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DESCRIPTION

The transmitter/receiver/system board (TRS) for
DELTA-S provides all functions necessary for two-way
communications in the 29.7-50 MHz range. The TRS board
is provided in three groups. TRS board 19D901630G1 is
used in radios operating in the 29.7-36 MHz range,
19D901630G2 operates in the 36-42 MHz range, and
19D901630G3 operates in the 42-50 MHz range. Maximum
channel separation for each frequency split is shown in Table
1.

The TRS board contains the transmitter (less PA) and
receiver circuitry, microcomputer and EEPROM, frequency
synthesizer, audio processor, and voltage regulators. The
microcomputer controls all system functions, supplies fre-
quency data to the frequency synthesizer, and tone/code data
to the Channel Guard option board. All RF frequencies are
generated by the frequency synthesizer.

The transmitter PA is mounted on a separate board
located along the side of the radio near the heat sink assem-
bly.

FREQUENCY
SPLIT (MHz)

NO CENTER
TUNING

W/CENTER
TUNING

W/CENTER TUNING

1 dB DEGRADATION 3 dB DEGRADATION

29.7-36
36-42
42-50

0.5 MHz
0.625 MHz
0.75 MHz

1.0 MHz
1.25 MHz
1.5 MHz

1.5 MHz
1.75 MHz
2.0 MHz

1.75
2.0
2.5

Table 1 - Maximum Channel Separation

29.7-50 MHz REFERENCE OSCILLATOR/
MICROCOMPUTER BOARD
(19D901626, Sh. 7, Rev. 2)



The TRS board is controlled by the control unit. The
control unit interconnects with the radio by a power/control
cable connected to front connector J601.

In addition to the normal radio functions, the microcom-
puter contains self diagnostic routines to aid in troubleshooting
the radio. Included are internal tests of the microcomputer and
input/output tests to assure proper operation of the data port
and data bus. Diagnostic and Troubleshooting Procedures are
included in the Service Section of this manual.

Centralized metering jacks are accessible from the top of
the radio, and provide access for system, RF and PA metering.

CIRCUIT ANALYSIS

SYSTEM CONTROL & INTERFACE

The system control and interface circuits consist of the
microcomputer, electrically erasable PROM (EEPROM), inter-
face circuits for voltage shifting and protection and a watchdog
timer. The EEPROM gives the user the capability to program
or reprogram 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.

The microcomputer interfaces with the control unit
through J601, responding to all user commands and control
functions originating from the control unit. It provides the
transmit and receive data to the frequency synthesizer, switch-
ing information for tone and digital Channel Guard, and the
carrier control timer (CCT) function when the radio is in the
transmit mode. A block diagram of the system control func-
tions and frequency synthesizer is shown in Figure 1.

When the microphone is keyed the PTT line from the
control unit goes low. This low is applied to the microcomputer
through buffer Q701 and inverter Q711. Q701 is controlled by
ignition switch A+. The ignition switch must be on and A+
applied to the base of Q701. Q701 must be turned on to permit
keying of the transmitter. 

When Channel Guard is present the release of the PTT signal
is delayed by the microcomputer for approximately 160 milli-
seconds to eliminate any squelch tails.

The microcomputer immediately closes the antenna relay
switch by applying a low level to DPTT at A701-28. The
microcomputer then delays 15 milliseconds before the transmit
9V is switched on by applying a low level on TX ENBL at
A701-32. This is done to guarantee that the antenna relay
contacts are closed before the transmitter is energized. Once
DPTT is at a low level the receive audio is muted. Buffers Q716
and Q717 provide DPTT to the audio control circuits, antenna
relay, and the option board.

The TX ENBL line is controlled by microcomputer port 1
(bit 5 A701-32) through inverter Q718 and bilateral through
inverter Q718 and bilateral switch U302C & D. A low level on
A701-32 turns Q718 off, allowing the bilateral switches to be
turned on and A- applied on the TX ENBL line. Inverter Q720
is also turned on during this time to inhibit the alert tone PTT.

Channel Selection

The microcomputer and EEPROM provide the radio with
up to 32 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 loaded serially into the frequency synthesizer.

The microcomputer continually monitors the status of
tri-state buffers U704A-D. These buffers are periodically
turned off by a positive 5 volt, 1 millisecond pulse from
A701-36. At the same time PROM power switch Q715 is turned
on and applies +5 VDC to the EEPROM. When the buffers are
turned on channel select data is 1oaded 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 ad-
dress information, accesses the EEPROM, and receives the
frequency data stored in the addressed location. This data then
passes through the I/O 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 into the frequency syn-
thesizer using 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 P16 of the microcomputer is
also sent to the frequency synthesizer to speed up channel
acquisition.

Also considered at this time is the status of frequency bit
5 (FB5) and the PTT line A701-38. The status of the PTT line
is used to determine if the radio is in the transmit or receive
mode to assure the right frequency data is accessed. The status

of FB5 also determines which EEPROM contains the re-
quested data.

A second EEPROM is required if more than 16 channels
are provided. The second EEPROM is plugged directly into
pins extending above the top of the first EEPROM. Program-
ming Jack J711 may be used to program both PROMS (using
PROM Programmer 4EX22A1O). 

Diodes D718A and B and D719A and B provide spike
protection for the microcomputer. D717A and B provide
spike protection for the EEPROMS.

Watchdog Timer

The watchdog timer, consisting of a digital counter
U703-A and Q714, monitors the operation of the microcom-
puter and U703A generates a reset pulse in the unlikely
condition that the microcomputer gets lost and does not
execute the software properly. A 6 MHz crystal, Y701, steps
the microcomputer through the software. As programmed in
software a random pulse appears at A701-35 and is applied
to the base of inverter Q714, momentarily turning it on and
inhibiting any reset pulse from timer U703-A. If the timer
does not receive any inputs for a specified period of time,
Q714 turns off and U703-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 microcom-
puter is not restored to normal operation a 6 Hz square wave
will appear on the reset line and the indicator D713 (now
unlocked) will turn on. Refer to the Service Section of this
manual and run the self diagnostics routine to determine the
problem.

Advance Change Pulse

The advance change pulse is received from the option
board through connector J601 and applied to the microcom-
puter interrupt port A701-6 through inverter Q713. The
advance change pulse is required in radios equipped with
PSLM. When a call is received on a priority channel the
advance change pulse interrupts the microcomputer forcing
it to service immediately the I/O circuits. The tri-state buffers
are turned on and new channel select information read in.

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 lapsed an alert tone is
generated from P13 (A701-30) on the microcomputer, ap-
plied to the audio PA and heard on the speaker. The CCT may
be programmed for 1, 2, or 3 minutes or disabled (not
programmed).

Voltage Translation

Inverter buffers U707D-F, and Q721 translate the 5 VDC
levels required by the microcomputer to the +9 VDC level
used by the frequency synthesizer. Inverter Q719 restores
clock polarity.

Channel Guard

The Channel Guard encode and decode functions are
implemented in the microcomputer under software control.
The microcomputer provides digital and/or tone Channel
Guard with STE.

If the radio is in the receive mode, the Channel Guard
tone/code is hard limited and inputted into the microcom-
puter through A701-29 (LIM CG Tone Decode). If the cor-
rect tone code is present, the receiver is opened by the RX
MUTE line. If the radio is in the transmit mode, the micro-
computer generates the Channel Guard tone using WALSH
BIT 1 and WALSH BIT 2. Those outputs are summed to-
gether and filtered on the optional Channel Guard board to
generate a smooth sinewave for tone Channel Guard or a
digital waveform for digital Channel Guard.

Frequency Synthesizer 

The frequency synthesizer receives clock, data, and
control information from the microcomputer and from this
generates the TX/RX RF frequencies and provides frequency
lock status to the microcomputer. It consists of synthesizer
chip U201, low and high current buffers, loop filter, TX &
RX voltage controlled oscillators (VCO’s), feedback ampli-
fiers, dual modulus prescaler, and reference oscillator. The
VCO’s are locked to the reference oscillator by a single
direct divide synthesis loop consisting of the feedback buff-
er, prescaler, and synthesizer. The VCO’s operate over a
frequency range of 29.7 MHz to 50 MHz.

Reference Oscillator

The reference oscillator consists of a 5 PPM oscillator,
an audio amplifier and temperature compensation network.
The standard reference oscillator frequency is 13.2 MHz.

The 5 PPM oscillator is a standard Colpitts circuit using
a FET transistor Q352 and fundamental crystal Y351. Oscil-
lator output is typically 0.7 VPP. Audio deviation is set by
R358 for ±1 kHz.

Copyright© February 1986, General Electric Company

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

The TRS board also provides access for parallel loading
(through program connector J111) on a per channel basis
using the General Electric Programmer 4EX22A10.

NOTE
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Figure 1- Block Diagram System Control and Synthesizer

LBI-31535

2



The temperature compensation network consists of R351-
R354 and D351. R353 is a thermistor having a negative tem-
perature coefficient. Its resistance increases with a decrease in
temperature. The output voltage of the temperature compensa-
tor varies the voltage applied to varicap D353 to maintain the
oscillator frequency within ±5 PPM.

The output of the reference oscillator is applied to the
synthesizer input, XI along with Q203 and Q205.

Synthesizer

Synthesizer U201 contains a programmable reference os-
cillator divider (+R), phase detector, and programmable VCO
dividers (+N, A). The reference frequency, 13.2 MHz from the
reference oscillator is divided by a fixed integer number to
obtain a 5 kHz channel reference for the synthesizer. The
internal phase detector compares the output of the reference
divider with the output of the internal +N, A counter. The +N,
A counter receives as its input the VCO frequency divided by
the dual modulus prescaler and programmed by the microcom-
puter. This comparison results in a ± error voltage when the
phases differ and a constant output voltage when the phase
detector inputs compare in frequency and phase.

If a phase error is detected an error voltage is developed
and applied to the high current buffers and loop filter to reset
the VCO frequency. The count of the +N, A counters is con-
trolled by the frequency data received on the clock and data
lines from the microcomputer. Thus, when a different channel
is selected or when changing to the transmit or receive mode
an error voltage is generated and appears at the phase detector
output, ANO, causing the phase locked loop to acquire the new
frequency.

The enable pulse from the microcomputer enables the
synthesizer and allows frequency data to be internally stored.

DC Offset and High Current Buffers

DC offset buffers Q203, Q205 and Q206 receive the error
voltage from the synthesizer and increases this level by 1.8 

VDC to extending the operating range of the high current
buffers. When the PLL is off frequency due to a channel change
or frequency drift the error voltage from the synthesizer (ANO)
rises or falls turning Q206 on or off. Q206 controls the DC
offset buffers Q203 and Q205 and high current buffers Q202
and Q204. Q202 and Q204 complete a high current rapid
charge path for C212-C214. Q205 and Q206 provide the rapid
discharge path.

As the error voltage decreases Q206, Q203 and Q205 turn
on completing a discharge path for C212-C214 through bilat-
eral switches U204A-D. When the error voltage goes positive
Q203, Q205 and Q206 are turned off, allowing C212-C214 to
charge through Q202 and R223-R225. U204 is turned on for 4

milliseconds each time a channel is changed in receive or when
changing from transmit to receive. The time is 20 milliseconds
when in transmit.

Loop Filter

The loop filter consists of R223-R225, and C212-C214.
This filter controls the bandwidth and stability of the synthe-
sizer loop. Bilateral switch U204 is controlled by the 4 milli-
second, 9 volt channel change pulse. When the channel change
pulse is present the bilateral switch shorts out the low pass filter
greatly increasing the loop bandwidth to achieve the 4 milli-
second channel acquisition time required for PSLM. The low
pass filter removes noise and other extraneous signals internal
to the synthesizer chip.

The output of the filter is applied to the varicaps in the
transmit and receive VCO’s to adjust or correct the VCO
frequency.

Receiver Voltage Controlled Oscillator

The Receiver VCO consists of a low noise JFET oscillator,
Q213, followed by high gain buffers Q214 and Q215. These
buffers prevent external loading and improves power gain. The
VCO is a Colpitts oscillator with the various varactors, capaci-
tors and inductors forming the tank circuit. Capacitor C220
allows manual adjustment of the VCO across the frequency
split. The varicaps provide voltage controlled frequency adjust-
ment of about 3 MHz. The VCO is switched on and off under
control of the DPTT line. When the DPTT line is low the
Receiver VCO is turned on (Q218 is on). Oscillator output is
typically +10 dBm. RX VCO lock time is 4 milliseconds
maximum.

Transmitter VCO

The Transmit VCO is basically the same as the Receiver
VCO except that coil L211 is tuned to provide an operating
range of approximately 8 MHz, depending on which frequency
split the radio is operating on. The varactors provide a voltage
controlled adjustment range of approximately 3 MHz. The high
gain series buffers Q219 and Q220 provide a typical output of
+10 dBm. Transmit audio is applied to deviation adjustment
control R237. Deviation is set for 4.5 kHz. TX VCO lock time
is 20 milliseconds maximum.

TX VCO control switch Q216 and Q217 turn the Transmit
VCO on when DPTT is high. Q216 is off, Q217 is on.

The use of two VCO’s allows rapid independent selection
of transmit and receive frequencies across the frequency split.

VCO Characteristics 

The synthesizer has two VCO’s or voltage controlled
oscillators. The VCO frequency is directly related to a con-
trol voltage generated by the synthesizer circuitry and must
remain within specified limits for the synthesizer to function
properly. The RX VCO typically will increase in frequency
about 4 MHz when the control voltage moves from its lower
limit to its upper limit. The TX VCO moves about 6 MHz for
the same situation. By tuning the coil for the TX VCO or the
capacitor in the RX VCO, the same control voltage fre-
quency spread can be moved up or down through the full
range of frequencies that the radio operates on.

In order to maintain the excellent selectivity and hum
and noise performance of the radio, the frequency range that
the VCO’s can be voltage tuned must be kept to a minimum.
This requires that all the available voltage range be fully
utilized. The alignment procedure, therefore, instructs the
user to accurately set the control voltage to the upper limit
of the voltage range at the highest frequency channel.

If the required frequency spread is less than the maxi-
mum two frequency spread, then there are no restrictions on
setting the lowest and highest frequencies within the re-
quired voltage limits.

The minimum tuning requirement of the VCO’s is to
cover the proper frequency range. For instance, to cover 29.7
to 50 MHz the VCO must be tunable such that at 29.7 MHz
the control voltage is at least greater than or equal to the
lower voltage limit, and at 50 MHz the voltage must be less
than the upper limit. If the control voltage can be tuned
higher than the lower limit at 29.7 MHz, this simply means
that you can program channels below 29.7 until you finally
run into the lower voltage limit. When tuning the VCO’s to
a channel close to 50 MHz, the control voltage may not reach
the upper control voltage limit. This is normal for some
radios and is due to the tolerances on the many capacitors in
the VCO. Even though it takes very little change in capaci-
tance to shift the VCO frequency range a few megahertz, this
variation has been carefully compensated for by increased
tuning range for the VCO. Therefore, if you tune to 50 MHz,
you may not achieve the maximum control voltage for all
radios, but you will always be greater than the lower voltage
limit.

Note that the RX & TX VCO’s have totally different
tuning adjustment devices. The TX VCO will tune as any coil
will by reaching a peak voltage setting at the 50 MHz
frequency, assuming that the peak falls within the control
voltage limits of the VCO. The RX VCO uses a multi-turn
trimmer capacitor which lowers the VCO frequency linearly
with clockwise turns of the screw-type slotted piston. Unlike
the coil used in the TX VCO, the trimmer C does not peak
but simply reaches a maximum setting (lowest frequency is
maximum setting) and stops turning. The 50 MHz receive
channel should have a control voltage greater than the lower
limit. The trimmer cap is a very high quality device which
allows the RX VCO to always have consistent state-of-the-
art noise performance necessary for a high quality synthe-
sized radio.

Feedback Buffers

The RX injection and TX injection voltage output from
the RX VCO and TX VCO are supplied to the receiver mixer
and the exciter respectively and to the feedback buffers.
Buffering is provided by Q222 and Q223 and the output
applied to dual modulus prescaler U202.

Dual Modulus Prescaler

The dual modulus prescaler completes the PLL feed-
back path from the synthesizer to loop filter, to the VCO’s
and feedback buffers and then back to the synthesizer
through the prescaler. The prescaler divides the VCO fre-
quency by 64 or 65 under control of MOD C from the
synthesizer. The output of the prescaler is applied to the
synthesizer where it is divided down to 5 kHz by an internal
+N, A counter and compared in frequency and phase with
the divided down frequency from the reference oscillator.
The result of this comparison is the error voltage used to
maintain frequency lock. The +N, A counter is controlled by
data received from the microcomputer. Depending on the
operating frequency, the DC voltage at TP201 should be
within the range 3.5 to 7.5 VDC when the PLL is locked.

Lock Detect

The lock detect circuit consists of comparator IC U203,
diodes D201 and D202, and reference oscillator mute switch
Q207 and Q208. It is used to quickly synchronize the phase
relation of the divided down VCO frequency and the refer-
ence oscillator if the loop loses lock. It also provides a fast
lock detect signal to the microcomputer to turn on the out-
of-lock indicator. If a large change in frequency is required
the ramp capacitor output (RC) of the synthesizer may in-
crease to near 7.5 VDC and cause the comparator output to
decrease. This decrease in voltage turns Q207 off and allows
Q208 to be turned on by the positive LD line from the
synthesizer. Thus Q208 disables the reference oscillator and
allows the PLL to be brought back to synchronization rap-
idly.

Going too high with the voltage setting at the highest
frequency channel may cause problems over tempera-
ture extremes as the VCO’s will drift slightly. Set the
voltage too low and you may not remain within the
required lower voltage limit as you cover the radio’s
maximum two frequency spread.

NOTE
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If a large frequency error exists the LD positive lead
from the synthesizer will carry negative spikes to the micro-
computer through D202B to activate the lock indicator cir-
cuit. Pulse shaper U703 is a one-shot multivibrator which
increases the pulse width to span 1 computer cycle. Q207 is
turned on, keeping Q208 off thereby preventing Q208 from
muting the reference oscillator.

TRANSMITTER

The transmitter section of the TRS board includes the
audio processor and exciter. The power amplifier is con-
tained on a separate board adjacent to the TRS board and
next to the heat sink assembly. Information related to the PA
is included in a separate insert. Figure 2 is a transmitter block
diagram showing the exciter and PA. The audio processor is
shown in Figure 1.

Audio Processor U301

The audio processor provides audio pre-emphasis with
amplitude limiting and post limiter filtering and a total gain
of approximately 24 dB. Approximately 20 dB gain is pro-
vided by U301B and 4 dB by U301A.

The 9 Volt regulator powers the audio processor and
applies regulated 9 volts to a voltage divider consisting of
R303, R313, R308 and R312. The +4.5 V output from the
voltage divider establishes the operating reference point for
operational amplifiers 

U301B and U301A. C302 provides an AC ground at the
summing input of both operational amplifiers.

The voltage divider and diodes D301 and D302 provide
limiting for U301B. Diodes D301 and D302 are reversed
biased at +1.7 VDC. Voltage divider network R303, R308,
R312 and R313 provides +6.2 VDC at the cathode of D301
and +2.8 VDC at the anode of D302. The voltage junction of
D301 and D302 is 4.5 V. C308 and C312 permit a DC level

change between U301B-7 and the voltage divider network for
diode biasing.

When the input signal to U301B-6 is of a magnitude such
that the amplifier output at U30lB-7 does not exceed 4 volts
PP, the amplifier provides a nominal 20 dB gain. When the
audio signal level at U301B-7 exceeds 4 volts PP, diodes D301
and D302 conduct on the positive and negative half cycles
providing 100% negative feedback to reduce the amplifier gain
to 1. This limits the audio amplitude at U301B-7 to .5 volts PP.

Resistors R309, R310 and R311 and C311 comprise the
audio pre-emphasis network that enhances the signal-to-noise
ratio. R311 and C311 control the pre-emphasis curve below
limiting. R306 and C311 control the cut-off point for high
frequency pre-emphasis. As high frequencies are attenuated,
the gain of U301 is increased.

Audio from the microphone is coupled to the audio proc-
essor through C307 and R307.

The amplified output of U301B is coupled through R305,
C306, R314, R315 and bilateral switch U302-A to a second
operational amplifier U301A. The bilateral switch is controlled
by the DPTT line so that TX audio is transmitted only when
the PTT switch is pressed.

The Channel Guard tone input is applied to U301A-2
through J603-15, R301 and bilateral switch U302A. The CG
tone is then combined with the microphone audio at U301A.
U301-A provides a signal gain of approximately 4 dB.

A post limiter filter consisting of U301A, R314-R316,
C309 and C313 provides 12 dB per octave roll-off. R305 and
C305 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
R236 to the transmitter VCO.

TX enable switch U302-B shorts out operational amplifier
U301-A when the radio is in the receive mode. The TX EN-
ABLE signal is generated by the microcomputer when the PTT
switch is released and is less than 2.7 VDC in the receive mode.

Provisions for data input are provided by J303.

Exciter

The exciter consists of two broadband fix tuned amplifier
stages operating over a frequency range of 29.7-50 MHz. An
attenuator pad (R101-R103) at the input of the exciter provides
a constant load for the VCO and attenuates the signal from the
VCO to approximately 18 dBm. The exciter amplifies the 18
dBm signal from the VCO to provide 250 milliwatts drive to
the power amplifier.

The injection frequency input from the TX VCO is applied
to the base of amplifier Q101 through an attenuator pad and
impedance matching components C101, C102 and L101. The
impedance matching network matches the VCO output to the
base of Q101. R106 and R107 set the bias voltage for the Q101.
Collector voltage is applied direct from the +9V SYNTH/
EXCTR line through TX ENBL switch. Q103 and collector
feed network L102 and R109. C103 provides noise decoupling.

The output of Q101 is coupled to the base of transmitter
driver Q102 through C106 and impedance network C109, L103
and R113. The 250 milliwatt output of Q102 is coupled to the
power amplifier board through 50 ohm impedance matching
network C116, L105, C117, and service plug P103 and output
plug P101.

Collector voltage for Q101 is supplied by +9V SYNTH/
EXCTR through 9V TX switch Q103. Q103 is controlled by
TX ENBL from the microcomputer. When TX ENBL is low
Q103 is turned on providing voltage to amplifiers Q101. When
TX ENBL goes high (receive mode) Q101 is turned off, pre-
venting any interference by the TX VCO frequencies.

Collector voltage for driver Q102 is supplied from the +9V
SYNTH/EXCTR source through R114 and R115 and collector
feed network L102 and R109.

P101 consists of a pin soldered to the end of the microstrip.
The outer shield consists of a hole in the casting through which
the pin connects to the PA.

Three exciter metering points are accessible at RF meter-
ing jack J101. The first metering point at J101-10 monitors the
emitter voltage of Q101 through metering network C104, R117
and R110. Typical reading is 0.65 V on the GE test set.

The second metering point at J101-9 monitors the collec-
tor voltage of amplifier Q102, through R111, R118 and C110.
This point typically is 0.45 V on the GE test set.

The third metering point at J101-8 monitors the collector
voltage of driver Q102. The metering network consists of
R112, R119, and C108. The relative exciter power output can
be read at the test jack on the power amplifier assembly.

Figure 2 - Transmitter Block Diagram

Some resistors have a tolerance of 1%. This tolerance
must be maintained to assure proper operation of the post
limiter filter. Use exact replacements.

SERVICE NOTE
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The exciter is energized by pressing the PTT switch. A
regulated 9 volts is present on Q102 when the radio is turned
on. It is normal to read collector voltage at J101-9 when the
transmitter is not keyed.

Capacitors C112, C114 and C115 isolate the exciter board
from vehicle ground for operation in vehicles with positive or
negative ground.

RECEIVER

The FM receiver used in DELTA-S radios is a single
conversion receiver using 10.7 MHz as the IF frequency. Ad-
jacent channel selectivity is provided by three 4-pole crystal
filters.

The nine volt regulator supplies power to all receiver
circuits except the audio PA IC’s which receive power directly
from the A+ supply through the power on switch. A block
diagram of the receiver is shown in Figure 3.

All receiver circuitry is mounted on the TRS board and
consists of:

• Receiver Front End

• LO Injection Amplifier

• Diode Mixer 

• 10.7 MHz IF Circuitry

• Limiter/FM Detector

• Audio PA

• Squelch

Receiver Front End

The RF signal is coupled through a 2-pole LC filter (L402
and L403) to a common gate JFET pre-amplifier, Q401. After
amplification by Q401, the RF signal is coupled through a
4-pole LC filter and T401 to the double-balanced diode mixer
D401-D404.

RX Injection

The injection frequency from the synthesizer (5-15 dBm)
is applied to the base of injection buffer/amplifier Q406
through 50 ohm microstrip Z403. The output of Q406 is filtered
by a 2-pole LC filter (L415, L416) to remove spurious signals
and coupled to the diode mixer through T402.

Injection metering (INJ METER) is taken from the emitter
of injection amplifier Q406 and metered at J101-3 (position H
on the Test Set). The reading is typically 0.4 volts with injection
and 0.1 volts without injection. The synthesizer frequency may
be monitored at C435.

Mixer

The diode mixer, D401-D404, provides low input imped-
ance, spurious protection, and an output relatively free of
harmonics (low in intermod products).

Receiver RF from the pre-amplifier and LC filters is ap-
plied across D402 and D404 of the diode mixer. Injection
voltage from the frequency synthesizer is amplified by injec-
tion amplifier Q406, filtered by 2-pole LC filter, L415 and
L416, and applied to the diode mixer across D401 and D403.
The 10.7 MHz output is coupled from the center tap of T401
through C420 and R405 to the source input of IF AMPL Q402.
Q402 is a JFET amplifier/buffer stage. The output of the JFET
buffer is coupled through C421 to the optional noise blanker
(W401 removed) or through impedance matching networks
L411, L412, and associated circuitry (bypassing IF blanking
FETS Q403 and Q404) to a 4-pole XTAL bandpass filter
(W401 connected).

The highly-selective crystal filter consisting of Z401 and
Z402 provides the first portion of receiver IF selectivity. The
output of the filter is coupled through a second impedance
matching network (C431, R414 and L413) to G1 of IF ampli-
fier Q405.

Voltage to the drain of Q405 is supplied from the +9V RX
supply through L501, L502, R415, R418 and L414.

IF & Detector Stages

IF amplifier Q405 is a dual-gate low-noise MOS FET
amplifier. The filter output is applied to gate 1 of the amplifier,
and the output is taken from the drain. The biasing on gate 2
and the drain load determines the gain of the stage. The ampli-
fier provides approximately 20 dB of IF gain. The output of
Q405 is matched into a second 4-pole crystal filter by tuned
circuit L414, C433 and R419. The output of the crystal filter is
applied to IF amplifier IC U501 through impedance matching
network L507, C502, C503, and R501.

U501 provides approximately 55 dB of gain. Following
U501 is a third 4-pole crystal band-pass filter (Z503 and
Z504) which provides the final stage of IF selectivity. 

IF signal from the 4-pole crystal filter is applied to the
IF amplifier/ limiter/FM detector IC (U502) through imped-
ance matching network L508, C511, C512, and R503. The
amplifier provides approximately 80 dB of gain to insure that
the signal is well into limiting.

U502 also contains the quadrature FM detector. The
single-tuned LRC network, consisting of L509, C515, C516,
and R504, provides the 90° phase shift necessary to produce
the recovered audio. The low level detected audio is applied
to audio preamplifier U603-B.

The metering for the FM detector and IF amplifier is
provided by the red systems metering jack J602-1 and 10
respectively. The metered outputs are taken from U502.

Audio And Squelch Circuits

Audio

Received audio from the FM detector is applied to the
input of audio preamplifier U603-B. The audio output level
of the audio preamplifier is adjusted by Volume/Squelch HI
level control R629 for 300 millivolts RMS. The audio is then
applied to the volume and squelch (optional) controls in the
control unit through front connector J601-7.

Audio is returned on VOL ARM through J601-8 and
applied to audio gate (bilateral switch) U605-B. The audio
gate is controlled by DPTT (delayed Push-To-Talk) and PA
KEY/CCT PA ENBL through Q603 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 sufficient signal to
noise level and the correct Channel Guard frequency will
cause the audio control circuit to apply +9 volts to U605-B
turning the audio gate on.

Audio from the audio gate is applied to the de-emphasis
network consisting of a 2-pole low-pass filter (U603D), a
2-pole high pass filter (U603C) and associated circuitry. The
low pass filter consisting of R614, R615, C606, C607 and
U603-D provides a 6 dB per octave roll-off between 300 and
3000 Hz. C608, C609, R617, R616, R618, R619 and U603-C
form a 2-pole high pass filter that 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 is comprised of
U601, U602, and associated circuitry, and forms a bridge
amplifier to provide 12 watts (6.93 VRMS across a 4 ohm
load) of audio output power at radio output metering termi-
nals J602-6 and 7. The output of U601 is applied to one side
of the speaker and through a voltage divider (R621 and

R622) to the inverting input of U602. The output of U602 is
equal in amplitude but 180° out of phase with U601 and is
applied to the other side of the speaker. U601 and U602
provide a balanced  pushpull output to the speaker. The gain
of U601 and U602 provide a balanced pushpull output to the
speaker. The gain of U602 is determined by the value of
R623 and R624.

Squelch Circuits

The squelch circuit monitors noise on the VOL/SQ HI
input 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 (optional) in the control unit or the fixed squelch
control. The squelch control sets the noise threshold level
required to operate the squelch circuit. When the noise falls
below the threshold level, the receiver is unmuted.

The squelch circuit consists of a 3-pole high pass filter,
an averaging detector, DC amplifier, and a Schmitt trigger.
The high pass filter, consisting of R601-R603, C601-C603,
and U604-C, removes all voice signals from the VOL/SQ HI
input and couples noise to U604-D.

Noise in the 6-8 kHz range is applied to the averaging
detector consisting of U604-D and associated circuitry. The
noise is rectified and filtered by U604-D, R608, and C605 to
provide an average DC output level proportional to the noise
input.

The average DC level is amplified by U604A to a level
ranging from 0 to 6.0 VDC, and applied to the non-inverting
input of tbe Schmitt trigger, U604B. The inverting input of
U604B is referenced to 4.5 VDC. U603A provides the stable
4.5 VDC reference voltage.

When the DC level exceeds 4.5 VDC, Schmitt trigger
U604B 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 VDC. This difference in voltage
between the firing point and turn-off point provides suffi-
cient hysteresis to eliminate "bubbling" -- i.e., noise popping
in the speaker. The "bubbling" would normally be caused by
transitional changes in the DC level around the reference
point which allows the receiver to be unmuted. The hystere-
sis is provided by R611 and R612.

When an on frequency signal is received, there will be
little or no 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.

J103 can be used for troubleshooting purposes and
measuring the RF output level of the exciter.

SERVICE NOTE
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Figure 3 - Block Diagram Receiver
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Audio Control

The audio control circuits shown by Figure 4 control the
operation of the audio gate (U605-B) and the final audio PA
and consists of Q601-Q606, inverter U605-C and associated
circuitry. The audio control circuit inputs consist of DPTT
(Delayed Push-To-Talk), RX MUTE (Receiver Mute), PA
KEY/CCT SQ DSBL (Public Address Key/Carrier Control
Timer Squelch Disable), and the output of the squelch circuit.

When an on frequency signal with the correct Channel
Guard Tone is received, CAS control transistor Q601 and RUS
control transistor Q602 are turned off by the absence of a
positive voltage at their bases. The CAS line from the collector
of Q601 rises to +9 VDC and is supplied to J601-12 and option
connector J603-7.

The collector of RUS Transistor Q602 also rises to +9 VDC
and turns on inverter U605-C. A- is then applied to the base of
inverter Q603, turning it off and allowing its collector to go
high. The positive voltage on the collector is applied to audio
gate U605-B, turning it on. Q604 is biased on but has no affect
on audio switches Q605 and Q606. The base of the transistors

are parallel connected to the output of audio control switch
(U605C-9) which is at A-. Therefore Q605 and Q606 are both
turned off, allowing the audio PA’s to turn on and complete the
audio path to the speaker.

When the microphone is keyed, the PTT/DPTT input is
low. This low is applied to audio gate U605-B through D603-B,
turning U605-B off. It is also applied to audio control switch
U605-C (through D601B) turning it off. Q603 is also off and
Q604-Q606 are on. Q605 and Q606 turn off audio PA’s U601
and U602.

POWER DISTRIBUTION

Battery supply A+ enters the radio through the front con-
nector at J601-37. A- enters through J601-21. Figure 5 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 feed through arrangement. A second set of

wires is routed through the control unit and supplies power
to the audio amplifier and 9 volt regulator.

9 Volt Regulator

The 9 volt regulator receives the 13.8 VDC supply
voltage and regulates it down to +9 VDC. The regulated
voltage is then distributed throughout the radio. The 9 volt
regulator consists of pass transistor Q705, shunt regulator IC
U701, as well as Q703 and Q704. Normally all transistors
are turned on except Q704 which turns on only when the 9
volt output is shorted to ground.

As the input voltage increases so does the output of the
regulator begin to increase. This increases the voltage on
U701 from pin 1 to ground. The shunt regulator IC U701
tries to maintain the voltage at pin 2 to about 2.5 volts by
sinking more current into its pin 3. This lowers the voltage
at pin 3 and thus reduces the current flowing through D701
and Q703. When this current decreases it causes Q705 to
provide less current to the 9 volt output and brings the 9 volt
output back down where it belongs. When the input voltage
decreases then the opposite occurs.

If the 9 volt output were shorted for any reason then
Q704 would forward conduct causing its base voltage to sit
around 1.4 VDC. That voltage is low enough to cause D701
in conjunction with Q703 to turn off shutting down the
regulator until the short is removed. C701 thru C705 are for
RF bypassing. R703 is provided as an adjustment of the 9
volt regulator output level.

Figure 4 - Audio Control

The CMOS Integrated Circuit devices
used in this equipment can be destroyed
by static discharges. Before handling one
of these devices, the service-man 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 earch
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 may be used in place of the
regular soldering iron.

CAUTION

LBI-31535
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MODIFICATION INSTRUCTIONS

This modification instruction covers the installation of Mod Kit 19A704915G1 along with shielded power/control cable and
modified radio bottom cover 19B800686G4 to a Delta S/SX mobile radio to provide improved RFI performance where antenna
is in close proximity to power/control cable.

PARTS REQUIRED

• Shielded power/control cable

• Modified radio bottom cover 19B8000686G4

• Modification Kit 19A704915G1 consisting of:

Filter Board Assembly .................................................19B801399G1
Modified Plastic Spacer ...............................................19B801402G1
#12-24 Slotted Head Machine Screw..........................N37P19012B
#12 External Tooth Lock Washer ................................N403P21C6
Aluminum Offset Spacer .............................................19A704893P2
M3.5 x 10 Thread Forming Screw...............................19A702381P510

TOOLS REQUIRED

• #12-24 NC Fluted Taper Tap and Tap Handle

• #15 & #30 TORX® Screwdrivers

• Flat Blade Screwdriver

PROCEDURE

STEP 1 Remove radio from vehicle to a convenient work area. Tap existing hole on right front corner of radio frame using #12-24
NC fluted taper tap.

STEP 2 Remove radio top cover and plug in filter board assembly 19B801399G1 to top row of J60l pins 26 thru 34 taking care to
align connector correctly with rubber pad positioned towards front of radio. Mount ground lead as shown using M3.5 x 10
thread forming screw supplied or under screw retaining channel guard board. (See Figure 6) replace top cover.

STEP 3 Remove and discard radio bottom cover. Remove and discard plastic block atJ601 front connector and replace with modified
plastic block 19B80I402G1. Install modified radio bottom cover 19B800686G4 with notch in gasket towards front of radio
(cover is marked on outside "This End to Front").

STEP 4 Remove power/control cable from vehicle if installed and install new shielded power/control cable. Connect shield to hole
tapped in radio frame using #12-24 slotted head screw N37Pl90l2B, external tooth lock washer N403P21C6 and spacer
19A704893P2. See Figure 6.

Figure 6 - Shielded Power/Control Cable Installation
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29.7-50 MHz TRANSMIT/RECEIVER
SYSTEM BOARD

(19D901624, Sh. 2, Rev. 3)

(19A704621, Sh. 3, & 4, Rev. 3)

OUTLINE DIAGRAM

(19C851149, Rev. 6)
(19A703549, Sh. 1, Rev. 2)

(19C851149, Rev. 6)
(19A703549, Sh. 2, Rev. 2)

CHIP COMPONENT LOCATION
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29.7-50 MHz TRANSMIT/RECEIVER
SYSTEM BOARD
(19D901624, Sh. 1, Rev. 9)

(19A704621, Sh. 1 & 2, Rev. 3)

OUTLINE DIAGRAM

COMPONENT SIDE
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29.7-50 MHz TRANSMIT/RECEIVER
SYSTEM BOARD

(19D901624, Sh. 4, Rev. 3)

(19A704621, Sh. 3, & 4, Rev. 3) 

OUTLINE DIAGRAM

CHIP RESISTOR LOCATION
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29.7-50 MHz TRANSMIT/RECEIVER
SYSTEM BOARD
(19D901624, Sh. 3, Rev. 2)

(19A704621, Sh. 3, & 4, Rev. 3)

OUTLINE DIAGRAM

CHIP DIODE AND TRANSISTOR LOCATION
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SCHEMATIC DIAGRAM

29.7-50 MHz RADIO
(19D901626, Sh. 1, Rev.8)
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SCHEMATIC DIAGRAM

29.7-50 MHz RADIO
(19D901626, Sh. 1A, Rev. 3)
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SCHEMATIC DIAGRAM

SYSTEM CONTROL FUNCTIONS
(19D901626, Sh. 3, Rev. 3)
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SCHEMATIC DIAGRAM

29.7-50 MHz SYNTHESIZER/VCO
(19D901626, Sh. 6, Rev. 4)
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SCHEMATIC DIAGRAM

29.7-50 MHz TRANSMITTER
(19D901626, Sh. 5, Rev. 0)
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SCHEMATIC DIAGRAM

29.7-50 MHz RECEIVER
(19D901626, Sh. 4, Rev. 3)
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SCHEMATIC DIAGRAM

29.7-50 MHz RECEIVER
AUDIO & SQUELCH 

(19D901626, Sh. 2, Rev. 1)
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