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MASTR 1|

® MAINTENANCE MANUAL

406- 420 & 450-512 MHz STATION TRANSMITTER

EXCITER
ASSEMBLY

SPECIFICATIONS *

FCC Filing Designation

Power Output
406-420 MHz & 450-~470 MHz (Int. Duty)
(Cont., Duty)
470-494 MHz (Int. Duty)
(Cont. Duty)
494-~512 MHz (Int, Duty)
(Cont., Duty)
Frequency Stability
(-30°C to +60°C)
( 0°C to +55°C)
(-30°C to +60°C)

Spurious and Harmonic Emission
Modulation

Audio Frequency Characteristics

Distortion

Deviation Symmetry

Maximum Frequency Spread
(2 to 4 channels)

406 - 420 & 450 - 470 MHz
470 - 494 MHz
494 - 512 MHz

Duty Cycle

RF Output Impedance

PA
ASSEMBLY

KT-53-A, C[{Extended Local Control

KT-54-A, C||Extended Local/DC & Tone Remote
DC Remote/Tone Remote

KT~55-A, CllAll Controls

40 Watts (Adjustable from 12 to 40 Watts)
35 Watts (Adjustable from 12 to 35 Watts)
38 Watts (Adjustable from 12 to 38 Watts)
33 Watts (Adjustable from 12 to 33 Watts)
35 Watts (Adjustable from 12 to 35 Watts)
30 Watts (Adjustable from 12 to 30 Watts)

+0,0005% (KT-53-A, KT-54-A, KT-55-A)
+0.0002% (KT-53-A, KT-54-A, KT-55-A)
+0.0002% (KT-53-C, KT-54-C, KT-55-C)

At least 80 dB below full rated
power output.

Adjustable from 0 to *5 kHz swing with
instantaneous modulation limiting.

Within +1 dB to -3 dB of a 6-dB/octave
pre-emphasis from 300 to 3000 Hz per EIA
standards. Post limiter filter per FCC
and EIA,

Less than 5% (300 Hz)
Less than 3% (3000 Hz)

0.6 kHz maximum

Full Specification 1 dB degradation

5,50 MHz 9.00 MHz
5.80 MHz 9.50 MHz
6.00 MHz 9.75 MHz

EJA 20% Intermittent (KT-53-A, C & KT- 54~A,C)

Continuous (KT-55-4,C)

50 ohms

hese 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 the MASTR II station transmitter is the 12 VDC supply
voltage, high currents may be drawn under short circuit conditions. These currents can
possibly heat metal objects such as fools, 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!

ii




DESCRIPTION

Transmitter Types KT-53-4, C; KT-54-A,
C and KT-55-A, C are crystal-controlled,
phase modulated transmitters designed for
one through four-frequency operation in
the 406 to 420 and 450 to 512 megahertz
band. The solid state transmitter utilizes
both integrated circuits (ICs) and discrete
components, and consists of the following
assemblies:

Exciter Board; with audio, modulator,
amplifier and multiplier stages

Power Amplifier Assembly; with ampli-
fier, driver, PA, power control, filter
and antenna switch,

CIRCUIT ANALYSIS

EXCITER

The exciter uses seven transistors and
one integrated circuit to drive the PA
assembly. The exciter can be equipped with
up to four Integrated C .rcuit Oscillator
Modules (ICOMs). The ICOM crystal frequency
ranges from approximately 11.3 to 14.2 mega-
hertz, and the crystal frequency is multi-
plied 36 times,

Audio, supply voltages and control
functions are connected through P902,
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Centralized metering jack J103 is pro-
vided for use with GE Test Set Model
4EX3A11 or Test Kit 4EX8K12, The test set
meters the modulator, multiplier and am-
plifier stages, and the regulated 10-Volts.

ICOMS

Three different types of ICOMs are
available for use in the exciter, Each of
the ICOMs contains a crystal-controlled
Colpitts oscillator, and two of the ICOMs
contain compensator ICs are:

5C-ICOM - contains an oscillator and
a 5 part-per-million (+0.0005%) com-
pensator IC, Provides compensation
for EC-ICOMs,

EC-ICOM - contains an oscillator only,
Requires external compensation from
a 5C-~ICOM,

2C-ICOM - contains an oscillator only.
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-, The oscillator is turned on
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Figure 1 - Transmitter Block Diagram
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by applying a keyed +10 Volts to the extern-
al oscillator load resistor.

-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 transmitter types KT-53-A, C using
EX-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 provide compensation for up to
8 EC-ICOMs in the transmit and receiver,
Should the 5C~ICOM compensator fail in-the
open mode, the EC-ICOMs will still main-
tain 2 PPM frequency stability from 0°C to
55°C (+32°F to 131°F) due to the regulated
compensation voltage (5 Volts) from the
10-Volt regulator IC, In transmitter types
KT-54-A,C and KT-55-A,C at least one 5C
ICOM is required for the transmitter and at
least one 5C ICOM is required for the re-
celver, If desired, up to 8 5C~ICOMs may
be used in the station,

The 2C~ICOMs are self-compensated at
2 PPM and will not provide compensation
for EC-ICOMs,

Oscillator Circuit

The quartz crystals used in ICOMs
exhibit the traditional "S'" curve charac-
teristics of output frequency versus opera-
ting temperature.

At both the coldest and hottest tem-
peratures, the frequency 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-temperature range, the
output frequency change can be compensated
by choosing a parallel compensation capa-
citor with a temperature coefficient ap-
proximately 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 com-
pensation capacitor,

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

CIRCUIT ANALYSIS
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Figure 2 - Typical Crystal Characteristics

In transmitter types KT-53-A, C a con-
stant bias of 5 Volts (provided from Regula-
tor IC U901 in parallel with the compensator)
establishes the varactor capacity at a con-
stant value over the entire mid-temperature
range, With no additional compensation, all
of the oscillators will provide 2 PPM fre-
quency stability from 0°C to 55°C (+32°F
to 131°F).

Compensator Circuits

Both the 5C-~ICOMs are temperature com-
pensated at both ends of the temperature
range to provide instant frequency compen-
sation. 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 circuit
is activated. As the temperature decreases,
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 volt-
age increases the capacity of the varactor,
decreasing the output frequency of the ICOM.

SERVICE NOTE: Proper ICOM operation is de-
pendent 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 or check out-
put of 5C ICOM,
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AUDIO IC

The transmitter audio circuit is
contained in audio IC Ul0l, A simplified
drawing of the audio IC is shown in Fig-
ure 4,

Audio from the station preamplifier at
pin 12 is coupled through pre-emphasis ca-
pacitor Cl to the base of Ql in the opera-
tional amplifier-limiter circuit.

The operational amplifier-limiter cir~
cuit consists of Ql, Q2 and Q3. Q3 pro-
vides limiting at high signal levels, The
gain of the operational amplifier circuit is
fixed by negative feedback through R19, R20
and the resistance in the network (Pin 9),

The output of Q3 is coupled through a
de-emphasis network (R10 and C3) to an ac-
tive post-limiter filter consisting of C4,
Cc5, C6, Rll, R12, R13, R15, R17 and Q4.

Following the post-limiter filter is
class A amplifier Q5. The output of Q5 is
coupled through MOD ADJUST potentiometer
R104 and resistor R125 to the phase modu-
lator,

SERVICE NOTE: If the DC voltages to the
Audio IC are correct and no audio output
can be obtained, replace Ul0l,

For radios equipped with Channel Guard,
tone from the encoder is applied to the
phase modulator through CHANNEL GUARD MOD
ADJUST potentiometer R105, and resistor
R127, Instructions for setting R105 are
contained in the modulation adjustment
section of the Transmitter Alignment
Procedure,

BUFFER, PHASE MODULATORS & AMPLIFIERS

The output at pin 3 of the selected
ICOM is coupled through buffer-amplifier
Q101 to the modulator stage. The phase
modulator is varactor (voltage-variable
capacitor) CV103 in series with tunable
coil T103. This network appears as a
series-resonant circuit to the RF output
of the oscillator. An audio signal applied
to the modulator circuit through blocking
capacitor Cl107 varies the bias of CV103,
resulting in a phase modulated output., A
voltage divider network (R110 and R111l)
provides the proper bias for varactor
CV1l03.

The output of the modulator is coupled
through blocking capacitor C150 to the
base of Class A amplifier Ql104. The output
of the modulator is metered through C123,
R128 and CR104, and is applied to the base
of buffer Q105. Diodes CR105 and CR106
remove any amplitude modulation in the
modulator output.

.second doubler Q108,

CIRCUIT ANALYSIS

BUFFER, MULTIPLIERS & AMPLIFIER

Buffer Q105 is saturated when no RF sig-
nal is present. Applying an RF signal to
Q105 provides a sawtooth waveform at its
collector to drive the class C tripler, Q1l06.
The tripler stage is metered through R138,
The output of Q106 is coupled through tuned
circuits T104 and T105 to the base of doubler
Q107. The doubler stage is metered through
R141.

The output of Q107 is coupled through
tuned circuits T106 and T107 to the base of
Q108 is metered through
R146,

The output of Q108 is coupled through
three tuned circuits (T108, T109 and T110)
to the base of amplifier Q109.

Q109 is a Class C amplifier, and is
metered through R148, The amplifier col-
lector circuit consists of T11ll, Cl154,
C155, T112 and C157, and matches the ampli-
fier output to the input of the power
amplifier assembly.

POWER AMPLIFIER

The PA assembly uses seven RF power
transistors and seven transistors in the
Power Control circuitry to provide rated
power output. The broadband PA has
no adjustments other than Power Control
potentiometer R226,

Supply voltage for the PA is connected
through power leads from the system board
to feedthrough capacitors C297 and C298 on
the bottom of the PA assembly. €297, C298,
C299, L295 and L296 prevent RF from getting
on the Power leads. Diode CR295 (on the
intermittent duty PA only) will cause the
main fuse in the fuse assembly to blow if
the polarity of the power leads is reversed,
providing reverse voltage protection for
the radio.

Centralized metering jack J205 is pro-
vided for use with GE Test Set Model 4EX3All
or Test Kit 4EX8K12, The Test Set meters
the Tripler drive (exciter output), Ampl-2
input, Driver and PA current,

TRIPLER & RF AMPLIFIERS

The exciter output is coupled through
an RF cable to PA input jack J201. The
50-ohm RF input is coupled through a match-
ing network (C206 and W209) to the base of
the broadband tripler stage, Q201,

Part of the RF input is rectified by
CR201 and is used to activate the Power
Control circuit. Another portion of the
rectified RF 1s applied to J205 for meter-
ing the tripler drive.
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The output of Q201 is coupled through
a 20-ohm collector matching network (C212,
C213, C4219 and L203) to the input of a
high-pass filter consisting of C217 through
C225, and W210 through W213,

Following the high-pass filter is a
low~-pass filter consisting of W214 through
w219, C226 through C230 (and C4214 through
C4217 in the 406-420 MHz band). The two
filter sections combine to act as a band-
pass filter providing a minimum of 60 dB
rejection below 300 megahertz and 30 dB
rejection above 600 megahertz.

In 450 to 512 megahertz transmitters,
the filter output is coupled through a
matching network (C231, €232, €233 and W220)
to the base of Class C amplifier Q207.
Collector voltage to Q207 is coupled through
collector stabilizing network L220, R216,
L219 and C234.
through a matching network (W221, C236,
C237 and W222) to the base of the second
Class C amplifier Q202. Drive to Q202 is
metered at J205 (Ampl-2 Input) through
metering network C238, CR202, C239 and R205,

In 406 to 420 megahertz transmitters,
Q207 and its associated circuitry is
removed, and the filter output is coupled
through C285 to the base of second amplifier
Q202,

Collector voltage for Q202 is coupled
through stabilizing network L206, R206,
L205 and C240, Matching network w223,
C241, C242, €243 and W224 matches the out-
put of Q202 to the base of third amplifier
Q203.

Collector voltage for Q203 is applied
through stabilizing network R207, L209,
and C246,

The output of Q203 is coupled through
a matching network (W225, C247, C248, (249
and W226) to the base of Class C driver
Q204, Collector voltage for Q204 is applied
through collector stabilizing network C201,
L211 and C267.

Collector current for Q204 is metered
across tapped manganin resistor R214 at
J205 (Driver Current). The reading is
taken on the one-=volt scale with the
High Sensitivity button pressed, and read
as 10 amperes full scale.

Following Q204 is a matching network
(W227 and C253) that matches the driver
output to the 50-ohm impedance of power
divider network W228 and R209,

The power amplifier stages consist of
two identical paralleled Class C PA cir-~
cuits (Q205 and Q206), One output of the
power divider network is applied to the
base of Q205 through matching network W229
and C268.

The output of Q207 is coupled
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Supply voltage for Q205 is coupled
through collector stabilizing network L213,
R210, L214 and €255, The output of Q205 is
coupled through a matching network (W231
and C258) and added to the output of Q206
in power combiner network R212 and W233,
The combined collector current for Q205
and Q206 is metered across tapped manganin
resistor R213 at J205 (PA Current). The
reading is taken on the one-volt scale with
the High Sensitivity button pressed, and
read as 10 amperes full scale,

The PA output is coupled through a
low=-pass filter to the antenna through
antenna switch K201l. Capacitors C214, C270
through C4218 provide DC ground isolation
for * ground operation,

WARNING

The stud mount RF Power Transistors
used in the transmitter contain
Beryllium Oxide, a TOXIC substance,
If the ceramic, or other encapsula-
tion is opened, crushed, broken or
abraded, the dust may be hazardous
if inhaled, Use care in replacing
transistors of this type.

POWER CONTROL CIRCUIT

When the transmitter is keyed, recti-
fied RF from CR201 is applied to the base
of switch Q208, turning it on. Turning on
Q208 turns on voltage regulator Q210, sup-
plying a constant voltage to Power Adjust
potentiometer R226. ‘

Q212, Q213 and Q215 operate as an
amplifier chain to supply voltage to the
collector of Q202 (Ampl-2)., The setting of
R226 determines the voltage applied to the
base of Q212., The higher the voltage at
the base of Q212, the harder the amplifiers
conduct, supplying more collector voltage
to Q202., The lower the voltage at the base
of Q212, the less collector voltage is
supplied to Q202, Reducing the supply volt-
age to Q202 reduces the driver to Q203 and
Q204, thereby reducing the power output of
the PA, The power output can be adjusted
by R226 from approximately 12 to 40 Watts.

Temperature protection is provided by
Q209, Q211 and thermistor RT201 which is
mounted in the PA heatsink., Under normal
operating conditions, the circuit is in-
active (Q209 is on and Q211 is off). When
the heatsink temperature reaches approxi-
mately 100°C, the resistance of RT201 de-
creases, This increases the base voltage
applied to Q209, turning it off. Turning
off Q209 allows Q211 to turn on, decreasing
the voltage at Power Adjust potentiometer
R226. This reduces the base voltage to
Q212 which causes Q213 and Q215 to conduct
less, reducing the collector voltage to
Q202 (Ampl-2). This reduces the transmitter
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output power, keeping the heatsink at a
maximum of approximately 100°C., When the
heatsink temperature decreases below 100°C,
the temperature control circuit turns off,
allowing the normal transmitter power out-
put.

MAINTENANCE

DISASSEMBLY

For a more complete mechanical parts break-
down refer to the station manual. To ser-
vice the transmitter exciter from the front:

1. Turn the two latching knobs (;)
counter-clockwise to unlatch the
Radio Panel Front Door. Refer to
Figure 5.

2, Swing the Radio Panel Front Door
down as shown.

3. Remove covers,

To service the transmitter Power Amplifier
from the rear:

1. Remove the top two screws on the
Intermittent or Continuous Duty Power
Amplifier, Refer to Figure 6.

2. Swing the Power Amplifier down as
shown. Remove the top cover of the
Power Amplifier.

NOTE

If the heatsink blower option is
present, this blower must be re-
moved before the Power Amplifier
can be lowered,

To remove the PA board: Refer to Figure 7.

1. Remove the PA top cover and unplug
the exciter/PA cable 6 .

2, Unsolder the two feedthrough coils

and the thermistor leads (f)

3. For Continuous Duty stations only, re-
move all heatsink sections from the
heat dissapator plate.

4, Remove the PA transistor hold-down nuts

and spring washers on the bottom of the Figure 6 - Access To Power Amplifier -

PA assembly.

Figure 5 - Access to Exciter - Front View

Rear View
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Figure 7 - PA Board Removal

5. Remove e four PA board mounting
screws , ive screws in the
filter c stlng and the retaining
screw in Q210 and 1lift the board
out.

PA TRANSISTOR REPLACEMENT

When replacing a power transistor
where more than one are in parallel, make
sure all the paralleled transistors are
from the same manufacturer for proper oper-
ation.
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WARNING

The stud mounted RF Power Transistors
used in the transmitter contain Beryl-
lium Oxide, a TOXIC substance. If the
ceramic or other encapsulation is
opened, crushed, broken or abraded,
the dust may be hazardous if inhaled.
Use care in replacing transistors of
this type.

To replace the PA RF transistors:

1. Unsolder one lead at a time with a
50~watt soldering iron, Use a scribe
to hold the lead away from the printed
circuit board until the solder cools.

2. Turn the transmitter.

NOTE

If the transmitter has a continuous
Duty Power Amplifier a section of
Heat Sink may have to be removed to
get to the transistor hold-down nuts,
Apply a light coat of silicon grease
when replacing the removed section
of Heat Sink,

3. Hold the body of the transistor to pre-
vent it from turning. Remove the tran-
sistor hold-down nut and spring washer
through the hole in the heatsink with
an 11/32-inch nut-driver, Lift out the
old solder from the printed circuit
board with a de-soldering tool such as
a SOLDA PULLT®, Special care should be
taken to prevent damage to the printed
circuit board runs.

4, Trim the new transistor leads (if re-
quired) to the lead length of the re-
moved transistor, Cut the collector
lead at a 45° angle for future identifi-
cation (see Figure 8). The letter "C"
on the top of the transistor indicates
the collector,

COLLECTOR

EMITTER 4/ —{ EMITTER

@)

Nt/

TRANSISTOR
MOUNTING
HOLE BASE

SOLDER ENTIRE LEAD FROM EDGE

SOLDER LENGTH
LeAD_TRANSISTOR ’] l“ TEAD

OF MOUNTING HOLE TO END OF LEAD

T—— X~ PRINTED

BOARD

TRANSMITTER
HEATSINK

\

N
HOLD- DOWN NUT &
SPRING WASHER
RC-2309

Figure 8 -~ Lead Identification

Figure 9 ~ Lead Forming
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5.

Applying a coating of silicon grease
around the transistor mounting surface,
and place the transistor in the mount-
ing hole, Align the leads as shown in
the Outline Diagram. Then hold the
body of the transistor and replace the
holding-down nut and spring-washer,
using moderate torque (8 inch-pounds).
A torque wrench must be used for this
adjustment since transistor damage can
result if too little or too much torque
is used.

Make sure that the transistor leads are
formed as shown in Figure 9 so that the
leads can be soldered to the printed
circuit pattern, starting from the in-
ner edge of the mounting hole.

MAINTENANCE

7.

Solder the leads to the printed circuit
pattern, Start at the inner edge of
mounting hole and solder the remaining
length of transistor lead to the board.
Use care not to use excessive heat that
causes the printed wire board runs to
1ift up from the board. Check for shorts
and solder bridges before applying power.

-CAUTION:

Failure to solder the transistor
leads as directed may result in the
generation of RF loops that could
damage the transistor or may cause
low power output.




