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DESCRIPTION AND MAINTENANCE
138-174 MHz, 110 WATT MASTR® Il TRANSMITTER
(WITH PHASE LOCK LOOP EXCITER)
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'DESCRIPTION

MASTR® II 110-Watt transmitters with phase lock
loop exciters are crystal controlled, frequency modulated
transmitters designed for wide spaced multi-frequency opera-
tion in the 138-174 MHz frequency band. The solid state
transmitter utilizes both integrated circuits (ICs) and discrete
components, and consists of the following assemblies:

« Exciter Board; with audio, FM ICOMS, Phase
Lock Loop, Lock Detector, 10-Volt DC Switch,
and amplifier stages.

« Power Amplifier Assembly; with amplifiers,
driver, PA, power control, low pass filter, and
antenna switch,

Figure 1is ablock diagram of the MASTR H transmit-
ter showing the exciter and PA boards.

The exciter contains the FM oscillators, audio IC,
harmonic amplifier IC, bandpass filter, phase lock loop, RF
amplifiers, lock detector, 10-Volt switch, and exciter output
control circuitry to provide 250 milliwatts of RF power to the
power amplifier. The phase lock loop permits wide spaced
transmitter operation with up to 24 MHz frequency separation.

The PA assembly uses five RF power transistors to
provide 110 Watts output power. The output power is adjust-
able over a range of 22 to 110 watts. A directional coupler,
transistor and power control IC are used in the power control
circuit.

MAINTENANCE

The PA assembly is insulated from vehicle ground to
permit operation in positive or negative ground vehicles.
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MOBILE DISASSEMBLY

To service the transmitter from the top:

1.

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

To service the transmitter from the bottom:

L

2.

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

Remove the top cover, then loosen the two bot-
tom cover retaining screws and remove the bot-
tom cover (See Figure 2).
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FIGURE 1 - TRANSMITTER BLOCK DIAGRAM
NOTE 3. Togainaccess to the bottom of the exciter board,
In positive ground vehicles, A- is “hot” with respect to remove the six screws (ADholding the exciter
vehicle ground. Shorting the transmitter PA printed board and its bottom cover to the module mount-
wiring board ground pattern to the radio case may cause ing frame, and remove the bottom cover (See
one of the inline fuses to blow. Figure 3).
STATION DISASSEMBLY

For a more complete mechanical parts breakdown refer to the
station manual. To service the transmitter exciter from the

front:

Turn the two latching knobs (&) counterclock-
wise to unlatch the Radio Panel Front Door.
Refer to Figure 4.

Swing the Radio Panel Front Door down as
shown.

Remove covers.

2
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FIGURE 2 - DISASSEMBLY PROCEDURE TOP VIEW
To service the transmitter Power Amplifier from the rear:
1. Remove the top two screws on the Intermit-
tent or Continuous Duty Power Amplifier. Refer
to Figure 5.

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

NOTE
If the heat sink blower option is present, this blower must
be removed before the Power Amplifier can be lowered.

EXCITER DISASSEMBLY
To remove the exciter board from the radio:
1. Unplug the exciter/PA cable(B). (Figure 2).
2. Remove the six screws (A) holding the exciter
board and its bottom cover to the module mount-
ing frame. (Figure 3).
3. Press straight down on the plug-in exciter from

the top to avoid bending the pins when unplug-
ging the board from the system board jack.

FIGURE 3 - DISASSEMBLY PROCEDURE BOTTOM VIEW
PA DISASSEMBLY
PA Assembly
To remove the PA assembly: (See Figure 2).

1. RemovethePA top coverand unplug the exciter/
PA (B), the antenna, receiver and PTT cables

2. Remove the Four side-rail screws (D), and un-
solder the power cables from the bottom of the
PA assembly if desired.
A Driver le (A201

To remove PA Driver module: (See PA assembly Outline
Diagram).

1. Remove the PA top cover and unplug the Ex-
citer/PA cable.

2. Unsolder and remove power feed cables W207/
W220 and W206/W221.

LS e — = e — R = = o e )
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FIGURE 4 - ACCESS TO EXCITER FRONT VIEW

W30.

{ caution

Extreme care must be taken to prevent damage to the
printed circuit runs of the PA module when removing

FIGURE 5 - ACCESS TO POWER AMPLIFIER REAR VIEW

2. Unsolder and remove power feed cables W207/

W220 and W206/W221.

CAUTION

Extreme care must be taken to prevent damage to the
printed circuit runs on the PA module and the Low Pass

3. Carefully unsolder and remove straps and cables

W30, W203, W204, W211 and leads of W210
between the PA Driver module and the PA
module. Remove the excess solder from the
ground connections with a de-soldering tool
such as a SOLDA-PULLT®; then lift the connec-
tions from the PA Driver module with a scribe or
X-acto® knife.

Filter module when unsoldering W30 and W31,

3. Carefully unsolder and remove strap W30,

W203, W204 between the PA Driver module and
the PA module. Remove the excess solder from
the ground connections with a de-soldering tool
such as a SOLDA-PULLTS®; then lift the connec-
tions from the PA Driver module with a scribe or
X-acto® knife.

4. Unsolder thermistor (RT201) leads.

5. Remove Q215 retaining screw, nut and washer Carefully unsolder and remove strap W31 be-
from heat sink assembly. tween the PA module and the Low Pass Filter

module.

6. Remove A201-Q1 and A201-Q2 transistor
mounting screws (2 each), and nuts and washers Unsolder leads of W210 from H3, H4 and H5 on
on bottom of the PA assembly. PA Module A206.

7. Remove the four PA Driver board mounting Remove A206-Q1 through Q3 transistor mount-
screws (including the one securing W204) and ing screws (2 each), and nuts and washers on
lift the board out, bottom of the PA assembly.

PA Module (A206) Remove the six PA board mounting screws, and

To remove PA module: (See PA assembly Outline Diagram).

1.

Remove the PA top cover.

lift the board out.

To remove Low Pass Filter/Antenna Switch module:

Remove the PA top cover.
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2. Remove antenna and receiver plugs, and discon-
nect PTT cables.

3. Carefully unsolder and remove strap W31 be-
tween the PA module and the Low Pass Filter
module.

4. Remove the seven mounting screws, lift off the
filter casting, and lift the board out.

PA TRANSISTOR REPLACEMENT

WARNING I

The RF Power Transistors used in the transmitter contain
Beryllium 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 remove RF PA transistors:

1. Witha 50-Watt soldering iron and a de-soldering
tool such as the SOLDA-PULLT®, remove the
excess solder from the leads. Use a scribe or X-
acto® knife to hold the leads away from the
printed circuit board until the solder cools.

2. Turn the PA Assembly over.

3. Hold the nuts on the bottom of the head sink with
a3/16-inch nut-driver and remove the two retain-
ing screws. Lift out the transistor and remove 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 because part of
the matching network is included in the base and
collector runs.

To replace RF PA transistors:

1. Trim the new transistor leads (if required) to the
lead length of the removed transistor. The collec-
tor lead is identified by the smaller center lead
(See figure 6). The letter “C” on top of each
transistor also identifies the collector.

E C E (RC-2937 A)
FIGURE 6 - LEAD IDENTIFICATION

2. Apply a coat of silicone grease to the transistor
surface and heat sink.

Assemble all hardware loose and align the leads
as shown on the Outline Diagram. Then hold the
body of the transistor and replace the two retain-
ing screws and hand tighten then torque to 6 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.

3. Solder the leads to the printed circuit pattern.
start at the inner edge of mounting hold and
solder the remaining length of transistor lead to
the board. Do not use excessive heat which
causes the printed wire runs to lift up from the
board. Check for shorts and solder bridges with
an ohmmeter 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.

DIRECTIONAL COUPLER ADJUSTMENT

The directional coupler adjustment (A206-R6, For-
ward Power and A206-R7, Reflected Power) controls are
preset at the factory and normally do not require readjustment.
Should it become necessary to replace A206-CR1, CR2 or the
PA transistors, it may be desirable toreset A206-R6 and A206-
R7. The following procedure applies.

1. Connecta 50 ohm directional wattmeter capable
of measuring 150 Watts to the antenna jack.
Terminate the wattmeter in a 50 ohm load ca-
pable of dissapating 150 Watts.
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ADJUSTING DIRECTIONAL COUPLER POTETI-
OMETERS A206-R6 and R7 may destroy them and
require their replacement.

2. Turn power adjust potentiometer A201-R8 and
forward power sensor potentiometer A206-R6
fully clockwise. Set reflected power sensor po-
tentiometer A206-R7 fully counterclockwise.

3. Key transmitter on each channel and determine
which channel produces the highest output.

4. With the channel producing the highest output
selected, adjust forward power sensor A206-R6
to 10% above rated output power.

5. Set power adjust potentiometer for rated output
power and unkey transmitter.

6. Next, terminate the wattmeter with two 50 ohm
loads (or wattmeters) connected in parallel.
Each load must be capable of dissipating 75
Watts each.

7. Setreflected power sensor potentiometer A206-
R7 fully clockwise.

8. Key transmitter on each channel and determine
which channel produces the lowest output.

9. IfPAprovides 80% or more of rated power on all
channels as indicated on the Wattmeters, no
further adjustment is required. If less than 80%
of rated power is present on any channel, set the
frequency selector to the channel with lowest
output and adjust A206-R7 to provide 80% of
rated output power.

10. Re-cement forward and reflected power potenti-
ometers A206-R6 and R7 using RTV.

ANTENNA MATCHING UNIT ADJUSTMENT

The Antenna Matching Unit is used only in continu-
ous duty duplex stations to optimize impedance matching
between the power amplifier and the load. It consists of a Pi
network (C2-C5 and L1) and areverse directional coupler. RF
from the low pass filter is applied to the Pi network through the

&

GE Mobile Communications

General Electric Company
Lynchburg, Virginia 24502

6

reverse directional coupler and then to the duplexer load. The
reverse directional coupler permits monitoring the reflected
power.

1. Connect DC Voltmeter across TP1 and ground.

2. Tune C2 and C4 for minimum voltage as indi-
cated on DC Voltmeter.

3. Spread or compress the coils of L1 to further
reduce the DC voltage reading.

4. Repeat steps 2 and 3 as necessary to obtain an
absolute minimum voltage reading.

NOTE
The residual voltage reading after tuning may vary from
one transmitter to the next depending on output power
level, operating frequency, and the load.

LOCK DETECTOR DC THRESHOLD ADJUSTMENT

NOTE
The gain of the differential amplifier is preset at the
factory and normally does not require field adjustment.
However, if U101, Q102, or Q103 have been replaced
readjustment may be necessary.

1. Setchannel selector to an unused channel. (One
without a crystal in it.)

2. Using a DC voltmeter monitor the collector of
Q102. (Top of R129.)

3. Key transmitter by pressing PTT switch and
adjust R171 for 1.8 +0.1 VDC as indicated on
DC voltmeter.
TROUBLSHOOTING
A Troubleshooting Procedure, including QUICK

CHECKS, permits rapid fault location in the exciter and power
amplifier.

Printed in U.S.A.
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CAUTION
Before bench testing the radio, be sure of the output voltage characteristics of your bench power supply.

TRANSMITTER ALIGNMENT

FORWARD

POWER \DIUST TEST EQUIPMENT REQUIRED

REFLECTED 1. GE Test Set Model 4EX3A11 or Test Kit 4EX8K12.

To protect the transmitter power output transistors from possible instant destruction, the following input valtages must not be exceeded:

Transmitter unkeyed: 20 Volts
Transmitter keyed (50 ohm resistive load): 18 Volts
“Transmitter keyed (no load or non-resistive load): 15.5 Volts

. . POWER ADJUST i
These voltages are specificd at the normal vehicle battery terminsls of the radio and take the voltags drop of standard cables into accourt. Tho valtage limits shown for 4 non-optimum A206-R7 2. A 50-ohm wattmeter connected to antenna jack J906.
load is for “warst case” conditions. For ismatches likely to be d in practice, the actual limit will approach the 18 Valt figure. POWER ADJUST
, A201-R8 3. A frequency counter.
Routine transmitter tests should be performed at EIA Standard Test Voltages (13.4 VDC forloads of 16 to 36 amperes: Input voltages must not exceed the limits shown, even for transient
pesks of short duration. DRIVER PA 4. DC Voltmeter (minimum input impedance is 10 megaohms).
Many commonly used bench power supplies cannot meet these reqs i forload regulation and transient voltage suppression. Bench supplies which employ “brute force™ regulation METERING -METERING
and filtering (such as Lapp Model 73) may be usable when operated in parallel with a 12-Volt automotive storage battery. JACK J205 JACK 4210 NOTE
TEST EQUIPMENT Set range switch on Test Set to Test 1 Position. Connect wattmeter to antenna jack. With the Test Set connected
VCO ADJUST to the PA metering jack, the voltage reading at J205 position “G” with the HIGH SENSITIVITY button pressed
o L101 g} 4 8 po p
1. Audio oscillator may be converted to driver collector current by reading the current as 10 amperes full scale. The voltage reading
2 Adoviation monitor TP101 at J210 position “G” with the HIGH SENSITIVITY button pressed may be converted to PA collector current by
3. AMultimeter and AC voltmeter reading the current as 30 amperes full scale.
4. . Ge Tost Set Models 4EX3A11 or 4EX8K12 FREQUENCY/
5. Wattmeter, 50 ohm LOCK IND. CR109 VCO AND POWER ADJUSTMENTS
6. Frequency Counter
o keI o
Before adjusting the VCO, be sure all FM-ICOMS are installed on the exciter in the proper location and are on
M o D U L ATlON L EV E L A DJ U STM E NT K‘?o'i ADJUST frequency. (Crystal frequency = Operating frequency +12). See FM ICOM FREQUENCY ADJUSTMENT.

MOD ADJUST Control R104 has been adjusted to the proper sctting before shipment and should not normally require readjustment. This setting permits approximately 75%

1. Key the transmitter on the highest frequency and record the DC voltage at TP101.
modulation for the average voice level.

+ If the voltage at TP101 is less than +5 VDC, adjust L101 for a meter reading of +5 VDC. Proceed to Step 2.

« Ifthe DC voltage at TP101 cannot be adjusted to +5 VDC, adjust L101 for maximum meter reading. Key remaining
frequencies and verify that “lock” indicator comes on for each frequency and that rated power is av ailable. This
is the optimum performance setting for L101 at these frequencies. Proceed to Step 3.

NOTE
The Channel Guard Deviation Adjustment should be repeated every time the
Tone Frequency is changed.

MOBILE SET UP

1. Commect the audio oscillator and the AC meter across audio input terminals J10 (Green-Hi) andJ11 (Black-Lo) on GE Test Set, and connectred Test Set plug tothe System . . .

red metering plug. Conneet black plug to Exciter metering jack. If not using GE Test Set, connect audio oscillator and meter across P902-6 (Mike High) througha 0.5 2. Key the transmitter on the lowest frequency and record the DC voltage at TP101. Using the voltages recorded in Steps
icrofarad blockin i 02-5 (Mike-Lo 4. . . . .

microfarad (or larger) DC blocking capacitor, and P9 -Low) on the system boar 1 and 2, apply the following formula to calculate the optimum voltage setting for L101. Re-key the transmitter on the

2. Adjust the audio oscillator for 1-Volt RMS at 1000 Hz.

JAA\I(;I’;NNA lowest frequency and adjust L101 to obtain the calculated voltage at TP101.
STATION SET UP Voltage at TP101 = 5 - HF-LF
1. Conneet the audio oscillator and the meter across audio input terminals J10 (green-Hi) and J11 (Black-Lo) on GE Test Set, and connect red Test Sct plug to the System ‘ 2
red metering plug. Connect black plug to Exciter Metering jack. Set the Preamp levels as outlined in the Combination Manual.
2 Set the audio generator frequency to 1 kHz. where
A, Inall station combinations except Local Control Intermittent Duty combinations, sct the audio g output to 30 millivolts RMS. HF = Voltage at highest frequency
B. In Local Control Intermittent Duty station binati set the audio g cutput to 1.0 Volts RMS. LF _ Voltage at lowest frequency
DEVIATION ADJUSTMENT (MOBILE AND STATION) N
For transmitors without Channel Guard, set MOD ADJUST R105 for 8 4.5-kHz swing with the deviation pelarity which gives the highest roading as indicated on the frequency modulat 3. Check the VCO voltage at TP101 for all remaining frequencies. Voltages should fall within the range obtained for the
monitor. high and low frequency but never below 3.4 or above 6.4 VDC. The “lock” indicator CR109 should be on for each
NOTE frequency. Verify that rated power is available.
If the deviation reading plug (+) or minus (-) differs more than 0.5 kHz,
recheck Step 1 as shown in the Transmitter Alignment Chart. 4. Power Adiustrnent
For transmitters with Chanmel Guard, set CHANNEL Guard MOD ADJUST R103 for zero tone deviation. Next, with the 1-Volt signal at 1000 Hz applied, sct MOD ADJUST R104 for 3.75 1 1 - 1
i coramee e s1goal o the aadi opcillator e st e ST R 108 For 075 LHis o Power Adjust potentiometer A201-R8 on the PA board for the desired power output (from 22 to 110 Watts).
For multi-frequency transmitters, set the deviation as described in Steps 3 or 4 on the channel producing the largest amount of deviation.
AUDIO SENSITIVITY . . . NOTE . hi .
Connect audio oscillator as described under Mobsile or station set up above. Reduce generator output until deviation falls to 3.0 kHz for radios without Charmel Guard, or 2.25 kHz for radios If unable to achieve rated OUtpu': powerin contnuous DUty DuPlex Statlons' refer to Antenna Matc g Unit
with Channel Guard. Voltage should be less than 120 millivolts. Adjustments.

PA POWER INPUT

For FCC purposes, the PA power input can be determined by measuring the PA supply voltage and PA current, and using the following formula:
P, = PA voltage x PA current

where:
P, is the DC power input in watts, to the final transistor power amp.
PA voltage is measured with Test Set Model 4EX3A11 in Position G on the 15-Volt range (read as 15-full scale), and with the polarity switch in the (+) position. With Test
SetModel 4EX8K12, use the B+ position and the 1-Voltrange (read as 15 Volts full scale), with the HIGHSENSITIVITY button pressed and the polarity switch in the (+) position.
PA current is measured with the Test Set in Position G in the Test 1 position, and with the HIGH SENSITIVITY button pressed (30 amperes full scale).

Example:

P, = 12.5Volts x 164 amperes = 203 watts

Antenna Matching Unit
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MOBILE METERING
TEST EQUIPMENT SETUP STATION METERI NG
AC VOLTMETER ORI EeAT0 N
e e ey e

ALTERNATE OSCILLATOR CONNECTION
JAS e Rl

Lo mew.
P

0.5 uf.

AUDIO — = P902-4 (AUDIO HI}
OSC. |———¢ P902.5 (AUDIO LO)

AUDIO LO TO J11

AUDIO OSCILLATOR  AUDIO HI TO J10 GE TEST SET 4EX3A11

----------- RED PLUG TO
SYSTEM METERING BLACK PLUG
NOTE JACK
AC VOLTMETER *«
CONNECT AUDIO HI TO J10
AND
AUDIO LO TO J11 ON GE TEST SET
BLACK PLUG
TO EXCITER OR PA
AS REQUIRED

ANTENNA

|
I
I
l
l
|
I
/

&. |
2 INTERMITTENT AND CONTINUOUS DUTY RE%EE%TEM
O (ALL EXCEPT INTERMITTENT DUTY
N LOCAL CONTROL) SYSTEM BOARD //

2 0
O @ ‘ P INTERMITTENT DUTY PA /
INPUT ——'f\ /
DEVIATION METER \\\

B N INTERMITTENT DUTY
CONTINUOUS DUTY PA LOCAL CONTROL
SYSTEM BOARD




FM ICOM FREQUENCY ADJUSTMENT

NOTE
Always verify correct adjustment of FM ICOMS before setting modulation levels.

First, check the frequency to determine if any adjustment is required. The frequency should be set with a frequency
meter or counter with an absolute accuracy that is 5 to 10 times better than the tolerance to be maintained, and with the entire
radio as near as possible to an ambient temperature of 26.5°C (79.8°F).

MASTR II FM ICOMs should be reset only when the frequency shows deviation in excess of the following limits:

A. 0.5 PPM, when the radio is at 26.5°C (79.8°F).

B. +2PPM at any other temperature within the range of -5°C to +55°C (+23°F to +131°F).

C. The specification limit (+2 PPM or +5 PPM) at any temperature within the ranges of -40°C to -5°C (-40°F to
+23°F) or +55°C to +70°C (+131°F to +158°F).

If the radio is at an smbijent temperature of 26.5°C (79.8°F), set the oscillator for the correct operating frequency.
If the radio is at an ambient temperature of 26.5°C, setting errors can be minimized as follows:
A. To hold the setting error to +0.6 PPM (which is considered reasonable for 5 PPM ICOMS):

1. Maintain the radio at 26.5°C (+5°C) and set the oscillator to desired frequency, or

2. Maintain the radio at 26.5°C (+10°C) and offset the oscillator, as a function of actual temperature by the
amount shown in Figure 7.

B. To hold setting error to +0.35 PPM (which is considered reasonable for 2 PPM ICOMs):
Maintain unit at 26.5°C (+5°C) and offset the oscillator as a function of actual temperature, by the amount shown
in Figure 7.

For example: Assume the ambient temperature of the radio is 18.5°C (65 4°F). At that temperature, the curve
shows a correction factor of 0.3 PPM. (At 138 MHz, 1 PPM is 138 Hz. At 174 MHz, 1 PPM is 174 Hz).

With an operating frequency of 150 MHz, set the oscillator for a reading of 45 Hz (0.3 x 150 Hz) higher than the

licensed operating frequency. If a negative correction factor is obtained (at temperatures above 26.5°C) set the oscillator for
the indicated PPM lower than the licensed operating frequency.

FIGURE 7 - FREQUENCY CHARACTERISTICS Vs, TEMPERATURE

TROUBLESHOOTING PROCEDURE LBI-30753

STEP 3 - AUDIO AC VOLTAGES

TBSTBQUIPMENT REQUIRED
. Audio Oscillator
AC Valtmeter
Oscilloscope
Cannect sudio oscillator output through a 0.5 uf to P902-6. Commect Audio oscillator ground to PS02-5.
JUNCTION OF A101
R109 and C103 XY101-3
SCOPR HORIZONTAL 200 U SECDIV 200 U SBCDIV
SETTING VERTICAL 2VOLTSDIV 2VOLTSDIV

SET AUDIO OSCILLATOR AT 1000 HZ
WITH OUTPUT OF 1.V RMS. R104
ADJUSTED POR 4.5 kHz DEVIATION.

NOTE: AN RMS OR PEAK READING
VOLT METER WILLREAD 12TO 173
OF PEAK-TO-PEAK READINGS.

STEP 4 - EXCITER TROUBLESHOOTING PROCEDURE

(or

q T

Oscilloscope - 200 MHz resolution
Electronic Froquency Counser (Capable of 200 MHz)

Vol (10 sogachm input impod
50 ohm wattmetor
Preliminary Procodure
1. Comnoct wattmetor to J101.
2. All checks assumo that tranemitter is keyed.
3 Verify sccuracy of all DC lovels before performing this procedure, DC levels provide a quick indication of defective stage.
4 Force RF Amplifiers on by temporarily soldering a DA jumper wire between Q117C and ground on the solder side of printed wire board.
STEP TEST PROCEDURBE PROBABLE DEFECTIVE STAGE
1 Uiol4 ¢ Using oscilloscope, observe 100 millivolt PP signal, (DC level 3.2 VDC) at
3 times PM IOOM froquency. If signal is present, procoed 10 step 4.
2 J103-1 ¢ Remove bandpess filter FL101 and observe 1 volt PP minimum sawtooth wave Defoctive ICOM
(FL101) form. Seloct all ining operting chsmnel
¢ Verify prescnco of +48.6 VDC at J103-1. Q113,Q114
Replace FL101.
3 AR101-1 ¢ Verify prosenco of 2 400 millivalt PP (nominal) sine wave (Di d) AR101
e If signal is not prosent. FL101
4 u101-8 *  Obsorve proscace of 800 millivait PP minioum square wave (distoried).
If prosont, procood to step 9.
5 R1%» *  Obsorve sino wave at VCO frequency. Q107,Q108
J101 *  Observe sine wave at VCO froquency. Power moter should read 250 milli- Qi11,Q112
'mmm.
Q109B Obsorve sinc wave st VCO froquency. Q110
7 u102-14 Obeerve 800 millivolt PP square wave (di d) at 1/4 VCO frequency Q109, U102
When using frequoncy ) a nominal 33 pf capacitor in serics
with probe,
8 TP101 Using oscilloscope, monitor TP101 snd tune L101 through entire range. Volt- CR102, Q102, Q103
age should bo stable and be variable from 3.4-64 VDC minimum. There should
bo no AC component. A varying DC voltage indicates that the PLL is bunting
and won't lock. Q107,Q108
9 TP101 Remove bandpass filter FL101. Voltage at TP101 should bo 8.0 VDC. Roplace CR102, Q105, Q106
bandpass filter FL101. Q102 or Q103
10 Ul1014,8 Verify that FM ICOM frequency (X3) and divided VCO frequency (oper) are U101
prosent. ) 4
11 Q102-B Check for 8.0 VDC +0.1 (0.2 VAC PP normal). uiot
12 Q102-C Chock for +4.0 VDC (stable with L101 adjusted for +5 VDC at TP101). Q102
13 Q117-C
Remove DA jumper wire solderod between Q117-C and ground. J C109, C127
Ground TP101 and check for 0.2 VDC st Q104C. CR109 should be off. CR107, CR108, Q104
14 QU7C Chock for +10 VDC. Remove ground from TP101. Q117,Q118
15 Q116C Chock for 9.75 VDC at Q116C. Froquency Lock indicator CR109 should be on. Q116
16 J101 Vorify a minimum of 250 milliwatts RF power is available far each
opersting frequoncy.
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PA TUNE-UP PROCEDURE
210 WATT HIGH POWER STATION

Connect output of transmitter combiner (J6), or output of circulator J2 (if present), to a thru-line wattmeter. Terminate the
wattmeter into 50 ohm dummy load. The wattmeter should be capable of handling 250 watts.

Set the driver PA power set pot (R8) to minimum.
Turn on both driver PAs and final PA power supplies. Qbserve DC voltmeter (M2) for indication of approximately 15 VDC.

Key the transmitter and slowly adjust the driver power set pot (R8) for an indication of power output on the wattmeter. As
the power comes up, lower PA current meter (M1) and upper PA current Meter (M3) should start to indicate a current
reading.

Set the transmitter output to approximately 180 watts. Adjust driver PA antenna matcher (C2 and C4) for maximum
transmitter power output.

Adjust power set pot on driver PA (R8) for rated transmitter power output. Observe upper and lower PA current meters
(M1 and M3). Current for the two final PAs should be equal to or no more than 3 amps apart. Total current (M1 and M3)
should be less than 33 amps.

If upper and lower PA currents are not equal, or total current is above 33 amps, antenna matchers on final PAs should be
adjusted.

Start with PA that indicates highest current reading. Adjust antenna matcher capacitors (C2 and C4) for minimum current
with no degradation of power output. (Power output could go up).

Repeat this procedure on the other final PA antenna matcher.

Alternate tuning of the two antenna matchers should produce lower total current and better balance of current between upper
and lower power amplifiers. Power output should be the same level as before or higher.

Reset driver power set pot for desired rated power output. Unkey transmitter.
Disconnect the 50 ohm dummy load and connect the output of the thru-line wattmeter to the antenna.

Key the transmitter and observe current meters M1 and M3 to see if finals PAs are still balanced. If balance has changed
drastically, repeat steps 8 and 9.

Unkey the transmitter, remove the wattmeter and connect the transmitter output to the system antenna.

JUNCTION OF Al0l
R109 and C103 XY101-3
200 U SEC/DIV 200 U SEC/DIV
2 VOLTS/DIV 2 VOLTS/DIV

SCOPE HORIZONTAL
SETTING VERTICAL

SET AUDIO OSCILLATOR AT 1000 HZ
WITH OUTPUT OF 1.0 V RMS, R104
ADJUSTED FOR 4.5 kHz DEVIATION,

NOTE: AN RMS OR PEAK READING
VOLT METER WILL READ 1/2 TO 1/3
OF PEAK-TO-PEAK READINGS,

10

STEP 1 - QUICK CHECKS

EXCITER
TEST POINT METER READING PROBABLE DEFECTIVE STAGE
NOTE
When using a digital voltmeter bypass the input leads using a 150 pf capacitor
(nowminal). When checking DC voltage at TP101, be sure to use & high impedance
N 1o P Y
TP101 434 - 64 VDC (Stable) Check VCO Adjustment
Soc Alignrment Procedure
Po02-12 +10 VDC (Tx Keyed) External to exciter
Q113C +10 VDC (Tx Keyed) Q113, Q114,10 V Regulatar
QI15E +5 VDC (Tx Keyed) Qi115,Q114,Q113
XY101-6 +6.1 VDC R152,R153
XY101-4 +5VDC FM-ICOM 5C or 2C
POWER AMPLIFIER
PROBABLE DEFECTIVE STAGE
METER '
POSITION HIGH METER LOW METER ZERO METER
GE TEST SET TEST POINT NORMAL METER READING READING READING READING
i 12054 +0.65VDC Low Output No output from
(AMPL-1 DRIVE from Bxciter Exciter, A201-C1
e 12053 +55VDC Qs U1 Qs, Ut No Exciter output
(POWER CONTROL Q215, A201-CR1
VOLTAGE)
‘P J205-7 (+) 1.0VDC A201,Q2 A201, Q2Low A201-Q1,Q2
(AMPL-2 CURRENT) J205-9 (-) (NOTE 1) from Check Pos.D & C
A201, Q1 Q215
J205 “G” J205-6 (+) 35VDC A206-Q2 A201-Q1,Q2 A201-Q1, Q2
(DRIVER CURRENT) J205-5 ¢-) (NOTE 1) Q3 A206-Q1, Q2 A206-Q1,Q2,Q3
Q3 Qs
J210"G™ J210-6 (+) 165VDC A206-Q2 A201-Q1, Q2 A201-Q1,Q2
PA CURRENT J210-5 () (NOTE2) A206-Q3 A206-Q1, Q2 A206Q1,Q2,Q3
Q3 Q215
NOTES
1. Cumrent = wvoltage reading x 10, High Sens Button Promsed
2. Cumrent = voltage reading x 30, High Sens Button Prossed
STEP 2 - EXCITER SYMPTOM CHECKS
SYMPTOM PROCEDURE PROBABLE DEFECTIVE STAGE
Low or now power
OUTPUT
NOTE
Chock all DC voltages.
Laock Indicator On
Lock Indicator Out ‘With test sct on position D, monitor exciter output power. Q111,Q112,Q116,Q117,Q118,
Verify voltage at TP101 is within range of 34 - 6.4 VDC
and stable (no ac component). Output power should be Q104
250 milliwatts.
No power output on Substitute ICOMS, check for misadjustment of L101. FM-ICOM
some channels
Output froquency unstable. Chock operatian of lock dotectar circuit. Check for mis- CR107, CR108, Q104, Q117,
lock indicator on. adjustment of L101. Purther trouble indicated. Refier to Ql118,Q116

Phase Lock Loop Troubleshooting Procedure.

No Output Power valtage at

TP101 is above 7.0 VDC

Chock for presence of FM KCOM and VOO INPUTS to U101

U1014 - 100 millivolts PP minimum at U101-4
(3rd harmonic of FM ICOM).

U101-8 - 800 millivolts PP minimum at 1/4 of oporating
froquency.

FM ICOM
Q101, AR101, FL.101

U102, Q109, Q110, Q107, Q108

No output power, voltage at Refer to Bxciter Trouble Anslysis for detailed procedu
TP101 within limit but un-
stable.
Lock indicator does not Monitor TP101 with 8 VIVM and tune L.101 over entire fro- CR102
come on. quency range. LED should be on between +3.4 VDC and
64 YDC.
Intermittent operation at CR10S and CR106 (Use exact re-
low temperatures placements) RT102




