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MAINTENANCE MANUAL
VHF REAR COVER ASSEMBLY

19C337097G1 - G3

DESCRIPTION

The Rear Cover Assembly consists of the VHF RF
Board, die-cast aluminum case and the associated hardware.

 The RF Board assembly includes soldered-in modules,
integrated circuits and surface-mounted components. This

double-sided printed-wire board is surrounded by a die-cast
"eggcrate" aluminum casting and mounted in the rear cover
case. This arrangement provides excellent RF shielding be-
tween the various circuits and the outside environment. A
cover shield provides shielding between the RF Board and
the digital circuits located in the front cover.

RF BAND REAR COVER
(MHz) ASSEMBLY RF BOARD PRODUCT

136 - 150.8 19C337097G1 19D902735G1 M-PA

146 - 162 19C337097G2 19D902735G3 M-PA, MTL

157 - 174 19C337097G3 19D902735G5 M-PA, MTL

Table 1 - Applications
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CIRCUIT ANALYSIS

The RF Board is electrically connected to the Control
Board by two single-in-line connectors. Power supplies in-
clude 7.5 Vdc (battery power) and a regulated 5.4 Vdc supply
from the Control Board located in the Front Cover Assembly.

Logic inputs from the Control Board include serial synthe-
sizer loading data, power-save, and a switched 5.4 Vdc source
to enable the transmitter and disable the receiver circuits. Other
siguals from the Control Board include modulating audio and
the transmitter power level set line when a transmission is
enabled.

The RF Board provides the FM demodulated audio and
synthesizer lock status to the Control Board. During transmit-
ter operation RF power appears at the top antenna jack or the
UDC jack if an appropriate adapter is inserted.

ANTENNA SWITCH AND LOW-PASS
FILTER

The antenna switch, located at the top of the RF Board,
serves to select the top mounted antenna or a UDC antenna
option. A spring-loaded contact in the switch normally con-
nects the low-pass filter to the top mounted antenna. When a
UDC accessory (or an RF test plug) that utilizes the UDC
antenna jack is installed, RF is routed to/from the UDC antenna
jack instead of the top jack. Connecting an accessory to the
UDC jack pushes the small gold plated center pin inside the
unit, switching the filter from the top antenna jack to the UDC
antenna jack.

Low-pass filter consists of capacitors C 1 - C 7 and
inductors L1 - L4. L1 provides a dc path to ground for the
antenna. This LC network rejects unwanted harmonics in the
received and transmitted signal. The network has a insertion
loss of 0.3 dB and a rejection of more than 65 dB at the second
harmonic in the stopband. The filter has input and output
impedances of 50 ohms.

T/R SWITCH DIODES

Antenna T/R switch diodes connect the transmitter’s out-
put or the receiver’s input to the low-pass filter (and antenna)
during transmit and receive modes respectively. Two pin di-
odes are biased by the TX 5.4V line to route the RF properly.

When the radio is transmitting, the diodes are forward-bi-
ased by a high level (5.4 Vdc) on the TX 5.4V line. RF power
from the transmitter (Power Controller module pin 14) passes
through D1 to the low-pass filter network and the antenna.
Forward-biased D2 prevents any transmit RF from entering the

receiver by providing a low impedance path to ground at the
receivers input. Network C36, C37 and L9 serves to attenuate
transmitter power before it reaches D2. The two diodes are
forward biased by the following dc path: TX 5.4V line, R53,
R1, LS, D1, L9, D2 and ground.

In receive mode, with TX 5.4V low (both diodes off), RF
from the antenna is routed to the receiver’s front-end.

TRANSMITTER

The VHF transmitter circuit includes the Power Amplifier
IC, the Power Controller module and support circuitry for these
components. The Power Controller module regulates the ra-
dio’s RF power by sampling the power being delivered to the
antenna from the PA IC, and controlling the PA accordingly.

In order to transmit, the Control Board in the front cover
must supply the following siguals to the RF Board:

• J102 pin 4 (5.4V ENABLE) must be high (5.4 Vdc)

• synthesizer must be loaded and locked with the proper
TX frequency data via STROBE, DATA and EN-
ABLE

• J101 pin 5 (TX 5.4V) must be high (5.4 Vdc)

• J101 pin 1 (PWR SET) must be set to a level corre-
sponding to the programmed power level (high or
low)

• modulating audio must be present on J102 pin 1

Power Amplifier IC U4

Power Amplifier IC U4 is a three-stage device mounted to
the "eggcrate" casting. The casting serves as a heat sink. U4
provides approximately 36 dB gain for the transmitter. RF
drive is applied to pin 1 from the VCO. The IC’s output is on
pin 6.

Battery power for the PA is sourced from the 7.5V BATT
line via L6, L7, L8, L16, Q1 and Q4. The associated LC
networks provide decoupling for the supplies.

Transistor Q4 saturates (turns on) when the radio is trans-
mitting to supply 7.5 Vdc (±20) to U4 pin 2 and 4. Transistor
Q5, which is driven by TX 5.4V, turns on Q4 when TX 5.4V is
high.

Transistor Q1 supplies dc power to U4 pin 3. This transis-
tor operates in a linear mode and is driven by the Power
Controller IC to regulate RF power.

Power Controller Module Al

Power Controller Al regulates the RF output power as
set by the programmed power level. This module maintains
constant output power despite battery voltage variations or
temperature related gain variations of the PA. Operating
power for this module is supplied from the TX 5.4V line
when a transmission is enabled.

RF enters Al at pin 1 and exits at pin 14 at a loss of 0.1
dB. A microstrip directional-coupler inside the module sam-
ples the RF power. This signal is then rectified and compared
to the PWR SET line from the Control Board; an error signal
is produced which drives transistor Ql to control the PA IC’s
gain. This feedback method of power control maintains
constant RF output power as set by the digital-to-analog
converter on the Control Board.

The PWR SET signal from J101 pin 1 is decoupled by
R3l, C76 and C65 and applied to the PowerController at pin
12. This dc reference level varies from approximately 1 Vdc
(low power) to 4 Vdc (high power). In receive mode, PWR
SET is 0 Vdc.

Harmonic Filter

Transmit VCO drive from A4 is connected to the PA by
a harmonic filter network. L14 and C69 - C71 form a filter
which has a rejection of more than 30 dB in the stopband.
Capacitor C 15 couples the drive to the PA module.

RECEIVER

The receiver utilizes the dual-conversion superhetero-
dyne technique to recover the desired signal. High-side
injection from the synthesizer circuit produces a high IF
frequency of 45 MHz at the output of the first mixer. The
second mixer uses high-side injection from a crystal oscilla-
tor to produce the desired second IF of 455 kHz. LC and
crystal filters are incorporated throughout the receiver cir-
cuit. This arrangement produces excellent sensitivity, selec-
tivity and image rejection.

Front-End

Capacitor C35 couples RF from the low-pass input filter
and T/R switch circuit to Notch Filter A3. A3 is a passive LC
network that provides front-end image frequency protection.
The filter has an insertion loss of less than 0.5 dB in the
passband. Capacitors C67 and C68 couple RF to FLI.

Bandpass Filter FLI is a three-pole LC device. This filter
is factory tuned to cover the operating frequency range of
the radio. The filter has a maximum passband loss of 2.8 dB
and input/output impedances of 50 ohms.

RF from FLI enters double balanced First Mixer U5 at
pin 1. Synthesized VCO injection (at 7 dBm) from A4 pin 9
is applied to U5 pin 8. The 45 MHz converted signal appears
on pins 3 and 4 at a maximum conversion loss of 5.3 dB.
Impedances at all ports is 50 ohms. C45 and Ll3, series tuned
to 45 MHz, couple the converted signal to the High IF Amp.

High IF Amp, Crystal Filter and Buffer

High IF Amplifier A2 is a single transistor, common-
base, non-tunable transistor amplifier module. Center fre-
quency is 45 MHz and the IF signal is introduced on pin 2.
This module has input and output impedances of 50 ohms.
The amplified signal is applied to FL2 by pin 5.

High IF Filter FL2 is a monolithic crystal filter with a
center frequency of 45 MHz. It has a 3 dB bandwidth of ±7.5
kHz minimum and terminal impedances of 50 ohms. Loss in
the passband is 4 dB maximum. The filter’s output is coupled
to  IF Buffer  Amp Q3 by C10. The LC network
(L12//C57//Cl0) at pin 2 is tuned to the IF frequency.

High IF Buffer Amp Q3 is a common-base nontunable
amplifier stage. This stage matches the low impedance out-
put of FL2 to the high impedance input of U6.

Back-End

The back-end circuits perform second conversion and
demodulation of the FM signal. Capacitor C56 couples the
45 MHz IF signal from Q3 to pin 16 of U6.

Integrated circuit U6 is a 16-pin DIP IC that contains an
oscillator, mixer, limiter, demodulator and audio amplifier.
Using external crystal Y1, a 45.455 MHz signal is generated
in the IC for the second mixer high-side injection. Alignment
for this 2nd LO is provide by coil T1.

Copyright© September 1990, Ericsson GE Mobile Communications, Inc.

Outline and schematic diagrams for the modules are
shown in the Service Section. The modules are not
serviceable; schematics and outlines are given as a
troubleshooting aid only.

NOTE
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The mixer’s output from U6 pin 3 passes through 455
kHz filter FL3. This filter has an input and output imped-
ances of approximately 1500 ohms with a stopband attenu-
ation of 35 dB minimum. It has an insertion loss of 4 dB and
a center frequency of 455 kHz ± 1.5 kHz. The 455 kHz output
signal from FL3 is returned to U6’s limiter input pin 5.

The limiter stage in U6 is internally connected to the
demodulator stage. Alignment for the internal quadrature
detector is provided by coil T2. The recovered audio is
available on U6 pin 9. Audio is applied to J101 pin 4 for
passage to the audio circuits in the Front Cover Assembly.

SYNTHESIZER

The microprocessor-controlled phased-locked loop
(PLL) synthesizer produces the transmitter’s drive and the
receiver’s first mixer injection. Primary components include
a stable reference oscillator, a voltage-controlled oscillator
(VCO), a dual-modulus prescaler chip and a serially-loaded
synthesizer chip. A PLL filter module integrates the analog
error signal from the synthesizer chip before it is passed to
the VCO.

Reference Oscillator U3

Reference Oscillator U3 produces a 13.2 MHz crystal
reference frequency for the synthesizer chip. Capacitors C
16 and C54 couple this reference signal to the synthesizer
chip. The synthesizer chip phase compares this reference
signal to the divided VCO signal; it produces an error signal
which tunes the VCO. During a transmission, low-frequency
audio signals from TX AUDIO are buffered by Q6 and Q7
and ac coupled to U3 via C30. These low-frequency audio
signals frequency modulate the 13.2 MHz signal. Modula-
tion Balance potentiometer R18 is adjusted for best low-fre-

quency response with a 20 Hz, 1 Vp-p square-ware TX
AUDIO input. TX AUDIO is also coupled to the VCO to
provide modulation.

Regulated 5.4 Vdc is applied to pin 3 by R12. Capacitor
C27 provides the necessary supply decoupling for the oscil-
lator.

U3 has a small opening on the top which provides access
to an internal frequency adjustment. This oscillator is factory
aligned and it is highly stable. It should not normally need
alignment in the field.

Voltage-Controlled Oscillator Module A4

VCO module A4 is the largest and most complex mod-
ule on the RF Board. This module has separate internal TX
and RX oscillators which generate the transmitter drive and
receiver first LO injection signals. When TX 5.4V is high,
the TX oscillator is enabled and the RX oscillator is disabled.
Output frequency for both oscillators is controlled by the
tuning voltage on pin 5.

A regulated power supply of 5.4 Vdc is delivered to A4
pin 7. This supply is developed from the regulator circuit in
A5B. R32 and C52 decouple this supply.

The VCO also requires a negative power supply for
operation. This supply is generated from the OSC OUTput
of UI. On the positive cycle of OSC OUT, C47 charges
through R34 and D3 (pins 1 - 3). When OSC OUT returns
low, C47 charges C48 via R34 and D3 (pins 2 and 3). R35
and C49 provide additional filtering. Approximately -3.7
Vdc is present on A4 pin 6.

In transmit mode the VCO is phased-locked to the TX
channel’s frequency. RF drive from A4 pin I is approxi-
mately 9.5 dBni. Table 2 lists tuning voltage data.

TX AUDIO frequency modulates the VCO. VCO Modu-
lation potentiometer R19 sets the modulation level into the
VCO from the TX AUDIO line. The pot is aligned so a 1 kHz,
600 mV rms TX AUDIO input will produce a deviation of 5.0
kHz.

In receive mode, the VCO is phased-locked 45 MHz above
the RX channel’s frequency. This LO signal is applied to the
mixer and prescaler IC via pins 9 and 8 respectively. Table 2
lists tuning voltage data.

Prescaler Stage

The VCO signal is buffered by common base configured
Q2 and applied to prescaler chip U2 via C20. Q2 prevents
loading of the VCO by the prescaler chip. This dual-modulus
prescaler divides the VCO signal by 64 or 65 according to the
logic signal on the modulus control input (MC, pin 1). This
modulus is controlled by U 1; the chip divides-by 64 when the
MC is high.

Synthesizer IC Ul

Integrated circuit UI contains a reference frequency di-
vider, variable frequency dividers and phase detectors for the
synthesizer circuitry. This IC has an analog and a digital phase
detector. The analog detector is incorporated in the main PLL
and the digital detector output indicates lock status. Reference
and variable frequency dividers are serially loaded by the
clocked data line from the microprocessor. This IC controls the
dividing factor of the prescaler by its modulus control (MC,
pin 8) output.

Serial data from the microprocessor is shifted into UI by
the DATA line, J102 pin 10. Clocking is provided on the
STROBE line, J102 pin 11, and the data is latched with the
ENABLE pulse on Jl02 pin 9. When UI pin 13 (LE) is high,

data is transferred from the internal shift registers to the divid-
ers; low inhibits the internal transfers. The tuning error signal
from the analog phase detector appears on AN OUT, UI pin l7.
This error signal is routed to PLL Filter A5A for additional
filtering before it is applied to the VCO.

The digital phase detectors output on pin 9 is sent to the
Control Board via 7Jl02 pin 8, LOCK DETECT. The micro-
processor checks this output to prevent transmission when the
VCO is not locked. During an unlocked condition, LOCK
DETECT is low or pulsing.

Voltage Regulator I Loop Filter Module A5

Module A5 has two functions. It provides switched sup-
plies to the RF Board and it contains circuitry which provides
additional filtering for the VCO tuning signal. Regulated 5.4
Vdc from J102 pin 6 is applied to A5 pin 7 and 7.5 Vdc ±20%
(battery power) is applied to pin 11.

Section A5B senses the 5.4V ENABLE line from the
Control Board for power-save operation. When 5.4V ENABLE
is high, A5B supplies regulated 5.4 Vdc to the synthesizer’s
circuitry and the back-end circuits via pins 9 and 10 respec-
tively. Switched 7.5 Vdc is also supplied to IF Amp A2 via A5B
pin 12 when 5.4V ENABLE is high.

Section A5A provides further filtering of the tuning error
signal from the synthesizer chip before it is applied to the VCO.
Inside the module, an active filter circuit integrates the tuning
error signal from synthesizer chip. Pin 4 is driven by the
ENABLE line. When high, the response time of the filter
circuit is decreased. This allows the synthesizer to lock quickly
when new data is loaded into Ul. Capacitor C25 is the primary
integrating capacitor and C26 on A5A’s output provides further
integration of the tuning error signal before it is applied to the
VCO.

Tuning Voltage 1.0 Vdc 2.5 Vdc 4.0 Vdc
(A4 pin 5)

Tolerance + 2/-5 MHz ±0.5 MHz + 5/-2 MHz

136-150.8 MHz TX 136.0 MHz 143.4 MHz 150.8 MHz
RX 181.0 MHz 188.4 MHz 195.8 MHz

146-162 MHz TX 146.0 MHz 154.0 MHz 162.0 MHz
RX 191.0 MHz 199.0 MHz 207.0 MHz

157-174 MHz TX 157.0 MHz 165.5 MHz 174.0 MHz
RX 202.0 MHz 210.5 MHz 219.0 MHz

      

Table 2 - VCO Tuning Voltage Vs.
VCO Output Frequency
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MECHANICAL PARTS

REAR COVER ASSEMBLY
19C337097G1 - G3

(19C337097, Sh. 1, Rev. 9)

REAR COVER
19B801598G1

(19B801598, Sh. 1, Rev. 7)
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OUTLINE DIAGRAMS

(19D902735, Sh. 1, Rev. 7)
(19D902652, Component Side, Rev. 4A)

(19D902735, Sh. 1, Rev. 7)
(19D902652, Solder Side, Rev. 4A)

RF BOARD
19D902735G1, G3, G5

SOLDER SIDECOMPONENT SIDE
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SCHEMATIC DIAGRAM

RF BOARD
19D902735G1, G3, G5

(19D902741, Rev. 4)
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PARTS LIST

PRODUCTION CHANGES

Changes in the equipment to improve performance or to simplify circuits are identified by a "Revision Letter", which
is stamped after the model number of the unit. The revision stamped on the unit includes all previous revisions. refer
to the Parts List for the descriptions of parts affected by these revisions.

REV. A - REAR COVER ASSEMBLY 19C337097G1 - 3

Incorporated in initial shipments.

REV. B - REAR COVER ASSEMBLY 19C337097G1 - 3
                RF BOARD 19D902735G1, 3, 5

To widen IF filter passband. FL3 changed from 19B801021P2 to 19B801021P1.

REV. C - REAR COVER ASSEMBLY 19C337097G1 - 3
                RF BOARD 19D902735G1, 3, 5

Notch filter removed. Was 19C337059G1, 3, 5 for A3.

REV. D - REAR COVER ASSEMBLY 19C337097G2 - 3
                RF BOARD 19D902735G3, 5

Improve operation of reference oscillator (Toyocomm version) U3,
C30 was removed and replaced with two 2.2 uF Tantalum capacitors C30
and C83 (19A705205P19).

REV. E - REAR COVER ASSEMBLY 19C337097G2 - 3
                RF BOARD 19D902735G3, 5

Improve operation of reference oscillator (Toyocomm version) U3,
820K ohm resistor R61 (19B801251P824) added in parallel with C49.

REV. F - RF BOARD 19D902735G3, 5

Improve operation of reference oscillator (NDK version) U3, 
change C30 to 10uF Tantalum (19A705205P6) and remove C83 and R61.
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