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OVERVIEW

The System board controls the functioning of the Desk Top
or Wall Mount Station. Commands entered by the operator
through the station keyboard(s), are processed by the micro-
processor on the System board. Responses to these commands
are then issued by the System board through the Display board
indicators and audio tones. The System board also interfaces
with the optional clock/VU meter, remote control option,
VoiceGuard option, the regulator and power supply, and the
radio. A block diagram of the System board is shown in Figure
1.

KEYBOARD INTERFACE

There are three keyboards on the Desk Top Station and a
single keyboard on the Wall Mount Station which interface
directly with the System board. Keyboard assembly A1S2 (part
of Key/Display board on Wall Mount Station) is a three-by-four
matrix keypad similar to that found on a standard telephone.
This keyboard connects to the System board at J11. Pressing a
key holds the applicable ROW and COL lines low. The state of
the keypad is latched into octal tri-state latch U11, and later read
by the microprocessor (U1) over the AD bus.

The remaining two keyboards (Desk Top Station only),
A1S3 and A1S1, are electrically identical to each other. The
only difference is the key labels. These keyboards provide
nine separate key closures. Keyboard A1S3 connects to the
System board at J10 and keyboard A1S1 connects at J1.
Output from keyboard A1S3 (GRP▲, GRP▼, VOL▼,
SPARE, SYS▼, VOL▲, and PHONE) are latched into U8
and U9 (SPEC CALL). Keyboard A1S1 output lines SCAN,
VOICE GUARD, ADD, DEL, INTERCOM, MUTE, and
EMERGENCY are latched into the upper seven inputs of U9.
The REMOTE INH and SUPV CALL lines go directly to
microprocessor ports P1.2 and P3.5.

DISPLAY INTERFACE

The System board interfaces with the Display board at
connectors J5 and J6. Information to be displayed (with the
exception of the decimal point and STANDBY POWER
lines) originates at the microprocessor address bus (AD0-
AD7) and is latched into registers U6 and U7.

The GROUP display decimal point is controlled by Q7.
When microprocessor port P2.7 goes low, Q7 conducts caus-
ing the DECIMAL PT line (J5-5) to go high lighting the
GROUP decimal point. Control of the STANDBY POWER

indicator is performed by a transistor switch formed from Q7,
R44, R45, and D14. Normally, the station power supply
provides +13 volts to R44. The standby battery would supply
about +12 volts (J4-2) to the cathode of D14, holding the base
of Q6 near cutoff. During a failure of the station supply, +13
volts would be removed from R44, causing D14 to be reverse
biased by the +12 volt battery supply. The resulting voltage
developed across R45 will turn Q6 on, allowing the
STANDBY POWER indicator to illuminate.

RADIO INTERFACE

Both digital and analog signals are supplied to the radio.
The System board interfaces with the radio at connectors J2
and J3 through Power/Control Cable 19C85141309. Digital
signals (VG TX DATA, SER TX DATA, SER SERV RQST,
and SER RX DATA) are present at J2-1 thru -4, and analog
signals (GROUND, MIC HI, VG RX DATA, MIC LO, VG
RX DATA LO, SPKR 1, RESET (-), and AUX/URP
LATCH) are present at J3-1 thru -8.
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Figure 1 - System Board Block Diagram (Sheet 1 of 2)
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DIGITAL INTERFACE

The radio is controlled by serial control lines. If the
VoiceGuard option is used, the VG TX DATA line originates
at the VoiceGuard option (J13-9) and is passed through the
System board to J2-1.

A serial request (SER SERV RQST) line (J2-3) is used by
the microprocessor to signal the radio unit that there is serial
data to be sent. Serial data is sent from the System board over
the SER TX DATA line (J2-2). Data coming from the radio
unit is received over the SER RX DATA line (J2-4).

The SER SERV RQST signal originates at the microcom-
puter port P1.4. It is applied to the input of transistor switch
Q3, and filtered by C5, R8, and C6. Serial transmit data
originates at microprocessor TXD port, and is applied to a
transistor switch (Q1 and Q2). The output from the switch is
filtered by R4, R5, C3, and C4, before exiting at SER TX
DATA at J2-2.

Serial data from the mobile radio enters as SER RX
DATA at J2-4. The line is filtered by R1, R2, C1, C2, D1 and
D2 before it is tied to the RXD input of the microprocessor.

ANALOG INTERFACE

All analog signals (speaker audio and modulation audio)
between the radio unit and the System board go through
connector J3. The modulating audio signal from the output of
the microphone amplifier (U21-14) is sent to the radio unit at
J3-2 as MIC HI. The return connection for microphone audio
is made at J3-4 (MIC LO).

Receive audio from the radio unit enters the System board
at J3-6 (SPKR 1). It is then coupled to the audio amplifier
through C72, R83, and C70. If VoiceGuard encryption is
being used, the VG RX DATA (J3-3) and VG RX DATA LO
(J3-5) lines are audio paths between the radio unit and System
board.

AUDIO PROCESSING

Audio processing on the System board consists of proc-
essing microphone audio to be sent to the radio unit. Ampli-
fying and filtering receive (clear voice) audio. Routing en-
crypted audio to the optional VoiceGuard board, and filtering
tone-coded squelch signals to the optional tone decoder.
Audio processing also includes, receive and transmit audio
for an optional remote controller.

There are seven microprocessor-controlled switches on
the System board that are used to change the audio paths on
the board. The data word written to the microprocessor AD

bus determines which switches are closed, and the resulting
audio path. Table 1 shows the function of each switch.

Table 1 - Audio Switch Functions

SWITCH FUNCTION

0 Connect station mic to radio unit

1 Connects remote controller mic to radio
unit

2 Connects station mic to remote speaker
(intercom)

3 Connects remote mic to station speaker
(intercom)

4 Connects remote speaker to radio unit
receive audio

5 Connects station speaker to radio unit
receive audio

6 Connects decrypted audio to radio
speaker

MICROPHONE AUDIO

Microphone audio originates as MIC HI (J7-4) and is
routed to input capacitors C18 and C12. Capacitor C18 is the
input to the remote option amplifier (covered elsewhere) and
C12 in the input to the microphone amplifier. When transmit
audio is being processed, switch 0 is closed allowing audio
to be applied to the audio input level adjustment (MIC AD-
JUST) R22 before going amplifier U21. After the amplifier,
audio is routed through jumper plug J24/P2 to coupling
capacitor C26 and the transmit modulation adjustment (TX
MOD ADJ) control R37. This control sets the audio level
applied to the last stage of amplification (U21). The amplified
microphone audio is capacitor coupled (C69) to the radio unit
at J3-2 (MIC HI). The return connection from the radio unit
to the microphone is provided through the MIC LO line (J3-4)
which is tied directly to the microphone at J7-3 (MIC LO).

When optional Channel Guard is used during conven-
tional operation, the MONITOR button on the microphone
can be used to listen to all calls on a channel (Channel Guard
disabled). Pressing the MONITOR button will hold J7-5 (CG
MONITOR(-)) low, which signals the microprocessor dis-
abled). Pressing the MONITOR button will hold J7-5 (CG
MONITOR(-)) low, which signals the microprocessor (port
P3.2) that Channel Guard is to be disabled.

RECEIVE AUDIO

Receive audio (clear voice and subaudible tone encoding)
from the radio unit enters the System board as SPKR 1 (J3-6)
and is coupled through C72, R83, and C70 to the input of
eight-channel selector U13. Each of the eight inputs to the
selector are connected to a different value resistor (R73 thru
R80). These resistors and the selector are used to set the volume
(audio) level to the input of the speaker amplifier. When the
microprocessor reads a volume control key press, it begins
incrementing the value placed on the AD bus, which is latched
into U12. The Q1 thru Q3 outputs from latch U12 are applied
to the control lines (A, B, and C) of selector U13. The selector
value determines which input path is followed to the speaker
amplifier, setting volume level. When the volume key is re-
leased, the last value output will be latched.

After the selector (U13), receive audio is coupled to the
input of the first speaker amplifier at C47. Input audio level can
be adjusted at R67 before it is applied to amplifier U15. Receive
audio is capacitor coupled through C52 and C53 to the audio
power amplifier U14, and output to the speaker at J26-2. If
subaudible tones are not used, jumper plug P1 completes the
path between J18-1 and -2. An audio mute button is provided
to lower the receive audio level for a preset time. When the
microprocessor senses that the mute button has been pressed, a
low is written through microprocessor port P1.7. This holds the
base of Q4 low, allowing the transistor to conduct and ground
the input to audio power amplifier U14.

SUBAUDIBLE SIGNALLING

If subaudible encoding (tone-controlled squelch) is used,
receive and transmit audio is processed slightly different from
the normal receive and microphone audio paths. Receive audio
is routed from the output of the audio power amplifier (U14) to
the optional tone decoder through J18-1 (jumper plug P1 re-
moved). Audio from the optional tone decoder returns to the
speaker through J18-2. The tone decoder will open this audio
path when it detects the proper subaudible tones on the receive
audio. The tone decoder receives power through J27-1.

The tone encoder option is connected to the System board
through connector J19. Power is supplied at J19-3 and the tone
signals from the encoder enter the board at J19-1. When the
microprocessor senses PTT, it lowers the REMOTE PTT line at
latch U23-4. This signal line (REMOTE PTT) tells the tone
encoder to generate the subaudible tones at J19-1. These tones
are applied to the TX AUDIO HI line and coupled through C13
and switch U19-2 to be combined with the microphone audio at
the input of the audio amplifier U21. The microphone audio and
subaudible tones are then sent to the radio unit.

REMOTE OPTION

The Desk Top or Wall Mount Station can be controlled by
an optional remote control point. When the remote option is
installed, transmit audio will be received through the remote
option. Additionally, a remote intercom function is available.

Audio from the remote microphone is obtained at J9-1 (TX
AUDIO HI) and J9-2 (TX AUDIO LO). The TX AUDIO HI
line is tied to the INTERCOM ADJUST control (R32) and
coupling capacitor C13. When the intercom is active, R32 sets
the input audio level to amplifier U21. The output of the
amplifier is coupled through C25, R36, and switch U19-8 to the
input of selector U13. The audio is then amplified and sent to
the station speaker, the same as when receive audio is processed.

When the remote controller is used to transmit, switch
U19-8 is kept open (disabling the intercom) and switch U19-2
is closed. This allows microphone audio to be input to the
microphone amplifier U21. Processing from here on is the same
as local transmit audio.

When the Station operator wishes to communicate with the
remote controller operator, switch U20-8 is opened to disable
the path to the radio unit. Microphone audio is coupled through
C18, R28, and R29 to the input of the intercom amplifier
(U21-6). The LINE MIC ADJUST control (R28) sets the audio
input level to the intercom amplifier. Output from the amplifier
is routed through C21, R31, and U20-1 to connector J9-9 (VOL
HI). This line (VOL HI) is the audio  path back to the remote
controller.

When receive audio is sent back to the remote controller,
switch U20-3 is closed. This allows receive audio (SPKR 1)
from the radio unit to be routed to J9-9 (VOL-HI) and sent to
the remote controller.

The remote controller microphone PTT signal and MONI-
TOR button signal enter the System board at J9-4 (REMOTE
PTT(-)) and J9-11 (REMOTE CG MON(-)). These signals are
sent to the microprocessor through latch U23.

VOICE GUARD OPTION

The VoiceGuard option allows the Desk Top Station to send
and receive encrypted messages. When a transmission is made,
the output from the microphone amplifier (U21-1) is sent to the
VoiceGuard board as MIC HI IN (J13-5). On the VoiceGuard
board the audio is encrypted and the encrypted signal is returned
to the system board as MIC HI OUT (J13-4). When VoiceGuard
is used, jumper plug P2 is connected between J24-2 and J24-1.
This allows the encrypted audio to be coupled through C26,
R37, and R38 to the input of amplifier U21.
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Serial data to and from the VoiceGuard board is handled by
the SER SERV RQST (J13-10), SER TX DATA (J13-6), and
SER RX DATA (J13-14) lines. Serial data sent to the
VoiceGuard board is handled by the SER TX DATA line, and
data received from the board comes over the SER RX DATA
line. The SER SERV RQST line is used to poll the microproc-
essor when data is to be sent.

Receive audio containing encrypted voice comes from the
radio unit as VG RX DATA at J3-3. This line is then routed to
the VoiceGuard board at J13-8. Clear voice audio comes from
the VoiceGuard board as VG AUDIO HI (J13-1). The clear
audio is routed through switch U19-10 to the input of selector
U13. Audio processing from this point on is the same as normal
receive audio.

PROGRAMMER INTERFACE

The radio unit in the Station is field programmable. A field
programmer connects to the System board at J17. Serial data
from the programmer (URP DATA) enters the board at J17-2
and connects to the system board SER RX DATA line. The
(URPLARCH J17-2) line latches the data loaded from the
programmer. Serial service request (SER SERV RQST) from
the System board microprocessor goes to the field programmer
as URP CLOCK at J17-6.

CLOCK/VU METER INTERFACE

An optional Clock and VU meter is available for use with
the Desk Top Station. This option connects to the System board
at J14. This option is powered by station A+ and has a self-con-
tained battery for backup during loss of power. When the station
is transmitting, the microprocessor P1.3 line goes high which
turns on Q5 holding the CLOCK/VU PTT line low. When this
line is low, the VU (volume unit) meter displays a relative
indication of the microphone audio at J14-2 (MIC HI).

POWER DISTRIBUTION AND
REGULATION

The System board receives power from the 5 Watt Audio
Amp/Regulator board and directly from the station power sup-
ply. In addition, the System board contains a +5 Vdc regulator,
a +10 Vdc supply, and a bias supply circuit.

5 WATT AMP/REGULATOR BOARD

The 5 Watt Audio Amp/Regulator board performs voltage
regulation using a 5 volt  linear voltage regulator (U3) and audio
power amplification using two audio amplifier components (U1
& U2). Station power is applied at J3-1 (A+) and regulated +5
Vdc at J2-1 is supplied to the System board at J12-1. C17, C18
and C22 provide input and output filtering and RF bypass
respectively. The audio from the System board is set to 2.5 Vrms
using the audio level adjust which is then applied to J2-1 on the
5 Watt Audio Amp/Regulator board. U1 and U2 are connected
in a bridge configuration. A block diagram of the board is shown
in Figure 2.

TEST AND TROUBLESHOOTING

The test procedure listed in Table 2 is provided as an aid in
testing and troubleshooting the 5 Watt Audio AMP/Regulator
board while connected to the System.

The IF INCORRECT: column in the test procedure table
lists possible component failures that may cause unexpected
results for the test step.

ON-BOARD SUPPLIES

Station power (+13 Vdc) is also supplied directly to System
board connector J2-5 thru -7. A five-volt regulator (U16) is used
to supply regulated power to the microprocessor. Regulated 10
Vdc is supplied by U18 and associated circuitry, and U15-7 is
the heart of a bias supply.

STEP PROCEDURE NOMINAL READING IF INCORRECT:

1. Measure current at J3-1. Power supply current 125
mA.

a.

b.

Check U3, CR1, C17, C18,  and C22. 

Check U1, U2, C13, C12, and C16.

2. Measure voltage across
J4-1 and J4-2.

4.75 to 5.25 Vdc Check U3, CR1 and R8.

3. Disconnect J4. Connect a
signal generator to J2-1
and J2-2 (ground). Apply
a 2.5 Vrms audio signal to
J2.

Power supply current 1.5
amps.

a.

b.

c.

Check U1 and U2 for excessive current
drain.

Check amplifier biasing R2, R4, R1,
and R2.

Check input attenuator
(C23, R9, R10, C15).

4. Measure audio voltage
across the speaker or an
equivalent 9-ohm load
connected to J1.

6.3 Vrms a.

b.

Check input attenuator 
(C23, R9, R10, and C15).

Check U1, U2, C10, C11, C1, C2, R5,
and R6.

5. Measure audio distortion
at J1 with load.

5% a.

b.

Verify correct input level at J2.

Check input attenuator 
(C23, R9, and C15).

Table 2 - Test Procedure

Figure 2 - 5 Watt Audio Amp/Regulator Board Block Diagram
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SYSTEM BOARD
19D901987G1

OUTLINE DIAGRAM

17

(19D901987, Sh. 1, Rev. 3)
(19A705331, Sh. 1, Rev. 1)

COMPONENT SIDE

(19D901987, Sh. 1, Rev. 3)
(19A705331, Sh. 2, Rev. 1)

SOLDER SIDE
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5 WATT AUDIO AMP/REGULATOR BOARD
19C851692G1

KEYBOARD
19D901529G1

OUTLINE DIAGRAM

(19C851692, Sh. 1, Rev. 1)
(19C8551691, Component Side, Rev. 0)

COMPONENT SIDE

(19C851692, Sh. 1, Rev. 1)
(19C8551691, Solder Side, Rev. 0)

SOLDER SIDE

(19D901529, Rev. 0)
(19A704391, Sh. 2, Rev. 1)
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SYSTEM BOARD
19D901087G1

(Sheet 1 of 3)

SCHEMATIC DIAGRAM

(19D901984, Sh. 1, Rev. 2)
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SYSTEM BOARD
19D901987G1

(Sheet 2 of 3)

SCHEMATIC DIAGRAM

(19D901984, Sh. 2, Rev. 2)
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SYSTEM BOARD
19D901087G1

(Sheet 3 of 3)

SCHEMATIC DIAGRAM

(19D901984, Sh. 3, Rev. 1)
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5 WATT AUDIO AMP/REGULATOR BOARD
19C851692G1

SCHEMATIC DIAGRAM

(19C851713, Sh. 1, Rev. 1)
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REGULATOR BOARD
19C851584G1

***********

(19C851597, Rev. 0)

(19C851582, Rev. 0)
(19A705169, Sh. 1, Rev. 0)

COMPONENT SIDE

(19C851582, Rev. 0)
(19A705169, Sh. 2, Rev. 0)

SOLDER SIDE
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