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SPECIFICATIONS

INPUT VOLTAGE 13.8 Volts DC
9 Vo1ts DC (Frequency Standby)

CURRENT DRAIN 45 milliamperes +10 mA, @13.8 VDC
5 milliamperes maximum @ 9 VDC

AUDIO LEVELS
Input 300 millivolts from radio

100 millivolts RMS at l kHz with
3 kHz deviation

Output 80 millivolts to radio
300 millivolts to DC Remote Board

DISTORTION Less than 3%

TEMPERATURE RANGE -30C to 60C (-22F to +140F)
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 DESCRIPTION

System Board 19D901541G1 provides the system interface
between the DELTA or RANGR two-way radio and the station
controls and options. The system board provides the logic and
control for the following functions:

• Receiver Muting (RX MUTE)

• Audio switching

• Local and remote keying

• Channel Guard monitor

• Volume and frequency select

• Intercom

• Supervisory control

• Scan

• Voltage regulators

The system board mounts on the station chassis under the
DELTA or RANGR radio. Access to the system board for serv-
icing by removing the station top cover, and swinging the radio
up and out of the way.

The system board is equipped with jacks for the keyboard,
radio interface, display board, DC remote board, scan board,
desk microphone, external encoders and decoders and a pro-
gramming jack for programming the Delta or RANGR radio.

Connectors are also provided for a station speaker, a
standby battery option and a 9-Volt battery for channel mem-
ory back-up. The 9-Volt battery assembly is GE Part Number
19B801331G1.

CIRCUIT ANALYSIS

Logic and control functions on the system board are pro-
vided by NAND gates, NOR gates, bilateral switches, op amps,
flip-flops, one-shots, timers, regulators, transistors, etc.

When no signal is being received and no Push-To-Talk
(PTT) or keyboard switches are pressed, all control inputs are
high except the RX MUTE input (low). Activating any key-
board, PTT or monitor function applys a low (approximately
ground potential) to the selected control line.

RX MUTE

The receiver mute input is low (<1 volt) until a carrier is re-
ceived. When a carrier is received, the noise content of the in-
put signal at VOL/SQ HI (J2-3) decreases. The decrease in
noise causes the RX MUTE line to go high, turning on bilateral
switch U31D. Turning on U31D applies the received audio to
the volume control and then to the receiver-audio amplifier and
the station speaker.

A high on the RX MUTE line also is applied to inverter
U6D, NOR gates U3A and U3D which causes a low at the base
of Q4, turning it off. Turning Q4 off applies the 10-Volt collec-
tor voltage to the remote line audio switch, enabling the audio
path in the remote receiver.

AUDIO SWITCHING

All of the station audio paths are controlled by bilateral
switches. When the control input is low, the switch is turned
off. When the control input goes high, the switch is turned on
to allow audio to be applied to the selected circuit. The func-
tion of each audio switch is described in the following para-
graphs (See Figure 1).

U31B - passes audio from the local microphone to the trans-
mitter when the local microphone PTT switch is pressed
(LPTT).

U3IA - passes audio from the remote microphone to the trans-
mitter except when local intercom or local microphone switch
is pressed.

U31C - passes audio from the local microphhone to the remote
when the local intercom or LPTT switch is pressed.

U39B - passes remote audio to the desk station speaker
through the volume control, when there is no RX MUTE sig-
nal, and local intercom and LPTT are inactive.

U39A - passes received audio to the remote except when the
intercom or LPTT switch is pressed.

U3ID - passes received audio to the local speaker whenever
a signal is received.

U39C - enables squelch noise from V0L/SQ HI to be applied
to the receiver squelch circuitry when the keyboard monitor
button is not pressed.

LOCAL CONTROL 

Pressing the Push-To-Talk switch on the local micro-
phone (LPTT) applies a ground to J7-2, causing the output
of NOR gate UIB-4 to go high. The high at UIB-4 disables
PA KEY transistor Q8, and causes the output at U3C-10 to
go low, turning off bilaterial switch U3IA. Turning off U31A
prevents any remote audio from being transmitted. The high
output of UIB also enables U31B in the local microphone
circuit, and causes the output at UIC-10 to go high provided
the local intercom is inactive. The high at UIC-10 lights the
transmit indicator on the display board, and turns on transis-
tor Q2, keying the transmitter.

Audio from the local microphone at J7-4 is coupled
through TX MIC ADJUST potentiometer R66, and is ap-
plied to amplifier U30B. The output of U30B is coupled
through TX MOD ADJUST R61 to amplifier U30C and then
applied to the transmitter exciter.

Keying the local microphone also enables switch U31C
which allows local audio from amplifier U30A to be heard at
the remote.

REMOTE CONTROL 

Pressing the PTT switch on a remote microphone causes
the output UIC-10 to go high, lighting the transmit indicator
and keying the transmitter (Q2 on).

Audio from the remote microphone is applied to the sys-
tem board through J9-1. J19-1 is used for external encoder
audio.

The output at U1D-11 goes low, and is gated through
U3A and U3D to turn off mute control transistor Q4. When
Q4 is turned off, +10 Volts is applied to the RUS lead on the
DC remote board. This RUS voltage allows the remote audio
to be heard in the local speaker.

INTERCOM 

Pressing the INTERCOM switch on the keyboard causes
the output of U4D-10 to go high, lighting the INTERCOM
display and causing the output of UIC-10 to go low. The low
output disables Q2 to prevent the transmitter from being
keyed.

The high output of U4D also causes the output of U3C to
go low. This disables switch U31A to prevent remote audio
from being transmitted, and U39A which prevents received
audio from going to the remote.

The low output at U3C-10 causes the output of U6A-2 to
go high. This high enables U31C and disables U39B through
the low output of U3B, and also disables the transmitter.
U31B is controlled by LPTT only.

Audio from the local microphone at J7-4 is coupled
through amplifier U30A and switch U31C to the remote
VOLUME HI lead (J9-9). Disabling U39B prevents remote
audio from being heard in the speaker while the local opera-
tor is intercoming.

MONITOR

Pressing the MONITOR button on either the local or re-
mote microphone applies a low to the selected input of
NAND gate U8A. This causes U8C-10 to go low, and the
output of U8B and U8D to go high. The high at U8B-4 turns
on Q1, and the low at the collector of Q1 disables the Chan-
nel Guard circuit. The high output at U8D-11 turns on the
MONITOR indicator on the display board.

Pressing tbe MON button on the keyboard applies a
ground on Jl-6, turning on the MONITOR indicator and
turning off bilateral switch U39C. Turning off U39C re-
moves the audio or noise from the Delta radio squelch con-
trol, causing the receiver to unsquelch. This allows receiver
noise or signal to be heard at the local speaker to assist in se-
lecting the desired volume level, and also acts as a channel
guard disable.

SUPERVISORY CONTROL

Pressing the SUPV CONT pushbutton applies a ground
to the "D" input of flip-flop U7A. The "Q" output of U7A
clocks U7B, causing the "Q" and "Q" outputs to toggle op-
positely from each other, as the "Q" output acts as the next

Jumper P3 must be removed when programming the ra-
dio. Always replace jumper P3 when programming is
completed.

NOTE
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input. In one state, a high "Q" output is applied to NOR gate
U1D, which outputs to U1A and which outputs to UIC. The re-
sulting low at U1C-10 turns off Q2 and disables the transmit-
ter. The low "Q" output of U7B is applied to inverter U4B
whose high output lights the SUPV CONTROL indicator on
the display panel. The next push of the SUPV CONT button
will toggle the "Q" and "Q" outputs of U7B, enabling the
transmitter and turning off the display.

In the supervisory control mode, all audio paths may be op-
erated as described in the LOCAL and REMOTE CONTROL
section, only no audio will be transmitted.

CHANNEL SELECT

The channel select circuit consists of the following (See
Figure 2):

• Timer Ul3.

• "D" flip-flops U12A and U12B.

• Up-down counter U35.

• Comparators U9 and U10.

• Timer U14 and one-shot U16.

• Quad input NAND gates U15A, U15B and U36A.

• Maximum frequency set dip switch S1.

Pressing the channel up/down bar on the station keyboard
grounds the "D" input of the selected flip-flop U12A or U12B.
The output of timer Ul3 clocks the flip-flops at a 20 millisec-
ond rate. The "Q" outputs of the respective flip-flops activate
up channel flip-flop U15A or down channel flip-flop U15B.

Each push of the channel up/down switch causes the se-
lected NAND gate to apply a positive-going pulse to the re-
spective inputs of up-down counter U35. The pulse is applied
at the output of the 20 millisecond rate clock. Each positive
edge of the NAND output steps the channel up or down, as de-
sired.

Holding either side of the channel select switch down
causes the output of U36A to start the 400 millisecond timer
consisting of U14 and U16. The timer output pulses U15A or
U15B, causing the counter to step up or down every 400 milli-
seconds as long as the channel pushbutton is held down and the
up or down limits are not reached.

Each time the count is changed, the binary output of U35 is
compared with the input value at comparator U9 which is set
for the maximum channel number by dip switch SW1.  If the
two values or binary codes are equal, the output at U9-3 causes
the output at inverter U5-6 to toggle U15A. The negative going
output prevents the counter from stepping up any further.

At the same time, the output of U35 is being compared at
U10 for a channel number equal to channel 1. If the two values
are equal, the output at U5-4 pulses U15B. The output of
U15B is applied to U35 to prevent the counter from stepping
down any further.

The selected binary channel signal is applied to inverter U5
and then coupled through tri-state buffers U18 to the radio
channel select control. A non-inverted output at J6-1, J6-2, J6-4
and J6-5 is applied directly to the display board to control the
channel display.

The maximum channel limit is set at comparator U9 by
SW1-5 through SW1-8. Refer to Table I for the binary codes
required to set the maximum number of channels. The logic
levels referenced in Table 1 are measured at DIP switch 1. The
minimum channel limit at U10 is permanently set for channel
1.

TABLE 1 - MAXIMUM CHANNEL SETTING

SW1 SETTING CORRESP0NDING
CHANNEL
NUMBERSW1-8 SW1-7 SW1-6 SW1-5

1 0 0 0 1

0 1 0 0 2

1 1 0 0 3

0 0 1 0 4

1 0 1 0 5

0 1 1 0 6

1 1 1 0 7

0 0 0 1 8

1 0 0 1 9

0 1 0 1 10

1 1 0 1 11

0 0 1 1 12

1 0 1 1 13

0 1 1 1 14

1 1 1 1 15

0 0 0 0 16

0= <1.0 VDC (CLOSED)
1= >3.5 VDC (OPEN)
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NAND gate U36A, timer U13, timer U14 and one-shot
U16 are also used in the Volume Se1ect circuits.

NOTE
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VOLUME SELECT

The volume select circuit is similar to the frequency select
circuit (See Figure 3). The volume select circuit consists of:

• Multiplexer U27.

• "D" flip-flops U21A and U21B.

• Comparators U19 and U20.

• Quad input NAND gates U24A and U24B.

• Up/down counter U25.

• Minimum volume set dip switch S2.

• Audio amplifier U28.

• Dual input NAND gates U22D and U22B, U22C.

• Bilateral switch U29A.

The volume select circuit also utilizes U13, U36A, U14 and
U16 which are also used in the frequency select circuit.

Pressing the volume up or down switch changes the "Q"
and "Q" output of U21A and U21B. The output of the selected
flip-flop toggles NAND gate U24A or U24B. The positive out-
put of the flip- flop is applied to up/down counter U25. Each
time the count (volumme level) is changed, the output of U25
is compared with the input of the comparators which determine
that the minimum or maximum volume level is not exceeded.
Then the count is applied to multiplexer U27 and one input of
U22D to select the proper combination of input resistors to set
the volume level. The LSB of the count changes the gain of the
audio amp stage U28 each time the count is changed. A differ-
ent input resistor to U27 is selected every other count change.

Audio from the station receiver or remote is applied to the
multiplexer through the selected resistor to set the audio level.
The output of the multiplexer is coupled through VOLUME
LEVEL ADJUST potentiometer R50 to amplifier U28. The
gain of U28 is determined by the resistance in the feedback
loop.

When the LSB of the count is high, U29A is off, and R52
is in the feed back path of U28. When the LSB is low, U29A is
on, and R51 is parallelled with R52 to provide approximately
16K ohms resistance in the feedback path. The output of am-
plifier U28 at J2-8 is applied to the receiver audio PA stage,
and then to the station speaker.

The volume control circuit provides up to 16 levels of
audio output. The inputs to comparator U19 are permanently
set at level 16 for maximum output. U20 is the minimum limit
comparator, and the minimum volume level is set by dip switch
S2.

Refer to Table 2 for minimum volume settings.

CHANNEL SCAN

The optional scan board connects to J10 and J11 on the sta-
tion system board. The scan board is used to search any two
channels of the station with either channel designated as the
priority channel. Refer to the scan board Maintenance Manual
for complete details on scan operation and maintenance.

Pressing the SCAN button on the station keyboard turns
on/off toggle function created by flip-flops U17B and U17A.
The flip-flop "Q" and "Q" outputs at U17B are clocked by the
20 millisecond clock, counter U13.

TABLE 2 - MINIMUM VOLUME SETTING

SW2 SETTING VOLUME
LEVEL

SW2-1 SW2-2 SW2-3

1 1 1 1

1 1 0 2

1 0 1 3

1 0 0 4

0 1 1 5

0 1 0 6

0 0 1 7

0 0 0 8

0= <1.0 VDC (CLOSED)
1= >3.5 VDC (OPEN)

The "Q" output of U17A turns Q3 on/off to control the
common F1/F2 lines and F1/F2 select lines through bilateral
switches U38A through U38D. When Q3 is turned on (collec-
tor low), switches U38A and U38D are enabled by the high
output of U37-4, and U38B and U38C are disabled. The switch
pairs are alternately enabled and disabled at the 125 millisec-
ond switching rate, allowing the selected F1 and F2 frequen-
cies to be alternately searched.

The "Q" output (low) causes U4A-2 to go high, turning the
scan display on and off at a 125 millisecond rate.  The "Q" out-
put of U17A also triggers the advance change one-shot U16B.

When the scan is on, the output at J11-6 switch 4 times per
second, disabling and enabling tri-state buffer U18. When J11-
6 is high, the output at J10-4 is low, enabling the output of pri-
ority select switch to check the priority channel for carrier, and
visa versa.

The outputs at J11-6 and J10-4 alternately switch high and
low states to permit both non-priority and priority channels to

be checked for carrier.

When a carrier is detected at the receiver, the CAS line at
J11-4 goes high. This causes the output at J11-1 to go high,
turning on Q5 and turning off Q6. Turning off Q6 applies 5
Volts to the CHANNEL BUSY indicator on the display
board, turning the indicator on.

If the carrier is on the priority channel, the CHANNEL
BUSY light turns on for the duration of the message and the
scan board stops scanning. If a non priority channel is de-
tected, the CAS line switches high and low as the scan board
continues to scan the priority channel, causing the CHAN-
NEL BUSY light to blink 4 times per second.

When the scan board is not present, a jumper from HL1
to HL2 is used to connect the enable line of U18 to ground,
keeping the buffer stage enabled. A jumper from HL3 to
HL4 is used to connect the audio in to audio out at the local
speaker.

The priority channel is selected by settiag dip switch
SW1-1 through SW1-4 to the desired channel as shown in
Table 3.

TABLE 3 - SCAN PRIORITY SETTING

SW1 SETTING FIXED
CHANNEL
SELECTEDSW1-1 SW1-2 SW1-3 SW1-4

0 1 1 1 1

1 0 1 1 2

0 0 1 1 3

1 1 0 1 4

0 1 0 1 5

1 0 0 1 6

0 0 0 1 7

1 1 1 0 8

0 1 1 0 9

1 0 1 0 10

0 0 1 0 11

1 1 0 0 12

0 1 0 0 13

1 0 0 0 14

0 0 0 0 15

1 1 1 1 16

0=  <1.0 VDC (CLOSED)
1=  >3.5 VDC (OPEN)

VOLTAGE REGULATORS

The system board utilizes three regulator circuits to sup-
ply the ICs. The regulators are powered by 13 Volts from the
power supply or the optional battery back-up supply. Power
is applied to the system board through J27-1 (13 VDC) and
J27-2 (GND).

10-Volt Regulator

The 13-Volt output of the power supply is applied to
U32-3. The regulated 10 Volts is applied to the ICs on the
system board, and to the DC Remote board through J9-5. An
unregulated 5-Volts is taken from the junction of voltage di-
viders R79 and R80 to provide bias voltage for all of the op
amp gain stages.

5-Volt Regulator

Supply voltage from the power supply is applied to pin 3
of 5-Volt regulator U34. The regulated 5-Volt output is ap-
plied to the system board ICs.

5-Volt Back-Up Regulator

The 5-Volt memory back-up regulator is used to maintain
the channel selection in the event of power failure. The sup-
ply uses 9-Volt battery option BU01 which provides the bat-
tery with external leads for connections to the regulator
circuit.

In normal 13-Volt operation, supply voltage from the
power supply is applied to back-up regulator U33 through
diode D34. This voltage back biases diode D35 and allows
the 13-Volt supply to be applied to the regulator input at
U33-3.

In the event of power failure, D35 is forward biased by
the 9-Volt battery output which is applied to U33. The regu-
lated 5-Volt output is applied to flip-flop U12A and U12B,
NAND gate U15B and up-down counter U35 to retain the
channel selection.

STANDBY POWER DISPLAY

When the station standby battery option is used, the
standby power is connected to the emitter of Q7 through J4-
2. The power supply voltage is applied to the base of PNP
transistor Q7, keeping it turned off. If the AC power fails, Q7
conducts and applies power to the STANDBY POWER
light, turning it on, and supplies 13 volts to the system
board. When power is restored to the station, Q7 turns off,
turning off the STANDBY POWER light.
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OUTLINE DIAGRAM

(19D901541, Sh. 1, Rev. 6)
(19A704408, Sh. 1, Rev. 4)

COMPONENT SIDE

SYSTEM BOARD
19D901541G1
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(19D901540, Sh. 1, Rev. 7)

SCHEMATIC DIAGRAM

(19D901540, Sh. 2, Rev. 3)

VOLUME AND CHANNEL SELECT
19D901540
(19D901540, Sh. 2, Rev. 3, and Sh. 1, Rev. 7)
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SCHEMATIC DIAGRAM

SYSTEM BOARD
19D901541G1

(19D501540 Sh. 3, Rev. 8)
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SCHEMATIC DIAGRAM

SCAN & REGULATOR CIRCUITS
19D901540

(19D901540, Sh. 4, Rev. 7)

LBI-31451

8



PARTS LIST

TROUBLESHOOTING PROCEDURE

This Troubleshooting Procedure assumes that the Delta radio in the station is in satisfactory working condition.

SYMPTOM PROCEDURE

l. Microphone does not key transmitter Check mic PTT switch, U1B, U1A, U1C or Q2.

2. Remote does not key transmitter Check remote board PTT output.  Check U1D, U1A.

3. No mic audio Check U30B, U31B, U30C.   Feed 20 mv into J7-4 and check for 100
mv on J2-2.

4. No mic to line audio Feed 20 mv into J7-4 and check for output on J9-9. 

Check U30A, U31C. Check Remote board telephone line.

5. No remote transmit audio Feed audio signal into the telephone line input on the remote control
board.   Check remote board output at J9-1

Check U31A.

6. No receive audio Check for 300 mv at J2-3 with an on channel RF signal of 1 kHz at 3
kHz deviation.

Check U31D, U27 (output on pin 3) U28 (output on pin 1).

7. No audio from remote Set up per step 5.  Check U3OD, U39B, U3B, U6C, U6D, U6A and U3C.

8. No receive audio to line Set up per step 6.  Check U39A, check remote board.  Check U3A, U3D,
and Q4.

9. No squelch noise while monitoring Check keyboard connections.  Check U39C (should be open when
monitoring).

10. Radio won’t squelch Check setting of Rll for critical squelch. Check U39C (should be closed).

11. No CG disable a.  From keyboard monitor:  check U8B, Ql.

b.  From remote or local mic monitor:  Check U8A and U8C.

12. No supv control Check U7A, U7B and U1D.

13. No intercom Check keyboard connections, U4D, U3C and U1C.

14. No volume control Check keyboard connections, U21A, U21B, U24B,U15B, U36A, U14,
U24A, U16A, U25, U19, U20, S2 setting, U27 and U13.

Note: If volume changes every other step, check U22D and U29A.

15. No channel control Check keyboard connections, U12A, U12B, Ul3, U36A, U15A, U15B,
Ul4, U16A, U35, U9, U10, S1 setting and U18.

16. Improper channel control Check U35, U9, Ul0, U5 and U18.

17. No scan Check keyboard connections U17B, U17A, Q3, U38 A-D and U37, scan
board (See Scan Board Maintenance Manual), CAS input.

18. Priority scan time too long 
      (No advance change pulse)

Check U4A and U16B.

19. No 10 volts Check U32.

20. No 5 volts Check U34.

21. No 5 volt backup Check U33.
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PRODUCTION CHANGES

Changes in the equipment to improve or to simplify circuits are identified by a "Re-
vision 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 de-
scriptions of parts affected by these revisions.

REV A - SYSTEM BOARD 19D901541G1
To provide a plug for clock/VU meter option, added J14.

REV B - SYSTEM BOARD 19D901541G1
To facilitate manufacturing, added P5, R115, and R116.

REV C - SYSTEM BOARD 19D901541G1
To make system board compatible with new desk microphone, changed
R59, R64, R71, R81, and R82.

R59 was: H212CRP322C Deposited Carbon: 10k ohms ±5%, 1/4 W.
R64 was: 19A700019P37 Deposited Carbon: 27k ohms ±5%, 1/4 W.
R71 was: 19A700019P60 Deposited Carbon: 82k ohms ±5%, 1/4 W.
R81 was: 19A700019P30 Deposited Carbon: 270 ohms ±5%, 1/4 W.
R82 was: 19A700019P40 Deposited Carbon: 1.8k ohms ±5%, 1/4 W.

REV D - SYSTEM BOARD 19D901541G1
To provide better range for Line Mic adjust, changed R71.

R71 was: H212CRP247C Deposited Carbon: 4.7k ohms ±5%, 1/4 W.

REV E - SYSTEM BOARD 19D901541G1
To provide lighter maximum squelch adjustment. Moved R11-1 from the
cathode of D46 to the (+) side of C6.

REV F - SYSTEM BOARD 19D901541G1
To improve operation by increasing intercom delay to mask PTT glitch at
power up. Changed the value of C5 from 1 uF to 47 uF. 

C5 was: 19A703314P6 Electrolictic: 1 uF -10+50% tol, 50 VDCW; sim to
Panasonic LS series.
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