oscillator and
a 2 PPM (+0.0002%) compensator IC.
Will not provide compensation for an
EC-ICOM.

The ICOMs are enclosed in an RF
shielded can with the type ICOM (5C-ICOM,
EC-ICOM or 2C-ICOM) printed on the top of
the can. Access to the oscillator trimmer
is obtained by prying up the plastic tab on
the top of the can. The tabs can also be
used to pull the ICOMs out of the radio.

Frequency selection is accomplished
by switching the ICOM keying lead (termi-
nal 6) to A- by means of the frequency se-
lector switch on the control unit. 1In
single-frequency radios, a jumper from H9
to H10 in the control unit connects termi-
nal 6 of the ICOM to A-. In the receive
mode, +10 Volts is applied to the external
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ICOM load resistor (R401) by the RX Osc
control line, keeping the selected ICOM
turned on. Keying the transmitter removes
the 10 Volts at R401, turning the ICOM off.

—CAUTION

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

In standard 5 PPM radios using EC-ICOMs,
-at least one 5C-ICOM must be used. The
5C-ICOM is normally used in the receiver Fl
position, but can be used in any transmit
or receive position. One 5C-ICOM can pro-
vide compensation for up to 15 EC-ICOMs in
the transmitter and receiver. Should the
5C-ICOM compensator fail in the open mode,
the EC-ICOMs will still maintain 2 PPM fre-
quency stability from 0°C to 55°C (+32°F
to 131°F) due to the regulated compensation
voltage (+5 Volts) from the 10-Volt regula-
tor IC., If desired, up to 16 5C-ICOMs may
be used in the radio.

The 2C~ICOMs are self-compensated to
2 PPM and can not provide compensation for
EC-ICOMs.

Oscillator Circuit

The quartz crystals used in ICOMs ex-
hibit the traditional "S" curve characteris-
tics of output frequency versus operating ’
temperature.

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

temperature.
+10 T
TYPICAL UNCOMPENSATED  |CRYSTALS WITH
CRYSTALS | COMPENSATION

+35

-5

FREQUENCY CHANGE IN PPM

=10

-150 +10°  26.5° +42°

DEGREES CENTIGRADE

Figure 2 -~ Typical Crystal Characteristics
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Figure 3 -~ Equivalent ICOM Circuit

Since the rate of change is nearly
linear over the mid-temperature range the
output frequency change can be compensated
by choosing a parallel compensation capa-
citor with a temperature coefficient approx-
imately equal and opposite that of the
crystal.

Figure 2 shows the typical performance
of an uncompensated crystal as well as the
typical performance of a crystal which has
been matched with a properly chosen compen-
sation capacitor.

At temperatures above and below the mid-
range, additional compensation must be in-
troduced. An externally generated compen-
sation voltage is applied to a varactor
(voltage-variable capacitor) which is in
parallel with the crystal.

A constant bias of 5 Volts (provided
from Regulator IC U901 in parallel with
the compensator) establishes the varactor
capacity at a constant value over the entire
mid-temperature range., With no additional
compensation, all of the oscillators will
provide 2 PPM frequency stability from
0°C to 55°C (+32°F to 131°F),

Compensator Circuits

Both the 5C-ICOMs and 2C-ICOMs are
temperature compensated at both ends of the
temperature range to provide instant fre-
quency compensation. An equivalent ICOM
circuit is shown in Figure 3.

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

The increase in compensation voltage
decreases the capacity of the varactor in
the oscillator, increasing the output fre-
quency 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 de-
creases and the compensation voltage de-
creases, The decrease in compensation
voltage increases the capacity of the varac-
tor, decreasing the output frequency of the
ICOM.

3
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Service Note: Proper ICOM operation is de-
pendant on the closely-controlled input
voltages from the 10-Volt regulator, Should
all of the ICOMs shift off frequency, check
the 10-Volt regulator module.

MULTIPLIER & AMPLIFIER

The output of the Selected ICOM is
coupled through a tuned circuit (L401 and
C405) that is tuned to three times the crys-
tal frequency. The output of the tuned cir-
cuit is applied to the base of a Class C
multiplier, Q401., The collector tank cir-
cuit of the multiplier (L402 and C409) is
tuned to nine times the crystal frequency.
The multiplier stage is metered at metering
jack J601-3 on the IFAS board.

Following the multiplier is a Class A
Amplifier stage, Q402, Q402 is metered at
J601-4 on the IFAS board through a metering
network consisting of C415, C416, CR401 and
R408, The amplified output of Q402 is ap-
plied to a tuned circuit (L403 and C413)
that is tuned to nine times the crystal
frequency. The tuned circuit provides some
selectivity in the oscillator-multiplier
chain,

MIXER-IF
MIXER & CRYSTAL FILTER

The mixer uses a FET (Q501) as the
active device. The FET mixer provides a
high input impedance, high power gain, and
an output relatively free of harmonics
(low in intermodulation products).

In the mixer stage, RF from the helical
resonators is coupled through L502 and C502
which matches the RF output to the gate of
mixer Q501. Injection voltage from the
multiplier-selectivity stages is applied
to the source of the mixer, The 11.2 MHz
mixer IF output signal is coupled from the
drain of Q501 through a tuned circuit (L505
and C505) which matches the mixer output to
the input of the four-pole monolithic crys-
tal filter, The highly-selective cyrstal
filter (FL501 and FL502) provides the first
portion of the receiver IF selectivity.

The output of the filter is coupled through
impedance-matching network L520 and C523
to the IF amplifier,

Service Note: Variable capacitor C521 does
not require adjustment when performing nor-
mal alignment, If the four-pole monolithic
crystal filter is replaced, then adjustment
of C521 is necessary for optimum IF response,

IF AMPLIFIER

IF amplifier Q520 is a dual-gate FET,
The filter output is applied to Gate 1 of
the amplifier, and the output is taken from
the drain., The biasing on Gate 2 and the
drain load determines the gain of the
stage. The amplifier provides approximate-
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ly 20 dB of IF gain, The output of Q520 .
is coupled through a network (L521 and
C528) that matches the amplifier output
to the crystal filter on the IFAS board.,_
The output of the MIF board is applied to
the IFAS board through feed-through capa-
citor C325.

Supply voltage for the RF amplifier
and MIF board is supplied from the IFAS
broad through feed-through capacitor C326,

IF-AUDIO & SQUELCH
CRYSTAL FILTERS, IF AMP & LIMITER

IF from the MIF board is applied to a
second four-pole monolithic crystal filter
(FL601 and FL602) for additional selec-
tivity. Following the filter circuits
(FL601 and FL602) are impedance matching.
networks C601, L609, and R621, and C603
and L60l respectively. The output of the
filter is applied to IF amplifier IC
(U601) . The amplifier IC provides approxi-
mately 60 dB of IF gain,

Following U601 is matching network
L602 and C607, and two-pole crystal filter
FL603 which provides the final receiver IF
selectivity., The filter output is applied
to impedance matching circuit C612 and L6033,
The IF signal is coupled through C61l1l to
the limiter IC (U602), The limiter IC pro-
vides approximately 60 dB of IF gain. The
IF amplifier output is metered at J601
through metering network C613, C614, L604
and CR601.

Service Note: Variable capacitors C601,
C603, C607 and C612 do not require adjust-
ment when performing normal alignment.

If the 4-pole crystal filter or the 2-pole
crystal filter is replaced, then adjustment
of the associated capacitors will be neces-
sary to achieve optimum IF response,

DISCRIMINATOR & AUDIO PRE-AMP

The limiter output is applied to a
Foster-Seely crystal discriminator where
diodes CR602 and CR603 recover the audio.
L605 is adjusted for zero discriminator
reading. The discriminator is metered at
J601-2 through R616,

The discriminator output is coupled
through potentiometer R614 which is adjust-
ed to set the audio level to the audio pre-
amp IC (U602), The pre-amp provides
approximately 26 dB of audio gain.

Service Note: R614 does not normally
require adjustment unless U602 or parts of
the discriminator are replaced. If adjust-
ment should be required, set R614 for one
Volt RMS measured at P904-11 with a 1000
microvolt signal with 1 kHz modulation

and 3 kHz deviation applied to the antenna
jack.
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The output of the audio pre-amp is
coupled through a low-pass filter (L607 and
C636) to VOLUME and SQUELCH control high.
The filter removes any IF signal remaining
in the audio output of the pre-amp.

AUDIO IC

The hybrid audio IC (U604) uses a cus-
tom flip-chip monolithic integrated circuit.
The audio IC contains a standard EIA Channel
Guard tone reject filter, a receiver de-
emphasis circuit, and the low level audio
PA drive circuitry.

Audio from the pre-amp is coupled
through the VOLUME control to pin 4 of the
audio IC from P904-13 (VOL ARM). Audio at
pin 4 is applied to the Channel Guard tone
reject circuit, and then to the 6 dB/octave
de-emphasis circuit. The filter output
through C635 to the differential audio
driver circuit. The output of the audio
driver circuit is DC-coupled to the push-
pull, Class AB audio PA transistors, Q601
and Q602, The PA output is coupled through
audio transformer T601 to provide a low
distortion, 12-Watt output to the 8-ohm
loudspeaker. R619 and C637 in the trans-
former secondary protects the PA transis-
tors against a '""no-load'" or open circuit.
Feedback from windings T601-3 and -4 deter-
mines the gain of the audio driver ampli-
fier.

When the receiver is squelched, pin 1
of audio IC U604 is near A-, and the entire
audio circuit is turned OFF to eliminate
current drain, Pin 1 is also connected to
the system board through P904-7 (RX MUTE)
so that the receiver audio can be disabled
by the time delay circuit in the 10-Volt
regulator, and by the Channel Guard option
when used.

Pins 6 and 7 are connected to the sys-
tem board through P904-16 (RX PA) and
P904-21 (INTCM INPUT) so that the receiver
audio stages can be used to provide an audio
output when the radio is equipped with the
Intercom option.

Pin 2 is connected to the system board
through P904-6 (SQ DISABLE) so that the
receiver audio stages can be independently
activated and used to provide an alert tone
output when the radio is equipped with the
Carrier Controlled Timer option,

SQUELCH IC

The hybrid squelch IC (U603) also uses
a custom flip-chip monolithic integrated
circuit. The squelch IC contains the noise
amplifier, active noise filter, detector,
slow and fast squelch circuits as well as
the receiver unsquelched sensor (RUS) switch,
and carrier activity sensor (CAS) switch,

LBI-4561

Noise Amp, Filter & Active Detector

Noise from the discriminator is coupled
through the SQUELCH control to pins 1 and 2
on the squelch IC. This signal is applied
to the noise amplifier and then to the active
filter circuit.

The noise amp and active filter provide
the gain and selectivity to distinguish be-
tween noise and audio. The filter output
drives the active detector circuit to pro-
vide the squelch switching functions. Ther-
mistor RT601 keeps the input to the active
detector constant over wide variations in
temperature.

Slow & Fast Squelch

With a signal below the 20 dB quieting
level, the slow squelch circuit provides a
conventional slow (200 millisecond) squelch
operation to prevent rapid squelch opening
and closing in weak signal areas.,

A signal at or above the 20 dB quieting
level is sensed by the signal level detector
and activates the fast squelch circuit, pro-
viding a fast (10 - millisecond) squelch.
operation.

The squelch circuits have two outputs.
One output controls the squelch switch and
the other output controls the CAS switch.,

Squelch Switch

The squelch switch output at pin 7 is
connected to pin 1 of the audio IC, When
the receiver is squelched, the output pin at
7 is near A-. This keeps the receiver audio
stages turned off, muting the receiver.

When the receiver is quieted by an on-fre-
quency signal (unsquelches), the voltage at
pin 7 rises to approximately +10 Volts.,
This turns on the audio stages and sound is
heard at the speaker.

With the receiver unsquelched, the out-
put of the squelch switch turns on the RUS
switch., The output of the RUS switch is
connected to the noise amplifier, providing
a hysteresis loop in the squelch circuit.
The RUS output increases the gain of the
noise amplifier, preventing squelch closing
on weak signals., The RUS output at pin 8
is also connected to the system board
through P904-8 for special applications,

—NOTE

In Channel Guard radios, the RUS switch
will operate only when an on-frequency
signal with the correct Channel Guard
tone is applied to the receiver,

CAS Switch

The squelch circuits also drive the
CAS switch. When the receiver unsquelches,
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the voltage at pin 6 rises to approximately
10 Volts. This voltage is connected to the
system board through P904-9, and is used

to turn on an optional Channel busy light
on the Control Unit.

NOTE

The CAS switch will operate whenever an
on-frequency signal is received, with
or without a correct Channel Guard tone.

MAINTENANCE

DISASSEMBLY

To service the Receiver from the top (see
Mechanical Parts Breakdown):

I. Pull the locking handle down, then pry
up the top cover at the front notch
and lift off the cover.

To service the Receiver from the bottom:

5 Pull the locking handle down and pull
the radio out of the mounting frame.

2. Remove the top cover, then loosen the
two bottom cover retaining screws and
remove the bottom cover (see Figure 4).

BOTTOM BOTTOM
COVER
RETAINING

COVER
RETAINING
SCREW P2 SCREW

senvnsi@ierone

Figure 4 Disassembly Procedure (Top View)
To remove the MIF board from the radio:

s Remove the seven screws C) holding the
MIF bottom cover.

2, Remove the four screws (:) holding the
MIF top cover.

3's Remove the two screws @ and the
Connec tor CS , and carefully push
down on the top of the board to avoid
damaging the feedthrough capacitors.

2 B To gain access to the bottom of the
Osc/Mult and_ IFAS board, remove the
six screws holding the receiver
bottom cover (see Figure 5).

To remove the 0SC/Mult board from the
radio:

1. Remove the six screws (:) holding the
receiver bottom cover.

2. Remove the seven screws (:) holding
the MIF bottom cover.

3. Remove the four screws holding
the board.

4, Press straight down on the plug-in
Osc/Mult board from the top to avoid
bending the pins when unplugging the
board from the system board jack.

To remove the IFAS board from the radio:
Le Remove the six screws (:) holding the

bottom cover, and the one screw
holding the board.

2. Remove the two screws (:) holding the
audio PA heatsink to the right side
rail,

3. Press straight down on the plug-in

IFAS board from the top to avoid bend-
ing the pins when unplugging the board
from the system board jack.

Figure 5 Disassembly Procedure (Bottom View)

To remove the optional UHS pre-amplifier
board:

1q Remove the seven screws (:) holding the
MIF bottom cover, and the four screws
holding the MIF top cover.

2. Disconnect the two connectors and 10-
Volt lead 5

3. Remove the two screws on the bottom
side of the board, and lift out the
board.
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DESCRIPTION

This addendum contains information for
servicing MASTR II receivers using Oscilla-
tor/Multiplier Boards 19D423241Gl-4 or
19D416610G1-4 and IF/AUDIO/Squelch Boards
19D417707G1,2 or 19D416606Gl,2. Since
MASTR II receivers may contain any combina-
tion of these boards, two complete sets of
receiver alignment, test and troubleshooting
procedures are provided,

NOTE

The part number identifying each
board is marked on the component
side of the board.

For receivers using OSC/MULT board
19D416610G1~-4 and IFAS board 19D416606G1,2,
refer to LBI-4561 for service information,

For receivers using OSC/MULT board
19D423241G1-4 and IFAS board 19D417707G1,2,
service information is provided in this
addendum,

NOTE

Service information for OSC/MULT
board 19D423241G1-4 contained in
LBI-4984 is also provided in Data-
file Folder 1106. Service infor-
mation for IFAS board 19D417707G1,2
contained in LBI-4986 is also pro-
vided in Datafile Folder 1105.

When combinations of OSC/MULT board
19D416610G1-4 and IFAS board 19D417707G1{2,

or OSC/MULT board 19D423241G1l-4 and IFAS
board 19D416606Gl,2, are used, the align-
ment instructions must be tailored to each
individual receiver. The following para-
graphs identify the procedures required to
properly align these receivers.

NOTE

The following procedures require
the use of the Receiver Alignment
Procedure contained in LBI-4561
and the Receiver Alignment Proce-
dure contained in this addendum,

FRONT END ALIGNMENT
FOR
OSC/MULT BOARD 19D416610G1l-4 AND
IFAS BOARD 19D417707G1,2

PROCEDURE
A. Steps 1 and 2 in LBI-4561,

B. Steps 4 thru 6 in Addendum.

FRONT END ALIGNMENT
FOR
OSC/MULT BOARD 19D423241G1-4 AND
IFAS BOARD 19D416606G1,2

PROCEDURE
A, Steps 1 thru 3 in Addendum,

B. Steps 3 thru 5 in LBI-4561,




Addendum to

COMPLETE RECEIVER ALIGNMENT
- FOR .
OSC/MULT BOARD 19D416610G1l-4 AND
- IFAS BOARD 19D417707Gl,2

PROCED

A, ‘Stepé 1 and 2 in Addendum.
B.
C.

Steps 3 and 4 in LBI-4561.
'Steps 6 thru 15 in Addendum,

LBI-4561 .
COMPLETE RECEIVER ALIGNMENT :
- ®

OSC/MULT BOARD 19D423241Gl-4 AND
IFAS BOARD 19D416606Gl,2

PROCEDURE
A, Steps 1 and 2 in LBI-4561,
B. Steps 3 thru 5 in Addendum.

C. Steps 5 thru 14 in LBI-4561,




