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FCC FILING NUMBER
GE PART NUMBER FCC FILING NUMBER DESCRIPTION
19¢852051P1 AXA9HHTR-162-A 29-42 MHz 60W 5 PPM
19C€852051pP2 -163-A 29-42 MHz 110W 5 PPM
19C852051P3 -162-B 35-50 MHz 60W 5 PPM
19C852051pr4 -163-B 35-50 MHz 110W 5 PPM
19C852051P5 -162-A 29-42 MHz 60W 5 PPM NB
19€852051P6 -163-A 29-42 MHz 110W 5 PPM NB
19¢852051p7 -162-B 35-50 MHz 60W 5 PPM NB
19C€852051Pp8 -163-B 35-50 MHz 110W 5 PPM NB

Although the highest DC voltage in Mobile Two-Way Radio equipment
is supplied by the wvehicle battery, high currents may be drawn
under short circuit conditions. These currents can possibly heat
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!

Copyright © January 1989, General Electric Company
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FREQUENCY RANGE
BATTERY DRAIN
Receive
Squelched
Unsquelched
Transmit
60 Watts
110 Watts
FREQUENCY STABILITY
TEMPERATURE RANGE
DUTY CYCLE

DIMENSIONS, LESS ACCESSORIES
(H x W x D)

WEIGHT, LESS ACCESSORIES

TRANSMIT OUTPUT POWER
CONDUCTED SPURIOUS
MODULAT ION

AUDIO SENSITIVITY

AUDIO FREQUENCY
CHARACTERISTICS

DISTORTION

DEVIATION SYMMETRY

MAXTIMUM FREQUENCY SEPARATION

MICROPHONE LOAD IMPEDANCE
POWER ADJUST RANGE

RF OUTPUT IMPEDANCE

FM NOISE

CARRIER ATTACK TIME

AUDIO ATTACK TIME

SYSTEM SPECIFICATIONS

29 to 42 MHz and 35 to 50 MHz

0.7 Amperes at 13.8 Volts
2.2 Amperes at 13.8 Volts

15 Amperes at 13.6 Volts

29.5 Amperes at 13.4 Volts
0.0005%

=30°C (-22°F) to +60°C (140°F)
100% Receive, 20% Transmit (EIA)

67 mm x 240 mm x 339 mm
(2.6 x 9.5 x 13.3 inches)

4.3 kg (9.5 pounds)

TRANSMITTER

60W/110W

-80 dB

+4.5 kHz

55 to 110 millivolts

Within +1 dB to -4.5 dB of a 6
dB/octave pre-emphasis from 300 to 3000

HzZ per EIA standards. Post-limiter
filter per FCC and EIA

Less than 2% (1000 Hz)
Less than 5% (300 to 3000 Hz)

0.3 kHz maximum

29-42 MHz .... 13 MHz
35-50 MHz .... 15 MHz

600 ohms

100% to 50% of rated power
50 ohms

~-60 dB

40 milliseconds

40 milliseconds
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CHANNEL GUARD TX TONE DISTORTION

AUDIO OUTPUT
(to 4.0 ohm speaker)

SENSITIVITY
12 dB SINAD (EIA Method)

SELECTIVITY
EIA Two-Signal Method
(20 kHz channels)
SPURIQUS RESPONSE
INTERMODULATION 20 kHz
MODULATION ACCEPTANCE

MAXIMUM FREQUENCY SEPARATION

FREQUENCY RESPONSE

RF INPUT IMPEDANCE
HUM/NOISE RATIO
UNSQUELCHED
SQUELCHED
RECEIVER RECOVERY TIME
RECEIVER ATTACK TIME

CHANNEL SPACING

5%

RECEIVER

10 Watts with less than 3% distortion

0.35 uv

-90 4B

-85 dB
-80 dB
+7.0 kHz

29-42 MHz .... 13 MHz
35-50 MHz .... 15 MHz

Within +2 and -8 dB of a standard 6 dB
per octave de-emphasis curve from 300
to 3000 Hz (1000 Hz reference)

50 ohms

-50 dB

-70 dB

200 milliseconds

150 milliseconds

20 KHz

* These specifications are intended primarily for use of the serviceman.

Refer to the appropriate
specifications.

Specifications  Sheet for the complete
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DESCRIPTION

General Electric synthesized
RANGR mobile radio combinations are
completely solidstate utilizing micro-

computer technology and 1integrated
circuits to provide high-quality,
high-reliability radios. Standard

combinations may

e Microcomputer Controlled Frequency
Synthesizer
Up to 16 channels

.0005% frequency stability
e Other structured optioms

FREQUWNCY
SYNTHESIZER BOARD

The radio locks when the optional
lock is installed but is not
tamperproof. The cover can be removed
in the locked or unlocked position.

The radio set 1s housed in a
weather-resistant case only 6.7
centimeters high. The radio is secured
to the vehicle by a bottom mounting
plate. When unlocked, the radio may be
pulled out of the mounting plate or the
top cover removed for servicing.

SYSTEM
CONTROL BOARD

Figure 1.

- AL -

Typical Module Layout (Top View)




RECEIVER/EXCITER BOARD
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Figure 2. Typical Module Layout (Bottom View)
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- IC, transmit and

The basic radio consists of four
printed wiring boards mounted in a
cast aluminum frame. The four boards
are the System Control board, the
Frequency Synthesizer board, the Power
Amplifier board, and the Receiver/
Exciter board.

The radio is of double-layer
construction with tuning adjustments
easily accessible from the top of the
radio.

The System Control board and the
Frequency Synthesizer board are
located on the top of the radio, while
the Power Amplifier Dboard and the
Receiver/Exciter board are located on
the bottom.

Interconnections are provided by
ribbon cable between the boards. A
power bus comnects A+ and A- from the

front connector to the PA assembly.

SYNTHESIZER/INTERCONNECT

The synthesizer consists of a
microcomputer, ~electrically-erasable
PROM (EEPROM), a frequency synthesizer
receive VCO's and

assoclated circuitry. The frequency
synthesizer under control of the
microcomputer generates all transmit

and receive RF frequencies.

The EEPROM stores binary data for

all RF frequencies, Channel Guard
tones/digital codes, and the timing
furnction of the carrier control

timer(CCT). The microcomputer accesses

the EEPROM and provides the correct
WALSH bits to the Channel Guard
circultry to  generate the correct

Channel Guard tone or digital code on a
per-channel basis.

PROGRAMMING

The EEPROM allows the radio to be
programmed or reprogrammed as needed
to adapt to changing system requirements.

RF frequencies, Channel Guard tones
and digital codes, and the CCT
funiction can be reprogrammed.

The EEPROM can be reprogrammed
through the radio front <connector
using the General Electric Universal
PROM Programmer Model TQ2310. This
programmer allows all information to
be loaded simultaneously.

NOTE
When programming, remember
that all RF frequencies must
be divisible by 5 kHz.
Also  insure that P707 is
connected to J707-2 and 3 to
enable programming.

Programming instructions
vided in the respective
Maintenance Manuals.

are pro-
Programmer

TRANSMITTER

The transmitter consists of the
exciter, frequency synthesizer,
transmit VCO, and a power amplifier (PA)

assembly. The PA assembly consists of
a PA board mounted along the side of
the radio next to the heat sink
assembly. The PA board also contains
an antenna relay and a low-pass filter.

Audio and Channel Guard circuitry
for the transmitter is located on the
System Control board.

RECEIVER

The receiver consists of the fre-
quency synthesizer, RX VCO, injection
amplifiers, front end, IF, and limiter
detector. Audio, squelch and Channel
Guard circuitry for the receiver is
located on the System Control board.
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INTERVAL
MAINTENANCE CHECKS 6 T As
’ , Months | Required

. CONNECTIONS - Ground connections and connections to the X
voltage source should be periodically checked for tight-

ness. Loose or poor connections to the power source will
cause excessive voltage drops and faulty operation. When
ground connections are not made directly to the battery,
the connection from the battery to vehicle chassis must
be checked for low impedance. A high impedance may cause
excessive voltage drops and alternator noise problems.

ELECTRICAL SYSTEM - Check the voltage regulator and alter- i X
nator or generator periodically to keep the electrical
system within safe and economical operating limits,
Overvoltage is indicated when the battery loses water
rapidly. Usage of 1 or 2 ounces of water per cell per
week is acceptable for batteries in continuous operation.
A weak battery will often cause excessive noise or faulty
operation.

MECHANICAL INSPECTION - Since mobile units are subject X
to constant shock and vibration, check for loose plugs,

nuts, screws and parts to make sure that nothing is work-
ing loose. Be sure that all screws are properly torqued.

ANTENNA - The antenna, antenna base and all contacts X
should be kept clean and free from dirt or corrosion.

If the antenna or its base should become coated or
. poorly grounded, loss of radiation and a weak signal
will result.

ALIGNMENT - The transmitter and receiver meter readings X
should be checked periodically, and the alignment "touched
up" when necessary. Refer to applicable Alignment Pro-
cedure and troubleshooting sheet for typical voltage
readings.

FREQUENCY CHECK - Check transmitter frequency and X
deviation, as required by FCC. Normally, these checks
are made when the unit is first put into operation, after
the first six months and once a year thereafter.

TABLE 1 ~ MAINTENANCE CHECKS

DISASSEMBLY PROCEDURE To remove the printed wire boards:
To gain access to the unit for servic-— 1. Each of the boards may be removed
ing: after removing the radio cover, the

cables and the retaining screws
securing the board to the main
frame,

1. Remove the lock screw on the front
of the radio using No. 30 TORXx ®
driver.

2. The cables and the screws to be

removed are listed in Table 2.

2. Pull the radio forward and remove
. from the mounting bracket.

TorRX ® Trademark of CAMCAR Division TEXTRON, Inc.

...BS..
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Board name I Cables to be removed Screws to be removed
| .

System Control board | Four ribbon cables Seven screws A
(Figure 1)
] l
Synthesizer board I One coaxial cable and | Ten screws B
’ one ribbon cable ' (Figure 1 )
PA board Two power supply wires 19 screws D
(red and blue), two
coaxial cables, one | (Figure 2)

j ribbon cable ‘
| | |

Rx/Exciter board Three coaxial cables Nine screws C
and two ribbon cables (Figure 2)

TABLE 2 - DISASSEMBLY PROCEDURE
To replace the printed wire boards.

l. Perform preceding procedures in

reverse order,
SCAUT10N5 47

After securing the radio, it 1is important that the screws
securing the covers be fully secured. This ensures that the RF
shielding gaskets make good contact and that the radio performance
specifications are not compromised.
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PA TRANSISTOR REPLACEMENT

WARNING i

The 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.
L

To replace the PA RF transistors:

1.

- mounting hole.

Unsolder one lead at a time with a

50 watt soldering iron. Use a
scribe or X-acto® knife to hold
the lead away from the printed
circuit board until the solder
cools. Remove the mounting screws.
Lift out the transistor. Remove
any old solder from the printed
circuit board with a vacuum
desoldering tool. Special care

should be taken to prevent damage
to the printed circuit board rums
because part of the matching
network 1is included in the base
and collector runms.

Trim the new transistor leads (if
required) to the lead leungth of
the removed transistor.

Apply a coat of silicone grease to
the transistor mounting surface.
Place the transistor in the
Align the leads as

shown on the OQutline Diagram.
Then replace the transistor
mounting screws using moderate
torque (9.4 kg.cm).

Solder the 1leads to the printed
circuit pattern. Start at the
inner edge of mounting hole and

solder the remaining length of
transistor lead to the board. Take
care not to use excessive heat that
causes the printed wire board runs
to separate 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 genmeration

of RF 1loops that «could damage the
transistor or may cause low power
output.
REMOVING IC's

Removing IC's (and most other
soldered-in components) can be easily

accomplished by using a vacuum desolder-
ing tool such as SOLDA-PULLT ® or
equivalent. To remove an IC, heat each
lead separately on the solder side and
remove the old solder with the
desoldering tool.

An alternate method is to heat all

pins simultaneously wusing a special
soldering tip.
1CAUT1ON$
The CMOS Integrated Circuit
‘ devices used in this equipment

‘% \ can be destroyed by static

discharges. Before handling

one of these devices, the
serviceman should discharge

himself by touching the case of a bench

test instrument that has a 3-prong

power cord connected to an outlet with

a known good earth ground. When

soldering or desoldering a CMOS device,

the soldering iron should also have a

3-prong power cord connected to an
outlet with a known good earth ground.
A battery-operated soldering iron may
be wused in place of the regular
soldering ironm.
REPLACING CHIP COMPONENTS

Replacement of <chip components
should always be done with a tem-—

perature—controlled soldering irom such
as Weller EC2000 or EC1000, using a
controlled temperature not exceeding
536°F (280°C). However, do not touch
the black metal film of the resistors
or the ceramic body of capacitors with
the soldering iron.
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NOTE

The metalized end terminations of the
parts may be touched with the soldering
iron without causing damage.

REMOVING CHIP COMPONENTS

1. Using two soldering irons heat both
ends of the chip at the same time
until solder flows, and then remove
and discard the chip.

2. Remove excess solder with a vacuum
solder extractor.

3. Carefully remove the epoxy adhesive

and excess flux to prevent damage
to the printed board.

REPLACING CHIP COMPONENTS

1. Using as little solder as possible,
"tin" one end of the component and
one of the pads on the printed
wiring board.

Transmitter unkeyed:

"worst case'" conditions.

figure.

16 to 36 amperes). Input volta

L7 automotive storage battery.

Before bench testing the radio, be sure of the output voltage charac-
teristics of your bench power supply.

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

Transmitter keyed (50 ohms resistive load):
Transmitter keyed (no load or non-resistive load): 14

These voltages are specified at the normal vehicle battery terminals
of the radio and take the voltage drop of standard cables into
account, The voltage limits shown for a non-optimum load 1is for
For antenna mismatches likely to be en-
countered in practice, the actual limit will approach the 16.3 volt

Routine transmitter tests should be
Voltages (13.6 VDC for loads of 6 to 16 amperes; 13.4 VDC for loads of
ges must not exceed the limits shown,
even for transient peaks of short duration.

Many commonly used bench power supplies cannot meet these requirements
for load regulation and transient voltage suppression.
which employ "brute force" regulation and filtering (such as Lapp
Model 73) may be usable when operated in parallel with a 12 Volt

2. Place the "tinned" end of the
component on the "tinned" pad on
the board and simultaneously touch
the component and the pad with a
well "tinned" soldering iron while
pressing the component down on the
board.

3. Place the '"tinned" soldering iron
on the other end of the component
and the pad simultaneously. Apply
solder to the top of the end of the

component until the solder starts
to flow. Use as little solder as
possible while getting a good
joint.

4. After the component has cooled,
remove all flux from the component
and printed wiring board area with
alcohol.

TEST AND TROUBLESHOOTING PROCEDURES

Maintenance of the radio is faci-
litated by wusing the servicing tech-
niques unique to this radio. Typical
voltage readings are provided on the
Schematic Diagram for reference when
troubleshooting.

16.5 volts
16.3 volts
Volts

performed at EIA Standard Test

Bench supplies
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MICROPHONICS

radios tend to be
shock and vibration,
The construction

Synthesized
sensitive to
creating microphonics.

of the RANGR radio with its die-cast
aluminum frame, cast shield, and
multiple board-mounting screws,
provides a high degree of immunity.

When removing printed circuit boards or
shields, note the location of all
mounting hardware.

When servicing the radio be sure
that no solder build-up has occurred on
the chassis or shield.

To assure a high degree of resist-
ance to microphonics be sure to
replace exactly, all hardware removed.

Be sure that all mounting screws
are properly torqued and shields are in
place. Refer to the Mechanical Layout
Diagram.

NOTE

Loose or rubbing parts, especially
in the VCO area are particularly
sensitive and can cause micro-
phonics. Again, be certain all
hardware is properly installed and
torqued.

TEST FREQUENCIES

If the EEPROM is not custom pro-

grammed to the customer specified
personality, then a standard test
program 1is provided. The EEPROM 1is
programmed on several channels
including tone and digital Channel
Guard and carrier control timer. The

test program is given in Table 3.

FREQ SPLIT | CHANNEL | .X Frequency | .. 01 Guard|carrier control
RX Frequency .
Timer
(MHz)
29 - 42 MHz 1 29.025 71.9 Hz
29.075
2 32.025 023
32.075
3 35.025 30 sec
35.075
4 38.075
39.025
5 41.025
41.975
35 - 50 MHz 1 35.025 71.9 Hz
35.075
2 38.075 023
39.025
3 41.025 30 sec
41.075
4 45.025
45.075
5 49,025
49.075

TABLE 3 - TEST PROGRAM
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PA TROUBLESHOOTING PROCEDURE

DC VOLTAGE CHECK

First, Check the meter readings for power supply voltage and various stabilized

DC voltages, at TP608.
The typical readings for the test points are given in the chart below.

TEST FUNCTION SCALE TYPICAL
POINT MEASURED READING
TP608-3 9V-RX 0-15V 9V
TP608-4 5V 0~15vV 5V
TP608-8 EX9V 0-15V 9v
TP608-9 +8V 0-15V 8V
TP608-11 9V 0-15v 9V
TP608-12 A+ 0-15v 13.6V

TABLE 4 - READINGS AT TP608

EXCITER QUICK CHECK

When troubleshooting the transmitter check for typical readings for the DC
voltages across Exciter resistor R143, the Synthesizer output (J206), and the
Exciter output (J102) as listed in Table 5.

SYMPTOM PROCEDURE ANALYSIS
Little or Key transmitter and monitor If voltage does not
No RF Output [EXCITER DC voltages across increase, check TR104
R143 for 0.7 VDC. The voltage and associated com—
should increase. ponents.
R143

- +

Disconnect the coaxial cable | If synthesizer output
plug P402 from the Synthe-|is 1low, check IC208
sizer board and measure RX/ |and associated cir-
EX synthesizer output, J206. | cuitry.

Should be +1 to +7 dBm.

Disconnect the coaxial cable | If EXCITER OUTPUT is
plug P401 from the PA board | low, check TR104 and
and measure EXCITER OUTPUT, | associated components.
J102. Should be 0.4 watts or|
more.

TABLE 5 - EXCITER QUICK CHECK
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TYPICAL PERFORMANCE INFORMATION

SIGNAL LEVELS

. SIGNAL ‘ * INDICATION ’ VOLTAGE LEVEL

CAS { High Level [ 9.0 VDC
Low Level 0.15 vbC
RUS | High Level (Rx Un-sq) j 9.0 VDC
Low Level (Rx Squelched) 0.15 vDC

Low Level (Rx Mute/PTT pulled
low, Rx unsquelched) 0.6 VDC
SQ DSBL, Input | Logic Low (Sq. Dis) 0 VDC
' Logic High(Sq) 2.4 VDC
Rx Un-Sq J 0.14 vDpC
CCT PA ENBL Logic Low ! 0.35 vDC
Logic High | 5.5 VDC
TX ENB Logic Low [ 2.0 VDC
Logic High 9.0 VDC
PTT, Input Logic Low ) 0 vDC
Logic High I 13 vDC

TABLE 6 - SIGNAL LEVELS

Front Connector J801
RX RF P401
RX/EX INJ P402
EX Output J102

TABLE 7 RADIO CONNECTOR IDENTIFICATION
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TRANSMITTER ALIGNMENT

TEST PROCEDURES

These Test Procedures are designed to assist you in servicing a transmitter
that is operating, but not properly. Once a defect is pinpointed, refer to
the Transmitter Troubleshooting Procedure. Before starting, be sure that
transmitter is tuned and aligned properly.

—

Before bench testing the radio, be sure of the output voltage charac-
teristics of your bench power supply.

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

Transmitter unkeyed: 16.5 volts
Transmitter keyed (50 ohms resistive load): 16.3 Volts
Transmitter keyed (no load or non-resistive load):14.0 volts

These voltages are specified at the normal vehicle battery terminals
of the radio and take the voltage drop of standard cables into

account, The voltage limits shown for a non-optimum load is for
"worst case'" conditions. For antenna mismatches likely to be en-
countered in practice, the actual limit will approach the 16.3 Volt
figure.

Routine transmitter tests should be performed at EIA Standard Test !
Voltages (13.6 VDC for loads of 6 to 16 amperes; 13.4 VDC for loads of |
16 to 36 amperes). Input voltages must not exceed the limits shown,
even for transient peaks of short duration.

Many commonly used bench power supplies cannot meet these requirements
for load regulation and transient voltage suppression. Bench supplies
which employ "brute force" regulation and filtering (such as Lapp
Model 73) may be usable when operated in parallel with a 12 Volt
automotive storage battery.

MODULATION LEVEL ADJUSTMENT

The MOD ADJUST controls are adjusted to the proper setting before shipment
and normally do not require readjustment. This setting permits approximately
75% modulation for the average voice level. The audio peaks which would cause
overmodulation are clipped by the modulation limiter. The limiter, in conjunction
with the de-emphasis network, instantaneously limits the slope of the audio wave
to the modulator, thereby preventing over-modulation while preserving intelligi-
bility.

- Bl2 -




IEST EQUIPMENT

1. An audio oscillator (GE Model 4EX6A10)

. 2. Deviation Monitor

PROCEDURE FOR SETTING THE SYNTHESIZER TRANSMIT DEVIATION

NOTE

|

J The transmit deviation has been properly set by the factory and should

' require no readjustement. Should it become necessary to adjust the
deviation, please refer to the Maintenance Manual LBI-38186 and the

! section TX AUDIO PROCESSOR in SYSTEM CONTROL BOARD and MODULATION LEVEL
CONTROL in FREQUENCY SYNTHESIZER BOARD. These will familiarize you with
the modulation deviation and make the Alignment Procedure more
understandable.

1.

Select a center frequency channel. Remove P604
2. Rotate RV20l and RV604 fully counterclockwise.

3. Apply a 1 kHz tone at 1 Vrms through a 100uF capacitor to MIC HI at
J701-6 (+ lead of capacitor).

Connect the deviation monitor to the antenna connector J1 via a 30-dB
coupler, whose output is terminated in a 50-ohm load. Key the radio.

4. Set VCO MOD ADJUST, RV202 for +3.75 kHz deviation.

. 5. Adjust DEVIATION SYMMETRY ADJUST RV603 for a difference between plus and
minus peak frequency deviation of less than +0.1 kHz.

6. Repeat procedures 4 and 5 until the specified frequency deviation is
obtained in both directions.

7. Set RV604 fully clockwise. Apply a 400 Hz tome to J604-2 and with the
radio keyed, vary its amplitude until the Deviation Monitor reads 1 kHz.
Note the level.

8. Change the signal generator frequency to 10 Hz at the same level and set
LOOP MOD ADJUST, RV201 for a deviation of 1 kHz. Unkey the radio.

9. Disconnect the signal generator and replace P604 in position 1-2.

10. Select a frequency with Tone Channel Guard (preferably close to the
center frequency).

Key the radio and set CG DEVIATION ADJUST, RV604 for a deviation reading
of +0.75 kHz.

NOTE: If channel Guard is not used on any frequency, the VCO MOD ADJUST
RV202 may be set for a deviation of +4.5 kHz instead of +3.75 kHz.

AUDIO CHECKS
. TEST EQUIPMENT REQUIRED

e Audio Oscillator e Oscilloscope
e Voltmeter e Deviation Monitor
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AUDIO AC VOLTAGE

1. Connect audio oscillator output across J701-6 (or J801-9) and J701-5 (or

J801-5).
[ 1C607-1 { 1C607-7
SCOPE HORIZONTAL | 200 pSEC/DIV f 200 uSEC/DIV
SETTING j
VERTICAL 2 VOLTS/DIV 2 VOLTS/DIV

SET AUDIO OSCILLATOR
at 1000 Hz WITH OUTPUT
OF 1.0 VRMS. MODULATION
ADJUSTED FOR 4.5 kHz
DEVIATION. NOTE: AN RMS
OR PEAK READING VOLTMETER
WILL READ 1/2 TO 1/3 OF
PEAK-TO-PEAK READINGS. |

AUDIO SENSITIVITY

1. Connect audio oscillator cutput across J701-6 (or J801-9) and J701-5 (or
J801-5). Adjust output for 1000 Hz at 1.0 VRMS.

2. Reduce generator output until deviation falls to 3.0 kHz for radios without
Channel Guard or to 2.25 kHz for radios with Channel Guard. Voltage should
be less than 120 millivolts. .

SYNTHESIZER AND TRANSMITTER ALIGNMENT

TEST EQUIPMENT REQUIRED

1. Wattmeter, 50 ohm (capable of measuring 150 Watts & 1 Watt)
2. DC Voltmeter, 20,000 ohms per volt
3. Digital Voltmeter
Power supply, 13.8 VDC regulated
~» An output meter or a VIVM

PRELIMINARY CHECKS AND ADJUSTMENTS

NOTE

Refer to Figure 3 for location of tuning and adjustment controls.

1. Apply DC power to radio.

NOTE
Before alignment or making any adjustments to the transmitter, be sure
that power supply voltage (A+) and various stabilized DC voltages are
proper. Refer to Table 4.
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ALIGNMENT PROCEDURE

- SYNTHESIZER -

STEP

METERING

POINT

TUNING
CONTROL

METER
READING

PROCEDURE

TP201
(Control
Voltage
Monitor)

Ccv202

7 VDC

NOTE

—

The synthesizer 1is factory aligned
and should not require further
adjustment. Should it become
necessary to adjust the synthesizer
please refer to the Maintenance
Manual LBI-38186 and the "Frequency
Synthesizer" section. These will
familiarize you with the operation of
the VCO's and make the Alignment
L?rocedure more understandable.

NOTE

The label on the cover of the
Synthesizer must be removed, or holes
made in it to gain access to the
adjustable components, through the
existing holes in the shield. These
_hole locations are shown in Figure 3.

NOTE

J

‘ Should it become necessary to ad just
the synthesizer, program a PROM to
the highest frequency of the split
(42 MHz for A board or 50 MHz for B
board) for proper alignment.

Select highest frequency transmit
channel in the split (42 MHz - A, 50 MHz
- B). With a 50 ohm load on the antenna
connector Jl, key the radio. Adjust

CV202 until the lock detector indicator

CD711 goes out. Monitor TP201 with a

digital voltmeter and adjust CV202 for

a reading of 7.0 +0.1 VDC. Check that
CD711 remains out. Unkey the radio.

- B15 -




METERING TUNING METER
STEP POINT CONTROL READING FPROCEDURE
2. TP201 Cv201 , 7.5VDC Select highest receive channel in the
(Control split as in Step 1 (release PTT switch).
Voltage Adjust  CV201  until  lock detector
Monitor) indicator (D711 goes out. Moni tor
| TP201 with a digital voltmeter and
’ | Jadjust Cv201 for a reading of
] | 7.5#0.1VDC.  Check that CD711 remains
| ' out,
! 1
3. l TP201 f3.5 to | Select each receive and transmit
(Control 7.5vDC channel.Voltage at TP201 should
Voltage be between 3.5 and 7.5 vDC.
Monitor)
4, ’ J206 +1 to Rx/Ex injection level at J206 should be
| +7 dBm between +1 and +7 dBm.
= REFERENCE OSCILLATOR FREQUENCY -
METERING TUNING ' METER {
TEP
S POINT CONTROL! READING | FROCEDURE
5. J206 FREQ ,Channel NOTE
TRIM Operating ’
Control Frequency This step assumes the frequency is
on measured when the transmitter is
TCXO first keyed. If delayed, the rapidly
rising ambient temperature must be
| taken into consideration. The

! oscillator frequency should be set at
25°C  ambient temperature.

Press the PTT switch while monitoring
! the Rx/Ex injection frequency at J206.

Adjust FREQ TRIM Control on TCX0 for
' the assigned channel frquency within
’ +0.5 ppm.

Note: The receiver injection frequency
will automatically be correct.

~ B16 -~




- EXCITER -

STEP

METERING

POINT

TUNING
CONTROL

METER
READING

PROCEDURE

NOTE

The Exciter requires no adjustment.
If it becomes necessary to check the
Exciter, proceed as follows.

NOTE

The Exciter can be isolated from the
rest of the radio for checking
purposes, if desired. To 1isolate and
set up for alignment, remove coaxial
cable connector P402. Connect a (0-1
watt) wattmeter to J102. Apply a
+3 dBm on-frequency signal to P402
using adapter coaxial cable
B19/CFQ-3234,

100 mW

Check output power on the wattmeter. It

should be greater than 100 milliwatts.

NOTE

Disconnect wattmeter from J102.
Reinstall P402 if removed. Connect a
(0-150 watts) wattmeter and 50-ohm
load to antenna jack Jl.

J1

RV1

Monitor the transmitter output power on
each channel. Select the channel with
the lowest output power and set RV] for

rated output power.
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Figure 3 - Hole locations for synthesizer tuning and
transmitter deviation adjustment
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RECEIVER ALIGNMENT
TEST EQUIPMENT REQUIRED

® 20,000 ohms~per-volt multimeter.

® AC Voltmeter

® RF Signal Generator

® Frequency Counter

® /4-ohm 15 watt resistor
.

Audio Isolation Transformer (1:1)
19A116736P1 or equivalent

PRELIMINARY CHECKS AND ADJUSTMENTS

NOTE

Before aligning the receiver or
making any adjustments to the
radio be sure that the output of 9
Volt Regulator is 9.0 +0.2 VDC

NOTE

If installing the Noise Blanker
option board, cut jumper W501 and
plug option board into J502 (be
sure plug is installed on J503-2,
3 in receiver unit, and P706 is
installed on J706-2, 3 in system

control unit). Set the output
signal level of the RF signal
generator so as to obtain 12 dB
SINAD at audio output. Ad just

coils L505 and L506 to obtain best
SINAD sensitivity reading.

IF/FM DETECTOR ALIGNMENT

Apply a 1000 microvolt,
on-frequency test signal modulated by
1,000 Hz with +3.0 kHz deviation to
antenna jack JI.

Connect a &4-ohm, 15-watt resistor
in place of the speaker. Connect the
isolation transformer input across the
resistor. Connect the isolation
transformer output to the Distortion
Analyzer (See figure 5).

Adjust the VOLUME control for 5
Watts output (4.47 VRMS) using the
Distortion Analyzer as a voltmeter.

Set the output signal level of the
RF signal generator so as to obtain
12dB SINAD at audio output.

Adjust coils L505 through L509 to
obtain maximum SINAD SENSITIVITY.

Set the output signal level of the
RF signal generator to 1000 microvolt.

Adjust L510 for maximum audio
output.
FRONT-END ALIGNMENT

Select the lowest frequency

channel. Set the frequency of the RF
signal generator to the lowest channel
frequency + 10.4 MHz., (= fR +1/2IF
spurious frequency). Adjust CV401 to
obtain worst SINAD SENSITIVITY (maximum
spurious rejection in this condition).
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RECEIVER AUDIO AND SQUELCH CHECKS

SQUELCH CIRCUIT TEST WITH 6kHz SIGNAL
PRELIMINARY STEPS

1. Set the squelch‘on the control head
to clogse at 8 dB SINAD level.

2. Quiet receiver with 1000 uV modulated
signal applied to antenna jack Jl.

3. Set modulation frequency to 6 kHz.
Set deviation to 3 kHz.

5. Use 10 megohm probe.

HOR .1 MSEC/DIV
VERT 0.1 V/DIV
(0.3~ 0.6 V p-p)

HOR .1 MSEC/DIV
VERT 0.1 V/DIV
(0.5 V p-p)

©

HOR .1 MSEC/DIV
VERT 2 V/DIV

(7.5"8.0 vDC)
BASE LINE 0 VDC

SQUELCH CIRCUIT CHECKS WITH NOISE

PRELIMINARY STEPS

1. Set the squelch on the control head
to close at 8 dB SINAD level.

2. Remove input signal.
3. Use 10 megohm probe.

®

HOR .5 MSEC/DIV
(3.5%4.0v P-P)
R -

VERT 1 V/DIV
(2 v p-P)

©

HOR .5 MSEC/DIV
VERT 2 v/DIV
(7.5~8.0 vDC)

AUDIO CIRCUIT

PRELIMINARY STEPS

1. Apply 1000 uV on frequency signal with 1000 Hz
modulation and 3 kHz deviation to antenna jack
Jl.

2. OQutput set to 10 Watts (6.3 VRMS) into 4—ohu
load.

3. Use 1 megomm probe.

HOR ..5 MSEC/DIV
VERT 50 mV/DIV
(160 nv P-P)

®

HOR .5 MSEC/DIV
VERT .2 V/DIV
(.84 Vv P-p)

®

HOR .5.MSEC/DIV
VERT .1 V/DIV
(.28 v p-p)

©®

HOR .5 MSEC/DIV
VERT .1 V/DIV
(.28 vV P-P)

®

HOR .5 MSEC/DIV
VERT 50 mV/DIV
(280 mv P-P)

@

HOR .5 MSEC/DIV
VERT 2 V/DIV
(8.8 vV P-P)
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TEST PROCEDURE

These Test Procedures are designed
to help you to service a receiver that
is operating, but not properly. The
problems encountered could be low
power, poor sensitivity, distortion,
limiter not operating properly, and
low gain. By following the sequence
of test steps starting with Step 1,
the defect can be quickly localized.
Once the defective stage is pinpointed,
refer to the "Service Check" listed to

correct the problem. Additional
corrective measures are included in
the Troubleshooting Procedure. Before
starting with the receiver Test
Procedures, be sure the receiver 1is
tuned and aligned to the proper

operating frequency.

TEST EQUIPMENT REQUIRED

Distortion Analyzer

Signal Generator

6 dB attenuation pad

Audio Isolation Transformer
4-ohm resistor (15-watt minimum)

PRELIMINARY ADJUSTMENT

NOTE

These procedures are written
around the Heathkit Distortion
Analyzer. If a Distortion
Analyzer other than the Heath
IM-12 is wused, measure the
sensitivity and modulation
acceptance bandwidth in accord-
ance with manufacturer's
instructions.

1. Unsquelch the receiver.

STEP 1
AUDIO POWER OUTPUT
AND DISTORTION

TEST PROCEDURE

Measure Audio Power Output as follows:

Apply a 1000 microvolt, on~frequency

test signal modulated by 1,000 Hz
with 3.0 kHz deviation to antenna
jack J1.

With 10 Watt Speaker

Disconnect the speaker. Connect a
4-ohm, 15-watt load resistor in its
place. :

Connect the isolation transformer
input across the resistor. Connect
the isolation transformer output to
the Distortion Analyzer (See Figure
5). '

Adjust the VOLUME control for
10-watt output (6.32 VRMS) using the
Distortion Analyzer as a voltmeter.

Make distortion measurements accord-
ing to manufacturer's instructions.
Reading should be less than 3%. If
the receiver sensitivity is to be
measured, leave all controls and
equipment as they are.

SERVICE CHECK

- B24 -

If the distortion is more than 3%,
or maximum audio output 1is less
than 10-watt, make the following
checks:

Battery and regulator voltage---low

voltage will cause distortion.
(Refer to Receiver Schematic
Diagram for voltages.)

FM Detector alignment (Refer to

Receiver Alignment).




STEP 2
USABLE SENSITIVITY
(12 DB SINAD)

TEST PROCEDURE

If STEP 1 checks out properly,
measure the receiver sensitivity
as follows:

Apply a 1000 microvolt, on-frequency
signal modulated by 1000 Hz with
3.0 kHz deviation to J1.

Place the RANGE switch on the
Distortion Analyzer in the 200 to
2000 Hz distortion range position
(1000 Hz filter in the circuit).
Tune the filter for minimum
reading or null on the lowest
possible scale (100%, 30%, etc.)

Place the RANGE switch to the SET
LEVEL position (filter out of the
circuit) and adjust the input
LEVEL control for a +2 dB reading
on a mid range (30%).

Set signal generator output to
0.3 uv, Switch the RANGE control
from SET LEVEL to the distortion
range. Readjust Distertion
Analyzer SET LEVEL as required
until a 12 dB difference (+2 dB to
-10 dB) 1is obtained between the
SET LEVEL and distortion range
positions (filter out and filter
in).

The 12 dB difference (Signal plus
Noise and Distortion to noise plus
distortion ratio) is the "usable"
sensitivity level. The sensitivity
should be less than rated 12 dB
SINAD specifications with an audio
output of at least 5 Watts (4.47
Volts RMS across the 4.0 ohm
receiver load using the Distortion
Analyzer as a Voltmeter).

Leave all countrols as they are and
all equipment connected if the Modu-
lation Acceptance Bandwidth test 1is
to be performed.

&

SERVICE CHECK

If the sensitivity level 1is more
‘than rated 12 dB SINAD, check the
alignment of the IF stages as
directed in the Alignment
Procedure,

STEP 3
MODULATION ACCEPTANCE
BANDWIDTH (IF BANDWIDTH)

TEST PROCEDURE
If STEPS 1 and 2 check out
properly, measure the bandwidth as

follows:

A. Reduce audio output level to 10% of
rated output,

B. Set the Signal Generator output for

twice the microvolt reading
obtained in the 12 dB  SINAD
measurement,

C. Set the RANGE control on the Distor-
tion Analyzer to the SET LEVEL posi-
tion (1000 Hz filter out of the
circuit), and adjust the input
LEVEL control for a +2 dB reading
on the 30% range.

D. While increasing the deviation of
the Signal Generator, switch the
RANGE control from SET LEVEL to
distortion range wuntil a 12 dB
difference is obtained between the
SET LEVEL aund distortion range
readings (from +2 dB to -10 dB).

E. The deviation control reading for
the 12 dB difference is the Modula-
tion Acceptance Bandwidth of the
receiver, It should be more than
+7.0 kHz.

SERVICE CHECK

If the Modulation Acceptance Bandwidth
test does not indicate the proper
width, check the synthesizer frequency
and then refer to the alignment of IF
stages.

GE Mobile Communications

General Electric Company
Lynchburg. Virgiia 24502
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'STMBOL] GE PART NO. ROMENCLATOR ]
| 819/MTC0024258 | casz.sHiEtD !
819/MTC002870 | CASE SHIELD B
|
1
l
|

BI9/MTT021i728 | SEAL

|

2

3

4 | BIS/MPNN22I40A | PLATE,SERIAL NO.
5 BI3/MPNNIS349 | OVER LAY
6

7

§

813/MT2002812 | ADHESIVE TAPE
BI13/MPPKO141S GASKET,ANTENNA CONNECTOR
BI3/MPPKO(416 SASKET INTERFASE CONNECTOR
10 BI9/MPPX0I286 | GASKET SHIELD

1 819/MPPKOIIS] GASKET,SHIELD

12 B13/MPPKO 1183 GASKET,SHIELD

13 B19/MTBIS3924 | CASE.SHIELD

14 819/MTBIS3325A | COVER,SHIELD

El BI9/MPPKOI162 GASKET,SHIELD

35 B19/MPBCO8459 | FRAME ASM (COMPLETE ASMI
36 BI3/MPBCO8SS4 | TOP COVER ASM {COMPLETE ASMI
37 819/MPBCO84ET | BOTTOM COVER ASM (COMRLETE ASH)
38 BI3/MPBX18126 MOUNTING BRACKET

33 BI9/MPXPQI744A | MOUNTING HARDWARE

MECHANICAL LAYOUT DIAGRAM 2/2
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j

f;‘j(@ ® [ Q SYMBOL] GE PART NO. DESCRIPTION @Y PER KIT
IS | BI9/MTL0329068 | FOOT 4
) 16 | Big/MTT021134A | SPACER 4
ﬁ_:\ 1| |~ 17| 819/MTV002836 | COVER }
?jm E_: @ 18 B19/MPSRO2159B | SPRING | ]
— 19| BIS/MPTG02014A | SCREW i
20 | BIS/MPTG02015 | SCREW 4
— 4
—=
-

!
‘ ° e 21 | Bie/MPTG02016 | SCREW
: AN 22 | BIS/BRTG03830 | SCREW,PAN HEAD M3:8 56
. OI?EG 23 | BI9/BRTG03942 | SCREW,PAN HEAD M3x8 3
} 24 | BI9/BRTG03943 | SCREW.PAN HEAD M3xi2 3
noz é Bl 25 | BI9/BRTG03293 | SCREW.FLAT HEAD M3xi0 5
A _/,___©--——- 26 | BI9/BRTGOI781 | WASHER, THRUST 4
(© 27 | BIS/BRTG03301 | WASHER |
28 | BI9/MTLO35255 | SPACER |
I 23 | BIS/MTT021147 | CLAMP,CABLE |
JlalE
i 24(®
JSO1
1€502
!
XS0
5 ®) @
Lk
@ Qe @ )
wrrias A C
a5 F ! N
— IATTIO T /r-~.1 * @ O)
2/ [ L — g
BOTTOM VIEW
. HARDWARE (SCREW) KIT 2/2

KIT CODE: B19/MPXP01954A
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DESCRIPTION

The System Control board for RANGR
provides all functions necessary for
two-way communications. This board is
controlled by the control unit.

The System Control board
interconnects with the power/control
cable from the control unit.

The System Control board contains
the audio circuitry, microcomputer,
EEPROM and voltage regulators. The
micro-computer controls all system
functions, supplies frequency data to
the frequency synthesizer, and
tone/code data to the Channel Guard.

In addition to the normal radio
functions, the microcomputer contains
self-diagnostic maintenance routines
to aid in troubleshooting the radio.
Included are an internal test of the
microcomputer and input/output tests
to assure proper operation of the data
port amnd data bus. Details and
procedures are included in the Service
Section of this manual.

The system control and interface
circuits consist of the microcomputer,
electrically eraseable PROM, interface
circuits for voltage shifting and pro-
tection, and a watchdog timer. The
EEPROM gives the user the capability
to program the radio's personality as
desired. The EEPROM contains the
receive and transmit frequency data,
Channel Guard tone frequencies/digital
codes and the CCT delay on a per-
channel basis.

NOTE

The EEPROM may be programmed
serially through the front con-
nector using the General Electric
Universal Radio Programmer Model
TQ2310.

Copyright © January 1989, General Electric Company

to permit

CIRCUIT ANALYSIS
SYSTEM CONTROL BOARD

MICROCOMPUTER AND CONTROL

The microcomputer interfaces with
the control unit through J701/J702 and
responds to all wuser commands and
control functions originating from the
control unit. It provides the transmit
and receive data to the frequency
synthesizer, switching information for
tone and digital Channel Guard, and
provides the carrier control timer
(CCT) function when the radio is in the
transmit mode,

When the microphone is keyed, the

PTT line from the control unit goes
low. This low 1is applied to the

microcomputer through buffer TR702 and
inverter TR703. TR702 is controlled by
ignition switch A+. The ignition
switch must be on and A+ applied to the
base of TR702. TR702 must be turned on
keying of the transmitter.
When Channel Guard is present, the
release of the PTT signal is delayed by
the microcomputer for approximately 160
milliseconds to eliminate any squelch
tail,

The microcomputer immedjately
closes the antenna relay switch by
applying a low 1level to DPIT at
I1C702-28. The microcomputer  then
delays 15 milliseconds before transmit
9V is switched on by applying a 1low
level to TX ENB at IC702-32. This is
done to guarantee that the antenna
relay contacts are closed before the
transmitter is energized. Once DPIT is
low, the receive audio is muted.
Buffers TR705 and TR704 provide DPTT to
the audio control circuits, and antenna
relay. IC704-B provides the DPTT
signal to the Tx/Rx VCO's and the audio
processor.

~ C2 -




The TX ENB line is controlled by
microcomputer port 1, bit 5 (IC702-32)
through inverter TR712 and buffer
TR711. A low level on 1C702-32 turns
TR712 off, allowing the base of TR711
to rise. TR71l turns on, and applies
A- to the TX ENB line.
is also turned on during this time to
inhibit the alert tomne PTT.

CHANNEL SELECTION

The microcomputer and EEPROM pro-
vide the radio with up to 16 independent
transmit and receive frequencies.
Each time the PTT switch is operated
the microcomputer transfers channel
data from the EEPROM and converts it
to frequency data assigned to the
selected channel. The frequency data
is then 1loaded serially into the
frequency synthesizer.

The microcomputer continually
monitors the status of tri-state
buffers IC703A-D. These buffers are
periodically turned off by a positive
5 volt, one millisecond pulse from
IC702-36. At the same time PROM power
switch TR708 is turned on and applies
+5 VDC to the EEPROM. When the
buffers are turned on, channel select
data is loaded into input/output ports

of the microcomputer through ports
P20-P23. ©Power is then applied to the
EEPROM and the tri-state buffers are
turned off. The microcomputer
converts the channel select data into
address information, accesses the

EEPROM, and receives the frequency
data stored in the addressed location.
This data then passes through the I/0
ports of the EEPROM and P20-P23 of the

microcomputer. The conversion process
is repeated eight times in rapid
succession (eight locations are

required for each channel) and the data
loaded serially 1into the frequency
synthesizer over the clock and data
lines. This data also includes Channel
Guard information, if present, and
carrier control timer information on a
per—channel basis. A  4-millisecond
channel change pulse from port Pl6 of

Inverter TR710

the microcomputer is also sent to the
frequency synthesizer to speed up
channel acquisition.

WATCHDOG TIMER

The watchdog timer, consisting of
a digital counter IC701-A and TR701,
monitors the operation of the micro-
computer. IC701-A generates a reset
pulse in the unlikely condition that
the microcomputer goes awry and does
not execute the software properly.

A 6 MHz crystal X701 steps the
microcomputer through the software. As
programmed in software a random pulse
appears at 1IC702-35 and is applied to
the base of inverter TR701 momentarily
turning it on and inhibiting any reset
pulse from timer IC701-A. A
discharging circuit consisting of R710
and C705 forces the microcomputer to
toggle IC702-A. If the timer does not
receive any inputs for a specified
period of time, TR701 turns off and
IC701-A times out and applies a reset
pulse to pin 4 of the microcomputer.
The  watchdog reset will normally
restore the microcomputer to normal
operation so that only one pulse will
occur. In the event the microcomputer
is not restored to normal operation, a
6 Hz square wave will appear on the
reset line and the indicator CD711
(normally unlit) will turn on.

ADVANCE CHANGE PULSE

The advance change pulse is received
from connector J702 and applied to the

microcomputer interrupt port IC702-6
through inverter TR707. The advance
change pulse is important in radios

equipped with PSIM. When a call is

received on a priority channel the
advance change ©pulse interrupts the
microcomputer, forcing it to service
immediately the I/0 circuits. The

tri~state buffers are turned on and new
channel select information read in.
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CARRIER CONTROL TIMER

The carrier control timer function
is executed by the microcomputer under
software control on a per—channel
basis. When the programmed time has
elapsed an alert tome is generated from
P13 (IC702-30) on the microcomputer,
applied to the audio PA and heard on
the speaker. The CCT may be programmed
for 1 or 2  minutes or disabled
(programmed for no CCT).

VOLTAGE TRANSLATION

Inverter buffers IC704D~-G, trans-
late the 5 VDC levels required by the
microcomputer to the +9 VDC level used
by the frequency synthesizer. Inverter
TR709 restores the proper polarity to
the clock.

FREQUENCY SEGMENT CONTROL

To achieve rapid wideband VCO
tuning extending over the 29-42 MHz
range or the 35-50 MHz range, each
Bandsplit is divided into four
frequency segments.

By selecting one segment the
operating frequency spread of the VCO
is limited and frequency 1lock time
reduced. Each segment is identified by

- two bits on a per-channel basis and

programmed into the EEPROM. Capacitors
are switched in and out of the VCO tank
circuit to set the VM tuning range to
cover the correct frequency segment.

The frequency segment control
circuit consists of a dual "D"-type
flipflop operating under control of the
microcomputer. The four frequency

segment identification bits appear on
the channel change and data lines and
fed to dual "D" FF 1IC705. At  the
appropriate time the microcomputer
applies the enable signal to clock the
new segment data change through the
FF. The output of the FF's is a binary
expression identifying the frequency
segment selected. Table 1 identifies
the binary expression and the selected
frequency segment.

The out put of the frequency
segment control circuit is applied to
the modulation level control and the
frequency segment selector circuits.
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FF OUTPUT
SEGMENT | FREQUENCY [IC705-1 | IC705-2 | I1IC705-13|1C705-12] GROUNDED
SPLIT (INPUT | (INPUT (INPUT (INPUT MODULATION
(MHz) TR216) | TR217) TR218) TR219) RESISTOR
29-42MHz 1 29-32 0 1 0 1 NONE
2 32-35 0 1 1 0 R275
3 35-38.5 1 0 0 1 R276, R296
4 38.5-42 1 0 1 0 R275, R276
R281, R296
35-50MHz 1 35-38.5 0 1 0 1 NONE
2 38.5-42 0 1 1 0 R275
3 42-46 1 0 0 1 R276, R296
4 46-50 1 0 1 0 R275, R276
R281, R296

TABLE 1 - Frequency Segment Selection

- C5 -




TX AUDIO PROCESSOR

The audio processor provides audio
pre—emphasis with amplitude limiting
and post limter filtering and a total
gain of approximately 24 dB.
Approximately 27 dB gain is provided
by IC607A, 4 dB by IC607B and -7 dB by
R666, R667.

The 9 Volt regulator IC606 powers
the audio processor and applies
regulated 9 volts to a voltage divider
consisting of R665, R668 and symmetry
control, RV603. The +4.5 V output from the

voltage divider establishes the
operating reference point for
operational amplifiers 1C6074A and
IC607B. €636 provides an AC ground at

the summing input of both operational
amplifiers.

When the input signal to IC607A-2
is of a magnitude such that the
amplifier output at IC607A-1 does not

exceed 5 volts P-P, the amplifier
provides a nominal 27 dB gain. When
the audio signal 1level at IC607A-1

exceeds 5 volts P-P, the amplifier gain
is reduced to 1. This limits the audio
amplitude at IC607A-1 to 6 volts P-P,

Resistors R662, R663 and (633
comprise the audio pre-emphasis network
that enhances the signal-to-noise
ratio. R663 and C633 control the
pre-emphasis curve Dbelow limiting.
R662 and (663 control the cut-off
point for high frequency pre-emphasis.
As high frequencies are attenuated,
the gain of IC607 is increased.

Audio from the microphone 1is
coupled to the audio processor through
R662 and C633.

The amplified output of IC607A is
coupled through R666, (€633, R669,
R670, R671 and bilateral switch IC608C
to a second operational amplifier
IC607B. The bilateral switch is
controlled by the DPTT line so that Tx
audio is transmitted only when the PTIT
switch is pressed. IC607B provides a
signal gain of approximately 4 dB.

input 1is
ICc608C

The Channel Guard tone
applied to bilateral switch
controlled by the DPIT line.
The CG tone then modulates the
reference oscillator and VCO on the
synthesizer board.

A post-limiter filter consisting
of 1IC607B, R669-R671, R687, C689 and
C640 provides 12 dB per octave roll-off.
R666 and €637 provide an additional 6
dB per octave roll-off for a total of
18 dB. The output of the post-limiter
filter is coupled through the VG (Voice
Guard) unit or directly to the
synthesizer Tx MOD.

TX enable switch IC608-D shorts
out operational amplifier IC607-B when
the radio is in the receive mode. The
TX ENABLE signal 1is generated by the
microcomputer when the PTT switch is
operated and 1is less than 2.7 VDC 1in
the receive mode.

RX AUDIO

Received audio from the FM detector
is applied to the input of audio pre-

amplifier IC603-A. The audio output
level of the audio preamplifier is
adjusted by Volume/Squelch HI 1level

control RV602 for 300 millivolts RMS.
The audio of 300 millivolts RMS 1is
applied to the audio preamplifier
(1C603-B) through the Tone Reject
filter (HC603). When VG is opptionally
added, this audio 1is applied to VG
(Voice Guard) circuit (IC611, HC603).
Audio output from the VG circuit is
applied to Tone Reject filter (HC605)
through pins J606-2 & 3. The audio is
then applied to the volume and squelch
controls in the control wunit through
connector J701-10,

Audio is returned on the VOL ARM
through J701-18 and applied to audio
gate (bilateral switch) IC601-B. The
audio gate 1s controlled b DPTT
(delayed Push-To-Talk) and PA KEY/CCT
PA ENB and is turned on when the
control input (pin 5) exceeds 7 VDC.
The gate is turned off when the control

input is less than 2 volts. Receipt of
an on—frequency signal (if present) with
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sufficient signal-to-noise level and
the correct Channel Guard frequency
will cause the audio control circuit to
apply +9 volts to IC601-B turning the
audio gate on.

Audio from the audio gate 1is
applied to the de-emphasis network
consisting of a low-pass filter and a
high-pass filter.

The low-pass filter provides a 6
dB per octave roll-off between 300 and
3000 Hz. The high-pass filter attenuates
frequencies below 300 Hz.

The audio output from the de-emphasis
network is applied to the non-inverting
input of the audio power amplifier.
The audio power amplifier consists of
IC602, and associated circuitry, and
provides 10-watts (6.3 VRMS across a 4
ohm load) of audio output power at
terminals J702-20 and 22. The gain of
1C602 is determined by the value of
R622,

SQUELCH CIRCUITS

The squelch circuit(HC601)monitors
noise on the SQ ARM output line and
allows the receiver to be unmuted when
an on-frequency signal reduces the
noise level below the squelch
threshold setting.

The 300 millivolt output of the
audio preamplifier is applied to ‘the
squelch circuit through the variable
squelch control in the control unit.
The squelch control sets the noise
threshold 1level required to operate
the squelch circuit. When the noise
falls below the threshold level, the
receiver is unmuted.

The squelch circuit(HC601) con-
sists of a high-pass filter, an
averaging detector, DC amplifier, and a
Schmitt trigger shown in Figure 1. The
high-pass filter consisting of HC601-A,
removes all voice signals from the SQ
ARM output and couples noise to
HC601-B.

Noise in the 6-8 kHz range is
applied to the averaging detector con-
sisting of HC601-B. The noise is
rectified and filtered to provide an
average DC output level proportional to
the noise input. The DC output level
1s adjusted by RV601.

The average DC level is amplified
by HC601-C to a level ranging from 0
to 6.0 vVDC, and applied to the
non-inverting input of the Schmitt
trigger, HC601-D. The inverting input
of HC601-D is referenced to 4.5 vpcC.

IC603-C provides the stable 4.5 VDC
reference voltage.
When the DC level exceeds 4.5

VDC, Schmitt trigger HC601-D switches
and provides a positive voltage to the
CAS (Carrier Activity Sensor) and RUS
(Receiver Unsquelched Sensor) control

transistors in  the audio control
circuits. The Schmitt trigger will
remain on until the threshold level
falls below approximately 4.3 vypcC.

This difference in voltage between the

firing point and turn-off point
provides sufficient hysterisis to
eliminate "bubbling" -- i.e., noise

popping in the speaker. The "bubbling"
would normally be caused by transitional
changes in the DC 1level around the
reference point which allows the
receiver to be unmuted.

When an on-frequency
received, there will be
noise present at the squelch input.
This results in an absence of voltage
at the output of the squelch circuit
Schmitt trigger, allowing the receiver
to be unmuted.

signal is
little or no
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AUDIO CONTROL

The audio control circuits shown
by Figure 2 control the operation of
the audio gate (IC601-B) and the final

audio PA and consist of TR601-605,
inverter IC601-A and assoclated
circuitry. The audio control circuit
inputs consist of  DPIT (Delayed

Push-To-Talk), RX MUTE (Receiver Mute),
PA KEY/CCT PA ENB (Public Address
Key/Carrier Control Timer Public
Address Enable), and the output of the
squelch circuit.

When an on-frequency signal with
the correct Channel Guard Tone 1is
received, CAS control transistor TR601
and RUS control transistor TR602 are
turned off by the absence of a positive
voltage at their bases. The CAS line
from the collector of TR601 rises to +9
VDC and is supplied to J701-14.

HCE0I-A HCEQI-B

HCEOI
e 2
i
!

t

{ HIGH PASS AVERAGING
t FILTER DETECTOR
[

|

I

FROM
SQG ARM

0DC AMPLIFLER

HC680I~C

The collector of RUS Transistor
TR602 also rises to +9 VDC and turns on
inverter IC601-A. A- is then applied
to the base of inverter TR603, turning
it off and allowing its collector to go

high. The positive voltage on the
collector 1is applied to audio gate
IC601-B, turning it on. TR604 is

biased on but has no effect on audio
switches TR605. The base of the
transistor is connected to the output
of audio control switch IC601A-2 which
is at A-. Therefore TR605 turns off,
allowing input audio to the PA which
feed audio power to the speaker.

When the microphone is keyed, the
DPTT input is low. This low is
applied to audio gate IC601-B through
CD603B, turning IC601-B off. It 1is

also applied to audio control switch
IC601-A {(through CD603A) turning it
off. TR603 1is also off and TR604,

TR605 are on. TR605 shorts out the
audio input to the audio PA IC602.

SCHMITT
TRIGGER

TRE0!
cas

HCBO1-D

;J\

TR602
RUS

.

1C603-C

Figure 1 - Squelch circuits (HC601)
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CAS HI: CARRIER
SOHI LO: NO CARRIER

SQUELC TREOI
HC 601 UNSOQ TR602
L
(CB01-A :
-—Do_ ic0- gus _HI: CARRIER & DECODE TONE
RX MUTE | coe603y/
TR
603
5FTT
58015
R80O4
TR8OSB .
PA KEY/CCTSA DS UN:%-&
1CDECS
CD605
1C601
B
)
I %HI LEVEL
PRRIELE
AUDIO
VOL ARM 4<r’// SHAPING
HC602

ALERT TONE/RX PA

Figure 2 - Audio Control Circuit

POWER DISTRIBUTION

Battery supply A+ enters the
radio through the front connector at
J801-19. A- enters through J801.
Figure 3 is a block diagram of the
power distribution system. Two heavy
connections are provided for transmit
A+ and transmit A- and connect to two
busses. The busses are connected to
the PA through a special feedthrough
arrangement. A second set of wires is
routed through the control unit aand
supplies power to the audio amplifier
and all other radio circuitry.

CAUTION

The CMOS Integrated
A Circuit devices wused

‘% \ in this equip-
ment can be des-

troyed by static

discharges. Before

handling one of
these devices, the serviceman
should discharge himself by
touching the case of a bench test
instrument that has a 3-prong
power cord connected to an outlet
with a known good earth ground.
When soldering or desoldering a
CMOS device, the soldering iron
should also have a 3-prong power
cord connected to an outlet with
a known good earth ground. A
battery-operated soldering iron
may be wused in ©place of the
regular soldering iron.
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