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GENERAL:

This revision outlines changes that have occurred since the printing of your instruction manual. Use this
information to correct your manual.

INSTRUCTION MANUAL AFFECTED:

68P81082E10-O MSF 5000 Digital Capable Stations
403-475 MHz; 6, 15, 40, 75, or 110 Watts
Continuous Duty

68P81082E25-0 MSF 5000 Digital Capable Stations
403-475 MHz; 225 Watts
Continuous Duty

REVISION DETAILS:

1. Insert new section number 68P81086E04-O, covering new Secure capable Station Control Boards
(SSCB) Models TLN3182B, TLN3189B, TLN3204B, and TLN3205B directly behind the SSCB
MODULE tab in front of section 68P81083E92-O

2. Replace section number 68P81082E94-0, directly behind the TTRC MODULE tab, with new section
68P81082E94-C, covering Trunked Tone Remote Control (TTRC) modules TLN3112B and TLN3114B

® Issue C of the section supports version B of the TTRC modules TLN3112 and TLN3114, including:
definition of the jumpers used on B-version boards (reference revised Table 8 and new Table 9),
revised component location overlays, revised schematics, and revised parts lists.

® Issue C of the section also includes: — clarification of the source of Failsoft Codeword and Tone
Generation on the SSCB board rather than on the TTRC board (paragraph 2.4.4).

3. Replace section number 68P81125E34-A, directly behind the SECURE MODULE tab, with the new
section 68P81125E34-B, Option C514 Transparent Operation, Module TLN3045C Secure Module.

ATTACHMENTS:

Secure capable Station Control Boards (SSCB)
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Trunked Tone Remote Control (TTRC) modules
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Option C514 Transparent Operation
Model TLN3045C Secure Module .. ..oonniiii i it iraseeennns 68P81125E34-B
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@ MOTOROLA INC.

SECURE CAPABLE STATION

CONTROL BOARD

MODELS TILN3182B
TLIN3189B
TLN3204B
TILN3205B

1. INTRODUCTION
1.1 OVERVIEW

This document describes the operation of the Secure
capable Station Control Board (SSCB), which has been
designed for use in the Digital MSF 5000 / MSF 10000
repeater/base stations. The kit number of the SSCB
depends upon the frequency band of the station in which
the SSCB is used:

TLN3182B - VHF/UHF NB
TLN3189B - VHF/UHF
TLN3204B - 800
TLN3205B - 896

The SSCB is housed in the control tray attached to the top
of the RF tray, and is compatible with the Trunked Tone
Remote Control (TTRC) board (TLN3112, TL.N3114) as
well as the optional Secure Module (TLN3045). The
SSCB also maintains compatibility with all existing op-
tional expansion modules which can be housed in an ex-
pansion tray attached to the top of the control tray.

2. FUNCTIONAL DESCRIPTION

2.1 DC-DC CONVERTER
2.1.1 Operation

The dc-dc converter is a current-mode controlled for-
ward converter operating at 200 kHz. It produces +5V
for the SSCB and the other connected control tray boards.
It also incorporates various self- and system protection
features. Input to the converter is the Aux 13.8 V(A+ +)
voltage. Reference voltage for the circuit is generated in-
ternal to the control chip, U843. System protection fea-
tures are handled by U842C for overvoltage faults, U842B
for under voltage faults, and U842A for insufficient
A+ + voltage to protect against over discharge of batter-
ies during battery revert. U842A also provides a test func-
tion (Reset_switch*) which allows the converter to run re-
gardless of the input voltage, and concurrently resets the
station.
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While any of the above fault conditions hold the station
reset, only the overvoltage condition will force the con-

verter to shut down. In this case, the converter will turn
off and allow the 5 V to discharge down to approximately

2V before attempting to restart. For a hard fault, the sup-

ply will continuously turn off and attempt restart while
holding the station in the reset mode. Overcurrent pro-
tection for the power supply is provided automatically on

a pulse-by-pulse basis due to the current mode control to-
pology (U843-pin 3).

2.12 Troubleshooting

In the event of incorrect voltage measured at TP6, Jumper
JU12 can be removed to disconnect the station load from

the power supply as well as isolating part of the protection
circuitry. Before doing this, the type of fault should be de-
termined. If the supply is cycling on and off from approxi-

mately 2 V to 6 V, the most likely failure is in the feedback
divider network (R2, R7). Either R2 is open or the wrong
value, or R7 is shorted or the wrong value. If the fault dis-
appears when the jumper is removed, the problem is in

the protection circuit (U842C and associated compo-
nents).

Overvoltage faults can be caused by any series element

from T1 to JU12, as well as feedback divider network er-
rors and failures in the control and driver circuitry on the

primary side of the transformer. Overcurrent faults
caused by short circuits external to the power supply can
be isolated by removal of JU12. Since the supply goes into

a fold-back mode during overcurrent, the output voltage

drops very rapidly once the current limit threshold value
is reached (approximately 1.5 amps). Problems with the
station stuck in reset mode with valid + 5V present at TP6
are most likely caused by circuitry associated with U842B,
U842D, Q706, or Q705.

22 AUDIO PROCESSING SECTION

The Audio Processing section consists of three parts: re-
ceive audio processing, transmit audio processing, and
audio routing.
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22.1 Receive Audio Processing Section

22.1.1 OPERATION

The schematic diagram for this section is on the top left
part of Sheet 4. The input to the receive audio processing
section is baseband audio, which is demodulated from the
RF signal by the receiver in the RF tray.

22.12 TROUBLESHOOTING

When a strong RF signal is applied to the receiver, the
demodulated baseband FM (audio) should be present at
RX1 AUDIO (U811-14). For an RF signal with 60% devi-
ation at a 1 kHz modulation frequency, the RX1 AUDIO
level should be about 350 mV rms. If this audio is not pres-
ent, first check the + 9.6V supply on TP5 and the VB bias
level on U819-12. Next, verify that JU11 is in the proper
position. Also check the signal at TP3 QUAD AUDIO,
which is not filtered or gated. This signal should have a
level of about 300 mV rms. If audio is present at TP3 but
not at U811-14, try adjusting the Rx level digital pot U824.
If none of these methods works, one of the circuit blocks
in the receive audio processing section may have malfunc-
tioned. Each of the following blocks may be checked on
an input-to-output basis and repaired if found faulty: PL
filter U841, digital pot U824, expander U815, flutter—
fighter hybrid HY804, audio gate U811, and op-amps
U818 and U819.

222 Transmit Audio Processing Section

222.1 OPERATION

The schematic diagram of the transmit audio processing
section is shown on the top right part of Sheet 3. The out-
put of this section is TX MOD AUDIO, which is sent to
the FM modulator to be impressed upon the RF output

of the transmitter, and sent out over the air. This section
has several inputs that originate from the SSCB audio
routing circuitry.

2222 TROUBLESHOOTING

When a large audio signal isapplied to the microphone in-
put with a local PTT, the limited and filtered audio signal
should be present on TX MOD AUDIO at TP4. If this
audio is not present, check the +9.6V supply at TPS and
the VB bias level at U838-5. If the TX MOD AUDIO
signal is not found, make sure the mic audio is present at
the Tx audio summing amp output U814-1. If this signal
is absent, check the Audio Routing Section described in
the next paragraph. Also check the signal at U838-7,
which should be in full limit (driving the op—amp to its sup-
ply rails). Trace the flow of this signal through the splatter
filter (U838-7, U838-1, U837-7, U8200-1). The splatter
filter output should be similar in peak to peak amplitude
to the limiter output, but not so much of a square wave
(that is, closer to sinusoidal). If audio is present at
U8200-1 but not at TP4, try adjusting the Max Deviation
level digital pot, U831. If none of these methods works,
one of the circuit blocks in the transmit audio processing
section may have malfunctioned. Each of these blocks
may be checked on an input to output basis, and any bad
ones repaired or replaced.

223 Audio Routing section

223.1 OPERATION

Most of the audio routing section is shown on the left half
of schematic Sheet 3. Its primary function is to properly
distribute audio signals from all sources to all destinations
connected to the SSCB. The audio routing section oper-
ates on the following audio inputs and outputs, as shown
in Tables 1 and 2.

Table 1. Audio Input Description

Inputs Description
TX AUDIO Notch filtered audio from TTRC wireline
IN MRTI AUDIO Audio from MRTI phone patch
LOCAL AUDIO General purpose audio to/from expansion modules (also common with MIC AUDIO signal)
MIC AUDIO Audio from local user microphone
RX1 AUDIO Audio from receive audio processing section
ALERT TONE AUDIO Audio from alert tone encoder on SSCB
SECURE RX AUDIO Audio from optional secure board for speaker/wireline
RX2 AUDIO Processed audio from optional 2nd rcvr board

CODED MOD AUDIO

Audio from optional secure board to be transmitted

TKG MOD AUDIO

TDATA/failsoft from TTRC to be transmitted

SEC ALERT TONES Tones from option secure board (encode/decode only)
TX DATA AUDIO General purpose data from expansion modules

GCC DATA AUDIO 1200 or 4800 baud data from optional GCC

RAW TX AUDIO Unfiltered audio from TTRC wireline

PL ENCODE AUDIO Audio from PL/connect tone encoder on SSCB
RAC_LN_AUD Encoder output of optional RAC expansion module
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Table 2. Audio Qutput Description

Outputs Description
SUMMED TX AUDIO Audio to transmit audio processing section
LINE AUDIO Audio to TTRC wireline
SELECT AUDIO Volume adjusted audio to expansion modules (especially DMP speaker)
OUT MRTI AUDIO Audio to MRTI phone patch
SPKR AUDIO Amplified audio to local user speaker
TX AUDIO Wireline audio to secure board for encryption and to expansion modules
RAW TX AUDIO Unfiltered wireline audio to optional secure transparent board
LOCAL AUDIO Local audio to optional secure board for encryption
IN MRTI AUDIO Audio from MRTI phone patch to secure board for encryption

Some audio inputs are enabled using audio gates, which
respond to various PTT and squelch conditions as shown
in Table 3. Some other audio inputs are enabled using 3
pin jumpers (see jumper table). TX DATA AUDIO can be
summed into the SSCB transmit path before or after the
maximum deviation adjust circuit (JU4). GCC DATA
AUDIO can be routed through the pre-emphasis/splatter
filter path for 1200 baud data or after the maximum devi-
ation adjust for 4800 baud data (JU6).

Table 3. Audio Gate Enabling
Condition Audio Gate
TX AUDIO UB10A
IN MRTI AUDIO us17B
LOCAL/MIC AUDIO us10C
RX1 AUDIO us10B
ALERT TONE AUDIO us17C/uUs17D

2232 TROUBLESHOOTING

The routing performed in this section depends on the con-
figuration of the SSCB in the station. This configuration
is determined by two factors: code plug programming and
jumper settings. If the audio routing section is not per-
forming as expected, one of these two factors is most likely
to be the problem. Refer to the jumper table to determine
proper jumper settings, and refer to the software descrip-
tion for proper code plug programming. If these two items
are found to be correct, and audio routing problems still
exist, the circuitry in this section should be checked.

First, check the + 9.6V supply at TP5 and the VB bias lev-
el at U810-1. If an audio gate does not operate as ex-
pected, check the audio gate control input. A high level
(about +9.6V) at the control inputs of T-gates U810,
U811, and U812 allows audio to pass through the positive
gate (no bubble shown at the input) and shuts off the sig-
nal from passing through the negative gate (with a
bubble). Conversely, a low level on the control input al-
lows audio to pass through the negative gate and shuts off
the positive gate. Thus, for audio gate U817, a high level
(about +9.6V) at the control input allows audio to pass,
and a low level shuts it off. If the control input is correct,
but the gate does not respond properly, the audio gate IC

is probably bad. If the control input is not as expected,
check the level shifters U813 and U816. These ICs shift
the 0-5V ASIC control outputs to the 0-9.6V levels re-
quired by the audio gates. A low voltage on the input of
the level shifter should drive the output low, and a + 5V
level on the input should drive the output to +9.6V. If
that’s not what happens, the level shifter IC is probably
bad. If none of the foregoing checks isolates the cause of
the audio routing problem, check quad summing amp
U814. If audio is present on the resistor inputs but not on
the outputs, and the +9.6V and VB levels are correct,
U814 is probably bad.

2.3 SQUELCH CIRCUITRY

The squelch detection circuitry on the SSCB responds to
the signal strength of the incoming receiver audio. The
QUAD AUDIO signal from TP3 is routed both to the re-
ceiver and to the repeater squelch detectors. These detec-
tors drive control lines to the logic section, which are used
in keyup and gating arbitration. For information on PL
and DPL coded squelch operation, refer to the logic sec-
tion of this description.

2.3.1 Troubleshooting

Properly operating squelch detectors should indicate
squelch conditions when an RF signal below the adjusted
threshold is being received. The detectors should uns-
quelch as soon as the signal strength goes above the set
level. If the squelch circuit malfunctions, first try adjust-
ing the digital pots in the receiver and repeater squelch
detection circuits. A relatively easy and quick way to check
the operation of the squelch circuitry is to use the ACC
DIS switch on the front panel to enable the front panel
Squelch control. With no RF input to the station, a noisy
signal should appear on TP3 QUAD AUDIO. With the
Squelch control fully CW, this noisy input should squelch
the receive audio. With the Squelch control full CCW, the
detector should not squelch the receiver, and the noisy
signal should pass through to the speaker. If the receive
channel has PL/DPL connect tone enabled, the PL DIS
switch must also be used to hear the signal at the speaker.
If these simple checks don’t isolate the source of a squelch
problem, refer to the squelch troubleshooting chart in the
manual.
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24 LOGIC HARDWARE SECTION

The logic hardware description can be broken down into
five broad parts: microprocessor core, data communica-
tions circuitry, tone encoders/decoders, general 1/0, and
reset circuitry.

Many of the functions of the logic section are implem-
ented with Application Specific Integrated Circuits (AS-
ICs). The SSCB uses two of these custom ASICs, which
were specifically designed for this product. The ASICscan
operate in one of two modes, depending on the state of
the MODE pin (18). U801 operates in the standard mode
(with MODE pulled high), and serves as a specialized mi-
croprocessor support chip, with additional I/O and data
communication features. U802 operates in the I/O mode
(with MODE pulled low), and serves as an addressable
collection of input buffers and output latches.

2.4.1 Microprocessor Core

The schematic diagram of the microprocessor core is lo-
cated on Sheet 2. Its function is to run the software that
controls the station. Most of the core functions are carried
out using five integrated circuits.

242 Data Communications Circuitry

The SSCB logic section communicates with other mod-
ules in the station through three primary channels; the
IPCB, the MUXbus, and the high speed ring (HSR).

2.43 General Input/Output

The SSCB logic section has a great deal of input/output
(I/O) capability, which is needed to control station func-
tions and monitor station status. The I/O section also al-
lows a local user to change the state of the station, and to
observe station status conditions.

2.44 Tone Processing

244.1 TONE ENCODING AND DECODING

Two 4-bit encoders are included on the SSCB. They are
driven by 8-bit latch OL10 from the 1/0 ASIC. The tone
decoding capabilities of the SSCB are complementary to
its tone encoding functions. The SSCB detects incoming
PL tones or DPL codewords in a conventional coded
squelch system, and incoming connect/disconnect tones
in a trunked system. These tones and/or codewords are
part of the receiver modulation.

2.45 Reset Circuitry

The power up reset circuitry is shown on the bottom of
schematic Sheet 1. A block diagram of this section is also
shown in Figure 1.

DELAYED RESET is inverted by Q822 to form EXPAN-
SION RESET™*, which should hold other control tray
boards and expansion modules in reset during SSCB self-
diagnostics. The microprocessor can also activate EX-
PANSION RESET* during normal program execution, by
turning on Q823 with a general purpose output pin.

24.6 Logic Hardware Troubleshooting

The SSCB software is capable of generating several error
codes on the front panel seven segment display. Refer to
the SSCB software description section for a list of these
diagnostic error codes.

If there is a suspected failure in the SSCB logic section
first check the + 5V power supply pins on each of the logic
devices U800 through U804, and on U807. Next, look at
the RESET™ line at TP10. This line should be at a steady
high, with no superimposed pulses. Also look at the
DELAYED RESET line, which should be at a steady low
with no superimposed pulses. If the signals on the reset
lines are not as expected, check to see that ICs U800
through U804 are all properly seated in their sockets. (Im-
proper seating is especially likely for 28-pin DIP U803.)
Also verify that EPROM U803 is programmed with the
correct version of the software for the particular SSCB be-
ing worked on. (U803 must be compatible with the EE-
PROM codeplug programming internal to U800, or the
system will not work) Next, check to see that the address
timing signals (A0-A7) for the demultiplexed low order
address bus are present at the relevant outputs of U801
(pins 66-73). If the AO-A7 address timing signals are not
found, ASIC U801 is probably bad. If ASIC U801 and
EPROM U803 both seem tobe OK, and the RESET* line
is high, next check microprocessor U800. A properly func-
tioning U800 will drive the E line (U800-5) with a 1.9872
MHz square wave. If all these chips seem to be function-
ing properly, check ASIC U802 for data bus inputs as well
as correct output latch levels.

If an error code indicates that there is a problem with the
HSR, first verify that JUl and JU2 are installed in the cor-
rect positions. Next, verify that HSR CLK is an E/2 fre-
quency square wave, and that HSR SYN goes high every
40 HSR CLK cycles. If these signals seem to be correct,
but HSR problems still exist, remove the modules from
J804 and/or J803, and place JU1/JU2 in the HSR loopback
position (JU1 alternate, JU2 normal position). If the error
code persists with all other modules disconnected and the
HSR looped back by JU1/JU2, then U801 is probably bad.
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Figure 1. Digital MSF Reset Block Diagram
If problems are encountered with the MUXbus, verify Table 4. MUXbus Addressing
that DS* is a 3105 Hz square wave and that the address Sianal Action
lines are being driven. The address nibble BAO-BA3 must g
be incremented modulo-16 for proper operation. This BDO* (U801-38) depress XMIT switch
means that the BAO lme (Wthh toggles at DS*/2 rate = BDi1* (U801 _39) depress XMIT switch
1553 Hz) should toggle twice as fast as BA1(DS*/4 = 776 - Tr9 L0C
Hz), which is twice as fastas BA2 (DS*/8 = 388 Hz), which BD2* (U801-40) ground TP9 (LOC PTT)
is twice as fast as BA3 (DS*/16 = 194 Hz). To verify proper BD3* (U801-41) set to CH1-using ACC DIS,
MUXbus data generation, the SSCB can be forced to SELECT/CHANGE switch

write to the MUXbus BD0*-BD3* bits. When a MUXbus
data bit is set at only one MUXbus address, the signal on
the specific MUXbus data pin should be a short low-going
pulse from the 5V high level, repeating at a frequency of
DS§*/16 = 194 Hz. The following chart (Table 4) indicates
one way to force the SSCB to drive a MUXbus data bit
at only one address: If these signals cannot be verified,
ASIC U801 is probably bad.
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The procedures for troubleshooting the tone encoders/
decoders and wattmeter buffers are similar to those al-
ready suggested for troubleshooting the audio sections.
Each circuit block can be analyzed on an input to output
basis, and any malfunctions isolated and repaired.
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When a PL signal is present on the receive audio, the PL
DECODE DATA (U800-32) signal should be a 0-5V
square wave of the same frequency. An easy way to verify
the wattmeter buffer operation is to monitor the buffer
outputs (FWD PWR U806-8 and RFL. PWR U806-14).
The DC levels on these outputs should respond to front
panel Po power adjustments while the transmitter is
keyed. The tone encoders can be checked bylooking at the
output of the D/A filters. When an alarm condition is
present, an alert tone sine wave burst should be visible at
U818-1. Alarm tones can be generated by setting DMP
bits at MUXbus address 12. When PL/DPL/connect tones
are being generated, a sine wave should be visible at
U8200-1. DPL code 031 can be generated by keying the
station with a LOC PTT with the station set to channel 1,
mode 1.

2.5 SOFTWARE DESCRIPTION

The Station Control board firmware begins execution at
the location contained in its RESET vector whenever the
station powers-up or is reset. This location is the begin-
ning of the main background routine of the Station Con-
trol board firmware. Once initialized, this routine is basi-
cally nothing but an endless loop (the background) which
calls all of the non-interrupt-driven routines. However,
at its beginning, the firmware calls a startup diagnostics
module, "sscb_reset_diags.asm,” which runs to comple-
tion before the background loop begins. As the name im-
plies, this module performs diagnostic tests of the Station
Control board. When the diagnostics begin (i.e.: immedi-
ately upon station power-up), all segments and digits of
the three digit, seven segment Status display LED should
light, and stay lit until the circuitry that drives the display
has been verified. This indicates that the Station Control
board has started its diagnostics.

The sscb_reset_diags.asm routine must initialize some of
the registers in the microprocessor before the actual hard-
ware diagnostic tests can start. These registers determine
the microprocessor’s Computer Operating Properly
(COP) watchdog time-out time; set up the Serial Com-
munications Interface (SCI) to communicate at the same
baud rate and with the same message protocol as the other
boards on the Inter-Processor Communications Bus
(IPCB), and set up a service to bypass the flag that normal-
ly tells the board to access its EEPROM.

When initialization is complete, the routine sets an output
pin to hold the Expansion Reset line active. This prevents
the on-board circuitry that activated Expansion Reset im-
mediately upon Station reset or power-up from releasing
the line after about 200 milliseconds, which would hold
any and all remote boards in reset. The Station Control
board diagnostics now begin. Since these tests can yield a
number of error conditions, errors are indicated either by
flashing the Station Control board’s entire Status display
or by displaying a formatted error code within the Status
window. There are two types of error classes: fatal and
non-fatal. Fatal errors are severe enough to prevent prop-

er operation of the Station Control board, and cause the
Station Control board to reset. Non-fatal errors, howev-
er, are just warnings. They are not severe enough to pre-
vent operation, and should not cause a reset.

Failures of some of the initial diagnostics tests described
below are indicated by flashing of the entire Status dis-
play. At this point, the operation of the display—driving cir-
cuitry, IRQ-interrupts, and external RAM has not yet
been verified. The display-driving circuitry and IRQ in-
terrupts are required for displaying error codes within the
Status window, and the external RAM is needed to hold
the error codes for display. The Status window display
cannot be used until those tests have been done.

All failures that flash the entire Status display are fatal er-
rors. For each error of this type that it finds, the sscb_re-
set_diags.asm routine calls a specific error handler rou-
tine, which contains a number peculiar to that error. The
error handler flashes the Status display for that specific
number of repetitions, to identify the error. It then goes
into a wait condition, not servicing the COP timer, which
eventually times-out and resets the Station Control
board. Failures that display error codes in the status win-
dow, on the other hand, may be fatal or non-fatal. When
sscb_reset_diags.asm detects an error of that type, it calls
a different error handler routine, which writes an error
code value to the front-panel Status window. If the error
code is fatal, the Station Control firmware displays it for
five seconds and then stops servicing its COP timer.
Again, COP eventually times—-out and resets both the Sta-
tion Control Board and, via the Expansion Reset line, any
board(s) connected to it. If the error code is non-fatal, the
Station Control firmware displays it for two seconds and
continues without a reset.

If a fatal error is left uncorrected, the test that found it
will, of course, fail again, re-display the same error code,
and once more reset. This is an endless cycle that will con-
tinue until the failure is corrected.

Sscb_reset_diags.asm checks two major sections of the
Station Control board hardware: the digital hardware and
the audio hardware. Internal digital diagnostic tests are
done first, followed by external digital diagnostic tests,
followed by audio diagnostic tests. All tests are performed
after every Station Control board reset. Internal digital
diagnostic tests are tests which verify operation of the Sta-
tion Control board’s digital circuitry as stand-alone hard-
ware. External digital diagnostic tests verify operation of
the Station Control board’s digital circuitry as part of the
overall Station Control Tray. Finally, audio diagnostic
tests verify operation of the Station Control board’s audio
circuitry.

The first internal digital diagnostic test checks that the
segment-select lines of the Status display and the internal
IRQ signal are working properly. If not, the specific error
handler called should flash the entire display twice, then
reset the board.
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The second internal digital diagnostic test checks that
each of the eight bits in every byte of the external RAM
can be toggled high and low. After each RAM byte is
checked, it is cleared so that all RAM bytes will initially
be zero when the diagnostics are complete. If any external
RAM byte fails this test, the specific error handler called
should flash the entire display four times, then reset the
board.

The third internal digital diagnostic test checks that the
IRQ (Interrupt Request) is working. The IRQ interrupt
should be generated whenever 640 microprocessor E-
cycles have been clocked by the MUXbus-driving portion
of the standard ASIC. It should occur every 320.061 usec
(640 cycles at 1,987,200 cycles per second). It signals the
Station Control board that new MUXbus data is ready to
be read, updates the Station Control Software System
Timer, and controls the multiplexing of the front-panel
display. If this interrupt test fails, the specific error han-
dler called should flash the entire display twice, then reset
the board. If it passes, the front-panel display, which
should have shown three eights (8.8.8.) up to this point,
should become blank.

The fourth internal digital diagnostic test checks that each
of the eight bits in every byte of the internal RAM in the
microprocessor can be toggled high and low. After each
RAM byte is checked, it is cleared so that all RAM bytes
will initially be zero when the diagnostics are complete. If
any byte fails to pass this test, an error handler routine is
called to write the relevant fatal error code to the front-
panel Status window. (This and all the following diagnos-
tic tests display their results in the Status window, since
at this point the display circuitry has passed its diagnostic
tests and is, therefore, available.)

The next section of the sscb_reset_diags.asm routine
checks the microprocessor configuration, i.e. checks the
information stored in its CONFIG register. If the infor-
mation is wrong, the routine checks to determine whether
or not it can be corrected without total erasure. If so,
ssch_reset_diags.asm makes the correction and writes a
fatal error code to the Status window. If not, sscb_re-
set_diags.asm erases the CONFIG register, which erases
the entire internal EEPROM, and reprograms CONFIG
for the desired features. (Note that erasing the CONFIG
register erases the entire internal EEPROM, which is the
codeplug.) The routine then writes a different fatal error
code to the Status window. In either case, COP will then
time-out and reset the system.

Being reset will, of course, restart the diagnostics (i.e.: re-
peat sscb_reset_diags.asm). However, since the CONFIG
register was (ideally) corrected before the system reset,
this test should not fail on the second pass. Note, though,
that if the internal EEPROM was erased, the Station
Control firmware may get caught in a fatal error loop due
to some other error.

Unless otherwise specified, failures in all the following
tests are fatal errors. When one of these happens, the
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diagnostics write a fatal error message to the status win-
dow, and reset the system. In fact, until the problem is cor-
rected, the system may be expected to continually recycle
the diagnostic routines, failing and resetting repeatedly at
the same point, which is the "fatal error loop” referred to
above.

The diagnostic routine next calculates the single-byte-
add checksum of the Station Control firmware. The test
fails if this calculated checksum does not match the value
stored in the Station Control firmware.

Sscb_reset_diags.asm next tests the Standard and 1/0
ASICs. The ASIC tests are considered to be internal tests,
meaning that each ASIC is tested as a stand-alone device
(i-.: all outputs are looped back to the inputs). (In the ex-
ternal diagnostics section of the routine, the ASICs are
tested as part of the overall Station Control Tray.) The
first test performed on the Standard ASIC is verification
of its Output Latches. The test routine writes a known set
of data to the Output Latches; then reads back the corre-
sponding loopback Input Buffers. The test fails if the Out-
put Latches and Input Buffers do not agree.

The second test of the Standard ASIC checks the MUX-
bus circuitry. The routine first checks MUXbus address
cycling. Next, it checks the operation of the the Data
Strobe line, verifying that both 1s and 0s can be read at all
MUXbus addresses. A discrepancy in either addressing or
data integrity is a failure.

The next set of tests on the Standard ASIC is associated
with the High Speed Ring (HSR). The first HSR test isan
operational check of the Ring Synchronization and Ring
Clock lines. The diagnostic routine first reads two watch-
dog bits (one for Ring Sync and one for Ring Clock), in the
Standard ASIC hardware to determine whether or not
Ring Sync and Ring Clock are operating properly. Next,
it writes a known set of data to the Station Control portion
of the HSR, and then reads back the entire HSR. If the
data written to and read back from the Station Control
portion do not match, or if the Trunked Tone Remote
Control and Secure portions are not zero, the HSR fails.
(The Station Control board is in internal test mode at this
point, and should not be connected to the HSR. There-
fore, the Trunked Tone Remote Control and Secure
boards should not be able to write to the HSR.) If the test
passes, it repeats with an inverted version of the same data
set, using the same pass/fail criteria.

The next section of sscb_reset_diags.asm compares vari-
ous parameters of the Station Control codeplug and the
Station Control firmware. The codeplug data must first be
read from EEPROM into RAM. (If an external, serially—
addressed EEPROM is present on the Station Control
board, its data will also be read into RAM. A serially-ad-
dressed EEPROM that does not respond to commands is
a failure.) After the routine reads the EEPROM(s), it
clears the flag that has bypassed EEPROM access prior
to this point. The first comparison is between the Module
ID stored in the codeplug and the Module ID stored in the
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firmware. The second comparison is between the code-
plug version and the firmware version. The third compari-
son is between the single~byte-add checksum of the Sta-
tion Control codeplug. as calculated by the diagnostic rou-
tine, and the checksum value stored in the Station Control
codeplug. A mismatch in any of these comparisons is a
failure.

The routine next checks to determine whether or nor
there was a reset during an EEPROM update. An image
of the EEPROM is always kept in RAM. A user can write
this RAM image (which he or she may have modified) to
the EEPROM by issuing a Write-EEPROM-From-RAM
command via the IPCB. This command first erases the en-
tire EEPROM, setting all bytes to hexadecimal value FF.
The firmware then does a byte-by-byte copy of the modi-
fied RAM image to the EEPROM area, which can take
up to 15 seconds. The copy starts at the second byte in the
EEPROM address space. The first byte, which was pre-
viously set to FF hex during the erasure, is not overwritten
until the copy has been completed, at which time it is set
to 00. If the copy is interrupted by a reset before comple-
tion, that doesn’t happen. Therefore, if the first byte in
the EEPROM address space is non-zero it indicates that
the EEPROM may be corrupted, and is a failure.

The routine next checks to determine whether or nor
there was a reset during a user area update. What'’s stored
in the user area is dynamically-changeable data that must
be preserved between resets, so this area is part of the EE-
PROM address space. An update of the user-area should
reprogram only the bytes in that section of the EEPROM,
one of which is a user-area check byte that functions for
the user area in the same way that the first byte of the EE-
PROM functions for the entire EEPROM. That is, the
check byte is initially erased to FF hex, and cleared to 00
when the update is completed. Therefore, a non-zero val-
ue of the check byte indicates that the user area may be
corrupted, and the diagnostics will flag it as a failure.

The last of the internal tests in the diagnostic routine
checks the IPCB. The routine writes a test pattern to the
IPCB, then checks to determine whether or not the data
was received properly.

At this point, the internal Station Control diagnostics are
complete. Audio diagnostic tests may now begin. The Dis-
able LED should light to indicate that the digital hard-
ware tests have been completed, and three dashes (- - -)
should be displayed in the front-panel Status window to
indicate that audio diagnostics are in progress.

The diagnostic routines first check the Analog-to-Digital
(A-to-D) Converters of the microprocessor. If any of the
A-to-D Converters fail, the diagnostics should send a
non-fatal error code to the Status window for display. A
non-fatal error that occurs in this section of the diagnos-
tics is handled differently from fatal errors that occurred
in the previous section. Once the non-fatal error code is
displayed, the operator has two seconds to activate the

Acc Dis switch on the front panel of the station. This
freezes” the system at the current stage of the diagnos-
tics, to expedite troubleshooting. (Among its other advan-
tages, this allows audio gating, which may not be possible
in normal operation.) If the switch is hit late, freezing the
routine at the wrong stage, the operator can simply hit the
Reset switch and try again on the next pass.

Failures in all of the remaining tests are non-fatal errors;
and should display the appropriate non-fatal error codes
in the Status window.

The routine first checks the PL Tone generator circuit. If
the192.8 Hz tone is not present at the appropriate A-to-D
Converter input when the tone is enabled, the test fails.

The routine next checks the Alert Tone generator. If the
1000 Hz tone is not present at the appropriate A-to-D
Converter input when the tone is enabled, the test fails.

The routine next checks the Station Control board for PL
signal at the transmitter. If the 192.8 Hz tone is not pres-
ent at the TP4 A-to-D Converter input when the tone is
enabled, the test fails.

The routine next checks the alert tones at the the trans-
mitter. If a 1 KHz test tone shows an unusual characteris-
tic at TP4 while the maximum deviation EEPOT is ad-
justed, or the test tone is present when it should not be,
the test fails.

The routine next checks the receiver audio paths. If a 1
KHz test tone shows an unusual characteristic in the re-
ceive path while the receive level EEPOT is adjusted, the
test fails.

The routine next uses the alert-tone encoder to apply a
100 Hz tone to the PL—-decoder input, and checks for prop-
er waveform at that input. If an unexpected tone period
is detected, the test fails.

The routine next tests the receiver and repeater squelch
circuits. With loose squelch, the absence of receiver or re-
peater squelch activity is a failure. With tight squelch, the
presence of receiver or repeater squelch activity is a fail-
ure. If these tests pass, while retaining the same tight
squelch, the diagnostics cause a signal to be looped back
to the squelch-detector circuits to simulate receiver
quieting. Absence of squelch activity is now a failure.

The routine next checks Line and Receive Audio paths for
continuity. A 1000 Hz test tone is used for this purpose,
and if it is either there when it shouldn’t be, or not there
when it should, the test fails. The diagnostics then check
the Repeat path in the same way, with the same test tone.

Finally, the diagnostics re-enable the 1000 Hz test tone,
and check for it at TP1 (select audio). If it’s not there, the
test fails. Lastly, the routine disables the tone and checks
for it again. This time, the test fails if it is there.

Audio diagnostics are now completed. At this point, the
dashes (- - -) should be blanked from the Status window
to indicate completion of diagnostics to the operator.
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The routine should now attempt to set all EEPOTS to the
shadow values kept within EEPROM. If any one EEPOT
takes too long to set, that is a fatal error, the relevant fatal
error code code will be generated and displayed in the Sta-
tus window, and the system will reset. This is the last point
at which an SSCB error can occur. If that doesn’t happen,
Expansion Reset is now released, allowing the remote
boards to begin their own diagnostics. The routine will in-
dicate this by displaying the version number of the Station
Control firmware in the Status window.

When each remote board completes its own internal diag-
nostics, it waits for an instruction from Station Control.
This can be either a ”shut up” or a "wake up” command.
(The routines that control this on remote boards time-out
in 10 seconds. If they receive no commands before time-
out, they put their boards into background mode.) At this
point in its execution, the diagnostics routine simply or-
ders all remote boards to shut up. If any board refuses to
comply, mutiny is assumed and a fatal error results.

While the diagnostic software is attempting to communi-
cate with the remote boards, and also while each remote
board is performing its own external diagnostics, the
Status window will again display three dashes (- - -), to
indicate this condition.

When all boards have agreed to shut up, Station Control
asks the first one (TTRC, if present) to wake up and begin
its own external diagnostics. The board has five seconds
to send something over the IPCB. This can be its own
IPCB test message, a fatal or non—fatal error code, or its
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firmware version number. Error codes received will be
displayed in the Status window (fatal ones, of course, will
remain in the window for five seconds before the Station
Control board resets the entire station.) Reception of are-
mote board’s firmware version number signals the com-
pletion of that board’s diagnostics. Before displaying the
version number, however, Station Control requests the
Station Type and System Version bytes from the remote
board. If any of those bytes don’t match what Station Con-
trol has stored within its codeplug as the correct value,
that is a fatal error. (This check ensures that only compat-
ible boards can be used within a station). If all bytes match,
the version number of the board goes up in the Status win-
dow, and the next remote board in line is called up to go
through the same procedure. This procedure continues
until there are no more remote boards in line. Any remote
board that refuses to wake on command is, again, assumed
to be in rebellion, and will cause a fatal error.

When the firmware version numbers of all remote boards
in the station have been displayed in the Status window of
the Station Control board, this means that all boards have
run and passed their individual diagnostic routines. Hav-
ing reached this point, sscb_reset_diags.asm will turn off
the Disable LED, and issue a command to each board in
turn to enter its background mode. This is the last chance
for a remote board to mutiny by refusing the command,
creating a fatal error and resetting the system. Assuming
that no remote board chooses to do this, Station Control
will now clear the Status window, call a variable—initializa-
tion routine, and go into its own background processing
mode.
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Table 5. Secure Station Control Board Jumpers

Jumper # Description Normal Position Altemate Position
Ju1 TTRC HSR TTRC in TTRC out
Ju2 Secure HSR Secure out Secure in
Ju3 Coded Mod audio Secure out Secure in
Ju4 post-IDC Tx Data post-IDC Tx Data out post-IDC Tx Data in
JUs Trunking Mod audio TTRCin TTRC out
Jue 4800 GCC Data 4800 GCC out 4800 GCC in
JU7 Rx2 Wireline no Rx2 to wireline Rx2 to wireline
Jus Rx2 audio Rx2 out Rx2 in
Jug Secure Alert Tones Secure out Secure Enc/Dec in
JU10 Secure Rx audio Secure out Secure in
JU11 Rx Diversity audio no Rx Diversity audio Rx Diversity audio
Ju12 + 5V Supply +5V load in +5V load out
JU13 f tray +5V no +5V to rf tray +5V to rf tray
Jui14 1200 GCC Data 1200 GCC out 1200 GCC in
JU15 pre-IDC Tx Data pre-IDC Tx Data out pre-IDC Tx Data in
JU16 Exp Tx audio select Processed Tx audio to J800 Raw Tx audio to J800
JU17 SAM Line audio SAM audio not routed to line SAM audio routed to line
Ju18 RX1 gate control controlled by logic section controlied by squelch section
JU19 MPT squelch to Exp Conn Fast key from J800 MPT squelch from J800
Ju20 * Secure coded mod gain high gain low gain
Ju21 * Wattmeter A-D resolution use for high power stations use for low power stations
Juz2 * Wattmeter A-D resolution use for high power stations use for low power stations

* Not present on earlier versions.
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SECURE CAPABLE STATION

CONTROL BOARD
RECEIVER AUDIO AND
SQUELCH CONTROL,
TROUBLESHOOTING CHART

SYMBOLS AND ABBREVIATIONS USED [N THE CHART

ALL VOLTAGE MEASUREMENTS ARE OC, UNLESS OTHERWISE STATED.
AC VOLTAGES ARE MEASURED WITH AN AVERAGE RESPONDING METER,

= TEST TO BE DONE

= DECISION

= SOURCE OF FAULT

TS = TROUBLESHOOTING
U580 =PIN JOF U150

ow = CLOCKW{SE

cow = COUNTERCLOCKWISE

TROUBLESHOOTING PREREQUISITES:

1. ENERGIZE STATION. RECE{VE SYNTHESIZER MUST BE LOCKED (RX LOCK LED LIT},
IF NOT, PERFORM RECEIVER TROUBSLESHOOTING PROCEDURE,

1 PL DISABLE STATION BY PUTTING SWBOO iN THE PL DIS POSITION {UBL,

ACCESS DISABLE STATION BY PUTTING SWBO1 IN THE “4CC 0I5 " POSITION. {UP)

4 PAOVIDE A MEANS OF LISTENING TQ LOCAL AUDIO. PLUG PORTABLE TEST SET
INTO J8t2

W

B THERE SHOULD BE NO AF SIGNAL PRESENT AT THE RECEIVER INPUT
{DISCONNECT ANTENNA),

&  WHEN TRQUBLESHOOTING IS COMPLETE, READJUST THE AUDID AND REPEATER
SQUELCH S5ECTION TO PROPER SYSTEM SPECIFICATIONS
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SECURE CAPABLE STATION
CONTROL BOARD
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SSCB MODULE

Parts Lists

TRN73528 Vhf/Uhf NB SSCB PL-11694-A TRN7352B Vhi/Uhf NB SSCB PL-11694-A (cont.)
TRN7423B 900 Analog Plus SSCB TRN7423B 900 Analog Plus SSCB
TRN7604A 800 SSCB TRN7604A 800 SSCB
TRN7358B Vhf SSCB TRN7358B Vhf SSCB
REFERENCE PART REFERENCE PART
SYMBOL NUMBER DESCRIPTION SYMBOL NUMBER DESCRIPTION
capacitor, fixed: capacitor, fixed (cont.):
C701 2113740857 220 pF, +5%: 50V C1558 2113740B76 1500 pF, +5 pF; 50V
C702 2113740B71 820 pF, 5% 50V C1559 2113740B73 1000 pF, +5%; 50V
C703 2113740B73 1000 pF, +5%; 50V C1560 2113740B34 24 pF, =5%; 50V
C704 2113741B69 0.1 UF +5%: 50V C1561 0811017A05 3300 pF, +5%; 50V (TRN73528,
C705, 706 2311049A19 10 UF, =10%; 25V TRN7423B, TRN7604A)
cr707 2113741B69 0.1 uF, £5%; 50V C1562 2311049A10 2.2 uF, +10%; 35V
C708 2311049A19 10 uF, =10%; 25V C1564 2113741B21 1000 pF, +5%; 50V (TRN7352B)
C709 2311049A08 1 uF, +10%: 35V C1564 2113741B37 4700 pF. +5%: 50V (TRN7604A,
C710, 711 2311049A22 33 uF, +10%: 16V TRN7358B)
c712 2311049A19 10 UF, *10%: 25V C1579 2113740B57 220 pF. +5%: 50V
C713 2311049A08 1 uF +10%; 35V C8100, 8101  2113740B49 100 pF. +5%: 50V
C714 2311049A19 10 uF, +10%; 25V C8102 0811017A08  0.01 uF, +5%; 50V (TRN7352B,
C715 2113740B49 100 pF. +5%; 50V TRN7423B, TRN7604A)
C716 2311049A19 10 uF, +10%: 25V €8103 0811051A09  0.022 uF, +5%; 63V (TRN73528,
c717 2113741B69 0.1 uF, £5%; 50V TRN74238, TRN7604A)
C718 2313748G21 100 uF, +20%; 16V (TRN7352B, C8104 0811017A08  0.01 uF, +5%; 50V (TRN7352B,
TRN7423B, TRN7604A) TRN7423B, TRN7604A)
C719 2311049A19 10 uF, +10%; 25V C8105 2383210A19 500 UF, + 100%/-10%: 20V
C720 2113741869 0.1 uF, +£5%: 50V C8106 0811051A13 0.1 UF, +5%: 63V (TRN7352B,
cr21 2311049A22 33 UF +10%: 16V TRN7423B, TRN7604A)
C722 thru 2113741B69 0.1 UF +5%: 50V C8107 0811051A09  0.022 UF, +5%; 63V (TRN7352B,
725 TRN7423B, TRN7604A)
€800 2113741B45 0.01 uF. +5%: 50V C8108 0811017A08 0.01 uF, +5%; 50V (TRN73528,
Cc801 2113740859 270 pF, +5%: 50V TRN7423B, TRN7604A)
C802 thru 2113741B69 0.1 uF, +5%: 50V C8109 2384665F06 220 uF, + 150%/-10%: 25V
808 C8111 0811017A05 3300 pF, +5%; 50V (TRN73528)
€810 2113741B69 0.1 uF, +5%; 50V c8112 2311049A15 4.7 uF, +10%:; 35V
C812 2311049A19 10 uF, +10%; 25V C8113 2113740B49 100 pF, =5%; 50V
C814, 815 2113740B34 24 pF, +5%; 50V C8114, 8115  2113740B57 220 pF, +5%; 50V
cs17 2113740B65 470 pF, =5%; 50V C8116 0811051A15  0.22 uF, +5%; 63V (TRN7352B,
c819 2113741B69 0.1 UF, *5%: 50V TRN7423B, TRN7604A)
€820 2113741B45 0.01 uF. +5%; 50V c8t17 2311049A10 22 uF, +10%; 35V
C822 2311049A08 1 uF, £10%; 35V C8118 2311049A08 1 uF, +10%; 35V
€823 thru 2113741B69 0.1 uF, +5%; 50V C8119 0811017A05 3300 pF, +5%; 50V (TRN7352B,
828 TRN7423B, TRN7604A)
Cs29 2113740B49 100 pF, +5%; 50V C8120 0811017A08  0.01 uF, +5%; 50V (TRN7352B,
€830 2113741B69 0.1 UF, +5%: 50V TRN7423B, TRN7604A)
C1543 2113740B73 1000 pF, +5%: 50V C8121 2113740B57 220 pF. +5%: 50V
C1544 0811051A13 0.1 UF, +5%; 63V (TRN7352B, C8122, 8123  2311049A08 1 UF, =10%: 35V
TRN74238, TRN76044) C8124 0811051A13 0.1 uF. +5%; 63V (TRN7352B,
C1545, 1546  2113740B47 82 pF. 5% 50V TRN7423B, TRN7604A)
C1547 0811017A08  0.01 uF, +5%; 50V (TRN7352B, o
ey o 1
C1548 2113740876 1500 pF, =5 pF: 50v Cc8128 2113740B49 100 gF’ +5%; 50V (TRN73528
o/ - y — o, 3
G881 BHONTAGE 00 s evh ot (reNTaS2E TAN74238, TRN76044)
1 1101 PF. +5%; 50 2B, _
TRN74238, TRN7604A) C8128 2113740B76 1500 pF, =5%; 50V (TRN7604A)
C1552, 1553  2311049A10 2.2 uF. +10%: 35V C81298130  2113740B49 100 pF, +5%; 50V
C1554 0811017A01 1000 pF. +5%; 50V (TRN73528, C8131thru  2113740B40 43 pF. +5%; 50V
TRN74238) 8133
C1554 0811017A08  0.01 UF, +5%; 50V (TRN7604A) C8134 2311049A08 1 uF, £10%; 35V
C1555 2113740B34 24 pF, +5%: 50V C8135 0811051A15  0.22 UF, +5%; 63V (TRN7352B,
C1556 0811017A01 1000 pF, +5%; 50V (TRN73528, TRN7423B, TRN7604A)
TRN7423B) C8136 2311049A19 10 UF, +10%; 25V
C1556 0811017A08  0.01 UF, +5%: 50V (TRN7604A) C8137thru  0811051A15 0.22 UF, +5%; 63V (TRN7352B,
C1557 0811017A08 0.01 uF, +5%: 50V (TRN73528, 8140 TRN7423B, TRN7604A)
TRN7423B, TRN7604A) C8141 2113741B45 0.01 uF. 5% 50V
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TRN7352B Vhf/Uhf NB SSCB
TRN7423B 900 Analog Plus SSCB

PL-11694-A (cont.)

TRN7352B Vhf/Uhf NB SSCB
TRN7423B 900 Analog Plus SSCB

PL-11694-A (cont.)

TRN7604A 800 SSCB TRN7604A 800 SSCB
TRN7358B Vhi SSCB TRN7358B Vhf SSCB
REFERENCE PART REFERENCE PART
SYMBOL NUMBER DESCRIPTION SYMBOL NUMBER DESCRIPTION
capacitor, fixed (cont.): capacitor, fixed (cont.):
gfgéz thru  2113741B69 0.1 uF, =5%; 50V €8307 2113740B36 30 pF, £5%; 50V
C8151 2311049A15 4.7 uF, £10%; 35V diode: (see note)
C8152 2113740B49 100 pF, +5%; 50V CR801, 802  4811058A11 silicon
C8153 2113741B45 0.01 uF, £5%; 50V CR803 4805129M41  silicon, type MMBD501 (RH)
C8154 2113740B49 100 pF, £5%; 50V CR804 thru 4811058A11 silicon
C8156 2113740B49 100 pF, £5%; 50V 807
C8157 2113741B45 0.01 uF, £5%; 50V CRg08 4884349P01  silicon
C8158 0811051A10  0.033 uF, +5%; 63V (TRN73528, CR809 4811058A11  silicon
TRN7423B, TRN7604A) CR1520 thru  4805129M41  silicon, type MMBD501 (RH)
C8159 0811051A12  0.068 uF, +5%; 63V (TRN7352B, 1522
TRN7423B, TRN7604A) CR1523,1524 4811058A11 silicon
C8160 2113740B49 100 pF, +5%: 50V CR1526,1527 4811058A11 silicon
C8161 0811017A05 3300 pF, +5%; 50V (TRN7352B, i
crizs s ez o, e MBOS01 ()
ce162 0811051413 %}N“7F42i3§?/°f96,3}’6g4i';‘73528' CR1531 4805129M41  silicon, type MMBDS501 (RH)
C8163 2113740B74 1200 pF, +5%; 50V CRB100.8101  4883654HO1  silicon
C8164 2311049A08 1 uUF. +10%: 35V CR8102,8103 4811058A11 silicon
C8165 2113740876 1500 pF, =5 pF; 50V CR8107 4811058A11  silicon
C8169 2113740B40 43 pF, +£5%; 50V CR8110 4805129M41  silicon, type MMBDS501 (RH)
C8170 0811051A15  0.22 UF, +5%; 63V (TRN73528, CR8112,8113  4805129M41  silicon, type MMBD501 (RH)
TRN7423B, TRN7604A) CR8115,8116 4883654H01  silicon
C8173 0811017A08 0.01 uF, +5%; 50V (TRN7352B, CR8200 thru  4805129M41 silicon, type MMBD501 (RH})
TRN7423B, TRN7604A) 8203
C8174 2113740B57 220 pF, +5%; 50V light emitting diode: (see note)
C8175,8176  2311049A08 1 UF, =10%; 35V DSB800 thru  4888245C22 green
c8177 2311049A10 2.2 uF, *+10%; 35V 803
C8178 2311049A08 1 uF, %10%; 35V DS804 4888245C23  yellow
C8179thru  2113741B69 0.1 uF, £5%; 50V DS805 4888245C24 red
8191 DS8200 thru  482771L03  red (TRN7604A)
8193 2113741869 0.1 uF. +5%; 50V 8202
C8195 thru 2113741B69 0.1 uF, £5%; 50V connector:;
8198 J701 2882984N13  plug: 6-contact
C8200 2113741B33 3300 pF, +5%; 50V J80o 2882296R34  plug: 40-contact
€8201 2113740B55 180 pF, £5%; 50V J8o1 2882505T03  plug: 26-contact
C8202 2113741B45 0.01 uF, £5%; 50V J802 2884324M16 plug: 14-contact
C8203 2113741B37 4700 pF, +5%; 50V J8o3 2882505T05  plug: 40-contact (TRN7352B,
C8204 2113740B73 1000 pF, =5%; 50V TRN7423B, TRN7604A)
C8205 0811051A15  0.22 uF, +5%; 63V (TRN7352B, J804 2882505704  plug: 34-contact
TRN74238, TRN7604A) J806,807 0984231B03  receptacle: phono jack
C8207 2113740873 1000 pF, £5%; S0V J812 0983112NO1  receptacle: 6-contact
8209, 8210  0811051A13 0.1 uF, +5%; 63V (TRN7352B, : )
TRN7423B, TRN7604A) jumper-
C8214 thru 2113740873 1000 pF, = 5% 50V JU1 thru 20 2880002R03  plug: 3-contact
8216 Ju21 2880002R03 plug: 3-contact (TRN7352B,
C8218 0811051A15  0.22 UF, £5%; 63V (TRN7352B, TRN74238, TRN7604A)
TRN7423B, TRN7604A) Ju22 2880002R03 plug: 3-contact
c8219 2113741869 0.1 uF, +5%:; 50V Ju21 0984181L01 SHORTING JUMPER: 2-contact
8220 2113740873 1000 pF, =5%; 50V (TRN74238)
C8225 2113740B73 1000 pF, +5%; 50V coit:
C8230 2113740B57 220 pF, +5%; 50V L700 2484386101 25 UH
C8231 2113740B73 1000 pF. +5%; 50V L701 2484266101 150 UH
C8300thru  0811051A11  0.047 UF, +5%; 63V (TRN7352B, L702 2484386701 25 UH
8303 TRN7423B, TRN7604A) L80O 2411047425 10UH (TRN7352B, TRN7423B,
C8304 2311049A19 10 UF, +10%; 25V TRN7604A)
CB8305, 8306 0811051A11  0.047 uF, +5%; 63V (TRN7352B,
TRN7423B, TRN7604A)
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TRN7352B Vhf/Uht NB SSCB
TRN7423B 900 Analog Plus SSCB

PL-11694-A (cont.)

$SCB MODULE

TRN7352B Vhf/Uhf NB SSCB PL-11694-A (cont.)

TRN7423B 900 Analog Plus SSCB

TRN7604A 800 SSCB TRN7604A 800 SSCB
TRN7358B Vht SSCB TRN7358B Vhf SSCB
REFERENCE PART REFERENCE PART
SYMBOL NUMBER DESCRIPTION SYMBOL NUMBER DESCRIPTION
transistor: (see note) resistor, fixed: (cont.)
Q700 4884233701 type MOSFET unless otherwise stated
Q705 4811056A08 PNP R728 0611077H85 1 meg, +1%; 1/8W
Q800 4811056A08 PNP R729 0611077B29 180K, +5%; 1/8W
Q801 4811056A03 NPN R730 0611077A01 0 ohm, +5%; OW
Q802 4800869642 NPN (TRN7352B, TRN7423B, R731 0683962T01 1 ohm, +5%; 1W
TRN7604A) R736 0611009A33 220 ohms, = 5% 1/4W
Q803, 804 4811056A03 NPN (TRN7352B, TRN7423B,
Q805 4800869642 NPN (TRN7352B, TRN7423B, TRN7604A)
TRN7604A) R737 0611077A84 2.7K, +5%: 1/8W
Q80s6, 807 4811056A03 NPN R738 0611077A64 390 ohms, +5%; 1/8W
Q808 4811056A23 NPN R739 0611077A98 10K, +5%: 1/8W
Q809 thru 4813824A10 NPN R740 0611077A56 180 ohms, +5%: 1/8W
811 R741 0611077A98 10K, +5%; 1/8W
Q813, 814 4811056A03 NPN R742 0611077A86 3.3K, +5%; 1/8W
Q816, 817 4811056A03 NPN R743 0611086A03 1 ohms, +5%; 1W (TRN7352B,
Q820 4811056A03 NPN TRN7423B, TRN7604A)
Q821 4800869653 type JFET (TRN73528, R743 0683962T01 1 ohm, +5%; 1W (TRN7604A)
TRN7423B, TRN7604A) R748 0611077A78 15K, +5%; 1/8W
Q822, 823 4811056A03 NPN R800 0611077A54 150 ohms, +5%; 1/8W
105115(?7 thru  4811056A03 NPN R801 0611077A88 3.9K, +5%; 1/8W
R802 0611077A01 0 ohm, £5%; OW
Q8100 4811056A03  NPN R803,804  0611077A88 3.0K, +5%: 1/8W
8101, 8102 4800869919  type P-C JFET R805 0611077A42 47 ohms, +5%; 1/8W
J8200thru  4811056A08  PNP R806 0611077A98 10K, £5%: 1/8W
Q8208 thru  4811056A23 NPN R807 0611077A94 6.8K, =5%; 1/8W
8210 R809, 810 0611077A94 6.8K, +5%; 1/8W
Q8211 4811056A03 NPN R812 0611077A78 1.5K, £5%; 1/8W
Q8212 4811056A23 NPN R813 0611077A32 18 ohms, +5%; 1/8W
resistor, fixed: R814 0611077A56 180 ohms, +5%: 1/8W
unless otherwise stated R815 0611077A32 18 ohms, +5%; 1/8W
R700 0611077A98 10K, +5%; 1/8W R816 0611077A90 4.7K, £5%; 1/8W
R701 0611077A88 3.9K, +5%: 1/8W R817 0611077A82 22K, =5%; 1/8W
R702 0611077A50 100 ohms, =5%: 1/8W R818 0611077A52 120 ohms, +5%; 1/8W
R703 0611077A74 1K, +5%: 1/8W R819 0611077A32 18 ohms, +5%; 1/8W
R704 0611077B31 220K, +5%: 1/8W R820 0611077A56 180 ohms, =5%; 1/8W
R705 0611077F63 5.11K, +1%; 1/8W R821 0611077A78  1.5K, £5%; 1/8W
R706 0611077F28 221K, +1%: 1/8W R822 0611077A56 180 ohms, +5%; 1/8W
R707 0611077H30 267K, +1%; 1/8W R823 0611077A82 2.2K, £5%; 1/8W
R708 0611077F91 10K, £1%; 1/8W R824 0611077A80 1.8K, £5%; 1/8W
R709 0611077E94 1K, =1%: 1/8W R825 0611077A82 2.2K, +5%; 1/8W
R710 0611077F60 4.75K, +1%; 1/8W R826 0611077A98 10K, +5%; 1/8W
R711 0611077B35 330K, =5%: 1/8W R827 0611077A88 3.9K, £5%; 1/8W
R712 0611077823 100K, =5%; 1/8W R828 0611077B07 22K, +5%; 1/8W
R713 0611077F91 10K, = 1%, 1/8W R829 0611077A94 6.8K, +5%; 1/8W
R714 0611077B13 39K, +5%: 1/8W R830 thru 836 0611077A98 10K, +5%; 1/8W
R715 0611077B15 47K, +5%: 1/8W R837, 838 0611077A50 100 ohms, +5%: 1/8W
R716 0611077F63 511K, +1%; 1/8W R839 0611077A98 10K, £5%; 1/8W
R717 0611077B35 330K, +5%; 1/8W R840, 841 0611077A50 100 ohms, +5%; 1/8W
R718 0611077B07 22K, +5%; 1/8W R842 0611077A98 10K, +5%; 1/8W
R719 0611077A50 100 ohms, =5%; 1/8W R843 thru 845 0611077A50 100 ohms, +5%: 1/8W
R720 0611077A36 27 ohms, £5%: 1/8W R846 0611077A52 120 ohms, =5%; 1/8W
R721 0611077B47 1 meg, +5%; 1/8W R847, 848 0611077A98 10K, +5%; 1/8W
R722 0611077B31 220K, +5%; 1/8W R849 0611077B09 27K, +5%; 1/8W
R723, 724 0683962T01 1 ohm, =5%; 1W R850 0611077A98 10K, +5%: 1/8W
R725 0611077F91 10K, +1%: 1/8W R851 0611077A58 220 ohms, +5%; 1/8W
R726 0611077G09 15K, *1%; 1/8W R852 0611077B47 1 meg, +5%; 1/8W
R727 0611077A98 10K, +5%: 1/8W R854 0611077A98 10K, +5%: 1/8W
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TRN7352B Vhf/Uhf NB SSCB

PL-11694-A (cont.)

TRN7423B 900 Analog Plus SSCB
TRN7604A 800 SSCB

TRN7352B Vhi/Uhf NB SSCB

PL-11694-A (cont.)

TRN7423B 900 Analog Plus SSCB
TRN7604A 800 SSCB

TRN7358B Vhf SSCB TRN7358B Vhf SSCB
REFERENCE PART REFERENCE PART
SYMBOL  NUMBER DESCRIPTION SYMBOL  NUMBER DESCRIPTION
resistor, fixed: (cont.) resistor, fixed: (cont.)
R855 0611077A92 5.6K, £5%; 1/8W unless otherwise stated
R856 thru 858 0611077A98 10K, +5%: 1/8W R1540 0611077B15 47K, £5%: 1/8W
unless otherwise stated R1543 0611077823 100K, +5%: 1/8W
R861 0611077B09 27K, +5%; 1/8W R1544 0611077A74 1K, £5%; 1/8W
R862 0611077A88 3.9K, =5%; 1/8W R1545 0611077B19 68K, +5%; 1/8W
R863 0611077A54 150 ohms, £5%; 1/8W R1546 0611077A74 1K, £5%: 1/8W .
R866 0611077A98 10K, £5%; 1/8W R1547 0611077A98 10K, +5%; 1/8W
R867 0611077A78  1.5K, +5%; 1/8W R1548 0611077833 270K, £5%; 1/8W
R868 thru 871 0611077A98 10K, i5°/0; 1/8W R1549 0611077A94 68K, i5°/o; 1/8W
R872 0611077A54 150 ohms, +5%: 1/8W R1550 0611077A98 10K, =5%: 1/8W i
R873 0611077A98 10K, +5%; 1/8W R1553 0611077B19 68K, =5%; 1/8W
R874 0611077A54 150 ohms, +5%: 1/8W R1554 0611077821 82K, =5%. 1/8W
R875 0611077A80  1.8K, £5%; 1/8W R1555, 1556  0611077A98 10K, =5% 1/8W
R876 0611077A98 10K, +£5%; 1/8W R1557 0611077807 22K, 5% 1/8W (TRN7352B,
R877 0611077A54 150 ohms, +5%: 1/8W TRN7423B)
Ra78 0611077A90 47K, 5% 1/8W R1557 0611077827 150K, +5%; 1/8W
R879 0611077A82 22K, +5%; 1/8W (TRN7604A, TRN7358B)
R880 0611077A78 15K, +5%; 1/8W R1559 0611077A64 390 ohms, +5%; 1/8W
R881 0611077A98 10K, +5%: 1/8W R1560 0611077B15 47K, £5%: 1/8W (TRN73528B,
R882 0611077A82 22K, +5%; 1/8W TRN7604A)
R883, 884 0611077A98 10K, +5%; 1/8W R1561 0611077B25 120K, +5%; 1/8W (TRN7352B,
R887 0611077A98 10K, +5%: 1/8W TRN7423B)
R888 0611077839 470K, +5%: 1/8W R1561 0611077B15 47K, +5%; 1/8W (TRN7604A)
R889 061107798 10K, +5%: 1/8W R1561 0611077823 100K, +5%; 1/8W (TRN73588)
+59:
R890 0611077A74 1K, £5%; 1/8W R1562 0611077831 %%453%{ T;ﬁ% &2;\173528,
R891 0611077A98 10K, +5%: 1/8W
R893 0611077A%8 10K, + 5% 1/8W R1562 0611077B39 470K, +5%; 1/8W (TRN7358B)
R894 0611077823 100K, +5%: 1/8W R1563 0611077B15 47K, £5%: 1/8W
R895 thru 898 0611077A98 10K, +5%: 1/8W R1565, 1566  0611077A74 1K, =5%; 1/8W
R899 0611077A92  5.6K, +5%: 1/8W (TRN7352B, R1567 0611077A94  6.8K, £5%; 1/8W
TRN7423B, TRN7604A) R1568 0611077A98 10K, +£5%: 1/8W
R900 0611077A50 100 ohms, = 5%; 1/8W R1570 0611077A74 1K, £5%; 1/8W
R1523 0611077B15 47K, =5%; 1/8W (TRN7352B, R1571 0611077A98 10K, *5%; 1/8W (TRN7352B,
TRN7423B, TRN7358B) TRN7423B, TRN7604A)
R1523 0611077B17 56K, +5%; 1/8W (TRN7604A) R1571 0611077B21 82K, +5%; 1/8W (TRN7358B)
R1524 0611077A86 3.3K, +5%; 1/8W R1572 0611077A01 0 ohm, +5%; OW (TRN7423B,
R1525 0611077B23 100K, +5%; 1/8W (TRN7352A) TRN7358B, TRN7604A)
. 4+ 8O-
R1525 0611077B13 39K, xs%r 1/8W (TRN7423B) R1573 0611077A91 %} r}q('74_2§ é‘f' ;ézv;/s(&e\r;wsszs,
R1525 0611077B11 33K, +5%; 1/8W (TRN7604A)
R1525 0611077B17 33K, +5%; 1/8W (TAN7358B) R1573 0611077B14 43K, £5%; 1/8W (TRN7358B)
R1526 0611077A82 2.2K, +5%: 1/8W R1574 0611077A91 EAIS 4223‘73{,4?\1"7"60”4'1';‘73525'
R1527 0611077835 330K, +5%; 1/8W (TRN73528) R1574 0611077814 43K, +5%: 1/8W (TRN73568) .
R1527 0611077B13 39K, 5% 1/8W (TRN7423B) .
R1527 0611077B11 33K, +5%; 1/8W (TRN7604A) R1575 0611077492 56K, *O%: 1/8W
R1527 0611077B17 56K, +5%: 1/8W (TRN7358B) 21:;2 82::8;;5% 155:' :550/:?'11/; ?/‘C’
R1532 0611077B07 22K, +5%; 1/8W (TRN73528) PR, £9%, .
R1532 0611077827 150K, +5%; 1/8W (TRN7358B, R1599 1882787K08  variable: 100K = 20%: 1/4W
TRN7423B, TRN7604A) R8100 thru 0611077B01 12K, +5%; 1/8W
R1533 0611077A64 390 ohms, +5%; 1/8W 8103
R1534 0611077A78  1.5K. =5%. 1/8W R8105 0611077B23 100K, +5%; 1/8W
R1535 0611077B25 120K, =5%: 1/8W (TRN73528) R8106 0611077A98 10K, £5%; 1/8W
R1535 0611077B15 47K, +5%; 1/8W (TRN7604A) R8107 0611077807 22K, =5%; 1/8W
R1535 0611077B23 100K, =5%; 1/8W (TRN7358B) R8108 0611077803 15K, £5%; 1/8W
R1536 0611077B31 220K, +5%; 1/8W (TRN7352B, R8109 0611077B01 12K, £5%; 1/8W
TRN7423B, TRN7604A) R8110 0611077B19 68K, +5%: 1/8W
R1536 0611077B39 470K, +5%; 1/8W (TRN7358B) R8111 0611077B07 22K, +5%: 1/8W
R1537 0611077B15 47K, £5%; 1/8W R8112 0611077A94 6.8K, £5%; 1/8W
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§SCB MODULE

TRN7352B Vht/Unt NB SSCB PL-11694-A (cont,) TRN7352B Vh{/Uhf NB SSCB PL-11694-A (cont.)
TRN7423B 900 Analog Plus SSCB TRN7423B 900 Analog Plus SSCB
TRN7604A 800 SSCB TRN7604A 800 SSCB
TRN7358B Vhf SSCB TRN7358B Vhf SSCB
REFERENCE PART REFERENCE PART
SYMBOL NUMBER DESCRIPTION SYMBOL NUMBER DESCRIPTION
resistor, fixed: (cont.) resistor, fixed: (cont.)
unless otherwise stated unless otherwise stated
R8113,8114  0611077A86 3.3K, +5%: 1/8W R8170 0611077A68 560 ohms, =5%: 1/8W
R8115 0611077A94  6.8K, +5%: 1/8W R8171 0611077B30 200K, +5%: 1/8W
R8116 0611077A88 3.9K, +5%: 1/8W R8172 0611077A50 100 ohms, =+5%; 1/8W
R8117 0611009826 2.7 ohms, +5%; 1/4W R8173,8174  0611077B23 100K, +5%: 1/8W
(TTRRNN7763%32A?' TRN74238, R8175 0611077B03 15K, =5%: 1/8W
R8118 0611077A88 3.9K, +5%: 1/8W RE176 0611077A91  5.1K, =5%; 1/8W
R8119 0611077A67 510 ohms, +5%: 1/8W R8177 0611077809 27K, +5%; 1/8W
(TRN73528B, TRN7358B. R8178,8179  0611077B14 43K, £5%: 1/8W
TRN7604A) R8180 0611077B09 27K, +5%; 1/8W
R8119 0611077A78 1.5K, +5%; 1/8W (TRN7423B) R8181 thru 0611077B18 62K, +5%: 1/8W
R8120 0611077A68 ?ng h?7h3m5§B szg% };/\Lssss\/!v3 8185
; : R8186 0611077B15 47K, +5%: 1/8W (TRN7352B,
TRN7604A) TRN74238]
R8120 0611077A80  1.8K, 5%; 1/8W (TRN74238) R8186 0611077B05 18K, +5%: 1/8W (TRN7604A,
R8121 0611086A08 4.7 ohms, =5%; 1W (TRN7352B, TRN7358B)
TRN7423B, TRN73588) R8187 0611077B14 43K, +5%: 1/8W
R8121 0683962T24  9.1K, +5%; 1W (TRN7604A) R8188 0611077823 100K, = 5%: 1/8W
22:;? ggngzggg ;800;”13-5;5:%\/‘\//” R8189 0611077843 680K, £5%; 1/8W
» 5% R8190 0611077823 100K, =5%: 1/8W
Sggg ggugzxgg (1568:' f:;ﬁ:/g ?X/v (Deleted) R8191 0611077A98 10K, +5%; 1/8W
iagon 0611077494 6,85 =500 1MW R8192 0611077A86 3.3K, +5%: 1/8W
R8128 0611077A86  3.3K. = 5% 1/8W R8193 0611077498 10K, £5%; 1/8W
RE159 0611077AT8 16K =59, 1/aW R8194 0611077823 100K, 5%; 1/8W
R8130 0611077H43 365K, = 1%: 1/8W R8195 0611077A88  5.9K, 5%; 1/8W
R8131 0611077A98 10K, +5%: 1/8W R8196 0611077A76 }ﬁﬁﬁ,ii{f 3T1F<§,V7V3§-,2?3";73528’
R&132 0611077492 S€K, ioop, oW (TRN73528, R8196 0611077A70 680 ohms, =5%; 1/8W
(TRN74238B)
R&132 0611077494 ?T'%}ﬁi?iég:/i;%?\lv}lasss) R8197 0611077A76  1.2K, =5%; 1/8W
R8133 0611077823 100K, =5%: 1/8W R8198 0611077B15 47K, +5%; 1/8W (TRN7604A)
R8134 0611077B17 56K, = 5% 1/8W R8199 0611077A01 0 ohm, +5%; OW (TRN7604A)
R8135 1882787K09  variable: 5K + 10%: 1/4W R8200 0611077A78  1.5K, £5%; 1/8W
R8136 0611077805 18K = 5%: 1/8W R8201 0611077A50 100 ohms, +5%: 1/8W
R8137 0611077B08 27K, + 5%, 1/8W R8202 0611077A78 15K, +5%: 1/8W
R8138,8139 0611077B11 33K, £5%: 1/8W R8203 0611077A90  4.7K, £5%; 1/8W
RE147 0611077803 15K, = 5%, 1/8W R8204 0611077A50 100 ohms, +5% 1/8W
R8142, 8143 0611077807 22K, £5%: 1/8W RB205, 8206  0611077A78  1.5K, +5%; 1/8W
R8144 0611077A98 10K, +5%. 1/8W R8207 0611077A82 22K, +5%: 1/8W
R8146 0611077B03 15K, tSO/O; 1/8W R8208 0611077A50 100 Oth, 15%; 1/8W
R8147 0611077B09 27K, +5%: 1/8W R8209, 8210 0611077A78 15K, +5%: 1/8W
R8148 0611077A98 10K, £5%: 1/8W R8211 0611077A84 27K, +5%; 1/8W
R8149 0611077809 27K, +5%: 1/8W R8212 0611077A50 100 ohms, *+5%:; 1/8W
R8150 0611077823 100K, +5%: 1/8W R8213, 8214 0611077A78 1.5K, +5%: 1/8W
R8151, 8152  0611077B09 27K. +5%: 1/8W R8215 0611077811 33K, =5%; 1/8W
R8153, 8154 0611077807 22K, 5% 1/8W R8216 0611077A50 100 ohms, +5%; 1/8W
R8155 0611077B09 27K, +5%: 1/8W R8217, 8218  0611077A78 15K, +5%: 1/8W
R8156 0611077823 100K, +5% 1/8W R8219 0611009823 0 ohm, +5%: 1/4W (TRN73528B,
R8157 thru  0611077B09 27K, +5%: 1/8W TRN74238, TRN7604A)
8159 R8220 0611077A50 100 ohms, +5%: 1/8W
R8162 0611077B07 22K, +5%: 1/8W R8221, 8222 0611077A78 15K, +5%; 1/8W
R8163 0611077B09 27K, +5%: 1/8W R8223 0611077823 100K, +5%: 1/8W
R8164 0611077A98 10K, 5% 1/8W R8224 0611077A78 15K, £5%: 1/8W
R8165, 8166  0611077B09 27K, *5%: 1/8W R8225 0611077A50 100 ohms, =5%; 1/8W
R8167 0611077823 100K, +5%: 1/8W R8226 0611077A78 15K, +5%: 1/8W
R8168 0611077B30 200K, +5% 1/8W R8227 0611077823 100K, +5%: 1/8W
R8169 0611077823 100K, £5%: 1/8W R8228 0611077A50 100 ohms, +5% 1/8W

5/1/92 68PE1086104 25




TRN7352B Vhi/Uhf NB SSCB

PL-11694-A (cont.) TRN7352B Vhf/Uhf NB SSCB
TRN7423B 900 Analog Plus SSCB

PL-11694-A (cont.)
TRN7423B 900 Analog Plus SSCB

TRN7604A 800 SSCB TRN7604A 800 SSCB
TRN7358B Vhf SSCB TRN7358B Vhf SSCB
REFERENCE PART REFERENCE PART
SYMBOL NUMBER DESCRIPTION SYMBOL NUMBER DESCRIPTION
resistor, fixed: (cont.) resistor, fixed:
unless otherwise stated unless otherwise stated
R8229, 8230  0611077A78 15K, =5%; 1/8W R8315 0611077A94 6.8K, +5%: 1/8W
R8231 0611077G88 100K, +£1%; 1/8W R8316 0611077A98 10K, +5%; 1/8W
R8232, 8233  0611077A98 10K, +5%; 1/8W R8318 0611077823 100K, +5%; 1/8W
R8236, 8237  0611077A98 10K, +5%; 1/8W R8335 thru 0611077A74 1K, £5%; 1/8W
R8239, 8240 0611077A98 10K, +5%: 1/8W 8339
R8242, 8243  0611077H18 200K, +1%:; 1/8W R8340 0611077A98 10K, +5%; 1/8W
R8244 0611077G88 100K, +1%:; 1/8W R8344 0611077A68 560 ohms, *5%; 1/8W
R8245 0611077823 100K, +5%; 1/8W R8345thru  0611077A50 100 ohms, +5%; 1/8W
R8246 0611077G88 100K, +1%: 1/8W 8347
R8247 0611077H18 200K, *1%; 1/8W R8348 0611077A98 10K, +5%; 1/8W
R8248 0611077G88 100K, +1%: 1/8W R8349 0611077B30 200K, +5%; 1/8W
R8249 0611077H18 200K, +1%: 1/8W R8350, 8351 0611077G42 33.2K, +1%; 1/8W
R8250 0611077G88 100K, +1%: 1/8W R8400 0611077A67 510 ohms, +5%; 1/8W
R8251 thru 0611077H18 200K, +1%: 1/8W R8401, 8402 0611077A92 56K, =5%:; 1/8W
8254 R8403 0611077B01 12K, +5%; 1/8W
R8255, 8256  0611077B23 100K, +5%; 1/8W R8404 0611077B11 33K, +5%; 1/8W
R8257 0611077G88 100K, +1%; 1/8W R8405 0611077A84 2.7K, +5%; 1/8W
R8258 0611077H18 200K, +1%; 1/8W R8406 0611077B15 47K, +5%; 1/8W
R8259 0611077G88 100K, +1%; 1/8W R8407 0611077A74 1K, +5%; 1/8W
R8260 0611077H18 200K, +1%; 1/8W R8408 0611077B35 330K, +5%; 1/8W
R8261 0611077G88 100K, +1%; 1/8W R8409 0611077B45 820K, +5%: 1/8W
R8262, 8263 0611077H18 200K, = 1%; 1/8W R8410 0611077E15 150 ohms, +1%: 1/8W
R8272 0611077825 120K, +5%; 1/8W R8411 0611077B45 820K, +5%; 1/8W
R8275 0611077H46 392K, +1%: 1/8W (TRN7352B, R8412 0611077E73 604 ohms, +=1%; 1/8W
TRN7423B, TRN7358B) R8413 0611009823 0 ohm, +5%; 1/4W
R8275 0611077H73 740K, =1%; 1/8W (TRN7604A) RE414 0611077A43 51 ohms, =5%; 1/8W
e K e
RE278 0611077154 475K, = 19%: 1/8W R8416 0611077B39 470K, +5%: 1/8W
RE270 0611077GS3 43 2K, 5 1%: 1/BW R8500 0611077A01 0 ohm, *5%; OW (TRN7604A)
L= 17 R8501 0683962T24 9.1 ohms, £5%; 1W (TRN7604A)
R8280 0611077H46 392K, =1%: 1/8W R8502 0611077805 18K, = 5%: 1/8W
R8281 0611077B13 39K, +5%; 1/8W switeh:
Re282 LA g - e U SW800,801  4083980R12  toggle: sp3t (on-oft-mom)
R8282 0611077H73 750K, +1%; 1/8W (TRN7604A) Sw802 4083980R11  toggle: sp3t (mom-off-mom)
R8283 0611077H46 392K, +1%; 1/8W (TRN73588, transformer:
TRN7423B) T700 2584265T01  power
R8283 0611077H73 750K, +1%; 1/8W (TRN7604A) test point:
R8284 0611077G60  51.1K, +1%; 1/8W TP1 2962998D01 terminal pin
R8285 0611077H54 475K, +1%; 1/8W TP2 thru 7 2910271A15 terminal pin (TRN7604A)
R8286 0611077A98 10K, +5%; 1/8W TP8, 9 2910271A15 terminal pin
R8287 0611077A74 1K, +5%; 1/8W TP10, 11 2910271A15 terminal pin (TRN7604A)
R8288 0611077G53 432K, +1%; 1/8W TP12, 13 2910271A15  terminal pin (TRN7423B,
R8289 0611077H46 392K, +1%; 1/8W (TRN7352B, TRN7604A)
TRN7423B, TRN7358B) integrated circuit: (see note)
R8289 0611077H73 750K, +1%; 1/8W (TRN7604A) Usoo 5113802A01 A/D w/Switch Control Interface
R8290 0611077H46 392K, +1%: 1/8W U801, 802 5184494R03 ASIC Station Control
R8291 0611077813 39K, £5%; 1/8W U804 5184064F76 Static 32Kx8 Bit RAM (TRN7352B,
R8292 0611077A86 3.3K, +5%; 1/8W TRN7423B, TRN7604A)
R8293 0611077B23 100K, =5%: 1/8W U806 5183222M10 Quad Low Power Operational
RE294 0611077811 33K, +5%: 1/8W ?g‘ﬁ#gﬁ;g’w”&a' TRN74238,
R8295 0611077823 100K, +5%; 1/8W ugo7 5184320A35 Timer (TRN7352B. TRN7423B,
R8299 0611077A01 0 ohm, +5%; OW TRN7604A)
R8300 0611077823 100K, £5%; 1/8W U810 thru 812 5184887K60  2-Channel Analog Mux/Demux
R8310thru  0611077B15 47K, +5%; 1/8W (TRN7352B, TRN7423B,
8313 TRN7604A)
R8314 0611077A98 10K, +5%: 1/8W us13 5184704M19  Shift Hex Level Log Level Control
26 68P81086E04 5/1/92




TRN7352B Vhf/Uhf NB SSCB

PL-11694-A (cont.)

TRN7423B 900 Analog Plus SSCB

TRN7604A 800 SSCB

SSCB MODULE

PL-11694-A (cont.)

TRN7352B Vhf/Uhf NB SSCB
TRN7423B 900 Analog Plus SSCB
TRN7604A 800 SSCB

TRN7358B Vhf SSCB TRN7358B vhf SSCB
REFERENCE PART REFERENCE PART
SYMBOL NUMBER DESCRIPTION SYMBOL NUMBER DESCRIPTION
integrated circuit(cont_, see note): voltage regulator: (cont.,see note)
us14 5113819D04 Quad Ditferential-Input Opera- VR1533 4882256C33  Zener 2.7V (TRN7352B)
tional Amplifier (TRN7352B, VR1533 4882256C26 Zener 3.3V (TRN7423B,
TRN7423B, TRN7604A) TRN7604A)
usi1s 5184621K86 Dual Gain Control (TRN7423B) VR1534 4882256C26 Zener 3.3V (TRN7352B,
Us16 5184704M19  Shift Hex Level Log Level Control TRN74238, TRN7604A)
(TRN7352B, TRN7423B, crystal: (see note)
TRN7604A) Y800 4880113K04  7.948 MHZ
us17 5184887K73 Quad Bilateral SWitCh(TRN73528, non-referenced items:
TRN7423B, TRN7604A) TRN7606A  Display Board
us1s, 819 5113819D04 Quad Ditferential~Input Opera- ;
tional Ampiifier (TRN73528, TRNSB37A (AT”SQ%E%BF)'”W Hybrid
TRN74238, TRN76044) 0310945A11 SCREW, tapping: P3.12x1.27x8
us21 5113819D04 Quad Differential-Input Opera- 2 used with J800)
. 4
‘T'%”Na}fggg,'fﬁ,gggj,%f?a- 0982449701 aghcsggb;c:: 52-contact (used
us23 5182802R24  Digitally Controlled 50K Poten- 0982449703  SOCKET, IC: 84-contact (2 used
tiometer (TRN7423B)
usz4 5182802R24 Digitally Controlled 50K Pot with U801 & Ug02)
igitally Controlle oten- e
tiometer (TRN7423B. TRN7352B, 0982808R02 S?}?Sggglc 8-contact (used
TRN7604A) wi )
U830 §184621K33  Operational Amplifierr R0 o O 28-contact (used
(TRN7423B, TRN7352B,
TRN7604A) 0983729M17 CONNECTOR, receptacile;
U831 5182802R24  Digitally Controlled 50K Poten- 20-contact (2 used with J800)
tiometerr (TRN7423B, TRN73528, 0984181101 SHORTING_ JUMPER: 2-contact
TRN7604A) (21 used with JU1 thru JU20 &22)
U837, 838 5184621K85 Dual Operational Amplifier 0984181L01  SHORTING JUMPER: 2-contact
(TL::‘aN74p2938, TFS‘J?GISEB, ' (used with JU21) (TRN7352B,
TRN7604A} TRN7358B, TRN7604A)
U839 5184704M19  Shift Hex Level Log Level Con- 2683373P02  HEAT SINK, transistor (used with
trolr (TRN7423B, TRN7352B, CR808)
TRN7604A) 4380054K02 SPACER, support (4 used)
Us4o 5184887K60  2-Channel Analog Mux/Demux (TAN73528, TRN7423B,
(TRN7423B, TRN7352B, TRN7604A)
TRN7604A) 5483865R01 LABEL, bar code: 1/4” wide,
U841 5184621K85 Dual Operational Amplifier #’3&%&5‘2‘)73528' TRN7423B,
(TRN7423B, TRN7352B,
TRN7604A) 5484960701 LABEL, bar code: 6.3x12.7MM,
U842 5113820002 Quad Single-Supply Comparator %&3&22\1)73528. TRN74238,
(TRN7423B, TRN7352B, .
TRN7604A) 7505295B01 PAD, crystal (used with Y800)
us43 5184371T01  Single Current Mode Controlier
- i NOTE: For optimum performance, diodes, transistors, and integrated
V1550, 1551 5183222M03 8%%1785p>2eé?t+ogn§;2£n3%ffier circuits must be ordered by Motorola part number.
TRN7604A)
u1552 5183222M10 Quad Operational Amplifier
(TRN7352B, TRN7423B,
TRN7604A)
U1553, 1554  5182802R24 Digitally Controlled 50K Poten- TRN7008A Display Board PL-11223-B
tiometer (TRN7352B, TRN7423B, REFERENCE PART
TRN7604A) SYMBOL NUMBER DESCRIPTION
us200 5113819004 Quad Differential~Input Opera- light emitting diode: (see note)
tional Amplifier (TRN7352B,
TRN74238, TRN7604A) 8D28082200 thru  4882771L03 red
voltage regulator: (see note) connector:
VR701 4883461E40  Zener 5.1V (TRN73528, J805A 2883547T01  receptacle: 8-contact, right angle
v TRN7423B, TRN7604A) J805B 2883547701  receptacle: 8-contact, right angle
R702 4882256C26 Zener 3.3V (TRN73528B, - i .
TRN7423B, TRN7604A) non-referenced items:
5483865R01 LABEL, bar code: 1/4" wide,
VR1531 4882256C26 Zener 3.3V (TRN7352B, white
TRN7423B, TRN7604A) 5484246T01 LABEL, bar code: 6.6x10.2MM
VR1532 4882256C33  Zener 2.7V (TRN7352B)
VR1532 4882256C26 Zener 3.3V (TRN74238, NOTE: For optimum performance, diodes, transistors, and integrated
TRN7604A) circuits must be ordered by Motorola part number.
y
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@ MOTOROLA INC.

TRUNKED TONE REMOTE

CONTROL MODULE

Model TLN3112B
Model TLN3114B

1. FUNCTIONAL DESCRIPTION

1.1 GENERAL

This section describes the operation of the TLN3114B
Trunked Tone Remote Control (TTRC) logic kernel
board, and the TLN3112B TTRC audio board. These two
boards can be operated as a pair only. It is housed along-
side the Station Control Board (SSCB) in the control tray
attached to the top of the rf tray. The TTRC is compatible
only with the SSCB (TLN3189, TLN3204, and TLN3205)
and the Secure Module (TLN3045). Note that Secure
Module TLN3045 is not applicable for 900 MHz models.

1.2 TONE REMOTE CONTROL

The Tone Remote Control (TRC) section of the TTRC
module allows control of a MSF 5000 station from a re-
mote location, using a non-dc continuous wircline. The
input wireline can be Line 1 (4-wire system) or Line 2
(2-wire system), as determined by the position of P422
and P4205. Note that the board is set up for Line 2 as the
standard input for TRC, with P422 in its normal position
and P4205 in its normal position.

Table 1. TrunkedTone Remote Control (TTRC)
Model Complements
Model Description
TLN3112B TTRC Audio Circuit Board
TFNBO56A Hybrid Notch Filter, Type 2175
TFNG6061A Hybrid Bandpass Filter (2175)
TRN7273A TTRC Audio Board
TLN3114B TTRC Audio Circuit Board
TVNG0O56A TTRC Software
TRN7272A TTRC Logic Board

Control is accomplished by the remote device sending a
single tone or a sequence of control tones which are inter-
preted by the TTRC module. The TT'RC module then ini-
tiates the station function via the MUXbus, Inter-Proces-
sor Communications Bus (IPCB), and High Speed Ring.
The MUXbus, IPCB, and High Speed Ring are described
in the Logic and Control data communications para-
graph.
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Figure 1 shows a typical tone remote control signaling
format. HLGT is sent as a wake-up tone to the station.
The level of this tone is approximately equal to the voice
peak levels on the wireline. The HLGT is followed by a
Function Tone (FT). FT contains the actual information
for the station, as each different function tone corre-
sponds to a different function performed by the station.

The FT level is 10 dB lower than that of the HLGT, and
can be followed by a Low-Level Guard Tone (LLGT).
The LLGT frequency is equal to that of the HLGT, but
isat a 30 dB lower level. In a wireline push-to-talk func-
tion, audio to be transmitted is summed onto this signal,
and the LLGT is notched out at the station to prevent it
from being transmitted. The station remains keyed while
the LLGT signal is present; when gone, the station
dekeys. Other function tones can be assigned to initiate
different functionality. Table 2 provides a list of TRC
tones and their uses.

VOICE
AMPLITUDE
HLGT FT
A >
TIME
% 120 ms ? 40 ms
1EPS-47689-A

Figure 1. Remote Key-up

1.3 DC REMOTE CONTROL

The dc remote control section on the TTRC module is a
software-cnabled option that allows control of an
MSF 5000 station from a remote location using a dc con-
tinuous wireline pair. The input wireline can be Line 1 or
Line 2 as determined by the position of P4226 and P4227.
The board is set up for Line 2 as the standard input for
dc remote control with P4226 and P4227 in their normal
positions. This option may be used instead of the standard
TRC remote control, with the TRC decoder being turned
off and the dc current decoder turned on. The dc remote
control is not compatible with trunking or with any secu-
re-equipped station.

68P81082E94-C
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Table 2. TRC Tone Frequencies and Uses
Function Tone Freq (Hz) Tone # Standard Use Optional Use

2175 FO MORE KEY

2050 F1 MON NULL

1950 F2 CHN 1; KEY NULL

1850 F3 CHN 2; KEY TPLOFF; KEY; TPLOFF/NULL

1750 F4 STBYOFF DVP1/STBYON

1650 F5 STBYON DVP2/STBYOFF

1550 F6 NULL RPLON/RPTROFF

1450 F7 NULL RPLOFF/RPTON

1350 F8 CHN 3; KEY NULL

1250 F9 CHN 4; KEY NULL

1150 F10 MORE ENCRYPTION; MORE/NULL

1050 F11 MORE ENCRYPTOFF; MORE/NULL

950 F12 SALA NULL

850 F13 NULL LLT/ACK

750 F14 NULL POLL

650 F15 NULL NULL
Table 3. DC Currents and Usses

Function Current (mA) ON/OFF Standard Use Optional Use

-12.5 Detect CHN 4; KEYON TPLOFF; KEYON
Undetect KEYOFF KEYOFF; TLPON

-55 Detect CHN 3; KEYON RPLOFF
Undetect KEYOFF NULL

-25 Detect MON NULL
Undetect NULL NULL

+25 Detect NULL NULL
Undetect NULL NULL

+55 Detect CHN 1; KEYON NULL
Undetect KEYOFF NULL

+12.5 Detect CHN 2; KEYON RPLON
Undetect KEYOFF NULL

Control is accomplished by the remote device sending a giv-
en dc current for each control function which is interpreted
by the TTRC module. The TTRC module then initiates the
station function via the MUXbus, IPCB, or High Speed
Ring. The MUXbus, IPCB, and High Speed Ring are de-
scribed in the Logic and Control data communications para-
graph. Table 3 provides a list of DC currents and their uses.

1.4 TRUNKING CONTROL

The trunking control section on the TTRC module sets
up a communications link between the Trunking Central
Controller and the MSF 5000. The trunking interface
connection incorporates inbound transmit audio, out-
bound receiver audio, and digital control signals. This
interface connection originates on connector J2900 on
the TTRC logic kernel board which connects to J3 on the
station’s junction box. The J3 connection on the Junction
boxisin turn connected to the trunking central controller.
The J2900 pinout is provided in paragraph 4.

2 68P81082E9%4

The state of a trunking system is determined by the cen-
tral controller. Depending on the state of the system, the
station may be performing one of three functions: voice
channel, control channel, or failsoft channel. If the con-
trol handshaking between the station and central control-
ler is functioning properly, a voice channel or control
channel are the only choices. If the control handshaking
is interrupted (broken or bad connection, malfunctioning
central controller, etc.), a failsoft channel is the only
choice.

If the station is in failsoft mode, a subaudible data hand-
shake (failsoft codeword) and an audible tone (failsoft
tone) are activated on the station SSCB whenever the re-
peater goes into failsoft mode. This causes the mobile
units to automatically revert to their preassigned failsoft
channels and begin conventional repeater operation. The
station enters failsoft mode after the loss of handshake
form the central controller. This handshake incorporates
a tickle pulse sent to the station via Tx Data (+) or the
MUTE* line. If the station is in failsoft and a tickle is
again detected, the station will resume normal trunking
operation based on the central controller.
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1.4.1 CONSOLE PRIORITY

Console Priority is a software-enabled option that allows
the integration of a console into a trunking system with-
out adding external hardware to the station. This option
should not be included in systems that contain a DIGITAC
comparator or Console Interface Unit (CIU), as they han-
dle the console priority function. This option is intended
for use in two separate system types only.

1.4.1.1 TYPE 1 SYSTEMS

A 'Type 1 System is a Trunked, clear, local arca System
equipped with a console. In this case, a CIT phone patch
is connected to wirelines 3 and 4, and the console is con-
nected to wirelines 1and 2. Under normal operation CIT
audio is mixed with the receiver audio and sent to the
transmitter. Detection of HLGT from the console inter-
rupts normal operation and notched console audio is sent
to the transmitter until LLGT is lost. Upon loss of LLGT,
normal operation resumes. The station always sends its
receive audio out on Line 2 and Line 4. Also, the CIT au-
dio is summed onto the console wireline when the console
is not accessing the station, and the console audio is
summed onto the CIT wireline when the console is ac-
cessing the station. This allows the console to monitor
both sides of a phone conversation, and the phone user
to hear the console operator when he speaks. When the
station is in failsoft mode, it sends a HLGT burst on Line
2, followed by LLGT and the receiver audio. This indi-
cates failsoft mode to the console. When the station
leaves the failsoft mode, the LLGT is removed.

1.4.1.2 TYPE 2 SYSTEMS

AType 2 System is a trunked clear system equipped with
a receiver, Spectra-TAC comparator and console. In this
case, the CIT phone patch is replaced with the compara-
tor (operating in the clear mode only). The comparator is
connected to wirelines 2 and 3, and the console is con-
nected to wirelines 1 and 4. Under normal operation,
comparator audio is mixed with CIT audio at the compa-
rator and the combined audio is sent to the transmitter.
Detection of HLGT from the console interrupts normal
operation and notched console audio is sent to the trans-
mitter until LLGT is lost. Upon loss of LLGT, normal
operation resumes. The station always sends its receive
audio on Line 2 and Line 4, the status tone sent out Line
2 when the receiver is squelched. When the station is in
failsoft, it sends a HLGT burst out Line 4, followed by
LLGT and the receiver audio. This indicates the failsoft
mode to the console. When the station leaves the failsoft
mode, the LLGT is removed.
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1.5 Spectra-TAC

‘The Spectra~-TAC section of the TTRC module is a soft-
ware-cnabled option that allows the MSF 5000 station
receiver to operate as a receiver-encoder in a wide area
coverage system using a SpectraTAC analog comparator
or DIGITAC comparator. The Spectra-TAC analog com-
parator can be used only in clear voice systems, and the
DIGITAC comparator can be used in either clear voice or
coded audio systems.

A clear voice system employs multiple receivers that op-
erate on the same rf frequency over a wide coverage area.
One receiver-encoder unit is required at each satellite
site. The receiver monitors the rf and amplifies the re-
ceived audio to be sent to the comparator. The compara-
tor determines which receiver has the best signal and
gates that audio to be transmitted. To make sure that au-
dio from each receiver is weighted equally in determining
the best signal, an equalization filter is used in the receive
audio path of each receiver. The audio between the re-
ceivers and comparator are equalized for two reasons:
first, the voting process should depend upon the quieting
level of the receivers and not on the frequency response
of the receiver/comparator connection; second, to im-
prove the intelligibility of the system audio. The equaliza-
tion filter is fully described in the Receive Audio para-
graph.

In coded audio (secure) wide area coverage systems, a
DIGITAC comparator is used. In this case the equaliza-
tion filter is not present in the receive audio path during
a receive code detect, to preserve the contents of the
coded signal. In clear audio systems (no receive code de-
tect), the equalization filter is present.

1.6 SIMULCAST

‘The simulcast audio section of the TTRC module is a soft-
ware and hardware enabled option that allows the MSF
5000 to interface to simulcast systems. Refer to paragraph
4 for a description of hardware jumper positions. In a PL
distribution simulcast system, the TTRC typically inter-
faces with wideband modems (WBM). Voice audio is
brought in on Line 1, and PL audio is brought in at GEN
TX DATA + /- on J2900 of the TTRC logic kernel. In
trunking and secure simulcast systems, the TTRC typical-
ly interfaces with a remote delay module (RDM). In this
case, all transmit audio is brought in at GEN TX DATA
+/-. A more detailed description of the actual circuitry
can be found in the Simulcast Mod Audio paragraph.

1.7 INTERFACE

The TTRC module allows the MSF 5000 to interface in
a large number of systems. The interfaces used include a
trunking connector (J2901), a systems connector (J2900),
and a wircline interface. Both the trunking and systems
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connector are presented in paragraph 4. Table 4 provides
a detailed outline of the wireline connections for the sys-
tem types described in the preceding sections.

2. AUDIO SECTION DESCRIPTION

2.1 TRANSMIT AUDIO

2.1.1 OVERVIEW

The Tx Audio section is used to transfer wireline audio
originating at a console or other remote device to the sta-

tion control board (SSCB) for transmission over the air.
The transmit audio goes to the SSCB through two paths.
Path 1 is RAW TX AUDIO which is sent to the secure
module by the SSCB for transparent coded transmissions
(secure module not used for 900 MHz models). Path 2 is
TX AUDIO for clear transmissions. TX AUDIQ is also
sent to the secure module by the SSCB for encrypted
coded transmissions (only if station is equipped with the
secure option). This is accomplished via a wireline inter-
face, an automatic level control (ALC) circuit, a course
level adjust circuit, a fine level adjust circuit, and a Tx
notch filter. These circuits, described below, are shown on
schematic diagram sheet 1.

Table 4. Wireline Interface Matrix
System Line 1 Line 2 Line 3 Line 4
#1 CONSOLE CONSOLE NOT USED NOT USED
Conventional Routed to: Routed from:
Local Area TX Audio, TRC Decoder RCV Audio, TRC Encod-
Clear er
#2 COMPARATOR COMPARATOR NOT USED NOT USED
OR CONSOLE
Conventional Routed to: Routed from:
Wide Area TX Audio RCV Audio
Clear TRC Decoder Status Encoder
#3 DVM or CIU DVM or CIU NOT USED NOT USED
Conventional Routed to: Routed from:
Local Area TX audio RCV audio
Coded TRC decoder Status encoder
(new systems) (new systems) (new systems)
DVM or CIU DVM or CIU DVM or CIU
Routed to: Routed from: Routed to:
TRC decoder RCV audio TX audio
Status encoder
(old systems only) (old systems only) (old systems only)
#4 DVM or DIGITAC DVM or DIGITAC NOT USED NOT USED
ORCIU
Conventional Routed to: Routed from:
Wide Area TX audio RCV audio
Coded TRC decoder Status encoder
#5 MODEM COMPARATOR NOT USED NOT USED
VIA MODEM
Conventional Routed to: Routed from:
Simulcast TX audio RCV audio
Clear Status encoder
#6 CIT PP CIT PP NOT USED NOT USED
w/o CPI
Trunked Routed to: Routed from:
Local Area Tx audio RCV audio
Clear
#7 CONSOLE CONSOLE CIT PP CIT PP
w/CPI
Trunked Routed to: Routed from: Routed to: Routed from:
Local Area TX audio RCV audio TX audio RCV audio
Clear TRC decoder TRC encoder Line 1 input
Line 4 output Line 3 input
#8 COMPARATOR COMPARATOR NOT USED NOT USED
w/o CPI
Trunking Routed to : Routed from:
Wide Area TX audio RCV audio
Clear TRC decoder Status encoder
4 68P81082E94 5/15/92
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Table 3. Wireline Interface Matrix (Cont'd.)
System Line 1 Line 2 Line 3 Line 4
#9 CONSOLE COMPARATOR COMPARATOR CONSOLE
w/CPI
Trunking Routed to: Routed from: Routed to: Routed from:
Wide Area TX audio RCV audio TX audio RCV audio
Clear TRC decoder Status encoder Line 4 output TRC encoder
Line 1 input Line 3 input
#10 DVM or CIU DVM or CIU NOT USED NOT USED
Trunking Routed to: Routed from:
Local Area TX audio RCV audio
Coded TRC decoder Status encoder
#11 DVM or DIGITAC DVM or DIGITAC NOT USED NOT USED
Trunking Routed to: Routed from:
Wide Area TX audio RCV audio
Coded TRC decoder Status encoder
#12 AUDIO COMPARATOR NOT USED NOT USED
DISTRIBUTOR
Trunking Routed to: Routed from:
AMSS TX audio RCV audio
Clear Status encoder
#13 DVM or DIGITAC DVM or DIGITAC NOT USED NOT USED
Trunking Routed to: Routed from:
AMSS TX audio RCV audio
Coded Status encoder
#14 NOT USED COMPARATOR NOT USED NOT USED
VIA MODEM
Trunking Routed from:
Simuilcast RCV audio
Clear Status encoder

2.1.2 WIRELINE INTERFACE

The wireline interface network connects the TTRC mod-
ule (and therefore the station) to the external wirelines.
The wireline is connected to the station at the junction
box, where lightning protection is provided. Two six-con-
ductor phone wires provide the connection between the
junction box and TTRC module. Transformer T4201
(Line 1), transformer T4202 (Line 2), and transformer
T4203 (Line 3) match the wireline impedance to that on
the TTRC module and provide balanced line inputs to the
station. C4239 (Line 1), C4250 (Line 2), and C4238 (Line
3) block any dc currents on the wireline which might
otherwise cause T4201, T4202, or T4203 to saturate.
P4201 (Line 1), P4217 (Line 2), and P4200 (Line 3) allow
the load impedance presented to the wireline to be either
high, (10 Kilohms), 900 ohms, or 600 ohms.

T4202 may also be driven by a line driver (described in the
Receive Audio paragraph). Therefore, audio on Line 2
may be incoming or outgoing with reference to the
station. P4202 must be placed in its normal position and
P4205 in its alternate position for a 4-wire setup (Line 1
input). Both P4202 and P4205 must be placed in a configu-
ration opposite to the above for a 2-wire setup (Line 2
input). Input audio leaving JU4202 is then sent to the

inverting amplifier (U4200B) where its level is reduced by
4.8 dB before being sent to be transmitted. Line 3 input
via T4203 is sent to inverting amplifier U4200A where its
level is reduced by 4.8 dB before being sent to be trans-
mitted.

2.1.3 TX LEVEL ADJUST

Wireline audio can take two separate paths before it is
sent as TX AUDIO to the SSCB for transmission. Audio
leaving U4200B (Line 1 or Line 2 input) is sent to the
automatic level control (ALC) circuit, or via U4220B to
the course level adjust circuit. Audio leaving U4200A
(Line 3input)is sent via U4220B to the course level adjust
circuit. The actual system configuration will determine
the wireline input and whether that input will take the
ALC or course level adjust path. Refer to Table 4 for the
wireline interface matrix.

The course level adjust circuit is a microprocessor-con-
trolled gain stage consisting of analog switches U4218A
and U4218B, and inverting amplifier U4200C (EEPOT
#E on the front panel status display). The logicstate of TX
LVL C0 and TX LVL C1 will determine the gain through
this amplifier stage. See Table 5 for a description of
course gain vs. TX LVL C1 and TX LVL C0.
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Table 5. Coarse Gain vs. Logic States of TX LVL C1 and TX LVL C0

TX LVL C1 TX LVL Co GAIN (DB)
Low Low (OV) 1.7
Low High (5V) 231
High Low -85
High High 129

The ALC circuit consists of two gain adjust stages. The
maximum gain of the first stage (inverting amplificr
U4201B) occurs when the effective feedback resistance is
highest; that is when FET Q4201 is turned off with a low
voltage on its gate. This condition results in about 13.5dB
of gain for the stage. The gain of this stage can be de-
creased by increasing the gate voltage of the FET (thus
lowering the effective feedback resistance of the stage).
The lowest gain of this stage is at least -32 dB. The audio
signal is next sent to inverting amplifier U4201C, where
it is amplified by a constant level of 27 dB. The output of
this stage (TPS) drives the tone processing section and is
a source for the Tx Audio fine level adjust circuit.

The ALC feedback circuit consists of op amp U4201A,
Q4200, and associated circuitry. The audio signal at TPS
is sampled by U4201A and compared to the 5.8 volt refer-
ence provided by VR4200. Whenever the peak ac audio
signal at TPS is 1.1 volts higher than the nominal 4.7 volt
dc bias, the output of U4201A goes low, turning Q4200
off. Current through R4265 charges C4220, raising the
voltage at the gate of FET Q4201. This action lowers the
gain of ALC buffer stage U4201B, as well as the average
audio signal at TPS5. The FET gate voltage continues to
rise until the ac audio signal peaks arc less than 2.2 Vp-p,
or 0 dBm, at TPS. When this occurs, the output of
U4201A goes high, turning Q4200 on. The voltage at the
FET gate begins to drop as the charge on C4220 bleeds
off through R4257. This FET gate voltage drop raises the
gain of U4201B until the output of U4201A goes low,
turning Q4200 off. This process repeats continuously, re-
sulting in a balanced condition in which ac audio signal
peaksat TP5are always at about 2.2 Vp-p. In addition, the
ALC is also under microprocessor control, as described
in the TRC Decode Audio paragraph.

The Tx Audio fine level adjust stage following cither the
ALC or the course level adjust consists of inverting ampli-
fier U4200D and digital potentiometer U4211 (EEPOT
#7 on the front panel status display). U4220A determines
the source of TX AUDIO. Depending on the setting of
U4211, the gain of this stage can vary from -13 dB to -2
dB (ALC as source) or -11 dB to 10 dB (course adjust as
source). Refer to Table 6. The nominal audio level

expected at the output of the level adjust circuit (TP6) is
about 315 mV rms.

2.1.4 ACTIVITY DETECTOR

The input to the activity detector is ALC audio (TPS)
which first passes through bandpass filter U4204C. This
filter is centered around 1900 Hz with a Q of 1 and a gain
of 15 dB. The bandpass filter is followed by a comparator
combination of U4204D and Q4233. If the signal entering
the activity detector is greater than or equal to -15 dBm
around 1900 Hz, the AL.C output (I'P5) will be considered
as activity by the circuit (ACTIVITY * signal is logic low).
This voltage level is read by the microprocessor on the
logic kernel to detect the presence of audio activity. The
main function of this circuit is to support Low Level
Guard Tone detection.

2.1.5 TRANSMIT NOTCH FILTER

Audio from the Tx Audio fine level adjust circuit is also sent
to Tx Notch Filter Hybrid HY4201A. This hybrid contains
an MF10 dual switched—capacitor filter and a dual op amp
for summing purposes. Only one of the two filters on the
hybrid is being used in the transmit path. The second filter
is used in the receive audio path (discussed later). The notch
filter is formed by summing together the high-pass and low-
pass outputs of the filter IC. The clock that runs the MF10’s
is derived by the TTRC logic kernel board from the micro-
processor E clock via U4233 and U4237. This filter notches
out the GT frequency area of the voice spectrum before it
is transmitted.

The notch filter has a relatively high Q of 5.8 to remove
the GT frequency component but very little voice energy
from the transmitted audio signal. Typically, the filter’s
gain at 1 kHz is 0 dB, and at the notch frequency (usually
2175 Hz) the response is -35dB relative to 1 kHz. Toallow
for stight drift of the guard tone frequency (usually due
to wireline translation, the filter guarantees 30 dB attenu-
ation at = 5 Hz from the center frequency. The notch may
be removed from the Tx audio path for special applica-
tions (such as simulcast) by placing P4204 into itsalternate
position.

Table 6. Gain Vs. Logic States of TRC LVL C1 and TRC LVL CO

TX LVL C1 TX LVL CO GAIN (DB)
Low Low (OV) -20
Low High (5V) 0
High Low -30
High High -10
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For other applications, Tx audio can be summed into in-
verting amplifier U4203A (Line 2 Sum) or U4203B (Line
4 Sum) via the Tx notch filter and a line shaping filter. The
notch filter can also be removed from this path by placing
P4203 into its alternate position . The line shaping filter
(U4202A) is a 2 pole low-pass with a -3 dB frequency of
2500 kHz (Q = 0.87).

2.1.6 TROUBLESHOOTING

With a 0 dBm, 1kHz signal at Line 1 input, a 0 dBm signal
should appear at TPS. If not, verify that P4202 is in its nor-
mal position and P4205 is in its alternate position (4-wire
setup). If P4202 and P4205 are set in an opposite manner,
move the wireline input signal to Line 2 (2-wire setup).
Assuming a conventional TRC remote control sctup, the
wireline input signal present at TP6 should be somewhat
attenuated. If U4211 is adjusted properly, the level at TP6
should be around 315 mV rms. If there is no signal at TP6,
verify that U4220A pin 10 is low. If U4220A pin 10 is high,
Tx Audio is not to be sourced from the ALC but from the
coarse level adjust stage. If audio is to be sourced from the
coarse level adjust stage, verify that U4220B pin 9 is high.
If U4220B pin 9 is low, move the input wireline signal to
Line 3. The wireline signal should now be present at TP6.
If no signal is present, check for the 4.8 V bias and the 9.6
V supply voltages to U4200 and U4201. If no problem ex-
ists, check for missing resistors and capacitors along the
suspected path. After a signal is verified at TP6, check for
its presence at P804 pin 5. If no signal is present at P80S
pin 5, verify that P4204 is in either its normal or alternate
position. If P4204 is in its alternate position and still no
audio is present, look for an open runner between TP6
and P804 pin 5. If P4204 is in its normal position and still
no signal is present, check the hybrid filter clock (HY4201
pin 17) for a 0-to-5 volt squarewave at approximately
110.4 kHz. If no clock is present, notch filter hybrid
HY4201A may be faulty.

22 TRC DECODE AUDIO

2.2.1 OVERVIEW

The TRC decode audio from inverting amplifier U4200B
is directed to the automatic level control (ALC) circuit.
The output of the ALC is sent to the tone processing sec-
tion which is the interface for tone decoding between the
analog decode audio section and the microprocessor sec-
tion. This section is responsible for bandpass filtering and
limiting the audio signal before passing it to the micropro-
cessor on the TTRC logic kernel board for tone detection.

2.22 ALC CONTROL DESCRIPTION

In addition to several analog feedback operations de-
scribed earlier, the ALC circuit is also controlled by the
microprocessor during tone detection and execution of
wireline commands.
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In its idle state (waiting for HLGT) the LIMIT GAIN*
control signal isactivated (logic low) and the other control
signals are in their de-activated state (ALC RESET* log-
ic high, GAIN UP HOLD logic low, and GAIN DWN
HOLD logic low). In this mode, the gain of the ALC is
limited so that very low level signals around 2175 Hz (e.g.,
status tone bleed back in SpectraTAC systems) do not pro-
vide false indication of HLGT detect. Also in this mode,
attack and decay times of the ALC are fast for quick de-
tection of HLGT. The wireline signal could consist of just
about anything while searching for HLGT. This condition
continues until HLGT is detected by the microprocessor.

When HLGT is detected, LIMIT GAIN* control signal is
de-activated (logic high), so that a worst case -35 dBm
HLGT signal can be amplified up to 0 dBm at TPS. To help
in this amplification (specially in a 2-wire case), ALC
RESET™* is activated (logic high) for approximately 10 ms to
allow C4220 to discharge, causing the ALC gain to increase
quickly. After this time, ALC RESET* is de-activated (logic
high) and approximately S ms is given for the HLGT signal
level to adapt to 0 dBm at TPS. When the adapt time has
clapscd, GAIN UP HOLD and GAIN DWN HOLD are ac-
tivated (logic high). This removes the charge and discharge
path for C4220. The voltage on the gate of FET Q4201 stays
constant (for as long as C4220 can hold it) or until search
for HLGT resumes. This action prevents a fast gain-up
should wireline activity pause to block “holding on” to noise.
This action also prevents any gain-down due to high level
noise spikes on the wireline input.

2.2.3 TONE PROCESSING SECTION

The ALC audio from TPS5 enters the tone processing sec-
tion and is bandpass filtered at the guard tone frequency
of 2175 Hz by hybrid HY4200. This hybrid contains anoth-
er MF10 dual switched-capacitor filter IC except this
time it uses the bandpass output. Two sections of these
bandpass filters, each with a Q of 26, are cascaded. They
are used to detect guard tone by attenuating the lower
and higher frequency signals which may be higher in level
than the guard tone. Remember that while looking for
HLGT high-level voice and receiver noise may be pres-
ent at the wireline input to the TTRC module in a 2-wire
system. The highest level signal tends to capture the limit-
er, so frequencies other than the guard tone must be atte-
nuated. In spite of this, there is a practical limit on how
narrow this filter can be; if it becomes too narrow (high
Q), all noise at guard tone frequency as well as guard tone
is passed through to the detector, and guard tone falsing
is assured. Nominal gain of the bandpass filter is 4 dB
while waiting for HLGT. During LLGT detection,
U4222C shorts out R4238, making the gain of the filter
circuit 15 dB.

After HLGT detection, the bandpass filter is bypassed to
allow detection of function tones which usually lie in the
range of 650 Hz to 2050 Hz. Detection is accomplished in
the microprocessor on the TTRC logic kernel board via
U4222A. U4204A and U4204B form a bandpass filter/
limiter to attenuate signals outside of the software detec-
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tor range, and transform the tone signalsinto digital ones.
This filter is typically 3 dB down at 500 Hz and 4 kHz. The
output of this stage is fed to Q4202, which limits and level
shifts the signal to CMOS logic levels. The output of
Q4202 (TP3)is a square wave which is sent into the micro-
processor for analysis.

2.2.4 TROUBLESHOOTING

With a 0 dBm 2175 Hz signal at Line 1 input, a 0 dBm sig-
nal should be present at TPS. If no signal is present, verify
that P4202 is in its normal position and P4205 in its alter-
nate position (4-wire setup). If P4202 and P4205 are set
up in an oppositc manner, move the wireline input signal
to Linc 2 (2-wire setup). After a signal is verified at TP5,
check for its presence at TP4. If the signal is present at
TP5 but not at TP4, check the hybrid filter clock (HY4200
pin 18) for a 0 to 5 volt squarewave at approximately 110.4
kHz. If no clock is present, HY4200 is probably faulty.
After the signal is verified at TP4, check for its presence
at TP3. The signal at TP3 should be a squarcwave. If no
signal is present at TP3, the limiter circuit is probably
faulty. First, check U4204A pin 3 for a 3.6V bias. If the
bias is proper, check for faulty or missing resistors and
capacitors in the limiter circuit.

2.3 RECEIVE AUDIO

2.3.1 OVERVIEW

The Receive Audio section is responsible for transferring
LINE AUDIO from the SSCB board to the wireline on
Line 2 or Line 4. This section consists of a receive notch
filter, summing and level adjust circuits, a Spectra-TAC
equalizer filter, line drivers, and wireline intcrfaces.
Refer to sheets 2 and 4 of the schematic diagram.

2.3.2 RECEIVE NOTCH FILTER

LINE AUDIO from the SSCB board enters the TTRC
module at a level of 325 mV rms (nominal). This Receive
Audio is notched at the guard tone frequency by
HY4201B in a similar way as described above for the Tx
notch filter. Notch depth is the same, but the Q of the Rev
notch filter is slightly lower (3.8), due to the requirement
that all of the voice components in the GT frequency
range be prevented from rcaching the wircline. Without
this protection, false guard tone detects by the TTRC
module would be inevitable, since audio leaving the
TTRC module in a 2-wire system may be up to 20dB high-
cr than that arriving in order to make up for wireline at-
tenuation. The audio leaving the notch filter next goes
through the line shaping filter U4202C before going to
the Line 2 or Line 4 summing amps U4203A and U4203B.
This line shaping filter is identical to that described in the
Tx Audio paragraph.
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In sccure systems, the receive notch filter and line shap-
ing filter should be bypassed. This is done by switching
transmission gate U4221A to its alternate position. This
switching is done via the TTRC kernel board micropro-
cessor based on codeplug parameters.

2.3.3 SUMMER/LINE ADJUST

Notched or un-notched Rev audio from U4221A is sent
to the summing amp for Line 2 or Line 4 audio. These
stages alsosum in toncs generated by the TTRC logic ker-
nel board. These encoded tones are usually status (Line
2 only) or guard-tone / function-tone type tones used to
signal station status back to a console or remote device.
Generation of these tones is described in the logic section
of this document.

For Line 2, the audio signal leaving U4203A is sent over
two paths, one of which is selected by U4224C. Path 1 goes
directly to U4224C and path 2 goes through a SpectraTAC
cqualizer filter, as explained below. Audio leaving
U4224C is sent to U4224 A which acts as a switch between
Line 2 sum audio and audio bias voltage VB. Line 2 sum
audio is only passed through U4224A if the LINE MUTE
2 is in a logic low (0 V) state. After passing through
U4224A, the audio signal goes to an inverting amplifier
adjust stage consisting of U4203C and digital potentiome-
ter U4218 (EEPOT #c on the front panel status display).
Depending on the sctting of U4218, the gain of this stage
can vary from -28 dB to 12 dB.

For Line 4, the audio signal leaving U4203B is sent to
U4224B which acts as a switch between Line 4 sum audio
and audio bias voltage VB. Line 4 sum audio is only passed
through U4224B if the LINE MUTE 4 is in a logic low state.
After passing through U4224B, the audio signal goes to an
inverting-amplifier adjust stage consisting of U4203D and
digital potentiometer U4217 (EEPOT #d on the front panel
status display). Depending on the setting of U4217, the gain
of this stage can vary from -28 dB to 12 dB.

2.3.4 Spectra-TAC EQUALIZER FILTER

The circuit consists of four parts. The first part is inverting
amplifier U4210A configurcd as a bandpass filter with a
Q of 3 centered at 400 Hz, followed by digital potentiome-
ter U4215 (EEPOT #A on the front panel status display).
The sctting of U4215 determines the amount of low end
frequency boost, thus directly affecting the intelligibility
of the audio. The second part is inverting amplifier
U4210C configured as a bandpass filter with a Q of 3 cen-
tered at 4 kHz, followed by digital pot U4214 (EEPOT #9
on the front panel display). The setting of U4214 deter-
mines the amount of high end frequency boost and is criti-
cal to the voting process in a STAC system. To make the
voting process independent of the frequency response of
the wireline, the audio signal spectrum must be boosted
at the higher frequencics to compensate for the high fre-
quency attenuation of the wireline. The critical area of
response tends to be between 2 kHz and 4 kHz. The re-
sponsc at the input to the comparator needs to be as flat
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as possible between 2 kHz and 4 kHz assuring that the vot-
ing process only depends upon the quieting level of the
receivers. The third part of the circuit is inverting amplifi-
er U4210B configured as a bandpass filter with -3 dB
points at 300 Hz and 3 kHz. The last part is inverting am-
plifier U4210D, which sums the low-end, midrange, and
high-end frequency responses before the audio is sent to
the Line 2 level adjust stage.

2.3.5 LINE DRIVER AND CANCELLATION CIRCUIT

The line 2 wireline line driver uses U4209A and U4209B
to drive Q4205 and Q4206 in a push-pull arrangement.
These transistors drive the secondary winding of T4202.
Bias voltage (A + ) for the transistors is derived from the
center tap of the transformer, allowing a voltage swing on
the secondary of about 12 V p-p. This guarantees at least
+ 11 dBm into a 600 ohm load. As mentioned in the Tx
audio description, this transformer may be configured for
600 ohm, 900 ohm, or bridged wireline loads.

The cancellation circuit is used only in 2-wire systems
when both incoming and outgoing wireline audio is on
Line 2. This circuit, consisting of R4300, R4303, R4306,
(4253, and C4252 can be disabled by moving P4205 to its
alternate position for a 4-wire system. This circuitry
couples an out-of-phase sample of the line drivers output
back into the decode audio path at U4200B. This helps to
decrease the amount of audio in the decode audio path
that is only due to the coupling of receive audio back into
the decode audio via a 2-wire setup. In this case, receive
audio may be up to 20 dB higher than decode audio at the
TTRC module due to wireline losses between the station
and remote console. The cancellation circuit tends to re-
duce the amount of this undesired audio in the decode au-
dio path, which enhances the ability of the software algo-
rithm to detect tones.

The line 4 wireline line driver uses U4209C and U4209D
to drive Q4207 and Q4208 in a push-pull arrangement.
These transistors drive the secondary of T4204. Bias volt-
age (A +)for the transistors is derived from the center tap
of the transformer, allowing a voltage swing on the sec-
ondary of about 12 V p-p. This guarantees at least + 11
dBm into a 600 ohm load. As mentioned in the Tx audio
description, this transformer may be configured for 600
ohm, 900 ohm, or bridged wireline loads.

2.3.6 TROUBLESHOOTING

With a 325 mV rms (nominal), 1 kHz signal at P804 pin
4 (LINE AUDIO), a signal with the same level should be
present at TP2. If no signal is present at TP2, check the
hybrid filter clock (HY4201 pin 17) for a 0-to-5 volt
squarewave at approximately 110.4 kHz. If no clock is
present, notch filter hybrid HY4201 may be faulty. As-
suming Line 2 as output and a signal at TP2, a signal
should also be present at TP11. If the station is hooked
up to a comparator or CIU, it is possible a 2175 Hz tone
could be present at TP2 and TP11, depending on whether
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the receiver is squelched or not. If a signal is present at
TP2 and TP11 and not at the wireline output, check the
supply voltages to U4224, U4216, U4217, U4203, and
U4209. If no problem exists, check for faulty or missing
resistors and capacitors along the suspected path.

2.4 TRUNKING MOD AND RECEIVE AUDIO

2.4.1 OVERVIEW

Trunking modulation audio (TKG MOD AUDIO) sent to
the SSCB board for transmission is sourced from two sep-
arate paths. Path 1 is from the trunking central controller
via TX DATA (+) and TX DATA (-). The audio on this
path comprises either outbound signaling words (3600
baud data) or subaudible digital information (300 baud
data). Outbound signaling words are used to direct system
users to specific channels. The subaudible digital infor-
mation (low speed data) is superimposed on all voice com-
munications to unmute the receivers authorized to moni-
tor the communications. Path 2 comprises failsoft code-
word and failsoft tone, both of which are generated on the
TTRC logic kernel board.

Trunking receive audio (TKG RX AUDIOQ) is sourced from
two separate paths both of which originate on the SSCB.
Path 1 is receiver audio (QUAD AUDIO) and path 2 is
CONNECT TONE audio. Connect tone audio is used only
in coded trunked systems during a receive code detect.

2.42 CENTRAL CONTROLLER TRANSMIT
INTERFACE

242.1 DIFFERENTIAL AMPLIFIER

In a non-simulcast trunked system, trunking modulation
audio enters the TTRC logic kernel board at J2901 and is
passed to the TTRC audio board at J2904 as TX DATA (+)
and TX DATA (-). Note that jumpers R4370, R4371, and
R4353 must not be present on the TTRC audio board for
proper operation in this system. The TX DATA (+/-) level
is then reduced by 10 dB and superimposed on the audio
bias voltage VB by differential amplifier U4206D. Audio
leaving U4206D is next sent to a single-pole double-throw
analog switch (U4222B) and is only gated through if the sta-
tion is not in failsoft. The audio signal leaving U4222B is
then sent to the trunking data splatter filter.

2.4.2.2 DATA SPLATTER FILTER

The trunking data splatter filter is a 7-pole bessel low-
pass with a -3 dB point of 2.25 kHz. Noninverting-ampli-
fier U4205A comprises the first 3 poles, while U4205B
and U4205C comprise the remaining 4 poles. This low-
pass filter is required to limit the high frequency content
of the audio to be modulated so that sidebands generated
asa result of the modulation do not splatter into adjacent
channels. Besides attenuating the higher frequencies,
this filter has a linear phase response to ensure that no
group delay is added in the transmission of data signals.
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2.42.3 DATA DEVIATION ADJUST STAGE

Audio leaving the data splatter filter is sent to a deviation
level adjust stage consisting of inverting amplifier U4205D
and digital pot U4213 (EEPOT #b on the front panel status
display). Depending on the setting of U4213, the gain of this
stage can vary linearly from 0.3 to 1.8. Audio leaving
U4205D is sent to U4223B which acts as a switch between
trunking modulation audio and audio bias voltage VB.
Trunking modulation audio is only passed through U4223B
if TKG AUDIO MUTE is in a logic low (0 V) state.

2.4.3 CENTRAL CONTROLLER RECEIVE
INTERFACE

Audio from the station’s receiver (QUAD AUDIO) is
sent back to the trunked central controller in a trunked
system. However, depending on the audio signal con-
tents, the path it takes through the TTRC audio board
may be different. If the station is assigned as a control
channel the receiver audio consists of inbound signaling
requests; otherwise the receiver audio consists of normal
voice channel activity. If the station is a control channel,
CCI ENABLE will be high (5 V) and CT ENABLE will
be (0 V). In this case, QUAD AUDIO is routed through
the inbound recovery board (IRB) circuit, which consists
of noninverting amplifier U4207C. This amplifier boosts
the signal level by approximately 8 dB. If the station is a
normal voice channel, CCI ENABLE will be low and
QUAD AUDIO is routed through the receiver interface
board (RIB) filter. This filter consists of the inverting
amplifier U4207D. The audio signal level isboosted by ap-
proximately 14 dB. Soft limiting is provided at the output
of U4207D by VR4215 and VR4214 so the signal level
never exceeds + 12 dBm.

In the above discussion, CT ENABLE was always assumed
to be in a logic low state. CT ENABLE will only go high if
the station is in a coded trunked system and the secure
module indicates a receive code detect to the TTRC logic
kernel. In a receive code detect state, CONNECT TONE
generated on the SSCB board is set to the trunking central
controller instead of filtered receive audio.

2.4.4 FAILSOFT CODEWORD AND
TONE GENERATION

NOTE
Failsoft codeword and tone, formerly
produced on the TTRC Logic board, are
now both produced on the Secure
Station Control Board (SSCB).

2.4.5 TROUBLESHOOTING

For a trunking setup, first verify the following jumpering
before tracing signals through the paths: R4370, R4371,
and R4353 should be removed, and R4365, R4366, and
R4337 should be present.
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With a 1V rms 150 Hz signal or Low Speed Data at TX
DATA (+/-), a somewhat attenuated signal should be
present at TP12. If the signal is present but severely dis-
torted, change the polarity on TX DATA (+/-) input.
With the signal present at TX DATA (+/-) the station
should not be in failsoft, provided that Tx Data (+ ) is the
source for the tickle pulse from the central controller. If
the MUTE* line is the source for the tickle pulse, the sta-
tion may remain in failsoft. Assume that Tx Data (+) is
the tickle source. If the signal is removed, the station
should go into failsoft. Verify this by checking the failsoft
LED; it shouldbe lit. Failsoft codeword should be present
at TP12 with a 900 Hz tone burst every 10 seconds. If no
signal is present at TP12, check the supply voltages to
U4206, U4205, U4220, U4221, U4213, and U4223. If the
problem is not cleared, check for faulty or missing resis-
tors and capacitors along the suspected path.

2.5 SIMULCAST MOD AUDIO

2.5.1 OVERVIEW

The simulcast section is used to transfer audio or data
originating at a remote delay module (RDM) or wide
band modem (WBM) to the station control board (SSCB)
for transmission over the air. The contents of the input
to this section are different depending on whether a
WBM or RDM is the source. In a PL distribution simul-
cast system, the WBM is typically the source. The con-
tents of the input signal would consist of a PL tone (~10
dBm in level riding on a differential pair with a negative
bias voltage). In trunking and secure simulcast systems,
the RDM s typically the source. The contents of the input
signal would consist of voice audio (-10 dBm in level rid-
ing on a differential pair). In either case, R4377, R4378,
and R4381 should be removed from the board, and R4370,
R4371, and R4378 left in place.

2.5.2 DIFFERENTIAL AMPLIFIER

Simulcast modulation audio enters the TTRC logic ker-
nel board at J2900 and is passed to the TTRC audio board
at J2904 as GEN TX DATA (+/-) (600 ohm load). GEN
TX DATA (+ /-) is then superimposed on the audio bias
voltage VB by differential amplifier U4207A. Audio or
data leaving U4207A is sent down two paths one of which
is selected by U4220C. Path 1 goes directly to U4220C.
Path 2 goes through a reverse burst generator circuit ex-
plained in the next paragraph. Signals leaving U4220C are
sent to the data deviation adjust stage.

2.5.3 REVERSE BURST GENERATOR

Reverse burst is phase shifting of the PL tone signal upon
termination of a Line PTT in a PL distribution simulcast sta-
tion. The phase shift spec is 240 + /- 15 degrees. U4207B,
R4358, R4356, R4429, and C4327 form the reverse burst
generator. Since the phase shift varies with frequency,
R4429 will have the most effect depending on the PL code.
R4429 is 16 kilohms, so the above specification is met for PL
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codes 4B (146.2 Hz) through 7A (192.8 Hz), since the higher
PL codes are used in simulcast systems.

2.5.4 DATA DEVIATION ADJUST STAGE

Audio leaving U4220C is sent to the same deviation level
adjust stage described in the trunking mod audio section.
The level adjust stage consists of inverting amplifier
U4205D and digital pot U4213 (EEPOT #b on the front
panel status display). Audio leaving U4205D is sent to
U4223B which acts as a switch between simulcast modula-
tion audio and audio bias voltage VB. Simulcast modula-
tion audio is only passed through U4223B if TKG AUDIO
MUTE is in a logic low (0 V) state.

2.5.5 TROUBLESHOOTING

For a simulcast system, first verify the following before
tracing signals through the paths: R4370, R4371, R4353,
and R4337 should be present. R4377, R4378, and R4381
should be removed from the board.

With a -10 dBm PL tone (WBM input) or a 1 kHz tone
(RDM input) at GEN TX DATA (+/-), there should be a
somewhat attenuated signal at TP12. If no signal is present
at TP12, check the supply voltages to U4207, U4220, U4213,
and U4205. If the problem is not cleared, check for missing
resistors and capacitors along the suspected path.

2.6 DC REMOTE CURRENT DETECTION

The function currents sent from a remote device down
the wireline are converted to dc voltage levels by opto-
couplers U4230, U4231, and associated circuitry. U4230
detects positive line currents and U4231 detects negative
line currents. The optocouplers also provide electrical
isolation between the wireline and other circuitry on the
TTRC module to protect the circuits against lightening
hits or high voltage surges.

The voltage levels generated are read by the A-to-D con-
verter on microprocessor (U4231) on the TTRC logic ker-
nel board. The actual current level is determined via a
software look-up table and the function initiated.

3. LOGIC SECTION

3.1 LOGIC HARDWARE DESCRIPTION

3.1.1 OVERVIEW

The logic and control hardware are housed on the TTRC
logic kernel board (TLN3114A) which is mounted on top
of the TTRC audio board (TLN3112A). The two boards
are connected via J2904 and J2905. Refer to paragraph 4
for specific pin descriptions.
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The logic hardware can be broken down into five broad
parts: microprocessor core, data communications circuit-
ry, tone encoders, general I/0Q, and reset circuitry. Many
of the functions performed by the logic section use an
Application Specific Integrated Circuit (ASIC). The
TTRC kernel uses two of these custom ASICs specifically
designed for this product. The ASIC can operate in one
of two modes depending on the state of the MODE pin.
U4233 operates in the standard mode (with MODE
pulled high) and serves as a specialized microprocessor
support chip with additional I/0 and data communication
features. U4234 operates in the I/O mode (with MODE
pulled low) and serves as an addressable collection of in-
put buffers and output latches. Refer to Base Stations
Technical Report B8804 for more detailed ASIC informa-
tion not covered in this description.

3.1.2 MICROPROCESSOR CORE

The microprocessor core runs the software program to con-
trol the TTRC audio board operations. Most of the core
functions use four integrated circuits. Sheet 5 of the sche-
matic diagram shows the microprocessor core circuitry.

U4231 is a Motorola 8-bit single chip microcomputer.
During program execution it generates an 8-bit multi-
plexed data/low-order address bus, AD(0:7)), as well as
a high-order address bus, A(8:15). U4231 controls the di-
rection and timing of bus transfers with three signals com-
mon to 6800 family devices. U4231-5 is the E signal, and
it functions as the primary clock for all bus transfers.
U4231 generates the E clock by dividing the external crys-
tal frequency by four (E = 7.9488 MHz /4 = 1.9872
MHz). U4231 controls the direction of bus transfers using
the R/W* signal on U4231-6. This signal is high when
U4231 needs to read data off the bus and is low when
U4231is writing data to the bus. To allow an external latch
in ASIC U4233 to demultiplex the data/low-order ad-
dress bus, U4231 also generates the AS (address strobe)
signal on U4231-4. Thus when AS is high, AD(0:7)) con-
tains the low-order address bus A(0:7), but when AS is
low AD(0:7)) contains the data bus D(0:7).

U4231 runs the software program contained in a 32K
EPROM (U4235). U4231 also contains 512 bytes of internal
EEPROM for operating the parameter storage (code plug).
During program execution, U4231 can access 192 bytes of
internal RAM as well as an external 8Kx8 SRAM (U4236).
U4232 is an optional 2Kx8 serial EEPROM which can be
added if additional “code plug” space is required.

Many of the “glue” chips commonly required to complete
a microprocessor system are replaced in integrated form
by standard mode ASIC U4233. Since U4231 operates
with a multiplexed data/low-order address bus AD(0:7)),
U4233 contains an address latch to demultiplex this bus.
Thus the low-order address bus, A(0:7), is an output of
U4233. U4233 also contains all the circuitry required to
perform full address decoding using the full 16-bit expan-
ded address bus for the entire 64K memory space. Thus
all the required chip select signals are also outputs of
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U4233 (refer to software description for memory alloca-
tion). The MEM OE?* pin drives the output enable pins
on EPROM U4235 and SRAM U4236. This signal is ac-
tive low during every read cycle (E and R/W* both high).
The ROM CE* signal drives the chip enable pin on
EPROM U423S. This signal is active low whenever the
address bus indicates an access in the EPROM memory
space. The RAM CE* signal drives the chip enable pin on
external SRAM U4236. This signal is active low whenever
the address bus indicates an access in the external SRAM
memory space. The RAM WE* pin drives the write en-
able pin on SRAM U4236. This signal is active low during
normal write cycles (E high and R/W* low)

3.1.3 DATA COMMUNICATIONS CIRCUITRY

The TTRC logic kernel has three media for communicat-
ing with other modules in the station: The IPCB, the
MUXbus, and the high speed ring (HSR).

The Inter-Processor Communications Bus (IPCB) is a
low speed serial link shared among all the control tray
boards and the optional expansion modules. On the
TTRC logic kernel, the U4231 interfaces to the IPCB us-
ing its serial communications interface (SCI). This link
can carry status and control information between mod-
ules. The IPCB line is pulled up on the SSCB and is nor-
mally high in the idle state until a module begins to write
information onto it. The SCI on U4231 hasboth a receive
and a transmit port, and these are buffered by
Q4214-Q4217 and wired together before being routed as
the IPCB line to the required connectors.

The MUXbus is a time-multiplexed address and data bus
capable of carrying 64 bits of control and status informa-
tion between station modules. The TTRC acts asa MUX-
bus slave, and all the circuitry interfacing to the MUXbus
is contained in ASIC U4233. The SSCB acts as the master
and is responsible for driving the data strobe and address
lines. The MUXbus consists of 16 4-bit data nibbles for
a total of 64 bits. The address bits BA0-BA3 are continu-
ally changed to consecutively access each 4-bit data
nibble. The 4-bit data nibble is represented by MUXbus
data bits BD0*~BD3*. U4233 also asserts the MUXIRQ*
signal at every address increment to signal U4231 to ser-
vice the MUXbus data. All multiplexing timing uses the
DS* (data strobe) signal generated on the SSCB. The data
strobe signal is generated by dividing the E clock signal by
640 (DS* = 109872 MHz/640 = 3105 Hz).

The High Speed Ring (HSR) is a unique multiprocessor
communication mechanism. All the circuitry to implement
the HSR is contained in standard mode ASIC U4233. The
HSR continually circulates a 40 bit packet between all mod-
ules in the ring (SSCB, TTRC, Secure). 16 of these bits can
be written to by the TTRC. 16 bits are reserved for writes
by the SSCB, and 8 bitsare reserved for writesby the option-
al secure module. All modules can read any of the bits in
the 40 bit packet. The SSCB operates as the HSR master
and drives the HSR CLK and HSR SYN signals to synchro-
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nize all packet transfers. The frequency of the HSR clock
is programmable but is normally set to E/2 (0.9936 MHz).
The HSR SYN signal is asserted for one bit time at the start
of each 40-bit packet. The SSCB sends its HSR OUT data
from U801 to the TTRC on J804. Data from the TTRC’s
HSR is taken on J804 and passed directly to the optional se-
cure module on J803. Data from the optional secure mod-
ule’s HSR is taken from J803 and sent back to U801 as HSR
IN to complete the ring.

3.1.4 TONE ENCODERS

Two four-bit tone encoders are included on the TTRC
logic kernel. They are driven by 8-bit latch OLI12 on
U4234. Bits 0-3 of OL12 are used to encode status tone.
The status tone encoder frequency can go up to 2500 Hz,
but 2175 Hz is the standard. This encoder drives a digital-
to-analog converter which uses a common R-2R ladder.
The output of the R-2R D/A converter is filtered by two-
pole low-pass filter U4238A. This filtering reduces the
harmonic noise caused by the limited encoder sample
rate. The output of this filter is labeled STAC TONE and
is sent to the audio routing section of the TTRC audio
board via P2905. Once on the audio board, the tone audio
goes through a level adjust stage formed by inverting am-
plifier U4202D and digital pot U4212. Depending on the
setting of U4212 (EEPOT #8 on the front panel status dis-
play), the gain through this stage may vary from -46 dB
to -6 dB . After being level adjusted, status tone audio is
sent to U4203A. Bits 4-7 of OL12 are used to encode TRC
tones. TRC tone encoding frequency can go up to 2500
Hz. This encoder drives another digital-to-analog con-
verter which uses a common R-2R ladder. The output of
the R-2R D/A converter is filtered by two-pole low-pass
filter U4238B. The output of this filter is labeled TRC
TONE and is also sent to the audio routing section of the
TTRC audio board via P2905. Once on the audio board,
this tone audio is sent through a gain stage consisting of
analog switches U4218C and U4218D and inverting am-
plifier U4202B. The logic states of TRC LVL C0 and TRC
LVL C1 determines the gain through this amplifier stage
(See Table 6).

After being level adjusted, the TRC tone audio is sent to
U4221C. If GT LINE 2/4 is set high, the TRC tone is
summed into Line 2 audio. This encoder was designed to
support HLGT, FT, LLGT tone sequencing.

3.1.5 GENERAL INPUT/OUTPUT

The TTRC logic kernel has a great deal of input/output
(1/0) capability to control and monitor remote devices
connected to the MSF 5000 station. The logic section
monitors discrete status lines from remote devices using
input buffers contained in I/O ASIC U4234. The ASIC
has three input buffers:

e IB9 : 8-bit latch from U4234. Bit 0 is used as an audio
status signal; bit 1 is used to interface with the system
connector; bits 2:3 are spares reserved for future use;
and bits 4:7 are not used.
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e [B11 : 8-bit latch from U4234. Bits 0:7 are not used.

o IB10:8-bit latch from U4234. Bits 0:3 are used to inter-
face with the system connector; and bits 4:7 are used
to interface with the trunking central controller.

® ASICs U4233 and U4234 contain general-purpose ad-
dressable output latches used for control functions.
The following list describes briefly the function of
these output latches:

® OLA4 : 7-bit latch from U4233. Used for digital pot
selection and incrementing.

® OLS:7-bitlatch from U4233. Bits 0:1 are used to select
the divide ratio for the hybrid filter clock generator; bit
2 is used for control; bit 3 is spare for future use; and
bits 4:6 are used in LED drive logic.

® OLS6: 8-bit latch from U4233. Bits 0:4,6 are used to con-
trol audio gates; bit 5 is used to drive the hybrid clock
generator with E/2 clock; and bit 7 is spare for future use.

® OLB8: 4-bit open—drain latch from U4234. Bits 0:2 are
used to mute designated audio paths; and bit 3 is used
to control audio gating.

® OL10 : 8-bit latch from U4234. Used for controlling
the audio gates.

® OL11 : 3-bit latch from U4234. Bit 0 is used to enable
loop-back diagnostics; and bits 1:2 are reserved for fu-
ture use.

e OL12: 8-bit latch from U4234. Used to drive A/D con-
verters for tone encoding.

® OL13: 7-bit latch from U4234. Bits 0:2 are used to in-
terface with the system connector; and bits 3:6 are used
to control audio routing.

® (OL14: 8-bit latch from U802. Bits 0:2 are used to control
audio routing; bits 3:5,7 are used to interface with the sys-
tem connector; and bit 6 is used to control audio gating.

3.1.6 RESET CIRCUITRY

The reset circuitry resides on the TTRC audio board, and
DLYD RESET and RESET* are connected to the TTRC
logic kernel via J2904.

The EXPANSION RESET* signal at P804-28 on the
TTRC audio board originates on the station control
board. This active low signal holds the TTRC logic kernel
and audio board in reset whenever the station control or
any other module connected on this line pulls it low. The
TTRC module cannot generate an EXPANSION RE-
SET™ to reset other modules in a system. Internal to the
TTRC Module, a RESET* can be generated by either the
low voltage reset circuit or U4231 operating properly
(COP) reset.

To prevent erroneous writes of the internal EEPROM
U4231 during power up, power down or low voltage condi-
tions, RESET* is activated whenever the +5 V supply
voltage drops too low. This uses low voltage reset genera-
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tor Q4220 (shown in schematic diagram sheet 4). This
PNP transistor is normally on, pulling up the RESET*
line through R4278. When the +5 V line drops too low,
Q4220 turns off and provides a passive pulldown on the
RESET* line through R4276. This threshold occurs when
the + 5V line drops below approximately +3.5 V.

The MCU (U4231) on the logic kernel also contains a COP
timer which generates a reset if the COP timer is not peri-
odically serviced by the software routine. This ensures that
the TTRC module will restart execution if the program
somehow loses proper sequence. The COP circuit gener-
ates a short RESET™ pulse (™ 2 E cycles) which forces it to
restart at the address indicated by the RESET vector.

The TTRC Module also contains a circuit which inhibits
some critical functions while the software performs self-
diagnostics. This is achieved using the delayed reset gen-
erator U4235. U4235 is a 555 timer which triggers an ac-
tive high delayed reset line on the standard mode ASIC
U4233-46 when the RESET* input goes low. Once the
RESET™ line is deactivated, the 555 discharges for a time
constant defined by C4225 and R4271 (approx. 300 ms)be-
fore deactivating the DELAYED RESET line.

3.1.7 TROUBLESHOOTING

If the TTRC logic Kernel is suspect, first check the +5V
pins on each of the logic devices U4231-U4237. Next, look
at the RESET™ line on P2904-40. This line should be high
with no pulses on it. Also look at the DELAYED RESET
line on P2904-39, which should be low with no pulses on it.
If the reset lines are not as expected, verify that U4231,
U4233, U4234, and U4235 are properly seated in their sock-
ets (especially 28-pin DIP U4235). Also verify that EPROM
U4235 is programmed with the correct version software for
this TTRC (U4235 must be compatible with EEPROM co-
deplug internal to U4231). Also check to see that the A(0:7)
demultiplexed bus is being generated on U4231 (pins 66-73).
If A(0:7) is not found, then ASIC U4233 is probably faulty.
If ASIC U4233 and EPROM U4235 seem OK, and the RE-
SET™* line is high, check microprocessor U4231. A properly
functioning U4231 will drive the E line (U4231-5) with a
1.9872 MHz square wave. If all these chips are properly
functioning, check ASIC U4234 for data bus inputs as well
as correct output latch levels.

If the TTRC Module is not responding to commands initi-
ated by the SSCB or secure module, the HSR or MUXbus
communication may not be operating properly. Verify
that HSR CLK = E/2 (controlled by SSCB) and that the
HSR SYN is high every 40 HSR CLK cycles. Also verify
that DS* = 3105 Hz square wave and that the address
lines are being driven. For proper operation, the address
nibble BAO-BA3 should be incremented modulo-16. The
SSCB drives both the HSR and MUXbus circuitry; there-
fore, any problems with the TTRC Module circuitry can
be narrowed down to bad connections or open traces be-
tween U4233, the inter-board connector P2904, and the
inter-module connector P804.

Troubleshoot the tone encoders using procedures similar to
those suggested in the audio sections. Circuit blocks can be
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analyzed on an input-output basis and fixed if found to be
faulty. The tone encoders can be checked by looking at the
output of the D/A filters. When a status tone is being gener-
ated, a 2175 Hz sine wave should be visible at U4238A-1 on
the logic kernel. When TRC tones are being generated, a
burst of HLGT (2175 Hz) followed by LLGT should be
visible at U4238B-7 on the logic kernel.

32 SOFTWARE DIAGNOSTICS DESCRIPTION

When the station powers up or is reset, the station control
board holds the TTRC module in reset via Expansion
Reset until the station control board finishes its diagnostic
tests. When Expansion Reset is deactivated, the TTRC
firmware begins execution at the location contained in its
RESET vector for Special Test mode. This location is the
beginning of the TTRC firmware’s main background rou-
tine. The main background routine is basically an endless
loop (the background loop) which calls all the non-inter-
rupt driven routines. Before entering the background
loop, a startup diagnostics routine, ‘ttrc_re-
set_diags.asm”, is called which performs the TTRC mod-
ule diagnostic tests of . The TTRC FAIL LED turns on
immediately upon station power-up and stays on until the
end of the “ttrc_reset_diags.asm” routine. This verifies
operation of the FAIL LED and indicates that the TTRC
module is performing diagnostics.

The “ttrc_reset_diags.asm” routine mainly performs
functionality tests on the TTRC module’s hardware cir-
cuitry. Before starting the diagnostic tests, however, this
routine initializes some microprocessor registers. These
registers determine the microprocessor’s COP watchdog
time-out time and set up the serial communications inter-
face (SCI) to communicate at the same baud rate and
message protocol as the other boards on the Inter-Pro-
cessor Communications Bus (IPCB). This routine also
initializes some ASIC registers to their power-up states.

After initialization of the microprocessor, the TRC En-
code, Fail Soft and Line PTT LEDs are turned on. This
verifies operation of the LEDs and provides a progress in-
dication of the “ttrc_reset_diags.asm” routine.

At this point, the TTRC module diagnostics begin. Diagnos-
tics can yield a number of error conditions; so, in order for
the operator to know which diagnostic test has failed, the er-
rors are displayed via either the TTRC module’s FAIL LED
or the station control board’s front panel status display. Two
types of error classes exist: fatal and non-fatal. Fatal errors
are severe enough to prevent proper operation of the TTRC
module; these errors cause the TTRC module to reset.
Non-fatal errors, on the other hand, are just warnings and
do not prevent operation of the TTRC module; these errors
do not cause the TTRC module to reset. Failure of some of
the initial diagnostics tests, described below, require that the
FAIL LED, as opposed to the front panel display, be used
for error display. The FAIL LED must be used because, at
this point, the IPCB communications link to the station con-

trol board and the TTRC module’s external RAM have not
been verified. The IPCB must be operating properly be-
cause it is required to send the TTRC module’s error codes
to the station control board; the external RAM is needed to
hold the error codes.

All failures which use the TTRC module FAIL LED for
display are fatal errors. These errors cause the “ttrc_re-
set_diags.asm” routine to call an error handler routine
with a fixed number. This error handler routine flashes
the FAIL LED for that fixed number of times and then
waits, not servicing the COP timer. Since the COP timer
is not serviced, it will eventually time-out and the TTRC
module will reset. Failures which use the front panel dis-
play, on the other hand, may be fatal or non-fatal. In this
case, when an error is detected, “ttrc_reset_diags.asm”
calls a different error handler routine which writes a val-
ue, called an error code, to a queue in RAM. Later, after
IPCB operation is verified, the “ttrc_reset_diags.asm”
routine transmits the error codes one-by-one to the sta-
tion control board via the IPCB. The station control firm-
ware reads each error code and determines whether it is
fatal or non-fatal. If the error code is fatal, the station
control firmware displays the error code for five seconds
and then stops servicing its COP timer. When the COP
timer expires, the station control board resets, activating
the Expansion Reset line. Expansion Reset, in turn, resets
any board connected to it, which includes the TTRC mod-
ule. This means that the TTRC module does not reset
itself for these fatal errors. If the error code is non—fatal,
the station control firmware displays the error for five
seconds and continues to service its COP until the next
error code is received over the IPCB. Resets do not occur
for non-fatal errors.

If a fatal error is left uncorrected, the test which caused
the fatal error will fail again, the same error will be dis-
played, and the firmware will reset again. This sequence
will continue until the failure is corrected.

“ttrc_reset_diags.asm” checks two major sections of the
TTRC module: the digital hardware and the audio hard-
ware. The “internal” digital diagnostic tests are per-
formed first, followed by the “external” digital diagnostic
tests, followed by the audio diagnostic tests. The “inter-
nal” digital diagnostic tests verify operation of the TTRC
module’s digital circuitry as stand-alone hardware. These
tests are always done when the TTRC module is reset.
The “external” digital diagnostic tests, on the other hand,
verify operation of the TTRC module’s digital circuitry as
part of the overall station control tray. The ‘“‘external”
digital tests are not performed if the TTRC module resets
itself; otherwise, the TTRC module, while going through
those diagnostics, could adversely affect station opera-
tion. Finally, the audio diagnostic tests verify operation of
the TTRC module’s audio circuitry. These tests are not
performed if the TTRC module has reset itself because
they also could affect station operation. Before the inter-
nal diagnostics are started, the TRC Encode LED is
turned off to indicate the start of internal diagnostics.
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The first “internal” digital diagnostic test ensures that
each RAM byte in the external RAM toggle high and low.
After each RAM byte is checked, it is cleared so that all
RAM bytes are initially clear. If any external RAM byte
fails this test, “ttrc_reset_diags.asm” calls the LED-
Flashing error handler routine which uses the TTRC
module FAIL LED as the error display. The FAIL LED
flashes four times as a result of this errorand, asdescribed
above, the TTRC module resets because this error han-
dler does not return and does not service the COP.

The next test verifies that the MUXbus_IRQ (IRQ Inter-
rupt) is working. The MUXbus_IRQ interrupt is the re-
sult of one byte of MUXbus data written to the ASIC in-
put buffer. This interrupt, when enabled, occurs approx.
every 322.1 microseconds. It serves not only to read and
write MUXbus data bytes, but also to calculate the data
needed for the TRC and STAC encoders, perform two-
thirds of the encoder operation, and update the TTRC
Software System Timer. If this interrupt fails, “ttrc_re-
set_diags.asm” calls the LED-Flashing error handler
routine, causing the FAIL LED to flash two times.

The next test ensures that each RAM byte internal to the
microprocessor can toggle high and low. After each RAM
byte is checked, it is cleared so that all RAM bytes are ini-
tially clear. If any byte fails to pass this test, “ttrc_re-
set_diags.asm” writes a fatal error code to the error queue
in the external RAM. For this test and all following tests
(with the exception of the IPCB test), “ttrc_re-
set_diags.asm” can put error codes into queue because
the external RAM has passed its test. After the internal
RAM test, all EEPROM update counters are initialized
to their reload values.

The next section of the “ttrc_reset_diags.asm” routine
checks the microprocessor configuration, i.e., checks the
contents of its CONFIG register. If the CONFIG register
is not set up as desired, a check is made to determine if
the CONFIG register can be corrected without erasing it.
If so, “ttrc_reset_diags.asm” makes the correction and
writes a fatal error code to the error queue. If the CON-
FIG register must be erased in order to correct it,
“ttrc_reset_diags.asm” erases the CONFIG register,
which erases the entire internal EEPROM, and then re-
programs CONFIG for the desired features. Note that
erasing the CONFIG register will erase the entire inter-
nal EEPROM, which is the codeplug. After making the
correction, “ttrc_reset_diags.asm” writes a fatal error
code to the error queue.

As for all fatal error codes placed into the error queue,
these CONFIG re-programmed errors will cause the sta-
tion control board microprocessor’s COP timer to time-
out, activating the Expansion Reset and causing the
TTRC module to go through a reset. Going through a re-
set causes the “ttrc_reset_diags.asm” routine to be ex-
ecuted again. However, this test is different in that the
“ttrc_reset_diags.asm” routine has previously made a
correction before writing a fatal error code to the error

5/15/92

TTRC MODULE

queue. So, upon returning to this part of the routine, the
CONFIG register should be correct and the firmware
should not fail this test again. Note, however, that if the
internal EEPROM was erased, the TTRC firmware will
get caught in a fatal error loop due to some other error.

At this point, the mode of operation is changed from Spe-
cial-Test mode to Expanded Multiplexed mode. Next,
“ttrc_reset_diags.asm” calculates the single-byte-add
double-byte result checksum of the TTRC firmware. If
the calculated checksum does not match the value stored
in the TTRC firmware, “ttrc_reset_diags.asm” writes a
fatal error code to the error queue.

The next section of “ttrc_reset_diags.asm” performs tests
on the standard mode ASIC and the I/0 Mode ASIC. For
these first ASIC tests, since “internal” tests are still being
performed, the ASIC is put into an “internal” test mode.
For the ASIC, “internal” mode means that the ASIC is
tested by “ttrc_reset_diags.asm” as a stand-alone device;
that is, all outputs are looped back to the inputs. Later,
if the “external” diagnostics section of this routine is ex-
ecuted, the ASIC will be tested as part of the overall sta-
tion control tray.

The first test performed on the standard ASIC is verifica-
tion of its output latches. Known data is written to the
output latches, after which the corresponding loopback
input buffers are read. If the output latches and input
buffers do not agree, “ttrc_reset_diags.asm” writes a fatal
error code to the error queue.

Another test of the standard ASIC is a test of the MUXbus
circuitry. First, the Data Strobe line is checked. While
checking for Data Strobe, the “ttrc_reset_diags.asm” rou-
tine also verifies that “0’s” can be read at all MUXbus ad-
dresses. If that test passes, the “ttrc_reset_diags.asm” rou-
tine verifies that “1’s” can be read at all MUXbus addresses.
These checks verify operation of the MUXbus data and ad-
dress lines. If any of these tests fail, “ttrc_reset_diags.asm”
writes a fatal error code to the error queue.

The next standard ASIC tests are associated with the high
speed ring (HSR). The first HSR test performed is an op-
erational check of the Ring Synchronization and Ring
Clock lines. Two “watchdog” bits (one for Ring Sync and
the other for Ring Clock), in the Standard ASIC hard-
ware, are read to determine if Ring Sync and Ring Clock
are operating properly. Next “ttrc_reset_diags.asm”
writes data to the TTRC portion of the HSR and then
reads all portions of the HSR. If the data read from the
TTRC portion does not match what was written or if the
station control and the secure portions are not zero. the
result is an HSR failure. Since the TTRC module isin “in-
ternal” test mode, the TTRC module is not connected to
the HSR, so the station control and the secure boards
could not have written to their portions of the HSR. The
inverted version of the data is also written to the TTRC
portion of the HSR and the same test is performed. If any
of these HSR tests fail, “ttrc_reset_diags.asm” writes a
fatal error code to the error queue.
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The first test performed on the I/O Mode ASIC is verifi-
cation of its output latches. Known data is written to the
output latches, after which the corresponding loopback
input buffers are read. If the output latches and input
buffersdo not agree, “ttrc_reset_diags.asm” writes a fatal
error code to the error queue.

The next section of “ttrc_reset_diags.asm” compares var-
ious parameters between the TTRC codeplug and the
TTRC firmware. First, if the module ID stored in the co-
deplug is not the same as the module ID stored in the
firmware, “ttrc_reset_diags.asm” writes a fatal error code
to the error queue. Second, if the codeplug version is not
equal to the firmware version, “ttrc_reset_diags.asm”
writes another fatal error code to the error queue. Final-
ly, “ttrc_reset_diags.asm” calculates the single-byte-add
double-byte result checksum of the TTRC codeplug. If
this calculated checksum does not match the value stored
in the TTRC codeplug, another fatal error code is written
to the error queue.

Next, a check is made to determine if a reset occurred
during an EEPROM update. In order to understand why
this is a problem, the sequence of events to update the
EEPROM must be understood. An image of the EE-
PROM is always kept in RAM; if a user modifies this
RAM copy and wishes to make it “permanent” by writing
it to the EEPROM, the user must issue a “write-EE-
PROM- from-RAM?” command via the IPCB. This com-
mand causes the firmware to first erase the entire EE-
PROM, causing all bytes to be set to hexadecimal value
'$FF’. After erasing the EEPROM, the firmware begins
copying the modified RAM image to the EEPROM area
byte-by-byte; this copying process can take up to 15 sec-
onds. One byte at the beginning of EEPROM is used as
the check byte to determine if all of the RAM image has
been copied to the EEPROM. This byte, set to "$FF” by
the erase, is set to 00’ only after all bytes have been co-
pied from the RAM image to the EEPROM. If a reset oc-
curs before this update is completed, this byte will be
"$FF’ and “ttrc_reset_diags.asm” will know that the EE-
PROM is corrupted; a fatal error code is then written to
the error queue.

Another check is made to determine if a reset occurred
during a “user area” update. The “user area” consists of
dynamically changeable data that must be preserved be-
tween resets, so the data resides in EEPROM. When an
update of the user-area is requested, only the bytes that
require changing are reprogrammed; before checking and
possibly reprogramming these bytes, the user-area
“check byte” is modified to “$FF”, and the check byte is
programmed to zeroes when the updating process is fin-
ished. If a reset occurs before the update is finished, then
the check-byte value of “$FF” will be transferred into
RAM during the next diagnostic sequence and “ttrc_re-
set_diags.asm” will then know that the user-area may be
corrupted; a unique “user-area corrupt” fatal-error code
will then be written to the error queue.

At this point, the “internal” TTRC diagnostics are done and
“ttrc_reset_diags.asm” may begin its “external” digital and
audio diagnostic tests. To determine whether the “external”
tests are to be performed or not, the TTRC firmware must
receive a “wake-up” message from the station control
board, via the IPCB. However, two conditions can cause the
TTRC firmware to wait before it begins looking for the “wa-
ke-up”; these conditions are Access Disable being active or
reception of a “shut-up” message from the station control
board. Access Disable is active if any board in the secure sta-
tion control fails its audio tests and the operator, wanting to
troubleshoot the board, activates the Acc Dis Switch on the
front panel. The “shut-up” message comes from the station
control board if any part of the station control tray’s EE-
PROM is being updated; any activity which could affect the
EEPROM update is therefore inhibited. The “shut-up”
message can only be cleared by resetting the station control
board. When Access Disable is inactive and the “shut-up”
message is not received, the TTRC firmware begins looking
for the “wake-up” message. This message tells the TTRC
firmware to execute its “external” diagnostic tests. If the wa-
ke-up is not present immediately, the TTRC module starts
a ten-second timer and waits for the “wake-up”. This “wa-
ke-up” time allows the station control to finish its “exter-
nal” diagnostic tests. During this time, EEPROM opera-
tions are enabled to allow EEPROM updates; so if the
“shut-up” message is received, the timer is stopped. The
timer is also stopped if Access Disable is activated during
this time. If the “wake-up” does not occur within the “wa-
ke-up” time—out time, “ttrc_reset_diags.asm” writes a non—
fatal error code to the error queue (this non-fatal error indi-
cates that the TIRC module has reset without Expansion
Reset being activated) and the “external” diagnostic tests
are bypassed. Whether the TTRC firmware does receive the
“wake-up” indication or not, the Fail Soft LED is turned off
to indicate that the TTRC module has finished its “internal”
digital tests.

The first “external” digital test verifies operation of the
MUXbus circuitry; this test is performed only if the TTRC
firmware receives the “wake-up” message from the station
control board. The reason for this is that the MUXbus
should not be manipulated by this test if the TTRC module
alone has reset. The tests performed on the MUXbus at this
point are identical to the previous MUXbus tests, but now
the MUXbus circuitry is interacting with the master MUX-
bus circuit on the station control board and any other slave
MUXbus circuits on other boards. If any of the MUXbus
tests described above fail, “ttrc_reset_diags.asm” writes a fa-
tal error code to the error queue.

The HSR test, which follows the MUXbus test, is also
performed only if the TTRC firmware has received the
station control ‘“‘wake-up” message. The tests performed
on the HSR at this point are identical to the previous HSR
tests but now the HSR circuitry is interacting with the
master HSR circuit on the station control board and any
other slave HSR circuits on other boards. If any of the
HSR tests described above fail, “ttrc_reset_diags.asm”
writes a fatal error code to the error queue.
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Up to this point, all the error codes have been entered
into an error queue with the intention of sending them to
the station control board, via the IPCB. When the station
control board receives the error codes, it will display them
one-by-one. However, if the IPCB is not working, any er-
rors from the TTRC module can not be displayed. There-
fore, the next test verifies operation of the IPCB by send-
ing a known IPCB message to the station control board.
If the station control board does not respond or does not
respond with the expected response, ‘“ttrc_re-
set_diags.asm” calls the LED-Flashing error handler
routine, causing the FAIL LED to flash 6 times.

Once IPCB operation is verified between the TTRC mod-
ule and the station control board, the TTRC module can
send its error codes via the IPCB for display on the station
control board’s front panel status display. Since most er-
ror codes up to this point have been fatal errors, the first
error code received by the station control board will most
likely be fatal and therefore cause the station control
board to reset. If the station control board does reset, no
further error codes will be displayed. The IPCB test is the
final “external” digital diagnostic test.

The next tests, checking operation of the TTRC module’s
audio paths, are also performed only if the TTRC firmware
receives the “wake-up” message from the station control
board. This will ensure that a TTRC module, which has re-
set by itself, does not interfere with a normal operating sta-
tion. Note that for this test and all following tests, “ttrc_re-
set_diags.asm” no longer needs to put its error codes into
a queue because the IPCB has passed its test; instead, the
error codes can be sent immediately to the station control
board. Also for this test and the audio diagnostics which fol-
low, once the error (always non-fatal) is displayed, the oper-
ator will have two seconds to activate the Acc Dis switch on
the station’s front panel. If the Acc Dis switch is activated
within that time, the current diagnostic conditions will
“freeze” to allow the operator to troubleshoot the failed cir-
cuit. Freezing the current diagnostic test may be desirable
because this allows audio gating which may not be possible
in normal operation. If the operator misses the time to acti-
vate the switch, the station can be reset with the Reset
switch and the operator can then wait until the failed diag-
nostic test is executed again.

If any audio of the following audio tests fail, four seconds
are allowed before the next test to permit the station con-
trol board time to display the error code.

Control is passed to “ttrc_audio_diags.asm” to perform
TTRC audio diagnostics. Before beginning audio diagnos-
tics, the A/D converters of the microprocessor are checked
to verify that they are operational. If any of the A/D conver-
ters fail, “ttrc_audio_diags.asm” immediately sends a non-
fatal error code to the station control board for display.

The first audio circuit to be checked is the TRC encoder
including the four-stage gain circuitry. If the 1000 Hz tone
is not present at the appropriate A/D converter at the ex-
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pected level when the tone is enabled or if the 1000 Hz
tone is present at the A/D converter when the tone is dis-
abled, “ttrc_audio_diags.asm” sends a non-fatal error
code to the station control board for display.

The next tested audio path is the TRC encoder to Line 4
path. For this test, a 2500 Hz tone from the TRC encoder
is gated to Line 4. The corresponding A/D converter is read,
with Line 4 Level EEpot set at its minimum, mid-range, and
maximum values. If the tone is not present at the corre-
sponding A/D converter at the expected level, “ttrc_au-
dio_diags.asm” sends a non-fatal error code to the station
control board for display. Next the Line 4 mute gate is acti-
vated. If the tone is still present at the corresponding A/D
converter, “ttrc_audio_diags.asm” sends a non-fatal error
code to the station control board for display.

Next, the STAC encoder is tested. For this test, a 1000 Hz
tone from the STAC encoder is generated. The corre-
sponding A/D converter is read, with STAC Level EEpot
set at its minimum, mid-range, and maximum values. If
the tone is not present at the corresponding A/D conver-
ter at the expected level, “ttrc_audio_diags.asm” sends a
non-fatal error code to the station control board for dis-
play. Next, the STAC encoder is turned off. If the tone is
still present at the corresponding A/D converter at the ex-
pected level, “ttrc_audio_diags.asm” sends a non-fatal
error code to the station control board for display.

The next tested audio path is the STAC encoder to Line 2
path. For this test, a 1000 Hz tone from the STAC encoder
is generated. The corresponding A/D converter is read. If
the tone is not present at the corresponding A/D converter
at the expected level, “ttrc_audio_diags.asm” sends a non-
fatal error code to the station control board for display.

Next, the tone detector path is tested. For this test, a
1000 Hz tone from the STAC encoder is generated and
looped back to wireline 1. Input Capture 1 interrupt is en-
abled to capture the time between edges on wireline 1.
The tone detection filter is set to look for function tones.
If the period of the edges does not correspond to the ex-
pected period for a 1000 Hz tone, an error condition ex-
ists. Next, the tone detection filter is set to look for guard
tone. If the period of the edges corresponds to the ex-
pected period for a 1000 Hz tone, a failure exists. Next,
a tone corresponding to the guard tone frequency is gen-
erated on wireline 1 via status tone looped back to line 1.
If the period of the edges does not correspond to the ex-
pected period for guard tone, an error condition exists.
For all detected errors, “ttrc_audio_diags.asm” sends a
non-fatal error code to the station control board for dis-

play.

Next, the ALC audio path is tested. With a 1000 Hz tone
on wireline 1, the corresponding A/D converter is read.
If the tone is not present at the expected level, “ttrc_au-
dio_diags.asm” sends a non-fatal error code to the station
control board for display.

Next, the activity detector audio path is tested. For this
test, a 1000 Hz tone from the STAC Encoder is generated
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and looped back to wireline 1 and then turned off. If the
Wireline_Activity bit of the ASIC input buffer does not
indicate activity when the tone is present or it indicates
activity when the tone is not present, a non-fatal error
code is sent to the station control board for display.

Next, the ALC Line 1 Audio to Line 4 Path is tested. For
this test, a 1000 Hz tone from the STAC encoder is gener-
ated and looped back to wireline 1. First ALC audio is not
gated through to Line 4. The corresponding A/D conver-
ter is read. Next, the ALC audio is gated through to line
4. The corresponding A/D converter is read, with Tx Lev-
el EEpot set at its minimum, mid-range, and maximum
values. If the tone is present at the A/D converter when
the tone is not gated through or if the tone is not present
at the corresponding A/D converter at the expected level
when it is gated through, a non-fatal error code is sent to
the station control board for display.

Next, the ALC Line 1 Audio to Line 2 Path is tested. The
ALC audio is gated through to Line 2. The corresponding
A/D converter is read. If the tone is not present at the corre-
sponding A/D converter, “ttrc_audio_diags.asm” sends a
non-fatal error code to the station control board for display.

Next, the Non-ALC Line 1 Audio to Tx Audio Path is
tested. For this test, a 1000 Hz tone from the STAC en-
coder is generated and looped back to wireline 1. Tx Level
EEpot is set at its mid-range value. If the 1000 Hz tone
is not present for each of the four coarse adjust levels at
the A/D converter at the expected level, “ttrc_au-
dio_diags.asm” sends a non-fatal error code to the station
control board for display.

Finally, the trunking mod audio path is tested. For this
test, a 1000 Hz failsoft tone is generated. The failsoft tone
is gated through to trunking mod audio. The correspond-
ing A/D converter is read with Trunking Dev EEpot set
at its minimum, mid-range,and maximum values. If the
tone is not present at the expected level, an error exists.
Next the failsoft tone is turned off and the failsoft code-
word is activated with a 150 Hz tone. The corresponding
A/D converter is read with Trunking Dev EEpot set at its
maximum value. If the tone is not present at the corre-
sponding A/D converter at the expected level, a failure
condition exists. Next, the data/failsoft gate is switched
from failsoft to data. If the tone is present at the corre-
sponding A/D converter, a failure exists. For all errors
discovered, non-fatal error code is sent to the station con-
trol board for display.

Note that the audio tests could fail if there are unex-
pected active inputs to the station from an outside source.

After audio diagnostics, control is returned to “ttrc_re-
set_diags.asm”. Line PTT LED is turned off to indicate
completion of audio diagnostics.

Next the EEpots are initialized to their corresponding
values stored in EEPROM. If an EEPOT can not be reset
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toits initial value, “ttrc_reset_diags.asm” sends a fatal er-
ror code to station control board for display.

After EEPOT initialization, the “ttrc_reset_diags.asm”
tests are completed. At this point, the version number of
the TTRC firmware is transmitted to the station control
board via the IPCB; the station control firmware displays
this version number.

Next, the TTRC module output latches are initialized and
the various parameters for the TTRC operation are
loaded into the working RAM from the codeplug RAM
image. The Output Compare 3 interrupt is enabled to al-
low tone encoding. Input Capture 1 is set up to capture
on rising edges, for wireline tone detection. Input Cap-
ture 2 is set up to capture on falling edges, and Input Cap-
ture 3 is set up to capture on any edge. Input Captures 2
or 3 are used to detect tickle pulses from the central con-
troller. Input Capture 2 monitors the Tx Data line and In-
put Capture 3 monitors the MUTE line.

“ttrc_reset_diags.asm”, if given the ‘““wake-up” message
described earlier, now waits for a “background-enable”
message from the station control board, via the IPCB. If
the enable occurs, “ttrc_reset_diags.asm” begins execu-
tion of the background routines (note that no time-out
timer is used while waiting for the “background-enable”).
The “background-enable” requirement prevents the
TTRC firmware from executing its background before the
other remote boards have completed their diagnostics
and possibly causing those boards to fail their diagnostic
tests due to manipulation of the MUXbus, HSR, and
IPCB. If the TTRC firmware did not receive the ‘“wake-
up” message earlier in the routine, it is assumed that the
TTRC firmware has reset on its own and therefore should
not wait for a “background-enable” message from the
station control board. In this case, the TTRC firmware
immediately begins execution of the background rou-
tines. Before beginning execution of the background, for
either case above, the TTRC module’s FAIL LED is
turned off to indicate that the TTRC firmware is execut-
ing its background routines.

4. STATION SYSTEM CONNECTOR

The wiring between the TTRC Logic Kernel Board con-
nector, P2900, and the Junction Box 25-pin female D Sys-
tem connector is shown in Table 7.

4.1 DEFINITIONS FOR DESCRIPTION COLUMN
OF TABLE 7.

® AG - Indicates audio ground

e Site Failsoft — This is an active low input. In trunking
stations, activating this input changes the failsoft
mode. It does not cause a failsoft condition, but when
the station goes into failsoft ( in the normal manner)
it causes a “Site Failoft”.

® LG - Indicates logic ground.
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® Tx Inhibit - This is an active low input. It inhibits all ® Ext PTT - This is an active low input. By default, this
transmitter activity, regardless of the key request. input causes a Line PTT by writing the LINPTT bit on
‘ the MUXbus.
® Gen Tx Data (+/-) - Data/audio from Remote Diag- e . . .
nostics Module (RDM) or Wide Band Modem (WBM) ® Rx Inhibit - This is an active low input. It prevents the

station from driving both outbound phone lines (Line
2 and Line 4) with receiver audio or status tone.

® RF Relay Control - This is an active high output. The ® Ext Tx Code Detect - This is an active low input. It is

output is switched to the boards A + line and is capable used to indicate to the station that another secure de-

of supplying up to 300 mA vice (usually a modem or CIU) has detected the pres-
ence of secure code.

in trunked simulcast systems.

iy ® Rdstat - This is an active low output. There is no pull-up
on the board side. This output is simply a reflection of
the RX1ACT MUXbus bit ORed with the RXCDDT

MUXbus bit, and therefore indicates the receiver 1 qual- .. .
. ified squelch detect OR receiver Code Detect. The wiring between the TTRC Logic Kernel Board con-

nector, J2901, and the Junction Box 25-pin female D
Trunking connector is shown in Table 8.

42 TRUNKING CENTRAL CONNECTOR

® Rx Code Detect - This is an active low output. There
is no pull-up on the board side. This output is pulled
low whenever the station detects the presence of se- 4.3 TTRC JUMPER DESCRIPTIONS
cure data on receiver 1.

Table 10 shows the various operating modes selected by

® Failsoft Indicate - This is an active low output. There positioning of the Berg Jumpers or placement of the Re-
is no pull-up on the board side. This output is pulled sistor Jumpers (either installed or removed from the
low whenever the station is in local or site failsoft. TTRC module).

Table 7. TTRC Logic Kernel Board Connector (P2900) to Station Junction Box System Connector Wiring
P2900 Junction Box
On TTRC Module Description/ System Connector
‘ Pin NO. Wire Color Pin NO.
1 AG (Green/White) 17
2 Site Failsoft* (Blue/Black) 18
3 LG (Orange/Black) 19
4 TX Inhibit* (Black/White) 5
5 Gen TX Data (-) (Green/Black) 20
6 Gen TX Data (+) (Red/Black) 21
7 RF Relay Control (White/Black) 22
8 Rdstat (Blue) 23
9 Spare Output (Red/White) 9
10 RX Code Detect* (Orange) 1
11 Failsoft Indicate* (Green) 24
12 Ext PTT* (Red) 12
” 13 Rx Inhibit* (Black) 25
14 Ext Tx Code Detect* (White) 13
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Table 8. TTRC Module Trunking Connector (J2901) to Station Junction Box System Connector Wiring
J2901 Junction Box
On Ttrc Module Description/ Trunking Connector
Pin NO. Wire Color Pin NO.
1 LG (Logic Ground) 17
2 LG 18,19
3 AG (Analog Ground) 20
4 TX Data (-) 21
5 Trunking Rx Audio 22
6 Mute* 23 .
7 Duplex Enable 9
8 Tkg PTT 1
9 CCl* 24
10 TSTAT , 12 *
1 RSTAT 2
12 Tx Data 13

Table 9. TTRC Jumper Description — A Version boards
BERG JUMPERS
Jumper Position Function
Ju4200 Normal Position 600 ohm term. Line 3
Altemate Position 900 ohm term. Line 3
JU4201 Normal Position 600 ohm term. Line 1
Alternate Position 900 ohm term. Line 1
Ju4202 Normal Position 4-Wire audio (for Line 2 or Line 1 input)
Altemmate Position 2-Wire audio
JU4203 Normal Position Notched Tx Audio for Lines 2 and 4 Tx Mix
Altemnate Position Un-notched Tx Audio for Lines 2 and 4 Tx Mix
Ju4204 Normal Position Notched Tx Audio to modulator
Alternate Position Un =notched Tx Audio to modulator
JU4205 Normal Position 2-Wire audio (for cancellation circuit)
Alternate Position 4-Wire audio
JU4206 Normal Position 4-Wire audio {for DC Remote Control)
Alternate Position 2-Wire audio
Ju4207 Normal Position 4-Wire audio (for DC Remote Control)
Alternate Position 2-Wire audio
Jua217 Normal Position 600 ohm term. Line 2
Alternate Position 900 ohm Term. Line 2
Ju4218 Normal Position 600 ohm term. Line 4 N
Alternate Position 900 ohm term. Line 4
RESISTOR JUMPERS
Jumper Position Function
R4353 IN Stations with simulcast *
out Stations without simulcast
R4370 IN Stations with simuicast
out Stations without simulcast
R4371 IN Stations with simulcast
out Stations without simulcast
R4377 IN All standard stations
out Stations with simulcast
R4378 IN All standard stations
ouT Stations with simuicast
R4381 IN Special simulcast systems
ouT All standard stations
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Table 10. Trunked Tone Remote Control Board (TTRC) Jumpers — B Version boards

Jumper # Description Normal Position Alternate Position
JU4200 Line 3 termination 600 ohm 900 ohm
JU4201 Line 1 termination 600 ohm 900 ohm
JU4203 Tx Audio Mix notch notched un-notched
JU4204 Tx Audio notch notched un-notched
Ju4205 Line 2 Cancellation circuit 2-wire audio 4-wire audio
Ju4208 Trunked Mod audio Central audio Gen Tx audio
JU4209 RDM/WBM Simulcast RDM WBM
Ju4211 Line 1 DC blocking cap Secure out Secure in
Ju4212 Line 2 DC blocking cap Secure out Secure in
JU4213 Line 3 DC blocking cap Secure out Secure in
Ju4a14 Line 4 DC blocking cap Secure out Secure in
Ju4278 Line 2 termination 600 ohm 900 ohm
Ju4218 Line 4 termination 600 ohm 900 ohm
JU4222 Wireline Configuration 2-wire audio 4-wire audio
JU4226 DC control (+) input 2-wire audio 4-wire audio
Ju4227 DC contral (-) input 2-wire audio 4-wire audio
JU4370 Gen Tx Data Input Non-simulcast Simulcast
JU4371 Gen Tx Data Input Non-simulcast Simulcast
R4381 0 ohm resistor out in for SP Simulcast
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- R4454 42905 180K P4
47K 9-6"’—}/\/;/; 1 13 DECODE AUDIO g 0
NDIES: 9, 5¥ * Ra495 _J_t:4333 . (4 R8234  R423L qpf VEIAS vce |, ¢ .5 Caz204 J
R4273 22K i (e 58 R4216 R4z02
1. Uafear otharwise specified, ail reaistor values ATX 27K
are in ohma and cnppncirer vatues in micrefarads. AN 3 HY4200 eNDxlL2 0. DLAVF "‘ M56C03
R4448 47K c4210 8¢ A L3205 ®4223 Loy
2. Ax usteriaX(%) after ar & {ine aver 4 signal 10K 1an 1000PF i a CLKk ND o 6Y 10K
agme iadicates an avtive ivw level digndls LOGP BALK 04231 = ' 8Y A
™ £4339 T pazsa pé230 11 I 1 BOPF 5,6K
3. Peris ast included on standard kits, bul it M56C03 3 3 A > L4217 Lyayy
mey by adéad for speciod daplicatisns, + 7 IR} ATK & L4201 AL AP — RA222
L3303 0x LUF c4ze8 ks ! 0. 33UF 12K 4708 ) 3,9K
L0OPE MC3303 . FILTER ¢LK p— =
INT LINE 2 D> v
vBi
P LINE 1 DC + = =
e LIKE { D Pﬁz
T4201 ﬁ—l_ GZH aat
» B[ A [B )} A T LEVEL ADJUST —-PGT #7 ON FRONT PAMEL DIEPLAY
Ju42z2 P 47K J2804
cen40 | cazed BB TX LYL ADJ CSk
MC3358 =.MzazE L SR LAt
__L NEE4088R e W ouRcE et L¥L U/OK
R42B7 & P4204 R42B% R4300 - L¥L [NC# TP6
£k £, BK 47K u4225
< 42905 @
seogsi LINE ! C T% LvL ¢l C4305 TY WOTCH FILTER
3 R ERLLLS) Y
§ ’;‘323 S10PF
777 COURSE TX AUBIO ADJ R4258 VB 9,67
12K AAA- '|n TY auDlio
uaz218e TEK 3] i5 i>pa04
MC14oeER L 3 3303 VBIAS Vil y
422%
LINE 2 CANCEL J2905 u y - M R4415 R4251 U404
> 2 14[\\;5 3420001 Wiy o koA \ Cazt4
A TX LVL L9 . + 12K 12 3}
P4203 [$$ L TFEEGTY Y K HY42054 1t
8 13 MC14D5 38 4319 N W 3303
R4500 Jus205 ! 2 R4268 R4Z63 t4243 {000FF ax o 14203
ve LA G it [E A R4242 T P WIRELINE TX AUDID
100K uCL40538 udz21ga  LeBK 27K 1008F —
U42208 NC 140668 B P42y 8 B4, 5K Bd. 5K
p42 77 RAZED v = c4213 LINE SHAPING FILTER
Az‘f?"l’\\’ 3 Dﬁ 1 EZEAN‘_“. L] J2gos»d8  § g FILTER CLK 330PF :
3 -
c4238 ; 14203 C4233  panp3 VB P as0s - |
VL 3| A = :
3} St VWA gm RAW TA AUDIO .
4. TUF 0. 680F 47K VoWt o T : PB4 3
& :
LINE 3 + ¥C32103 b i
J801 1 U227 7 i
R4286 4, J2005 ?I & :
1,81 TEPS-47648 LINE 1/3%> [/
i LINE 3 - SHEET 1 OF 4
1904
3 T Jdu4200
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TRUNKED TONE REMOTE

CONTROL MODULE
TLN3112B TTRC AUDIO BOARD

SCHEMATIC DIAGRAM

26 68PE1082E94

9,6v 5Y 5V
Y
o . o - - . - » - - > » » RA3ZB  yapny
[4 L T4 T4 T4 is i8 a_ Ta Ta 42905 LOK 9[\50 LINE 2 SAWPLE P LINE 2 CaNCEL
POWER C4294 | poucp €4291 | powen C4290 | poyeR C42BS | ppweg €4314 POWER 4283 | poweg “i"&F POWER E 0428 | pomer CJZ;’UTF power | | C42T4 LINE MUTE 2 »i8 : -
Us205 QLVF | | ioas YT I O AUF | e 0 IUF | oo | FR OetbF a2ts LI a uazis | B LUF | e R U Iy e NN | c4253 c4252
i Aaans P INT LINE 2
1“ J.“ l“ l“ lii |4 14 * 14 l‘ LON END E¢ L EVEL F 3, 3K 1000PF R4502
hd * I ¢ * * ¢ hd v it * ¢ * - 0. 220 .
+ STAC EQUALLZER FILTER e LINE 2 OUTPUT LEVEL 100K
} v FRONT PANS, DISPLAY POT # € ON
= I : =
v 9.6V P 8. 6¥ _mﬁ FRONT PANEL DISPLAY CR4252 T4202 LINE 2 -
I Radq2 3.3K § J2904 4> R4301
_ 5 vEsE T "7 T3 LINE 2 LYL CH% Q4205 R 1. BK
1 i 1 s |,5 15 J2904 TRI4 M3TBY
C4267 4265 a[ He3303 LOW EQUAL CS%3% g] 42t LVl U/ pazi7
POWER POWER POWER POWER c4269 1 pl L] 50K — .
L o, 1LF b LVL U/D® 5 LVL INCK AA 4. TUF Judz1e
u4227 U426 byt R4307 1 A+
1YL INCK 3 4 . § 3 L LINE 2 DC +
FET LT L A T e 8 |13 0. 0LUF R4343 43 LEI s —
" ! 4“12 c4312 — ] L GOPF 100 . b 4500
JRAOd > gei¥l INCH 4340 C4759 220K 3 — s UC140578 (0 A + L 7 ! LINE 2 ¢
V4 ) t 10Q0PF 1000PF V4224t b REFDE R4324
R4336 .
2K 0. 01uF ' b B b L + - § L TR 22K .
PR 21 £ 33K 5, 6K 13 14 uszte ’ 04206
LINE 2 SUM D> = RA412 30K 1] 5 Ms787 CR4253 LINE 2 ORIVER
15K 0. 033UF lg 15 L
Ve . 18
SL"Mc3303 12K 5 L 12 %| \lg PAA WC3303
1 uc3303 y TPEErT) C4315
Lagve 11 MC14D538 co0PF
LINE 4 SUM D> LvL xnab—LJ_ 3 va
LVL /D% 51 EEPOT 5 12905 4227 LINE 2 LEVEL £ONTROL 180K 180K
HIGH E£QUAL CSk»a8 . T 4214 18 “I 13 c4239 J2304
27 CONNECT TONE J2504 50K EQUAL LINE 2#3» ){ * »> 43, INE 4_SAMPLE =
PRate R4332 8 ® ' L LINE 4 OUTPUT LEVEL 0. 0LUF R4434
MC3303 .
PB4 ¢ b UAD AUDTO “’lkt\ 1.2k ML3303 POT ¢ 4 ON CRA25T 100k
U42070>8 o C4254 Ra413
af_ sv FRONT PANEL DISPLAY
— 3. 3K J2g04
0. B1UF 4329 HIGH END EG EVEL 32<LINE 4 LYL CS% 43303
U4224 p ] POT » 8 ON ?3221 ——LYL U/D% CRazS T4204
11 12 NCE4D C4263 16K 4254
DATA/FLSFT# PTTE uiugiﬂ R4335 l FRONT PANEL 31EPLAY 42305 V4227 ———aL¥L INCH 4 a0t
¥R4215  VRa2:d —AN———]| LINE WUTE 4vi7 1 1z Q4207 R4305 >  R4302
VB 4.7¢ 4,7¥ a 3. 9K 0, 01UF * MOT7RT 1.2K 1.8 1
WCi 40538 t Dﬂ 1 €4318 L4336 pazin
p42eaC ACTIVITY DETECTOR ] — A Jaz14
3 R4348 o] 330PF 1, QUF c4235 R4309 ~ At 8
FAILSOFT CODEWoRD L1 #2908 ' Y 3 * % b R4322 Raazs | e .
> 4 130K qu_ 13477 4 el AN 100 AlB
5 4280 paacq 4 142040 73 ufzs? 501K 22K — LCOPf JU4218 u fic y901
3 3 2 A, ;3‘\\ e 2] ~Ycssos 4261 4
2 B 13 .
! 7 8 o.o33F 27K A0 > ) % R . 4 | e—it— _ g
3 5 10 12 ; TPi2 12 1. 0UF
4 uC330 WC3303 HC3203 (4276 MC3303 VB — ' s Lc3303
3 E L £3303 L DoRE == Us22s - EEROT [4317 Q4208
- e U42248 C4257 Waravy CR4255
[a J2305 HEYVEEL) 14 t5 TRUNKING DATA LEVEL 4 109PF LINE 4 ORIVER
FAILSOFT TONE>———— WE 140838 VB rer ENABLERE e 4228 C4EBZ  TKG DATA_BAMPLE uci40s38
L s . POT + b ON ) V8
- TRUNKING RECEIVE FILTER T ENABLE>oosd FRONT PANEL DISPLAY B, 1 UF
74365 R‘ﬁ* 4432 LINE 4 LEVEL CONTROL
8 Py 9.6Y CR4352 Q0K
p4370 33K 10K S804
Tx patar-; 39 1280 ECql 4270 T B4 pAT pEV CS4
HE c4278
* Jusero 1500PF ALY /D = =
oL TRUNKING DATA ROUTING LQ00RF 4337 —— LVl NGk 2504
AN
8 3 R4344 10K c4310 u 4 TKE RX AUDTO
Tx paTal4) HER Y2904 <ol v » ' by ——3—e uCL40538
u42238
=> 33K 12 ~Ncases 51K 51K 51K NC3303 b b b
N A30PF TKE MOD AUDTQ
Ju43nd R4355 4275 usz13 | R4333 Ve —oI . ' 75 B0+
8 360PF —AAN— 3 4
10K ca2vTe 4238 430PF B 50K 18K
1000FF — 100PF — P““Q“ﬁ 3 3 !
30 GEN TX DATAs R4367 L = < 3 \o\
POD4 € Ve ’ L = € EEROT 142050 >y
8K REVERSE SWRST GENERATOR “zeal = TRUNRING DATA SPLATTER FILTER Juszoe T ® v8 51 5
c4raz R4374 uC1 40538 — — WC3303 ;
GEN TR DATAL+) 2722994 Y AAA R435E R4383 3 NOTES:
22UF Six 14 M R4330 t, Unless otherwise specified, all resister vaiues
R4380 10K B. 2K . A . A
620 6F|B 5¥ are In ahms end copaeitor values in micrafarsds,
C4243 s 2, An osteriskik} g¢fier gr a line over o sigeai
GEN TX DATA[-| 28 42904 yt R\ﬂa ms PQOQQE“{:J neme indicates & wctive low (evel signets
R4381 ZZUF £330 16K JU42089 A TRE AUDIO WUTE: 3, Parts net iacludas or standard kRits, but it
o SIMULCAST ROUTINGE TERS~87648 may b addad fer epatic! epptications,
R4334
— WA SHEET 2 OF 4 TRUNKING DATA LEVEL CONTROL
5115792 = 1. 8K




TTRC MODULE

TRUNKED TONE REMOTE
poos <t ok DATA TN 610904 P9 P10 CONTROL MODULE

7 TLN3112B TTR AR
pa04 Lt HSR DATA OUT g o000, e e pa0s <i_g_2h NUTE C AUDIO BOARD
< '8 0 2904 Da0s <29 3 2004 SCHEMATIC DIAGRAM
- PaO4<33 o . gmsys o—Ll<uznas
poosctd HSR CLE 10 5504 5 paoagd . o . Pn9,6VS Pao4<ll ¢ S u904 e
Pag4cil —¢ P 5v , 7 PAOACt — &P A+
HSR SWNCH 25 ——P9,6YV P804é—0—<|]2904 »
Pg04 b2 L12c 2904 L3 2004 3 L4 5 P804 < —e—2<u2904
26 12904 ) 12904 Paos 12803 paos<dt ¢ 50~ 1oapn4
4
Pao4 il 803 13 y2904- ! Poos <16 g llcuzg04
Y taz0z €4300 tL 4303 1 caans g
i8 BOZ 14 * ™ r—
PBO4 & J2904 SLOUF 0. {UF 100UF 0. fUF = NOTES:
Pao4 <hd BO1t 15+ 42904 ?84:98 te Uniess otherwise specified, all resistor volues
L are in ohms and capacitor values is microfarads,
20 BO - 145848 2y An asterisk{*) after or a line over a signal
PBO4 & 36 uz904 1&02 3¥ name indicetes on active Tow level signal.
BAD 3. Ports not included on standord kits, but it
P04 €21 M uz904 . U4234 TH moy be added for special applicatians,
PBO4 22 BAZ 1812904 POWER
5?4:00 04236 R4435 usz34
BAL : 22K
PB4 €23 8¢ 12904 C4328 5v § 7
h 0. LUF M56C08 ca330
0.1UF 5
PB04 <24 BAD) 2002904 CR4293 »_“___@>
> " CR4294 R4438
poos h2 DATA STROBE 21 5904 4 § ) 6 oot R4393 v
A 8 C145848 a0 180 3¥
26 1PCH 22 5 3 4
PBO4 < 42304 vazse| {7 “ R4436 ’; * ANA—9 R4392
3 i+ 2K yap3s 7 1 00K 180
2 U4234 R439}
,5' 180
3 3
¥ 54203
FAILSOFT &
LINE t DC + vV V4 D54202 ;"
R4 226 A CR4294 R4401 VR4216 G4224 TRe ENCODEC!D DS4201 5v
fﬁﬂmzas b 45 CURRENT + 1K
LINE 2 DC + CR4295 J2904 iﬁngos R4395 Q4225
51K 54125:0
R4399 R43986 4226 )
4T Q4237 5 LiNe pYT LT>E-S2900 DA, &) Ns6cos
M56C08 ] ¢4331 51K S,
DC REMOTE CONTROL l o ) 0. 1UF FalL Ly 54220 RAIIT /A 04235
LR4292 23;40 51K e W/ N56C08
] ‘
1 6 R4439 4 : 5 ﬁ‘:?s R4443 R4504 Re441
5 . ANA——-9 § £50
//|‘»1 § 2. 2K U4733 7 100K 5¢1K
us231| {7 3 U234
s B
LINE 1 DC - 3 5 SDFT_VER_CKk »————8— 4 CURRENT - S
P4227 cRa296 z 1 42304 PATL
[§< e AV ATL
> X Y% Al é R4444
VR4Z:7 £00K
LINE 2 DC - Juszer ? QENY, 47
3¥ R4z42
L 8k
TEPS—4764B
54200
(145848 SHEET 3 OF 4
INTERCOM L2~ 32505 * 9 ]

U4z234
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TRUNKED TONE REMOTE STATUS TONE LEVEL L4208

» * 43 STAC TONE_SAMPLE

z|
CONTROL MODULE PoT « 8 ON i 12304
0.01UF R4427
TILLN3112B TTRC AUDIO BOARD FRONT PANEL DISPLAY cR4200 100K NOTES:
SCHEMMIC DIAGRAM J290437 STAC LYL Sk $. Untess otherwise specified, ali registar values
gre in ohms ond copocifor valves in microfarads.
————af UYL U/D# 2. Ao osterisk{#) ofter or a 1ine over & signal
— name indicates an active low level siguot,
——LyL INC¥ 3, Parts nat included on staondard kits, but it
c4307 may be qdded for speciai epplications,
3 P» STAC TONE FEEDSACK 9. 6
TR 0. 61UF i
u4212 |g R4229 R4233
 AAA e AAA R4270
ITYIE! S 4K 1K -
2905 520 STAC TONE | 3 g R4207
T .
0, 1UF EEPO 7 AN > 5.8
c4308 VB 412904
100PF R4291
J2905 1K
VB TX AUDIO 27
R4204 R4200
J2905 7 6 MV
¥8  9.BY FILTER BYPASS »3L 3422 Liataa 100K 100K ° BIAS GENERATOR
1"—!' T C4207 10 MCi40668 1. 6V
1 7| 4
3] . (4325 4326
p s +
R4416 R42 ¥B1 VB2  v(C T uMzes yR4200 Tt 1 R4508 1
PBO4<4 LINE AUDIO 37 18 INV B N B 2 R;caz {000PF 2 \ 42905 5|\4 1P2 II’ 5. 8Y -~ 1SQUF p— 0. 1UF 10K 4337
" - LINE AUDIO 2
12K 12K HY42018B , 27K R4227 R422E 3 I// - T $DOPF vs
c4320 B_N_B AN~ AN e 8 5 4338 +
1000PF GND 84, 5K 84, 5K MC3303 1 15 4 3 €424y | | C4236
14] 8 c4208 N b i ” 1 R4509 100PF tUF
l N ; + P LINE 2 SUM P
— 71 U42214 u42:98 é;g%ﬁ,
i SS0PE MC 140538 MU 140668 NC3303
- 0 _ _
R4208 =
AN~ LEINE 2 ROUTINS
270K 5v
k 4
g
c4223
WIRELINE TX AUDID D Q4220 _M56C08 POMER 1 L6 ur
e U4z at o Y
§4S;a R4276 5V L
c4216 . 10K
TRC LVL Cf )} » o230 45 1 TONE _SAMPLE » ! Y4
V4z28 00 C1UF C4425 Coas émzn .
100K A 4?0"? RESET
CR4204 5 5«—)} DIS out{
LUF 8
? ™H o Ja2a
= g4234
5 Raz79 M56€082 .
U2 RD 680 < 27K * TRIG cv
6 MC140668 R4201 |
TRC TONE c4221 Broc]y  R4252 R4249 e | Q4219 ce222
42905 12 ) »——Bq 2% AMA——9 vB ) 10K 10K M36C03 0.01UF
148K 1, 86K u4ziac R4282 . Q4218
0.68UF u4218c “C 140538 R4245 MC140668 EXP RESET zapsm Ao M5603 RESET GENERATOR
M{14066B R4253 U422t ¢ 100K 100K R438D j
A x & i 1 J2904
18K ® 42028 A TPt MAASS + ¢ » 22772 39 pLyvp RESET
Ve b + 03 14 13 LINE AUDi:O 4 TEPS-47648-A %,
3 SHEET 4 QF 4
74243 2304 40 pesETH
‘ s un ; ' #» LINE 4 SUN
J2905 1t MC1i 40668 NC3303
6T LINE 2/4 > 2iag? R4211
28 68PB10B2E94 5115/92 . AAA LINE 4 ROUTING

27K



TTRC MODULE

PIN: OUT FOR 30 PIN CABLE {P2904) PIN QUT FOR 40 PIN CABLE {P2£903) TRUNK
: 80 &ND IBTATIC/AUOIO) ; {:xn:u%gx% TRANSISTOR D ED TONE RE 0
QA 4
U ;i et Ton v CONTROL MODULE
: h::‘ﬁ.?:“,. : k:?iéo??‘f? 481104 TLN3114B TTRC LOGIC BOARD
& NER OATA B FAILSOFT LT _ 1811843823 CIRCUIT BOARD DETAILS
8 WER DATA OUY 8 LINE PTT LT
‘9 LOGIC END 8 FAIL LT
itb HBR CLOCK 10 FAILAOFT TONE
g LBGIC END 11 FAILGOFT CODEWORQ
iz HSR BYNCH 12 INTERCOM
43 dD3s 13 DECODE AUDIO
i5 2oty 15 11 SoURcE
iR 1 I L Bt
e BA2 18 LINE MUTE 2 3 ‘gOLLECTUR
19 BAl 19 TRC T10OKE
9 BAO 20 ATAC TONE
21 DATA 8TROBE 21 TRC LYL €4
Z? [PCEB 22 TRC LYL CD
23 MUTE 23 TX AUDIO 4
E ne A 24 LPIT
5 B5  +5Y 25 TX LYL Ci
: 26 »Y 26 TX LYL CO
& 27 GEN TX DATAL+) 27 LYL }/D%
20 BEWN TXI DATAL{-) 28 S&T/F1%
= 29 TX DATAL+) 29 CCI ENABLE
5 B0 TX DATA(=) 30 CT ENABLE
- @ LYL INCH 31 FILTER BYPASS
: B2 LINE 4 L¥L (59 32 6T LIME 2/4
= M3 LINE 2 LYL Caa 33 GAIN UP HOLD
B4 DATA DEY 8% 34 DATA/FLBFTS — él @ a
A3 LOW EQUAL C8s 33 EQUAL LINE 2 - : i
86 HIGH EQUAL C3% 36 FILTER CLK N T ; 2
A7 STAC LVL Ca¥ 37 ALC RESET# . IR § e O, | 2
BO TX LYL ADJ (B3 38 GAIN DOWN HOLD i & s e s e s o e 3
1 SR PP 10
y T S o i FE o N 4811056A03
4t BPARE{NI) 7 +3
#2 TKG DATA_SAMPLE : ‘ ‘ 481105A08 4811056803
SHOWN FRON COMPONENT SIDE 43 LINE saaunLE 481105808
; BD - TEPS - 47402-A 3k Tok 481105C08 45(1026¢01
#%  TRC TONE_BAWPLE 4811056(21
OL - TEPS - 47403-A £ gmene
#9  ALC_SAMPLE 3 1
0TE: A TER 1 1 OVER 50 A0ARD GMO{STATIC & AuDIO) 9
LS oAl ARLERTRBEEATESTRR RErdk i * ~
2 N . C » 3
DARLINGTON NPN
D
v I 4811056423 10DE
119 7 5 3 1 83817377 75 151 48 47 4811056B23 481 1058A11
48110
12 1310 8 6 4 2 84828078 76 74 8 9 6§ 4 2 52 50 48 46 4811056C23 48110553?.11
14 15 73 72
16 17 71 70 10 1 45 44 2 4805129M41
4811058A04
18 19 O 69 68 2 13 O a3 a2 ) 4811058B04
20 21 67 66 4811058004
2 2 65 64 14 15 41 40 )
24 25 63 62 16 ; DUAL DIODE
7 ag 38
sz O 61 6 O g 4884336R03 3
28 29 59 58 18 19 a7 36 Q42137 Quzog=—d O
30 3 57 56 SHIWN FROM SOLDER SIDE 8D - TEPS - 47404-A U U
32 34 36 38 40 42 44 46 48 50 52 55 54 20 2 24 26 2 30 32 H 4 B { 2
33 35 37 39 41 43 45 47 49 51 53 29 23 25 27 29 31 33 OL - TEPS - 47405-A
STANDARD SoOT
ASIC SOCKET DETAIL uP SOCKET DETAIL PACKAGE PIN-QUT
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TRUNKED TONE REMOTE
CONTROL MODULE

Q4233
5603 SK

TLN3114B TTRC LOGIC BOARD N
SCHEMATIC DIAG 1 h 2 v T HYBRID FILTER CLOCK GENERATOR : e )
JERpy il TR BATAL¢ —l’-)’!"“ 1, Uitavs wtharwise spacifivd, ali resinter sglaes PEOL € - 9. 5¢ Jrego 20 © W0 ¢ —————,—J.)Llll'! SAlNg
X DATAS wra s “"|;:‘ ;lpult-r :[ o i llsl;oh:uh. - 1901 D —g - Py " by L4358 v S Sy 1IN PTT AT P2O0S s 1N 1/3e
. Ar saterisi afier ar o 10n0 svar 3 sigen - . —_— PROGRAK EPRON Y
Jrwoy Hi TR OATAL - My prap4 A f0 W A A elgas). Jamap > —4 ROk CEe , . U4z kAU L 2 P2803 7o the EwtopE LY P240Y 4o\ INE AUDIO 2
) — " P2e08 #2905
8, Party nat inchudad o stondecd bite, bt |t 4280051 ] PP RAY ¢ (3113 PIYOS k b FATLEOFT LT LINE &UBIO 4
SEN TE DATAL+) ey be sdded Tur speciedl applinetlans, _I“ 3y . AAN CES 4321 PONER a b, 1UF adan e SN B FILTER LUK “ Pee04 Wst cLK 2908
Jeaoo b Ay r2p04 12001 >h—tp = P 0: 1UF uazas e AN " " S230r TX aublo 2
ravnicl—4¢ . ) . wuxInge §-————— BEX OE4 m EH 18K HSR BYNCH S M, rEvRURET
- L R3 Y ll++1
J2800 A oH TH 0ATAL ) 285 P2904 5¢ P2scd et —g Prios €l —o ; . HH :' N cants MR DATA BUT B oy
. P20 g [ E 1] 4325 _'Lua’:;': to“:li’r T — =r R4443 " L1ULETY PORR 5 1UF HSR OATA 1X
~A- 0. tuF LAUF == g, . ( s '+ { AA,
P2904 R ~ p VW
14466 : P2004 ¢ll—g 7 T sntolw|refmaloe ul u[nl llln 53] 84 03 ufa{lfl£~(r(l I L 7K _2 v Ronpe LaLEL Canes RAD 0 T20 o x Ly 400 CEe
16K Pravd ! ' n§§ sss WSty ys [ 1] Q4228 Ltk c e g, ' 1oane Bl P2004 gy 410t it e
P2904 3y wure 22804 " A4 - R/W FEREF oza s “Sxaaxa= oLAIOE) NSEL03 a2 PreCA
o tR430L e « = a = ] o - Rean r ""_."M HIGH EQUAL Che
NUTE# svp . s = ¥ iy “m o BAY LT ey tow EouaL C84
™ p
PENO4 il ——g HI BLvo neser ae’I¥ EL NES SE 80D P99 pay pata DEY (34
ol P2004 - roa g LT FEIOY 2y Lymg 2 LYWL co¢
P2804 ae O 1LF W) H 82 B, P2R0% 3y LiuE 4 vl che
‘ KUt RO 8 g v2vos
N Yaroo | LLE] PERLLLLE TN T PT
X DALis B ! C4220 4y iuommr 1% 4
[ e »re I BATA STRONE
br L Seeess - L . Y
24450 caase == oV — w E u4z33 | ok cix
TR . ! = BT0_ASIC HIGH ep gy o
2arf g E SPEED 10K
J2e0i ¢ I > o % KIng ' use out
tete ot E1] T 8 3 ] F HSE 1IN oLigtO: T} 3;2233 — Q4238
5y £ 2 2w % | o : ; " YYD v Ra41y ug707
T - laacitte ™ : =222 pAR ‘ J”“_k BF RELAY CONTR:
10k ALC_SAWPLE (an 2994 430 ro . —-| an 2 , eLi3(0:6) 3 e L
H i Vséc03 P230s 43 | L lases ) : N 2905 30, crsery 1420 ' ey C L
L2404 £0K Re484 { CURRENT + L7220 o Tolpgy | r1 E \ NRLEDD IR ENE nr ad R 4T; — 2001 b2a0s Q4229 10K =
- A " EY) i
e PITe A e Y CURRERT ravos | a1l | I rce " = —UMeTT — = — — — ] sy — 1 _"—'—-“-)n”s cer EmabLE R4dns R4424 -iky peasy  W9642 t 22900 s spane outeute
R <t bl LE \ T
oy RaaTT _ E o0L1410: 7 o v €T ENMLE G s RC TONE
10K Hare TR ToME_sawple oan PEO0Y o W0,y | [ res E " FILTER BYPARE 104
R4303 2;2235 PS04 a4 E = | - L4 L] &T LINE R/74
e 10K 24403 3 M 7 BTAC TORESAWPLE Qi =00 o THipgy |E 51res = [ | P90 53y cath u? HOLD TRC 10KE ENCODEN 04230 27906
DUPLEX EWABLE® +—4 A n w = & = L4t Ty P2yLs - 18-
s 10K LINE 2_naupLp oae P200% W8l |a 2res = —= —= o DATA/FLEFTS Ry CODE BETECT®
' ot ol 2 r b sl TI sy EqunL 1ne 20
LoA R LINE 4_SaMPLE (anPR04 _ 401,01 [ mcs ‘ :
a4s02 Q4237 vazat 2l | P299823. Ty audle 4
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TTRC MODULE

Parts Lists

TRN7272A TTRC Logic Board PL-11943-0
REFERENCE PART REFERENCE PART
SYMBOL NUMBER DESCRIPTION SYMBOL NUMBER DESCRIPTION
capacitor, fixed:
C4310 2113741B69 0.1 uF, £5%: 50V resistor, fixed: (cont.)
C4311, C4312 2113740B55 180 pF, +5%; 50V R4425 0611077H18 200K, +1%; 1/8W
C4313, C4314 2113740B69 680 pF, +5%; 50V R4426 0611077G88 100K, +1%: 1/8W
C4315 2113741869 0.1 uF, £5%; 50V R4427, R4428 0611077H18 200K, +1%: 1/8W
thru C4327 R4429 0611077G88 100K, +1%: 1/8W
C4328 2311049A19 10 UF +10%: 25V thru R4431
C4329, C4330 2113740B34 24 pF, +5%; 50V R4432 0611077H18 200K, +1%; 1/8W
C4331, C4332 2113741B69 0.1 uF, =5%; 50V R4433 0611077G88 100K, +1%; 1/8W
C4333 2113740B48 100 pF, +5%; 50V thru R4435
C4334, C4335 2113740B59 270 pF, +5%; 50V R4436 0611077H18 200K, +1%; 1/8W
C4336 2113741B69 0.1 uF, +5%; 50V thru R4443
C4337, C4338 2113740B71 820 pF, +5%; 50V R4444 0611077B03 15K, +5%; 1/8W
C4339 2113741B69 0.1 uF, +5%: 50V R4445 0611077A84 2.7K, £5%; 1/8W
C4340 2113740B59 270 pF, +5%; 50V fm“g 1460 0611077A98 10K, £5%; 1/8W
o .
C4341, C4342 2113741B69 0.1 uF, +5%: 50V R4462 0611077498 10K, =5%: 1/8W
diode: (see note) R4463 0611077A58 220 ohms, £5%; 1/8W
CR4301 4811058A11 silicon R4464 0611077B47 1 meg, £5%; 1/8W
thru CR4303 R4465, R4466 0611077A98 10K, +5%; 1/8W
connector: R4467 0611077B19 68K, £5%; 1/8W
J2900 2882041P09 plug: 14-contact R4468 0611077A98 10K, =5%: 1/8W
J2901 2882041P08 plug: 12-contact thru R4473
R4475 0611077A69 620 ohms, +5%:; 1/8W
connector: R4476 0611077A98 10K, +5%; 1/8W
P2904 -- p/o CABLE ASSEMBLY thru R4479
3083139N26 R4480 0611077B09 27K, £5%: 1/8W
P2905 -- 56% 301%3;'213 éASSEMBLY R4481 0611077A98 10K, £5%; 1/8W
R4482 0611077A69 620 ohms, +5%: 1/8W
ransistor: (see note) 5\;:3834488 0611077A98 10K, +5%; 1/8W
Q4209 4811056A03  NPN R4489 0611077B09 27K, +5%: 1/8W
2oy 1B11056A03  NEN R4490 0611077A98 10K, +5%; 1/8W
thru R4494
g:g:g :g??ggg%é :,F: : R4496, R4497 0611077G88 100K, =1%: 1/8W
Q4216 4800869642 NPN R4499 0611077A90 47K, £5%: 1/8W
R4500 0611077A98 10K, +5%: 1/8W
Q4217 4811056A03 NPN thru R4505
S22 gy 4B11056A03  NPN R4506 0611077B07 22K, +5%; 1/8W
Q4208 4811056803 NPN R4507, R4508 0611077G88 100K, :1 %: 1/8W
Q4229 4800869642 NPN 51::3034512 0611077A98 10K, +5%; 1/8W
thru Q4234
Q4235 4811056403  NPN R4513 0611077B47 1 meg, +5%; 1/8W
04237 4811056A08 NPN R4514 0611077A98 10K, =5%; 1/8W
Q4238 4800865707 PNP R4515 0611077B01 12K, +5%; 1/8W
Q4239 4811056403 NPN R4516 0611077A98 10K, +5%; 1/8W
resistor, fixed: integrated circuit. (see note)
R4410, R4411 0611009A49 1K, +5%: 1/4W U4231 5113802A01 A/D w/Switch Control Interface
R4412 0611077A98 10K, +5%: 1/8W U4233, U4234 5184494R03 ASIC Station Control
R4415 0611077A98 10K, +5%: 1/8W U4237 5103386A02 4-Bit Binary Counter w/clear
thru R4420 U4238 5184621K89 Dual Operational Amplifier
R4421 0611077A50 100 ohms, = 5% 1/8W thru U4240
R4422 0611077G88 100K, +1%: 1/8W crystal: (see note)
thru R4424 Y800 4880113K04  7.948 MHZ
5/15/92 68P81082E94 31




TRN7272A TTRC Logic Board (Continued) PL-11943-0 TRN7273A TTRC Audio Board PL-11944-0
REFERENCE PART REFERENCE PART
SYMBOL NUMBER DESCRIPTION SYMBOL NUMBER DESCRIPTION
capacitor, fixed:
non-referenced items: C4200 2113741837 4700 pF, +5%; 50V
0982449T01  SOCKET, IC: 52-contact (used C4201 2113741B69 0.1 uF, +5%: 50V
with U4231) C4202 2311049A21 22 UF, +10%; 20V
0982449703 SQCKET, IC: 84-contact (2 used C4203 2113741B69 0.1 uF, £5%: 50V
0982808R02 "s"ghczésf’;‘;iﬁm ¢ (used C4204 0811051A20 0.018 UF, £5%; 1V
with U4232) ct s C4205 2113740849 100 pF. +5%; 50V
0982808R10  SOCKET, IC: 28-contact (used C4206 2118741845 0.01 uF, +5%; 50V
with U4235) C4207 2113740B73 1000 pF, +5%; 50V
3083139N25 CABLE ASSEMBLY, flat, 40-con- C4208 2113740B61 330 pF, 5% 50V
ductor: includes connector C4210 2113740B73 1000 pF, =5%; 50V
P2905 ca211 2113741869 0.1 UF, +5%; 50V
ductor: includes connector Y
P2904 ca214 2113740B73 1000 pF, +5%; 50V
4380054K01  SPACER, pcb support (3 used) C4216 2113741B45 0.01 uF, =£5%; 50V
5483865R01 LABEL, bar code: 1/4” wide, Ca217 0811051A15 0.22 uF, £5%; 63V
white C4218 2113740B49 100 pF, =5%; 50V
5484960701  LABEL, bar code: 6.3 x 12.7MM, C4219 0811051A23 0.056 uF, £5%; 1V
white C4220 2311054H04 4.7 uF, +10%; 25V
7505295B01  PAD, crystal (used with Y800) C4221 0811051A18 0.68 UF, +5%; 63V
NOTE: For optimum performance, diodes, transistors, and integrated C4222 2113741B45 0.01 uF, £5%; 50V
circuits must be ordered by Motorola part number. C4223 C4224 2113741B69 0.1 UF +5%: 50V
C4225 2311049A08 1 uF, =10%; 35V
C4226 2113741B69 0.1 uF, +5%; 50V
C4228 2113741B69 0.1 uF, =5%; 50V
TFN6056A 2175 Hz Notch Filter PL-11272-A thru C4230
REFERENCE PART C4231 0811051A18  0.68 UF, £5%; 63V
SYMBOL _ NUMBER DESCRIPTION c4232 2113740B49 100 pF, 5% 50V
integrated circuit: C4233 0811051A18 0.68 uF, +5%; 63V
U1 5183110701 Ill:)ual Switched Capacitor Active C4235 2113741B69 0.1 uF. +5%: 50V
itter ’ T
C4236 2311049A08 1 uF, =10%: 35V
u2 5113817A11  Operational Amplifier Can37 113741869 O ‘; 5% oV
non-referenced item: o e oo
C4238, C4239 2382028P07 4.7 uF. +20%; 200V
2984209P01 TERMINAL, contact: 7.2MM Ig X
(20 used) C4240 2113741B69 0.1 UF. +5%; 50V
NOTE: This hybrid filter is not irable. If defective. th " it C4241 2113740B49 100 pF, +5%; 50V
: This hybrid filter is not repairable. It defective, the entire uni .
must be replaced, C4243 2113740B49 100 pF. +5%; 50V
C4250, C4251 2382028P07 4.7 uF, £20%; 200V
C4252 2113740B73 1000 pF, +5%; 50V
C4253 0811051A15 0.22 uF, £5%; 63V
C4254 2113740B49 100 pF, +5%; 50V
TFN6061A 2175 Hz Bandpass Filter PL-11273-A thru C4257
REFERENCE PART C4258, C4259 2113741B45 0.01 uF, £5%; 50V
SYMBOL _ NUMBER DESCRIPTION C4260, C4261 2311049A08 1 uF, +10%; 36V
integrated circuit: C4262 2113741B69 0.1 uF =5%; 50V
u1 5183110T01  Dual Switched Capacitor Active C4263 2113741B45 0.01 uF, £5%: 50V
Filter thru C4265
non-referenced item: C4266, C4267 2113741B69 0.1 uF, +5%; 50V
2984209P01 TERMINAL, contact: 7.2MM Ig C4268 2113740B60 300 pF, +5%; 50V
(20 used) C4269 2113741B45 001 uF, +5%; 50V
NOTE: This hybrid filter is not repairable. It defective, the entire unit C4270 2113740B76 1500 pF, =5 pF; 50V
must be replaced. c4272 2113740B67 560 pF, +5%; 50V
C4273 2113740B73 1000 pF, +5%; 50v
Ca274 2113741B69 0.1 uF, =5%; 50V
) C4275 2113740B64 430 pF, +5%; 50V
TVN6056A TTRC Software PL-11221-A C4276 2113740B49 100 pF, £5%; 50V
REFERENCE PART C4277 2113741B69 0.1 uF, +5%; 50V
SYMBOL  NUMBER DESCRIPTION Cc4278 2113740B74 1200 pF, +5%; 50V
integrated circuit: (see note) C4279 2113740B73 1000 pF, +5%; 50V
U4235 5191012C30 64K x 8 Bit EPROM C4280 2113741B57 0.033 uF, +5%; 50V
NOTE: For optimum performance, diodes, transistors, and integrated CA4281 2113741B69 0.1 uF, £5%; 50V
circuits must be ordered by Motarola part number. thru C4283
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TTRC MODULE

TRN7273A TTRC Audio Board (Continued) PL-11944-0 TRN7273A TTRC Audio Board (Continued) PL-11944-0
“REFERENCE PART “REFERENCE PART
SYMBOL NUMBER DESCRIPTION SYMBOL NUMBER DESCRIPTION
capacitor, fixed: (cont.) jumper, connector:
C4285 2113741B69 0.1 uF, +5%; 50V Ju4200, 2880002R03  plug: 3-contact
c4287 2113741869 0.1 uF, +£5%; 50V Ju4201
C4290, C4291 2113741B69 0.1 uF, £5%; 50V JU4203 2880002R03  plug: 3-contact
C4292, C4293 2313748G13 22 UF, +20%; 25V thru JU4205
C4294 2113741B69 0.1 UF, +5%; 50V Ita208. 2880002R03  plug: 3-contact
C4298 2113740B49 100 pF, +5%; 50V )
C4300, C4301 2113741869 0.1 UF, 5% 50V e iy 2280002R03  plug: 3-contact
C4302 2311049A19 10 uF, +=10%; 25V Ju4z217, 2880002R03 plug: 3-contact
C4303 2313748G22 100 uF, +20%; 25V Ju4218
C4305 2113740B65 470 pF, 5%, 50V Ju4222 2880002R03  plug: 3-contact
C4306 2113740B59 270 pF, +5%; 50V Ju4226, 2880002R03  plug: 3-contact
C4307 2113741B45 0.01 uF, £5%; 50V Ju4dz27
C4308, C4309 2113740B49 100 pF, +5%; 50V Ju437o, 2880002R03  plug: 3-contact
C4310 2113740B61 330 pF, +5%; 50V Ju4s71
C4311 2113741B57 0.033 uF, +5%; 50V connector:
C4312, C4313 2113740B73 1000 pF, +5%; 50V P804 -- %%3%3'-5 ASSEMBLY
Cc4314 2113741869 0.1 uF, £5%: 50V 139N22
C4315 2113740B49 100 pF, +5%: 50V transistor. (see note)
Ca316 2113740861 330 pF. +5%; 50V Q4200 4811056708  PNP
c4317 2113740849 100 pF, +5%; 50V Q4201 4800869653  type JFET
C4318 2113740861 330 pF. +5%; 50V Q4202 4811056A03  NPN
C4319, C4320 2113740B73 1000 pF. +5%; 50V Q4208 g 1800869767  NPN
C4321 2113741B45 0.01 uF, +5%; 50V
C4325 2313748G22 100 uF, +20%; 25V 82%}3' 4811056703 NPN
+5%:
1?1?32064331 2113741B69 0.1 uF, _5/0, 50V 84220 4811856288 :,;:
C4332 2311054A09 47 uF, +20%; 6V th‘r‘320‘t4226 4811056403
C4333 2113741B69 0.1 uF, +5%; 50V Q4230 4800869653  type JFET
C4335, C4336 2311049A08 1 uF, +10%; 35V Q4531 4811056403 NPN
C4337 2113740B49 100 pF, +5%; 50V Q4234 4811056A08 PNP
C4338 0811051A19 1 UF, +5%/-0.5%; 63V thru Q4237
C4339 2113741B69 0.1 uF, £5%; 50V Q4238, 4811056A03 NPN
thru C4341 Q4239
diode: (see note) resistor, fixed:
CR4200 4805129M41  silicon R4200 0611077823 100K, £5%; 1/8W
82238?; 4805129M41  silicon R4201, R4202 0611077A98 10K, +5%; 1/8W
o . R4203 0611077A90 47K, +5%; 1/8W
CRAZS2 o 1882022N0S Suraaonal Transient Votage R4204, R4205 0611077823 100K, = 5%; 1/8W
CRA256, 4805129M41 _ silicon R4206 0611077833 270K, +5%; 1/8W
CR4257 R4207 0611077B23 100K, +5%; 1/8W
CR4262 4805129M41  silicon R4209, R4210 0611077A98 10K, +5%; 1/8W
CR4284, 4805129M41 silicon R4211 0611077B09 27K, +5%; 1/8W
CR4285 R4212 0611077B23 100K, +5%; 1/8W
CR4291, 4811058A11  silicon thru R4215
CR4292 R4216 0611077A98 10K, +5%; 1/8W
CR4293 4882466H18  silicon R4217 0611077B29 180K, +5%; 1/8W
thru CR4296 .
N R4218 0611077A86 3.3K, £5%; 1/8W
SRazaT. 4805129M41  silicon R4219 0611077804 16K, +5%; 1/8W
light emitting diode: (see note) R4220 0611077829 180K, +5%; 1/8W
DS4200 4888245C24 red R4221 0611077B01 12K, +5%; 1/8W
DS4201 4888245023 yellow R4222 0611077A88 3.9K, =5%; 1/8W
thru DS4203 R4223 0611077A92 5.6K, +5%; 1/8W
connector: R4226, R4227 0611077G81 84.5K, +1%:; 1/8W
J900, J901 0984206N01  receptacle: 6-contact R4228 0611077A01 0 ohm, £5%; OW
J2904 2883290P11  plug; 50-contact R4229 0611077A81  5.1K, =5%; 1/8W
J2905 2883290P06  plug: 40-contact R4230 0611077839 470K, +5%; 1/8W
R4231, R4232 0611077B09 27K, +5%; 1/8W
R4233 0611077A84 27K, +5%; 1/8W
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TRN7273A TTRC Audio Board (Continued) PL-11944-0 TRN7273A TTRC Audio Board (Continued) PL-11944-0
“REFERENCE PART “REFERENCE PART
SYMBOL NUMBER DESCRIPTION SYMBOL NUMBER DESCRIPTION
resistor, fixed: (cont.) resistor, fixed: (cont.)
R4234 0611077B15 47K, +5%; 1/8W R4321, R4322 0611077A91 5.1K, +5%; 1/8W
R4237 0611077B01 12K, +5%: 1/8W R4324, R4325 0611077BO7 22K, +5%; 1/8W
R4238 0611077B29 180K, +5%; 1/8W R4327, R4328 0611077A98 10K, £5%: 1/8W
R4239 0611077G81 845K, +=1%:; 1/8W R4329 0611077B04 16K, £5%; 1/8W
R4242 0611077G81 84.5K, +1%; 1/8W R4330 0611077A98 10K, +5%; 1/8W
R4243 0611077823 100K, +5%; 1/8W R4332 0611077A76 1.2K, £5%; 1/8W
R4244 0611077B33 270K, +5%; 1/8W R4333 0611077B05 18K, +5%; 1/8W
R4245 0611077823 100K, £5%; 1/8W R4334 0611077A78 1.5K, £5%; 1/8W
R4246 0611077B09 27K, £5%: 1/8W R4335 0611077A88 3.9K, £5%; 1/8W
R4247 0611077B01 12K, £5%; 1/8W R4336 0611077B11 33K, £5%; 1/8W
R4248 0611077A70 680 ohms, +5%; 1/8W R4337 0611077A98 10K, +=5%; 1/8W
R4249 0611077A79  1.6K, £5%; 1/8W R4338 0611077B03 15K, +5%; 1/8W
R4250 0611077831 220K, +5%; 1/8W R4339 0611077B16 51K, +5%; 1/8W
R4251 0611077B01 12K, £5%; 1/8W R4340 0611077B18 62K, +5%; 1/8W
R4252 0611077A80 1.8K, +5%; 1/8W R4341 0611077816 51K, +5%; 1/8W
R4253 0611077B05 18K, £5%; 1/8W R4342 0611077A95 7.5K, £5%: 1/8W
R4254 0611077A91  5.1K, £5%; 1/8W R4343 0611077B31 220K, +5%; 1/8W
R4255, R4256 0611077823 100K, £5%: 1/8W R4344, R4345 0611077816 51K, +5%:; 1/8W
R4257 0611077A98 10K, +5%; 1/8W R4346 0611077826 130K, +5%; 1/8W
R4258 0611077804 16K, +5%; 1/8W R4347 0611077828 160K, +£5%; 1/8W
R4260 0611077821 82K, +5%; 1/8W R4348 0611077B16 51K, +5%: 1/8W
R4261 0611077A79 1.6K, £5%; 1/8W R4349 0611077823 100K, +5%; 1/8W
R4262 0611077801 12K, +5%; 1/8W R4350 0611077B09 27K, +5%; 1/8W
R4263 0611077B09 27K, +5%; 1/8W R4351, R4352 0611077B16 51K, £5%; 1/8W
R4264 0611077B15 47K, +5%; 1/8W R4353 0611077A94 6.8K, £5%; 1/8W
R4265 0611077A88 3.9K, £5%; 1/8W R4354 0611077A98 10K, +5%; 1/8W
R4266 0611077A56 180 ohms, +5%; 1/8W thru R4356
R4267 0611077A74 1K, +5%; 1/8W R4358 0611077A98 10K, +5%; 1/8W
R4268 0611077A80 1.8K, £5%; 1/8W R4362 0611077B16 51K, +5%; 1/8W
R4269 0611077B07 22K, +5%: 1/8W R4365, R4366 0611077811 33K, +5%; 1/8W
R4270 0611077A74 1K, +5%: 1/8W R4367 0611077B16 51K, +5%; 1/8W
R4271 0611077B39 470K, +5%; 1/8W R4374, R4375 0611077816 51K, +5%; 1/8W
R4272 0611077A50 100 ohms, +5%; 1/8W R4380 0611077A69 620 ohms, +5%; 1/8W
R4273 0611077B15 47K, +5%; 1/8W R4381 0611009823 0 ohm, +5%; 1/4W
R4274 0611077A74 1K, +5%; 1/8W R4390 0611077A82 2.2K, +5%: 1/8W
R4275 0611077B15 47K, +5%: 1/8W R4391 0611077A56 180 ohms, *5%; 1/8W
R4276 0611077A98 10K, +5%: 1/8W thru R4393
R4277 0611077B09 27K, +5%: 1/8W R4394 0611077A91 5.1K, +5%; 1/8W
R4278 0611077A88 3.9K, +5%: 1/8W thru R4397
R4279, R4280 0611077B09 27K, +5%: 1/8W R4398 0611077805 18K, £5%; 1/8W
R4281 0611077815 47K, +5%: 1/8W R4399, R4400 0611077B15 47K, £5%: 1/8W
R4282 0611077819 68K, ts%. 1/8W R4401 0611009A41 470 ohms, t5°/o. 1/4W
R4283 0611077B15 47K. ts%: 1/8W R4405 0611077B15 47K, 15%: 1/8W
R4285, R4286 0611077A80 1.8K, +5%: 1/8W ;‘1‘::034409 0611077A98 10K, £5%; 1/8W
R4287, R4288 0611077A76 1.2K, 5% 1/8W R4411 0G11077A86  3.3K, +5%: 1/8W
R4289 0611077A78  1.5K, +5%; 1/8W e
R4290 0611077A82 22K, +5%: 1/8W R4412 0611077801 12K, +5%; 1/8W
R4291 0611077A74 1K, =5%: 1/8W R4413 0611077A86 3.3K, £5%; 1/8W
oo T e o T e ST S35y
R4300 0611077A90 4.7K, £5%; 1/8W R4417 0611077847 1 m;g‘ 5% 1/8W
R4301, R4302 0611077A80 1.8K, +5%: 1/8W R4418 011077805 18K, +.5%: 1/8W
R4303 0611077A88 3.9K, +5%: 1/8W P TO
R4304, R4305 O611077AT6 12K, £5%: 1/8W R4420 0611077823 100K, =5%; 1/8W
RA306 0611077486 33K, 5% 1/8W R4424 0611077B03 15K, +5%; 1/8W
RA307 0611077A50 100 ohms, =5%: 1/8W R4427, R4428 0611077B23 100K, +5%; 1/8W
thru R4310 R4429 0611077804 16K, +5%; 1/8W
R4311 0611077A90  4.7K, +5%; 1/8W R4432 0611077823 100K, +35%; 1/8W
thru R4314 thru R4434
R4315 0611077B29 180K, +5%; 1/8W R4435 0611077807 22K, +5%; 1/8W
thru R4320 R4436 0611077A76 1.2K, +5%: 1/8W
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TTRC MODULE

TRN7273A TTRC Audio Board (Continued) PL-11944-0 TRN7273A TTRC Audio Board (Continued) PL-11944-0
“REFERENCE PART “REFERENCE PART
SYMBOL NUMBER DESCRIPTION SYMBOL NUMBER DESCRIPTION
resistor, fixed: (cont.) non-referenced items:
R4437 0611077B23 100K, +5%; 1/8W TFN6056A 2175 Hz Notch Fitter
R4438 0611077B19 68K, £5%; 1/8W TFN6061A 2175 Hz Bandpass Fitter
R4439 0611077A82 2.2K, +5%; 1/8W 0984181L01 SI;ORTING! JUI\lAnggo iégontggg
R4440 0611077B19 68K, +5%; 1/8W gmujggs‘_'z';hoé{ prepay mm
R4441 0611077A54 150 ohms, +5%; 1/8W 4214,4217,4218,4222,4226,
R4442 0611077B05 18K, +5%; 1/8W 4227,4370,4371)
R4443, R4444 0611077B23 100K, £5%; 1/8W 3083139N22 CABLE ASSEMBLY, flat, 34-con-
R4446 0611077B09 27K, £5%; 1/8W ductor: includes connector P804
- R4447, R4448 0611077A98 10K, £5%; 1/8W 4380054K02  SPACER, support (3 used)
R4449 0611077B15 47K, +5%; 1/8W 5483865R01 LABEL, bar code: 1/4” wide,
R4450 0611077A78 15K, +5%; 1/8W white
R4451 0611077A70 680 ohms, +5%; 1/8W SAB4900TO1 - L - D2 code: 6:312.7MM.
- R4452, R4453 0611077A98 10K, +5%; 1/8W :
R4454 0611077A78 1.5K, +5%; 1/8W NOTE: For optimum performance, diodes, transistors, and integrated
R4495 0611077807 22K, +5%; 1/8W circuits must be ordered by Motorola part number.
R4500 0611077823 100K, +5%; 1/8W
R4502 0611077823 100K, £5%; 1/8W
R4504 0611077A91 5.1K, £5%; 1/8W
R4505 0611077A68 560 ohms, +5%; 1/8W
R4507 0611077A01 0 ohm, x5%; OW
R4508, R4509 0611077A98 10K, +5%; 1/8W
switch:
$4200 4083980R08 toggle: spdt
transformer:
T4201 2584202A02 Audio Frequency
T4202 2583036L01 Audio Frequency
T4203 2584202A02 Audio Frequency
T4204 2583036L01 Audio Frequency
‘ integrated cirucit: (see note)
U4200 5113819D04 Quad Differential-Input Opera-
thru U4207 tional Amplifier
U4208 5184621K89 Dual Operational Amplifier
U4209, U4210 5113819D04 Quad Differential-input Opera-
tional Amplifier
U421 5182802R24 Digitally Controlled 50K Poten-
thru U4217 tiometer
U4218, U4219 5184887K73 Quad Bilateral Switch
U4220 5184887K60 Triple 2-Channel Analog Mux/
thru U4224 Demux
U4225 5184704M19  Shift Hex Level Log Level Control
thru U4228
U4230 5184621K34 Optical Isolator
thru U4233
U4234 5184887K52 Hex Schmitt Trigger
U4241 5184320A35 Timer
. U4242 5184887K73 Quad Bilateral Switch
voltage regulator: (see note)
VR4200 4882256C61 Zener 5.8V
VR4201 4882256C26 Zener 3.3V
. VR4214 4882256C03 Zener 4.7V
VR4215
VR4216 4882256C56 Zener 8.8V
VR4217 4882256C61 Zener 5.8V
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TRANSPARENT OPERATION

MODEL TLN3045C SECURE MODULE

1. FUNCTIONAL DESCRIPTION

This document describes the operation of the TLN3045C
Secure Module. The module consists of a TRN9999C
Secure Board and a TVN60S7A Secure EEPROM. The
secure module is designed to interface directly with the
TLN3189 and TLLN3204 series of Secure Capable Station
Control Modules (SSCB), for use in MSF 5000 and MSF
10000 Digital Control Stations. The secure board is
mounted into the station as a stand-off daughter board to
the station control board. Table 1 lists the Secure Hybrid
options available for the secure board.

Table 1. Secure Hybrid Options
Option Description
C331 Secure Encryption
C388 DES Encryption
C794 DVPE Encryption
C795 DES-XL Encryption
C797 DVP-XLE Encryption

The secure board has two basic modes of operation. The
first is the transparent mode, in which secure code is sim-
ply passed through the station. In this mode, the secure
board monitors the receiver and the wireline signals until
valid secure code (12 kBit/Sec data) is detected, generat-
ing an Rx or Tx Code Detect. During a code detect, audio
paths on the station control board are switched so that the
secure data is routed through the secure board for
reclocking, buffering, and filtering; before being trans-
mitted and/or sent down the wireline. A Console Inter-
face Unit (CIU) can be interfaced to the station via the
wireline to provide the encrypt/decrypt capability.

The second mode of operation is the encrypt/decrypt
mode. When one of the secure hybrid options is specified,
the secure board operates in this mode, which provides
encryption and decryption of audio signals in either half
or full duplex. For transmission, audio is analog to digital
(A-to-D) converted into a 12 kBit/Sec digital bit stream,
and then encrypted. The resultant bit stream is splatter
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filtered and transmitted. During reception, the process is
reversed. The received encrypted signal is filtered, lim-
ited, and reclocked to produce a digital bit stream. This bit
stream is then decrypted to produce a digital signal, which
is then D-to-A converted back into audio. The C332 Full
Duplex Wireline option, in conjunction with one of the
Secure Hybrid options, allows simultaneous encrypt and
decrypt operation.

The encryption/decryption process is performed by one of
several different hybrids, as specified by the desired
encryption algorithm. Each hybrid can be loaded with a
different key variable, making it different from any other
hybrid. The loading process requires a Key Variable Load-
er (KVL), which interfaces to the secure board through
two cables. The station internal TKN8597A Secure Inter-
face cable connects between J4001 (on the secure board)
and a connector on either the RF tray front panel or the
station junction box. The station external TKN8531B
KVL cable connects between the KVL and the station.
When the board is in half duplex operation, up to eight
hybrids with different key variables can be selected to
perform the encrypt/decrypt function. In full duplex oper-
ation, the hybrids are combined in pairs to provide up to
four different encryption/decryption keys.

2. AUDIO SECTION

2.1 TRANSMIT AUDIO CIRCUITRY DESCRIPTION

The transmit processing section is divided into two
sections which provide the two different modes of station
control operation; transparent operation, and transmit
audio encryption. The schematic diagrams for these
control modes are located on the diagram sheet titled
“Secure Audio,” at the end of this section.

2.1.1 Transmit Transparent Operation
2.1.1.1 CIRCUIT DESCRIPTION

The input to the transmit audio circuitry is at P803-6. The
signal is RAW TX AUDIO, and consists of either audio
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or filtered data coming from the wireline. This signal is
processed by a three-pole lowpass linear phase active
filter, using op-amp U4002C. It is a noise filter, the pur-
pose of which is to band-limit the line data, thus removing
the high frequency noise components from the transmis-
sion channel. Left in, these could cause spurious code
“detections.”

The filtered signal is then limited by comparator U4019B,
to transform the signal into discrete logic level data. A
single pole lowpass filter is used to determine the average
DC value of the input signal, and provide a bias which is
used to set the comparator threshold. The frequency of
the pole (which determines the cutoff frequency of the
filter) may take on one of two values. A higher cutoff
frequency is implemented by turning audio gate U4015A
on, which puts R4081 in parallel with R4080. This cutoff
frequency is used while the code detector is searching for
code, while a lower cutoff frequency (U4015A turned off)
is used once code has been detected. Hysteresis is
provided by R4073, to make the comparator less sensitive
to noise.

The data at the output of the comparator isata 9.6 V logic
level. This is changed to a 5V logic level by transistor
Q4002, and routed to pin 46 of the Application Specific
Integrated Circuit (ASIC) U4007. (Refer to paragraph 5
for a description of this chip.) The ASIC contains an on-
chip 12 kHz clock circuit, which phase locks to the incom-
ing data stream by detecting data transitions and adjusting
the clock phase until the falling edges of the clock pulses
occur in sync with the data transitions. The clock is then
used by a serial-to-parallel converter to decode the
incoming serial data stream into eight bit bytes, which can
be buffered and analyzed by the microprocessor to deter-
mine whether or not the data stream possesses the charac-
teristics unique to encrypted data. The data is also
checked for a Beginning-Of-Message (BOM) or an End-
Of-Message (EOM) bit stream, consisting of alternating
one-zero patterns which are used to signal the beginning
or end of encrypted messages. Whenever valid 12 kBit/
Sec transmit code, or a BOM, or an EOM is detected, the
SSCB front panel Tx CD (transmit code detect) LED
DS4002 should light.

The RAW TX AUDIO signal is continually reclocked,
serial-to-parallel converted, buffered, and finally paral-
lel-to-serial converted by the on—chip circuitry of the se-
cure ASIC. Once valid code is detected, the serial trans-
mit data at the output of the secure ASIC (U4007-45) is
sent to the splatter filter. The splatter filter consists of a
five pole linear phase lowpass switched capacitor filter,
using U4019. This lowpass filter is used to band-limit the
data to 6 kHz, eliminating the higher frequency noise
which could otherwise cause interference on adjacent
channels.

In addition to U4019, a 6 dB/octave anti-aliasing filter
formed by R4008, R4027, R4001 and C4006 attenuates
high frequency components above 50 kHz. This circuit
also limits the peak-to-peak voltage of the data signal to

2.5 V. A two-pole lowpass filter using U4004D as its active
element is used to filter out switching noise at the output
of U4019, and change the DC bias of the signal from 2.5 V
to4.8 V.

The clock frequency supplied by the secure ASIC to the
switched capacitor filter is nominally set to 341.3 kHz.

The output level of the splatter filter is level-adjusted by
digital pot U4018 (EEPOT No. 6 on the front panel Status
display) to set the coded deviation level. The secure
EEPOTS are controlled directly by the SSCB, via connec-
tor P803.

The CODED MOD AUDIO output of the secure board
at P803-7 is sent to the SSCB to be routed to the modula-
tor. For 25 kHz channel spacing, secure data should have
a deviation of 4 kHz + 200 Hz. An internal 1 kHz square-
wave generator is used to set the coded deviation level at
3.9kHz 4 200 Hz. This level correlates to secure data with
a 4 kHz deviation.

2.1.1.2 TROUBLESHOOTING TRANSMIT
TRANSPARENT OPERATION

With valid secure code applied to P803-6, a data stream
at 5 V logic level should be present at TP3. If there is no
data at TP3, check the DC bias level of the incoming sig-
nal, which should be 4.8 V. Next, check the 9.6 V supply
voltages at U4002 and U4019. If the foregoing does not
isolate the problem, check for missing chip resistors and
capacitors along the transmit data path. If data is present
at TP3 and a Tx Code Detect (DVP SEL or TX CD DT
on the MUXbus) is not being generated, refer to para-
graph 5.2 for troubleshooting information.

If a Tx Code Detect is generated (Tx Coded PTT in the
High Speed Ring signal), there should be a filtered data
stream (eye pattern) at TP1. Refer to the HSR signal de-
scription in paragraph 5.1.2. If this is not the case, check
for the presence of a 341.3 kHz clock at U4019-10 and/or
missing chip components along this path.

2.12 Transmit Audio Encryption OAperation
2.12.1 CIRCUIT DESCRIPTION

Audio to be encrypted and transmitted can originate from
the TX AUDIO (P803-5), LOCAL AUDIO (P803-8), or
INBOUND MRTI (P803-28) inputs to the secure board.
The selected audio source is amplified, pre-emphasized
and lowpass filtered by op-amps U4003C and U4003D,
and routed to the Continuously Varying Slope Delta
(CVSD) devices U4005 and U4006 to be digitized. When
jumper JU4003 is in its alternate position, INBOUND
MRTT audio is always summed with the selected encryp-
tion audio source.

SECURENET equipment uses a CVSD modulation
technique to convert an analog waveform into a continu-
ous stream of binary digits. In a full duplex station, U4006
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isa dedicated A-to-D converter, and U4005 is a dedicated
D-to-A converter. In a half duplex station, U4006 is not
present, and U4005 performs both the A-to-D and D-to-
A conversions, but not simultaneously. The operation of
the CVSD devices is controlled by the RECEIVE_CTRL
signal at U4005-12, and the TRANSMIT _CTRL signal at
U4005-11. Both of these signals are active high, with 9.6 V
logic levels. The audio signal is sampled and digitized into
a serial 12 kBit/Sec data stream, which is then routed to
pin 17 of all the encryption hybrids.

All secure hybrids operating in the transmit mode will en-
crypt this data stream. In half duplex operation, any one
of eight hybrids can be selected to encrypt. In full duplex
operation, only hybrids located in sockets HY4001A
through HY4004A can be selected to encrypt. (Refer to
paragraph 3 for details.) The encrypted data from pin 14
of the encryption hybrids is sent to the secure ASIC TX
CIPHER signal inputs, where an on—chip 8:1 multiplexer
selects the appropriate TX CIPHER signal, based on soft-
ware key selection. This signal is then First-In-First-Out
(FIFO) buffered, splatter filtered, level adjusted, and
routed to the modulator.

Depending on the system and the type of encryption hy-
bridsbeing used, a secure coded message may be preceded
by a Beginning-Of-Message (BOM) bit stream and/or
followed by an End-Of-Message (EOM) bit stream. The
EOM and BOM bit streams consist of a variable length
alternating 12 KHz bit pattern (i.e. 101010..... ) which is
generated by the secure board software.

2.122 TROUBLESHOOTING TRANSMIT AUDIO
ENCRYPTION OPERATION

With an audio signal applied to one of the three audio in-
puts (P803-5, -8, or -28), verify that the station is confi-
gured to encrypt (MUXbus ENCRYPT bit is set) and
verify that the proper audio gate is open. If INBOUND
MRTT P803-28 is being used, jumper JU4003 should be in
its alternate position. Then check the XMIT_OD output
of the transmit CVSD (U4005-9 for half duplex, U4006-9
for full duplex). If a fixed 6 kHz square wave is present at
this output, either the input signal level is too low or the
signal path is being interrupted prior to the CVSD. A 12
kBit/Sec data output indicates that a signal is being digi-
tized. This same signal should be present at pin 17 of each
of the encryption hybrids.

Check the TX CIPHER signal output (pin 14) of the se-
lected transmit (encryption) hybrid. If the output is not
pseudo-random 12 kBit/Sec data, the hybrid has lost its
key or the hybrid control lines are in the wrong state. Also,
check for the same pseudo-random data output at
U4007-45. If the data is not present, it is most likely that
the desired encryption hybrid is not being selected by the
software, or that the encryption hybrid is in the wrong
socket.

TRANSPARENT OPERATION

22 RECEIVE AUDIO CIRCUITRY DESCRIPTION

The receive processing section is divided into two sections
which provide the two different modes of operation;
transparent operation and receive audio decryption. The
schematic diagrams for these sections are located on the
diagram sheet titled “Secure Audio,” at the end of this
section.

22.1 Receive Transparent Operation
22.1.1 CIRCUIT DESCRIPTION

The input to the receive audio circuitry is at P803-27. The
signal is QUAD AUDIO and consists of the demodulated

 signal from the receiver, which has been buffered by the

station control board and routed to the secure board
equalizer filter. The equalizer filter utilizes two op-amps
which form a two pole, one zero functional block, with a
magnitude response which increases monotonically from
DC to 6 kHz, and decreases monotonically at frequencies
higher than 6 kHz, while maintaining a linear phase re-
sponse. This equalizer filter is needed to compensate for
attenuation of critical frequency components introduced
by the station receiver.

NOTE
For special applications, the equalizer fil-
ter can by bypassed by placing jumper
JU4004 in its alternate position.

The filtered signal is digitized by comparator U4019A to
translate the signal into discrete logic level data. A single
pole lowpass filter is used to determine the average DC
value of the input signal, and provide a bias which is used
to set the comparator threshold. The frequency of the
pole (which determines the cutoff frequency of the filter)
may take on one of two values. A higher cutoff frequency
is implemented by turning audio gate U4017D on, which
puts R4069 in parallel with R4068. This cutoff frequency
is used while the code detector is searching for code, while
alower cutoff frequency (U4017D turned off) is used once
code has been detected. Hysteresis is provided by R4060
to make the comparator less sensitive to noise.

Thedata at the output of the comparator isata 9.6 V logic
level. This is changed to a 5V logic level by transistor
Q4001, and then routed to pin 4 of the secure ASIC,
U4007. An Rx Code Detect test (similar to the Tx Code
Detect test discussed in the Transmit section) is per-
formed on the data stream. Whenever valid 12 kBit/Sec
code, or a BOM, or an EOM is detected, the SSCB front
panel Rx CD (receive code detect) LED (DS4003) should
light.

The on~chip circuitry of the secure ASIC can route the re-
clocked and buffered received data to the transmit splatter
filter, and/or out to the wireline, depending on the station
type. In a conventional base station, the received data is
routed to pin 43 of secure ASIC U4007, where the data is
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pulled up to a 4.8 V DC bias, attenuated, and filtered by a
three pole lowpass linear phase filter using op-amp
U4004A. This filter is used to band-limit the signal to 6 kHz
for the wireline. When the wireline is in close proximity to
other conductors, eliminating the higher frequencies with
this filter reduces the potential for crosstalk.

‘The output of thisfilter is sent to the station control board
via P803-4, Secure_Rx_Audio, where it is summed with
other signals to be sent down the wireline. If the station
is configured as a transparent repeater, the reclocked
received data will be routed to the transmit path via
U4007-45, as well as to the wireline.

22.12 TROUBLESHOOTING RECEIVE
TRANSPARENT OPERATION

With valid secure code applied to P803-27, a 5V data
stream should be present at TP2. If there is no data at TP2,
check the DC bias level of the incoming signal, which
should be 4.8 V. Next, check the 9.6 V supply voltages for
the op-amps and U4019. Also check for missing chip resis-
tors and capacitors along the receive data path. If data is
present at TP2, but an Rx Code Detect (R1SQLV on the
MUXbus) is not being generated, refer to paragraph 5.2
for the troubleshooting procedure.

If an Rx Code Detect is generated, there should be a fil-
tered data stream eye pattern present at P803—4. If there
is no eye pattern, or the eye appears badly distorted, check
for missing component chips along this path.

222 Receive Audio Decryption Operation
22.2.1 CIRCUIT DESCRIPTION

Audio to be decrypted originates at the station receiver,
and enters the secure board at the QUAD AUDIO input
P803-27. This signal is reclocked, buffered, and routed to
pin 9 of all the secure hybrids for decryption. The recov-
ered clock is also present at U4007-69 and -70, to clock
the rest of the circuitry processing the signal. Any secure
hybrid operating in the receive mode will attempt to de-
crypt the received signal.

In half duplex operation, any one of eight secure hybrids
can be selected to decrypt. In full duplex operation, only
secure hybrids located in sockets HY4001B through
HY4004B can be selected to decrypt (Refer to paragraph
3 for details.) The decrypted data output from pin 15 of
each of the decrypt hybrids is sent to the secure ASIC RX
DATA inputs, where on-chip 8:1 multiplexers in each
ASIC select the appropriate RX DATA signal based on
software key selection.

The selected RX DATA signal, DECRYPT AUDIOQ, is
sent to CVSD1 for D-to-A conversion, which reproduces
the original audio signal. The D~to-A conversion is per-

formed by U4005 for both half and full duplex operation.
Decrypted data input to the CVSD is at pin 10, and recov-
ered audio output is at pin 15. The CVSD device also per-
forms the “proper code detect” function. This function in-
dicates whether the coded transmission being received
used the same encryption key as that stored in the secure
board encryption hybrid. The output of the detector, at
U4005-14, is an active high signal.

The recovered audio output is routed through an active
bandpass filter utilizing op-amp U4004C, to improve au-
dio quality and remove out-of-band quantization noise.
This signal may be amplified or attenuated + 10 dB by ad-
justing the gain stage (op-amp U4004B) with digital pot
U4020 (EEPOT No. 0 on the front panel Status display).
Normally, the level of the decrypted audio should be set
4 dB higher than clear audio. Finally, the signal is gated
by U4016A and sent to the station control board via
P803-4, where it is summed with other signals to be sent
down the wireline.

2222 TROUBLESHOOTING RECEIVE AUDIO
DECRYPTION OPERATION

If an Rx Code Detect is not being generated, refer to para-
graph 2.2.1.2 for troubleshooting information. The re-
clocked RX CIPHER signal should be present at pin 9 of
every decryption hybrid. Check the RX DATA output (pin
15) of the selected receive (decryption) hybrid. If the out-
put is not 12 kBit/Sec data, the hybrid has lost its key or
the hybrid control lines are in the wrong state. Also check
for the same pseudo-random data output at U4007-41. If
the data is not present, the desired decryption hybrid is
probably not being selected by the software, or the decryp-
tion hybrid may be installed in the wrong socket.

The recovered audio signal should be available between
U4005-15 and P803-4. If the signal drops out anywhere
along this path, check level adjust pot U4020 to see if it
is properly adjusted, and make sure audio gate U4016A is
open (U4016A-5 should be at approximately 9 V).

3. SECURE HYBRIDS

3.1 DESCRIPTION

In the encrypt/decrypt mode of operation, the secure
board can support up to eight hybrids. A single hybrid can
operate in either the encrypt (transmit) or decrypt (re-
ceive) mode, but not in both modes at the same time. Pins
10and 13 of hybrids HY4001A through HY4004A are con-
trolled in common by U4014 to configure the hybrids to
either encrypt or decrypt. During full duplex operation,
the “A” hybrids are configured to encrypt. These hybrids
are physically located in the upper half of the hybrid sock-
ets. The lower portions of the sockets (closest to the PC
board) contain hybrids HY4001B through HY4004B. The
“B” hybrids share common control lines for pins 10 and
13, which operate independently of the “A” hybrids.
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The “B” hybrids are configured to decrypt during full du-
plex operation. Pin 10 on the hybrids is held low for en-
cryption, and pulled high (to 5 V) for decryption. Pin 13
is normally pulled high during encryption; if pulled low
while pin 10 is high, the hybrid will generate an EOM sig-
nal at pin 14, instead of encrypted data. For decryption,
pin 13 is pulled low.

The secure board currently supports the following hy-
brids: DES, DES-XL, DVP, DVP~XL, and DVI-XL.. Hy-
brid pin 5, common to all of the secure hybrids, controls
different functions, depending on the hybrid type. It is
normally held low. DES-XL, DVP-XL, and DVI-XL hy-
brids operate in the synchronous Range Extension (REX)
mode when pin § is low, and in the asynchronous Cipher
Feedback mode when pin 5 is high. The DVP hybrid uses
pin 5 to select between Code 1 or Code 2, where Code 2
isa modified version of the encryption key (Code 1) stored
in the hybrid. The DES hybrid has no internal connection
to pin 5.

Hybrid selection is accomplished under software control,
based on information provided by the High Speed Ring
signal. (Refer to the HSR signal description in paragraph
4.1.2.) The hybrid selection originates with user definable
function tones on the station wireline; or locally, via the
station control front panel Select/Set switch, when the
station is in access disable.

The current hybrid selection is displayed on the “Key” dig-
it of the SSCB front panel display. “Key” selection, under
local control from the station control front panel, selects
hybrids as shown in Table 2 (refer to paragraph 4.1 for
“Key” Insertion/loading information.

Table 2. Local Control Key/Hybrid Selection
g&m: aDri‘:-I Hg:e?:;;:x Full Duplex Operation
play
Key Digit ES:?,;:,:' Encrypt DecRYPT
1 HY4001A HY4001A HY4001B
2 HY4002A HY4002A HY40028
3 HY4003A HY4003A HY4003B
4 HY4004A HY4004A HY40048
5 HY4001B HY4001A HY4001B
6 HY40028 HY4002A HY40028
7 HY4003B HY4003A HY40038
8 HY4004B HY4004A HY4004B

3.2 ALERT TONES

Any of six types of codeplug selectable (field re-program-
mable) alert tone sequences can be generated by the
secure board to alert the user of conditions in an encrypt/
decrypt station. Normally, all six types are enabled by the
factory. All tones have a frequency of 750 Hz, but are of

TRANSPARENT OPERATION

varying duration. These tones will be gated to the wireline
and local speaker, but not over-the-air.

The 750 Hz tone is generated by the secure ASIC and
routed to U4007-40. The 750 Hz square wave is level ad-
justed and filtered by a two pole lowpass active filter, using
op-amp U4003B. The tone is passed to the station control
board via P803-34, where it is summed with the outbound
wireline audio signal. The six types of alert tones are as
follows.

® CLEAR XMIT: If enabled, a single 87 ms beep will be
encoded at the start of any clear line or local PTT. This
serves as a warning to the operator that the transmis-
sion is not secure.

® CLEAR RECEIVE: If enabled, a single 87 ms beep

will be encoded at the start of any clear receive activity.
This serves to notify the console operator that the
transmission is in the clear mode.

® CROSS-MODE: If enabled, a single 87 ms beep will
be encoded at the start of any clear receive activity
ONLY if the wireline mode is coded.

® KEY RESET ALERT: If enabled, the 750 Hz tone will
be encoded as long as the Key Erase signal is active.

® XMIT KEY FAIL: If enabled, the 750 Hz tone is en-
coded with an 87 ms on/87 ms off duty cycle, if a coded
Line/Local PTT occurs AND the selected hybrid has
a corrupted/erased key (see NOTE). This tone se-
quence is only generated while the PTT is active (and
the key is lost).

NOTE

A secure hybrid indicates a corrupted key
by pulling its KEY line, pin 8, low whenev-
er the PTT and Transmit (encrypt) states
are active (pin 13 high and pin 101ow). The
secure ASIC monitors the KEY lines to
check for corrupted and/or erased keys
among the hybrids. The C794 DVP CFB
Secure Hybrid option (TRN6777B) does
not provide this key fail indication.

® RCV KEY FAIL: If enabled, the 750 Hz tone is en-
coded with an 87 ms on by 87 ms off duty cycle, if coded
receive activity occurs when the receive decryption hy-
brid has lost its key. The tone sequence is generated
as long as these two conditions exist.

4. KEY VARIABLE LOADER OPERATION

41 KEY INSERTION

A Key Variable Loader (KVL) is a device used to transfer
encryption keys from its own memory into other SECU-
RENET equipment containing secure hybrids. AKVL will
only load a hybrid of the same type as that specified on the
back of the KVL unit. The station internal TKN8S97A
Secure Interface cable connects between J4001 (on the
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secure board) and a connector on either the RF tray front
panel or the station junction box. The station external
TKN8531B KVL cable connects between the KVL and
the station. Pins 1 and 2 of J4001 are signal lines, and the
rest of the connector pins are control lines.

When a KVL is connected to the station, the CI_GND pin
(J4001-4) is grounded, placing the station in access dis-
able.

IMPORTANT
The SSCB front panel Acc Dis switch must
be in its center (off) position.

The SSCB front panel Select/Set switch can be used to se-
lect the desired hybrid for key loading. During the key
loading process, the front panel entry will always select in-
dividual hybrids as if the station were in half duplex mode
(see Table 2). In a Full Duplex station, the hybrids that are
grouped in encrypt/decrypt pairs are normally loaded with
the same encryption key. For example, to keyload a full
duplex station with two hybrids, use the following proce-
dure.

NOTE
The key selection process allows selection
of any of the eight possible hybrid installa-
tion positions, even if fewer than eight hy-
brids are installed.

Step 1. Plug the TKN8531B KVL cable into the station.
Verify that the station is in access disable (the SSCB front
panel Disable LED should be lit).

Step 2. Select KEY 1 with the Select/Set switch on the
SSCB front panel.

Step 3. Depress the PROGRAM switch on the KVL.
Verify successful key transfer (the KVL display should
show “PASS”).

Step 4. Select KEY 4 with the Select/Set toggle switch on
the SSCB front panel.

Step 5. Depress the PROGRAM switch on the KVL.
Verify successful key transfer (the KVL display should
show “PASS”).

Step 6. Disconnect the TKN8531B KVL cable. The
SSCB front panel Disable LED should turn off.

The CI_KEY line is a bi-directional signal line, utilizing
analog multiplexer U4021 to connect J4001-1 to the cur-
rently selected hybrid. The Code Insert Write Enable
(CI_WE)and Key Insert Data (KID) signals are routed to

the selected hybrid through an on—chip multiplexer in se-
cure ASIC U4007. When key bits are being transferred to
the KEY line (pin 8) of the hybrid, the WE line (pin 4)
must go low to enable the write process. During that peri-
od, the clock to the hybrid must be synchronized with the
clock in the KVL. To accomplish this, a synchronized clock
signal (the KVL clock synchronization signal)is generated
by the secure ASIC and phase locked to the KID signal.
After all of the keys have been loaded, the KVL connec-
tor must be disconnected to take the station out of access
disable.

NOTE
A successful Key transfer is indicated in
the readouts of the KVL display for all hy-
brid types, except for the C794 DVP Hybrid
option (TRN6777B).

A Key Variable backup battery is provided with all secure
hybrid options, in order to allow the hybrid(s) to retain
their encryption keys if the station loses power. If the
+ 5V supply drops out, the Vs supply to the hybrids
must be maintained above +2 V for key data retention.
The 3.6 V lithium battery BT4001 should provide a mini-
mum of 4 years of key retention time for eight hybrid in-
stallations, and up to 10years of key retention time for two
hybrid installations.

42 KEY CLEARING

The Key Reset (KR) line, Pin 7 of the secure hybrids, pro-
vides a means for erasing all of the hybrid keys simulta-
neously, which prevents any further encryption or decryp-
tion.

NOTE
This function is not available with the C794
DVP Hybrid option (TRN6777B).

The secure board provides two methods with which to
generate the KR active low signal and clear the keys.

o The first method uses the External Key Reset
(EXT_KR) pin, J4001-5. This interface is provided to
allow the Key Reset line to be activated by switches or
push buttons that may be located on or near the sta-
tion.

e The second method is controlled by microprocessor
U4013. With jumper JU4002 in its alternate position,
via the C683 option, an active high Key Reset signal
from secure ASIC U4007-13 turns on transistor
Q4003, grounding the KR signal line. The source of
the key reset request is commonly a wireline function
tone, which is communicated to the secure board via
the HSR signal.
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5. LOGIC SECTION

5.1 LOGIC CIRCUITRY DESCRIPTION

The logic circuitry can be broken down into four broad
areas. They are:

® The Microprocessor Core Circuitry,

® The Data Communication Circuitry,

® The Secure Data Processing Circuitry

e The Reset Circuitry.

NOTE
The schematic diagrams for these areas
are located on the diagram sheet titled
”Logic and Control” at the end of this sec-
tion.

Many of the functions carried out by the logic section are
implemented with ASICs. The secure board uses two
ASICs specifically designed for the application. U4010 is
the station control ASIC operating in the standard mode.
This ASIC serves as a specialized microprocessor support
chip, with additional I/O lines and data communication
features. U4007 is the secure ASIC designed to facilitate
half or full duplex encrypted data processing, in either a
transparent mode or an encrypt/decrypt mode.

5.1.1 Microprocessor Core Circuitry

The function of the microprocessor core circuitry is to run
the software program controlling secure board operation.
Most of the core circuitry functions are carried out using
four integrated circuits.

U4013 is a Motorola 68HC11 8-bit microprocessor. Dur-
ing program execution, it generates an 8-bit multiplexed
low-order address/data bus A/D(0-7), as well as a high—-
order address bus A(8-15). U4013 controls the direction
and timing of bus transfers with the three signals (E, RW,
AS) that are common to the Motorola 6800 family of
devices.

Pin U4013-5 provides the E signal, which functions as the
primary clock for all bus transfers. U4013 generates the
E clock by dividing the external crystal frequency by four,
thus E = 7.9488 MHz/4 = 1.9872 MHz. U4013 controls
the direction of bus transfers, using the R/W signal at pin
U4013-6. This signal is high when U4013 needs to read
data off the bus, and is low when U4013 is writing data to
the bus. In order to allow an external latch in ASIC U4014
to demultiplex the low-order address/data bus, U4013
also generates the AS (Address Strobe) timing signal on
pin U4013-4. Thus, when the AS signal is high, A/D(0-7)
contains the low order address bus A(0-7). But, when the
AS signal is low, A/D(0-7) contains the data bus D(0-7).

TRANSPARENT OPERATION

The software to control U4013 is provided as "firmware,”
which is code stored in a 32K CMOS EPROM (U4009).
U4013 itself also contains 512 bytes of on—chip EPROM
for station parameter codeplug storage. During program
execution, U4013 can access 192 bytes of internal RAM,
as well as the 8k x 8 external RAM (U4010).

Many of the “glue” chips commonly required to complete
a microprocessor system are replaced by on—chip logic cir-
cuitry included in standard mode ASIC U4014. Since
U4013 operates with a multiplexed low-order address/
data bus A/D(0-7), U4014 contains an address latch to de-
multiplex that bus. Thus, the low-order address bus
A(0-7) is an output of U4014. U4014 also contains all the
circuitry required to perform full address decoding, using

the 16-bit expanded address bus for the entire 64k

memory space. Therefore, all required chip select signals
are also outputs of U4014.

The MEM OE pin drives the output enable pins on
EPROM U4009. This signal is active low during every
read cycle (E and R/W both high). The ROM CE signal
drives the chip enable pin on EPROM U4009. This signal
is active low whenever the address bus indicates an access
in the EPROM memory space. The RAM WE pin is active
low during normal write cycles (E high and R/W low).

5.12 Data Communications Circuitry

The secure board logic section has three methods with
which to communicate with other modules in the station:
The IPCB, the MUXbus, and the High Speed Ring (HSR)
signals.

The IPCB (Inter-Processor Communication Bus) is a low
speed serial link shared among all the station control tray
boards, as well as optional expansion modules. On the se-
cure board, U4013 interfaces to the IPCB using its SCI
(Serial Communications Interface). This link can carry
status and control information between modules. The
IPCB line is pulled up on the station control board, and
is normally high in the idle state until a module begins to
write information onto it. The SCI from U4013 has both
a receive and a transmit port, which are buffered by
Q4008-Q4010, and then wired-ORed together, before
being routed as the IPCB line to the required connectors.

The MUXbus is a time-multiplexed address and data bus
capable of carrying 64 bits of control and status informa-
tion between station modules. The secure board serves as
a MUXbus slave (the SSCB drives the MUXbus). All the
circuitry needed to interface to the MUXbus is contained
in ASIC U4014.

The SSCB, as the master, is responsible for driving the
data strobe and address lines. The MUXbus consists of 16
4-bit data nibbles, for a total of 64-bits. Address bits
BAO-BA3 are continually cycled, to access each 4-bit data
nibble in a consecutive fashion. The 4-bit data nibble is
represented by MUXbus data bits BD0-BD3. U4014 sig-
nals U4013 to service the MUXbus data at each address,
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via the active low MUXIRQ signal. All multiplex timing
is done using the DS (data strobe) signal generated on the
SSCB. The data strobe signal is generated by dividing the
E clock signal by 640 (DS = 1.9872 MHz/640 = 3105 Hz).

The HSR signal is a unique multiprocessor communica-
tion method. All the circuitry to implement the HSR sig-
nal is on—chip in ASIC U4014. The HSR signal continually
circulates a 40-bit packet between all modules (SSCB,
TTRC, and secure) in its ring. Of these 40 bits, 16 can be
written toby the SSCB, 16 are reserved for writes from the
Trunked Tone Remote Control (TTRC) board, and 8 are
reserved for writes from the secure board. All three
boards can read any of the bits in the 40-bit packet.

The SSCB, as the HSR master, provides the HSR CLK
and HSR SYN signals used to synchronize all packet
transfers. The frequency of the HSR clock is program-
mable, but is normally set to E/2 (0.9936 MHz). The HSR
SYN signal is asserted, for 1-bit time, at the start of each
40-bit packet.

The SSCB outputs its HSR OUT data from U801 to the
TTRC, via J804. Data from the TTRC HSR signal is taken
in via J804, and passed directly to U4014-48 on the secure
board via P803-11. Data from the secure board HSR sig-
nal is taken in via J803-9, and sent back to U801 as HSR
IN, to complete the ring.

NOTE
To complete the ring, JU2 (the SSCB se-
cure HSR jumper) should be in its alter-
nate position when a secure board is in-
stalled.

5.1.3 Secure Data Processing Circuitry

Secure ASIC U4007 performs most of the time-intensive
data processing tasks required on the secure board, free-
ing up the microprocessor to perform data detection and
other pertinent tasks. U4007 uses a separate 3.072 MHz
crystal oscillator to generate many of the internal clocks
needed for secure data applications. Functions performed
by U4007 include the following.

® Address Decoding

Secure ASIC U4007 acts as a microprocessor support
component in conjunction with the station control ASIC
U4010, providing seven on~chip 8-bit output latches and
eight on-chip 8-bit read buffers. The output latches are
used primarily for gating and control internal to U4007,
and also provide external control signals for the secure hy-
brids. The input buffers are used primarily for internal
data collection, while also monitoring external hybrid
KEY/FAIL lines for a key failure indication.

® Clock Recovery (transmit and receive)

The clock recovery circuits generate the 12 kHz clock sig-
nals, which are phase locked to the incoming transmit and
receive data. The ASIC contains an on—chip 12 kHz clock
circuit, which phase locks to the incoming data stream by
detecting data transitions and adjusting the clock phase
until the falling edges of the clock pulses occur in sync
with the data transitions. The 12 kHz clock signals are
used on—chip to clock the 12 kBit/Sec data circuitry, and
are used externally to clock the secure hybrids and
CVSDs. The clock recovery circuits can also be confi-
gured to provide a fixed 12 kHz clock signal, for use when

encrypting.

® Phase Lock Detection (transmit and receive)

The phase lock detectors determine whether or not the
recovered clock is phase-locked to the incoming data. A
hardware count is generated by comparing incoming data
transitions to the falling clock edge. The software moni-
tors the count and determines whether or not the signal
is valid data.

® Serial-to-Parallel Conversion (transmit and receive)

The 12 kBit/Sec data is shifted into an 8-bit serial-in/pa-
rallel-out shift register by the recovered clock. After eight
bits have been shifted in, the serial-to-parallel converter
generates an interrupt to U4013. The RX_IRQ and
TX_IRQ interrupt lines are connected to the serial-to-
parallel converters in U4007, and to the input capture
ports of U4013. The software services the interrupt by
reading the serial-to-parallel register before the next bit
is shifted in. Interrupts are active high 83.3 us pulses, oc-
curring at 667 us intervals.

® Parallel-to-Serial Conversion (transmit and receive)

After the parallel data has been First-In-First-Out
(FIFO) buffered and analyzed, it is converted back into a
12 kBit/Sec data stream. During RX TRQ or TX_IRQ in-
terrupt servicing, while the serial-to-parallel converter
interrupt signal is high, the paralle!l data is automatically
loaded into an 8-bit shift register at the rising edge of the
recovered clock. The data is shifted out with each of the
next eight rising clock edges.

® Alert Tone Generation

A 750 Hz internally generated square wave can be gated
to the Key Alert Tone pin, U4007-40. It is used in encode/
decode stations to provide an audible indication of Key
Variable status and coded/clear operation to the remote
operator.

e Splatter Filter Clock Generation

A clock output is provided at U4007-50 to clock a switched
capacitor filter, which is used in the splatter filter on the
secure board. The clock frequency can be software se-
lected as either 341.3 kHz (XTAL/9) or 307.2 kHz

(XTAL/10).
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® Key Reset Generation/Protection

A key reset generator is provided to clear the encryption
hybrid key variables via a software command. To protect
against accidental resets, two monostable timers must be
activated simultaneously in order to generate a reset
pulse output at U4007-13. The reset pulse isan active high
signal, with a pulse width of 9.3 ms to 10.67 ms.

® Multi-Key Signal Multiplexing/Demutiplexing

U4007 supports up to eight key variables and hybrids in an
encode/decode station configuration. Several multiplexers
incorporated in U4007 handle the routing of the following
signals: WE, KEY, RX DATA, TX CIPHER, and TX
DATA. Three control lines are also provided to control an
external 8-bit multiplexer via U4007-51, 52, and 55. These
control an 8:1 analog multiplexer, which provides bi-direc-
tional gating for the CI_KEY line between the secure hy-
brids and a key loader.

® Alignment Mode Test Tone Generation

A 1 kHz clock can be routed to the Coded Mod output,
U4007-45, to provide a 1 kHz square wave for transmit
deviation alignment.

® Key Fail Input Buffer

The KEY inputs on U4007 allow the software to poll the
KEY/FAIL lines on the secure hybrids for a key fail status
by momentarily activating the R/T and PTT pins. The Key
Fail input buffer can be used to determine which of the
eight hybrids has lost its key.

5.1.4 Reset Circuitry

The EXPANSION RESET signal at P803-33 originates
on the SSCB. This active low signal will hold the secure
board in reset whenever the SSCB pulls it low. This signal
is used to hold all modules connected to this line in reset
for a period of time after power up, during which the
SSCB performs self diagnostics.

NOTE
The secure board does NOT generate an
EXPANSION RESET signal to reset
other modules in a system.

A RESET signal can be generated on the secure board
either by the low voltage reset circuit, or by a U4013
Computer Operating Properly (COP) reset.

To prevent erroneous writes to the on—chip EEPROM of
U4013 during power up, power down, or low voltage con-
ditions; it is essential to activate RESET whenever the
+ 5 V supply voltage drops too low. This is accomplished
by using low voltage reset generator Q4022. This PNP
transistor is normally on, pulling up the RESET line
through R4125. When the +5V line drops too low,
Q4022 will turn off and provide a passive pulldown on the

TRANSPARENT OPERATION

RESET line through R4124, This occurs when the +5V
line drops below approximately +3.5 V.

Microprocessor U4013 contains a Computer Operating
Properly (COP) timer, which will generate a reset if the
COP timer is not periodically serviced by the software.
This is to ensure that the secure board will restart execu-
tion if the program somehow loses proper sequence. The
COP circuit generates a short RESET pulse (approx. 2 E
cycles), which forces the program to restart execution at
the address indicated by the RESET vector.

The secure board contains a circuit which holds the MUX-
bus data lines inactive, to prevent any undesired writes to
the MUXbus while the software performs self-diagnos-
tics. This is implemented with the Delayed Reset Genera-
tor (DRG) circuit. U4008 is a 555-type timing device,
which triggers an active high delayed reset at U4014-46
when the RESET input goes low. Once the RESET line
is deactivated, the DRG circuit will wait for a period of
time determined by the time constant of C4092 and R4120
before deactivating the delayed reset line. The length of
the period should be about 500 ms.

$§2 LOGIC CIRCUITRY TROUBLESHOOTING

If the a failure in the secure board logic section is sus-
pected, first check the + 5V supply pins on each of the
logic devices U4007 through U4014. Next, look at the
RESET line at TP6. This line should be pulled high with
no pulses on it. A 2 ps pulse occurring every 16 ms on the
RESET line identifies a COP reset, which occurs when
the software is not functioning properly. If the reset oc-
curs continuously, EPROM U4009 may be improperly
programmed, damaged, or improperly inserted. Also look
at the DELAYED RESET line, which should be low with
no pulses on it. A properly functioning microprocessor
will drive the E line (U4013-5) with a 1.9872 MHz square
wave. Also check ASIC U4014 for proper logic levels on
all of the data bus inputs, address lines, and output latch
outputs.

If the secure board is not responding to external com-
mands such as a KEY RESET or EXTERNAL CODE
DETECT, the HSR or MUXbus communication may not
be operating properly. Verify that HSR CLK = E/2 (con-
trolled by the SSCB) and that HSR SYN is high every 40
HSR CLK cycles. Also verify that DS =station control
3105 Hz square wave, and that the address lines are being
driven. For proper operation, the address nibble BAO-
BA3 should be incremented modulo-16. The SSCB drives
both the HSR and MUXbus circuitry, therefore it is best
to check for proper connections between these two boards
and for correct jumper positions on the SSCB.

Secure ASIC U4007 functionality can be checked by ex-
amining its clock outputs. A 12 kHz square wave should
always be present at U4007-35 through -38. The 341.3
kHz (or 307.2 kHz) splatter filter clock should always be
present at pin U4007-50. If it’s not there, verify that there
is a 3.072 MHz oscillation at U4007-1 and -2. Also check
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the logic levels of the data and clock lines coming from
U4013. If valid code is present at either the RAW RX or
TX data lines and a code detect is not being generated,
make sure the interrupt signals are being generated and
routed to the microprocessor at U4013-32 and -33. The
interrupt signals are active high 83.3 ms pulses, occurring
at 667 ms intervals.

6. SOFTWARE DIAGNOSTICS

6.1 GENERAL

When the station powers-up or is reset, the SSCB holds
the secure board in reset via the Expansion Reset signal
until the SSCB finishes its diagnostic tests. When the Ex-
pansion Reset signal is deactivated, the secure firmware
begins execution at the location contained in its RESET
vector. This location is the beginning of the secure firm-
ware’s main background routine. The main background
routine is basically an endless loop, the background loop,
which calls all routines which are not interrupt-driven.
Before entering the background loop, a startup diagnos-
tics routine, named Secure_Reset_Diags_Asm (SRDA),
is called, which performs diagnostic tests of the secure
board.

NOTE

The SSCB Secure Fail LED should light
immediately upon station power-up, and
remain lit until the end of the SRDA rou-
tine. This verifies the operation of the
SSCB Secure Fail LED, and indicates that
the on-board diagnostics are in the process
of being performed.

The SRDA routine mainly performs functionality tests on
the secure board circuitry. However, before beginning the
diagnostic tests, the routine initializes some microproces-
sor registers. These registers determine the microproces-
sor’s Computer Operating Properly (COP) watchdog
time-out time, and set up the Serial Communications In-
terface (SCI) to communicate at the same baud rate and
message protocol as the other boards on the Inter-Proces-
sor Communications Bus (IPCB).

When initialization of the microprocessor has been com-
pleted, the transmit code detect (Tx CD) and receive code
detect (Rx CD) LEDs should light. This verifies operation
of the Tx CD and Rx CD LEDs, as well as providing a
progress indication for the SRDA routine.

At this point, the actual secure board diagnostic tests be-
gin. The diagnostic tests can yield a number of error condi-
tions. To identify which diagnostic test failed, the errors
are displayed via either the SSCB Secure Fail LED, or the
front panel Status display.

6.2 TYPES OF ERRORS

Two types of error classes exist: fatal and non-fatal. Fatal
errors are errors which are severe enough to prevent
proper operation of the secure board. Fatal errors will
cause the secure board to reset. Non-fatal errors are
warnings, and do not prevent operation of the secure
board. Non-fatal errors do not cause the secure board to
reset.

Failure of some of the initial diagnostics tests require that
the SSCB Secure Fail LED, as opposed to the front panel
Status display, be used for error display. The Secure Fail
LED is used because the IPCB communications links to
the SSCB and the secure board external RAM have not
yet been verified. To use the front panel display the IPCB
must be operating properly, because it is needed to send
the secure board error codes to the SSCB, and the exter-
nal RAM is needed to hold the error codes.

IMPORTANT
All failures which use the secure board
Secure Fail LED for display are fatal errors.

Those fatal errors which use the Secure Fail LED cause
the SRDA routine to call an error handler routine with a
fixed number. The error handler routine then flashes the
Secure Fail LED for that fixed number of times and then
waits, not servicing the COP timer. Since the COP timer
is not serviced, it will eventually time-out and the secure
board will reset.

Failures which use the front panel Status display may be
either fatal or non-fatal errors. In this case, when an error
is detected, the SRDA routine calls a different error han-
dling routine which writes a value, called an error code,
to a queue in RAM. Later, after IPCB operation is veri-
fied, the SRDA routine transmits the error codes, one-
by-one, to the SSCB via the IPCB.

The station control firmware reads each error code and
determines whether it is fatal or non-fatal. If the error
code is fatal, the station control firmware will display the
error code for five seconds, and then stop servicing its
COP timer. When the COP timer expires, the SSCB re-
sets, activating the Expansion Reset line. The Expansion
Reset signal, in turn, resets any board connected to it,
which includes the secure board.

IMPORTANT
The secure board does NOT reset itself for
fatal errors.

If the error code is non-fatal, the station control firmware
displays the error for five seconds, and continues to ser-
vice its COP until the next error code is received over the
IPCB. Resets do not occur for non-fatal errors.

In the case of a fatal error left uncorrected, the test which
caused the fatal error will fail again. The same error will
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be displayed, and the firmware will reset again. This se-
quence will continue until the failure is corrected.

6.3 TYPES OF TESTS

The SRDA routine checks two major sections of the
secure board, the digital circuitry and the audio circuitry.
Internal digital diagnostic tests are performed first,
followed by external digital diagnostic tests, followed by
audio diagnostic tests. Internal digital diagnostic tests re-
fer to tests which verify the operation of the secure board
digital circuitry as stand-alone hardware. These tests only
run when the secure board is reset.

External digital diagnostic tests verify the operation of the
secure board digital circuitry as part of the overall station
control tray. The external digital diagnostic tests are not
performed if the secure board has reset itself. This is to
prevent the secure board from adversely affecting station
operation while going through those external digital diag-
nostic tests.

Finally, the audio diagnostic tests verify operation of the
secure board audio circuitry. These tests are also not per-
formed if the secure board has reset itself, because they
also could affect station operation.

7. INTERNAL DIGITAL DIAGNOSTICS

7.1 EXTERNAL RAM TEST

The first digital diagnostic self-test performs a high and
low toggle on each of the eight bits in every byte of the ex-
ternal RAM. After each RAM byte is checked, it iscleared
to all zeros (lows) so that all RAM bytes are initially clear.
If any external RAM byte fails this test, the SRDA routine
calls the LED-Flashing error handler routine, which uses
the secure board Secure Fail LED as the error display.
The Secure Fail LED flashes four times as a result of this
error, and the secure board resets because the error han-
dling routine does not return, and does not service the
COP.

72 INTERRUPT TEST

The next test verifies that the RX_IRQ (Input Capture 1
Interrupt) and TX_IRQ (Input Capture 2 Interrupt) are
working. The RX_IRQ interrupt is the result of eight 12
kBit/sec data bits having been clocked into the receive ser-
ial-to-parallel converter of secure ASIC U4007. This in-
terrupt, when enabled, will occur approximately every 667
us (8 bits @ 12 kBit/Sec = 667 us). It serves both to initi-
ate operation of the receive code detector and to update
the secure software system timer; and also polls the Syn-
chronous Communications Interface (SCI) interrupt to
see if any Inter-Processor Communications Bus (IPCB)
activity exists.

TRANSPARENT OPERATION

The TX_IRQ interrupt is the result of eight 12 kBit data
bits having been clocked into the transmit serial-to-paral-
lel converter of secure ASIC U4007. This interrupt, which
also occurs approximately every 667 ps, initiates operation
of the transmit code detector and also allows the MUXbus
to be read.

NOTE

The secure board does not write to the
MUXbus because of timing restrictions.

If either of the two interrupts fail, the SRDA routine calls
the LED-Flashing error handler routine, causing the Se-
cure Fail LED to flash two times.

7.3 INTERNAL RAM TEST

The next test performs a high and low toggle on each of
the eight bits in every byte of the on-chip RAM in micro-
processor U4013. After each RAM byte is checked, it is
cleared toall zeros (lows) so that all RAM bytes are initial-
ly clear. If any byte fails to pass this test, the SRDA routine
writes a fatal error code to the error queue in external
RAM.

IMPORTANT
For this test, and all following tests (with the
exception of the IPCB test), the SRDA rou-
tine can put error codes into the queue be-
cause the external RAM has passed its test.

7.4 MICROPROCESSOR CONFIGURATION TEST

The next test the SRDA routine makes checks to see how
the microprocessor is configured, i.e., examines what is
contained in its CONFIG register. If the CONFIG regis-
ter is not set up as desired, a check is made to determine
if the CONFIG register can be corrected without erasing
it. If so, the SRDA routine makes the correction and
writes a fatal error to the error queue.

If the CONFIG register must be erased in order to correct
it, the SRDA routine erases it, which erases the entire in-
ternal EEPROM, and then reprograms the CONFIG reg-
ister with the desired features. After making the correc-
tion, the SRDA routine writes a fatal error to the error
queue. Erasing the CONFIG register will cause the entire
internal EEPROM, which is the codeplug, to be erased.

As with all fatal error codes placed into the error queue,
the CONFIG re-programmed errors cause the SSCB mi-
croprocessor COP timer to time-out, which activates the
Expansion Reset signal, causing the secure board to go
through a reset cycle. Going through a reset cycle causes
the SRDA routine to be executed again. However, this
test is somewhat different, because the SRDA routine had
previously made a correction before writing a fatal error
code to the error queue. Therefore, upon returning to this
part of the routine, the CONFIG register should be cor-
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rect and the firmware should not fail this test again. If the
internal EEPROM was erased, the secure firmware will
get caught in a fatal error loop due to some other error.

7.5 CHECKSUM TEST

The next SRDA routine calculates the single-byte-add
checksum of the secure firmware. If this calculated check-
sum does not match the value stored in the secure firm-
ware, the SRDA routine writes a fatal error to the error
queue.

7.6 ASIC TESTS

7.6.1 Secure ASIC U4007 Tests

The next section of the SRDA routine performs tests on
Secure ASIC U4007. These tests perform operational ex-
aminations of the serial-to—parallel and parallel-to-serial
converter circuits and the phase lock detector circuits.

7.6.1.1 PARALLEL-TO-SERIAL and SERIAL-TO-
PARALLEL CONVERTER TESTS

In these tests, both the transmit and receive parallel-to-
serial converters are loaded with known values. After a
period of time long enough to allow those bits to be shifted
from the parallel-to-serial converter into the serial-to—
parallel converter, the data is read from the correspond-
ing serial-to-parallel converter.

If the value read from the serial-to-parallel converter
does not match the value originally put into the parallel-
to-serial converter, the test hasfailed. The SRDA routine
then writes a fatal error to the error queue, for whichever
parallel to serial/serial to parallel converter combination
failed. The same test is then performed using an inverted
version of the known value written into the parallel-to—
serial converters.

7.6.12 PHASE LOCK DETECTOR TESTS

The next test performed is to check the operation of the
receive and transmit phase lock detector circuits. These
tests verify correct operation of the phase lock detector
circuits for a variety of conditions. For example, the phase
lock detector circuitsare tested to verify that a known data
input causes their counters to count up to a known value
(within some range). The phase lock detector circuits are
also tested to insure that a count is NOT produced with-
out input data present.

In the process of these tests, the operation of the control
lines for the phase lock detector circuits is verified. If the
phase lock detector circuits fail any of these tests, the
SRDA routine writes a fatal error to the error queue for
the failed phase lock detector circuit(s).

7.62 Standard ASIC U4014 Tests

After all secure ASIC tests are complete, the SRDA rou-
tine tests standard ASIC U4014. During the first standard
ASIC tests, since internal testing is being performed,
U4014 is put into an internal test mode. For the ASIC, in-
ternal mode means that the U4014 is tested by the SRDA
routine as a stand-alone device. That is, all outputs are
looped back to the inputs. Later, if the external diagnos-
tics section of the SRDA routine is executed, the U4014
is tested as part of the overall station control tray.

7.62.1 OUTPUT LATCH TEST

The first test performed on U4014 is verification of its out-
put latches. Known data is written to the output latches,
then the corresponding loopback input buffers are read.
If the output latches and input buffers do not agree, the
SRDA routine writes a fatal error to the error queue.

7.622 MUXbus TESTS

The next test of U4014 examines the MUXbus circuitry.
Since the secure firmware cannot write to the MUXbus
due to timing restrictions, only the read portion of the
hardware is tested. First, the Data Strobe line is checked.
While checking for Data Strobe, the SRDA routine also
verifies that Os can be read at all MUXbus addresses. If
that test passes, the SRDA routine verifies that 1s can be
read at all MUXbus addresses. These tests verify opera-
tion of the MUXbus data and address lines. If any of these
tests fail, the SRDA routine writes a fatal error to the er-
ror queue.

7.62.3 HIGH SPEED RING TESTS

The next U4014 tests are associated with the High Speed
Ring (HSR) signal. The first HSR test performed is an op-
erational check of the ring synchronization and ring clock
lines. Two watchdog bits in U4014 hardware (one for ring
sync and one for ring clock) are read to determine if the
ring sync and ring clock signals are operating properly.

Next, the SRDA routine writes data to only the secure
portion of the HSR signal. Then it reads all portions of the
HSR signal. If the data read from the secure portion does
not match what was written, or if the SSCB and the TTRC
portions of the signal are not zero, the result is an HSR
signal failure.

NOTE
Since the secure board is in its internal test
mode, it should be disconnected from the
HSR signalling ring. Therefore neither the
SSCB nor the TTRC boards should be able
to write to their portions of the HSR sig-
nal.
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Next, an inverted version of the data is written to the
secure portion of the HSR signal, and the same test is per-
formed again. If any of these HSR signal tests fail, the
SRDA routine writes a fatal error to the error queue.

7.7 PARAMETER TESTS

The next section of the SRDA routine compares various
parameters between the secure codeplug and the secure
firmware.

® Module ID - If the Module ID stored in the codeplug
is not the same as the Module ID stored in the firm-
ware, the SRDA routine writes a fatal error to the er-
ror queue.

® Codeplug Version - If the codeplug version is not the
same as the firmware version, the SRDA routine
writes a fatal error to the error queue.

® Checksum - The SRDA routine calculates the single-
byte-add checksum of the secure codeplug. If this cal-
culated checksum does not match the value stored in
the secure codeplug, a fatal error is written to the error
queue.

7.8 EEPROM TESTS

The next section of the SRDA routine checks to deter-
mine if a reset occurred during an EEPROM update. The
proper sequence of events that should occur while updat-
ing the EEPROM is as follows. An image of the EE-
PROM is always kept in RAM. If a user modifies that
RAM copy, and wishes to make it permanent by writing
it to the EEPROM, the user must issue a write-EE-
PROM-from-RAM command, via the IPCB. That com-
mand causes the firmware to erase the entire EEPROM,
causing all bytes to be set to hexadecimal value FF.

After erasing the EEPROM, the firmware begins copying
the modified RAM image to the EEPROM, byte-by-byte.
The copying process can take up to 15 seconds. One byte
at the beginning of EEPROM is used as the check byte,
which is used to determine if all of the RAM image has
been copied to the EEPROM. This byte, which is set to
FF by the erase, is set to 00 only after all bytes have been
copied from the RAM image to the EEPROM.

If a reset occurs before this update is completed, this byte
will be FF and the SRDA routine will know that the EE-
PROM is corrupted. A fatal error is then written to the
error queue.

A similar check is made on the user-area section of the
EEPROM to insure that it was not being updated when
a reset occurred. However, since the secure firmware
does not use the user-area for any storage, this fatal error
should never occur.

8. EXTERNAL DIGITAL DIAGNOSTICS

8.1 WAKE-UP MESSAGE TEST

At this point, the internal digital diagnostics are completed,
and the SRDA routine may begin the external digital diag-
nostics and audio diagnostics. In order to determine whether
the external tests are to be performed or not, the secure
firmware must receive a wake-up message from the SSCB,
via the IPCB. However, two conditions can cause the secure
firmware to wait before it begins looking for the wake-up
message. The conditions are an active access disable signal
and the receipt of a shut-up message from the SSCB.

The access disable signal could be active if any board in the
station control tray failed its audio tests and the user, want-
ing to troubleshoot the board, activated the Acc Dis switch
on the SSCB front panel. The shut-up message comes from
the SSCB if any portion of the station control tray EE-
PROM is being updated. Any activity which could affect an
EEPROM update is therefore inhibited. The shut-up mes-
sage can be cleared only by resetting the SSCB.

When the access disable signal is inactive and a shut-up
message has not been received, the secure firmware begins
looking for a wake-up message. The receipt of this message
tells the secure firmware to execute its external digital diag-
nostic tests. If the wakeup message is not immediately pres-
ent, the secure board will start a ten second time-out timer,
and wait for the wake-up message. The wake-up time-out
period allows the SSCB and TTRC modules to finish their
external digital diagnostic tests. During the wake-up mes-
sage time-out time, EEPROM operations are enabled, al-
lowing EEPROM updates. Therefore, if a shut-up message
is received, the wake-up time-out timer is halted. The timer
is also halted if the access disable signal is activated during
that time.

If the wake-up message does not occur within the wake-up
time-out time, the SRDA routine writes a non-fatal error
to the error queue, and the external digital diagnostic tests
are bypassed. The non-fatal error indicates that the secure
board was most likely reset without Expansion Reset being
activated..

IMPORTANT
Whether or not the secure firmware re-
ceives the wake-up message, the Rx CD
LED is then turned off, indicating that the
secure board has finished its internal digi-
tal tests.

8.2 MUXbus TEST

The first external digital diagnostic test verifies operation
of the MUXbus circuitry. The test will be performed only
if the secure firmware has received a wake-up message
from the SSCB. The reason for this is that the MUXbus
should not be manipulated by this test if the secure board
has reset.
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The tests performed on the MUXbus at this point are
identical to the previous internal MUXbus tests (refer to
paragraph 7.6.2.2), but now the MUXbus circuitry is inter-
acting with the master MUXbus circuit on the SSCB, and
any other slave MUXbus circuits on other boards. If any
of the MUXbus tests described previously fail, the SRDA
routine writes a fatal error to the error queue.

8.3 HIGH SPEED RING TESTS

The HSR test is also performed only if the secure firm-
ware has received a wake-up message from the SSCB.
The tests performed on the HSR at this point are identical
to the previous internal HSR tests (refer to paragraph
7.6.2.3), but now the HSR circuitry is interacting with the
master HSR circuit on the SSCB, and any other slave
HSR circuits on other boards. If any of the HSR tests de-
scribed previously fail, the SRDA routine writes a fatal er-
ror to the error queue.

8.4 IPCB TEST

Up to this point, all errors have been entered into an error
queue, with the intention of sending them to the SSCB,
via the IPCB. When the SSCB receives the errors, it will
display them one-by-one on the SSCB front panel Status
display. If the IPCB is not working, errors from the secure
board cannot be displayed. Therefore, the next test veri-
fies operation of the IPCB by sending a known IPCB mes-
sage to the SSCB. If it does not respond, or does not re-
spond with the expected response, the SRDA routine calls
the LED-flashing error handler routine, causing the Se-
cure Fail LED to flash 6 times.

Once IPCB operation is verified between the secure
board and the SSCB, the secure board can send its errors,
via the IPCB, for display on the SSCB front panel Status
display. Since most errors up to this point have been fatal
errors, the first error code received by the SSCB will most
likely be fatal and cause the SSCB to reset. If it does reset,
no further errors will be displayed.

NOTE
The IPCB test is the final external digital
diagnostic test.

9. AUDIO DIAGNOSTICS

9.1 GENERAL

The next SRDA tests check the operation of the secure
board audio paths. They are performed only if the secure
firmware has received a wake-up message from the
SSCB. This insures that a secure board which has reset by
itself does not interfere with a normal operating station.

Before beginning the audio diagnostics, the analog-to-
digital (A-to-D) converters of the microprocessor are

checked to verify that they are operational. If any of the
A-to-D converters fail, the SRDA routine immediately
sends a non-fatal error to the SSCB for display. Since the
IPCB has passed its examination when it reaches this
point; for this test and the following audio diagnostic tests
the SRDA routine no longer needs to put its errors into
a queue. Instead, the errors can be immediately sent to
the SSCB for Status display.

During this test, and the following audio diagnostic tests,
once the error (always non-fatal) is displayed, the user
will have two seconds to activate the Acc Dis switch on the
SSCB front panel. If the Acc Dis switch is activated within
that time, the current diagnostic conditions will freeze, al-
lowing the user to troubleshoot the failed circuit. Freezing
the current diagnostic test may be desirable because it al-
lows audio gating, which may not be possible in normal op-
eration. If the operator misses the time to activate the
switch, the station can be reset with the SSCB Reset
switch, and the user can then wait until the failed diagnos-
tic test is executed again.

NOTE
If any of the following audio tests fails, four
seconds are allowed before the reset test,
in order to give the SSCB enough time to
display the error.

92 ALERT TONE GENERATOR TEST

The first audio circuit checked is the alert tone generator
circuit. If a 750 Hz tone is not present at the appropriate
A-to-D converter when the tone is enabled, or if the 750
Hz tone is present at the A~to~-D converter when the tone
is disabled, the SRDA routine sends a non-fatal error to
the SSCB for display.

9.3 MODULATOR PATH TEST

The next audio circuit tested is the modulator path going
to SSCB connector P803. For this test, a 1 kHz test tone
from secure ASIC U4007 is enabled, but initially is not
gated to the corresponding A-to-D converter. If the test
tone is present at the A-to-D converter, the SRDA rou-
tine sends a non-fatal error to the SSCB for display. Next,
the test tone is gated to the A-to-D converter. If the test
tone is not present at the A-to-D converter, the SRDA
routine sends a different non-fatal error to the SSCB for
display.

9.4 RECEIVE PATH TEST

The next audio circuit to be tested is the receive wireline
path going to SSCB connector P803. An EOM is gener-
ated by the SRDA routine, and gated to an A-to-D con-
verter. If the EOM is not present at the A-to-D conver-
ter, the SRDA routine sends a non-fatal error to the
SSCB for display. Next, the CODED_GATE signal on the
secure board is disabled. If the EOM is present at the
A-to-D converter, the SRDA routine sends a different
non-fatal error to the SSCB for display.
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NOTE
The receive path test is the final audio
diagnostic test.

10. SECURE MODULE ENABLING

After performing the audio diagnostics, the SRDA rou-
tine is finished with all of its testing. To provide the user
with an indication of this, the version number of the se-
cure firmware is transmitted to the SSCB, via the IPCB,
for display.

Next, the secure board output latches are initialized, and
the various parameters for secure data detection are
loaded into RAM from the codeplug. The two secure
board interrupts, RX_IRQ and TX_IRQ, are then en-
abled, and other variables are initialized.

At this time, the Tx CD LED is turned off, to indicate to
the user that the SRDA routine has completed all of its
tests and that the secure firmware is ready to begin execu-
tion of its background routines. The SRDA routine, if pro-
vided a wake-up message as described in paragraph 9.1,
now waits to receive a background enable message from
the SSCB, via the IPCB. When the background enable oc-
curs, the SRDA routine begins execution of the station

TRANSPARENT OPERATION

background routines. A time-out timer is NOT used while
waiting for the background-enable message.

Requiring a background-enable message prevents the
secure firmware from executing its background routines
before other remote boards have completed their diag-
nostics. It is necessary to prevent this condition, because
the execution of the background routines by one board
while other boards are still in their diagnostic mode could
cause spurious failures of some of the diagnostic tests, due
to manipulation of the MUXbus, HSR, and IPCB signals
and/or messages.

If the secure firmware did not receive the wake-up mes-
sage earlier in the routine, it is assumed that the secure
firmware reset on its own, and therefore should not wait
for a background-enable message from the SSCB. In this
case, the secure firmware immediately begins execution
of the station background routines.

NOTE
Before beginning execution of the station
background routines, the SSCB Secure
Fail LED is turned off, indicated that the
secure firmware is executing the station
background routines.

Table 3. Secure Board Jumpers
Jumper Number Description Normal Position Alternate Position
JU4002 Remote Key Reset Disabled Enabled
JU4003 MRTI audio no MRTI audio MRTI audio
JU4004 Receive Equalizer Filter Filter in Filter out
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TRANSPARENT OPERATION

TRN9999A Secure Board PL-11219-B
~ REFERENCE PART
SYMBOL NUMBER DESCRIPTION
capacitor, fixed
C4001, C4002 2113741B69 0.1 uF, 5%; 50V
C4003 2113740874 1200 pF, +5%; 50V
C4004 2113740880 2200 pF, +5%; 50V
C4005 2113741869 0.1 uF, £5%; 50V
C4006 2113740861 330 pF, +5%; 50V
C4007 thru 4014 2113741869 0.1 uF, £5%; 50V
C4015 2113740B73 1000 pF, £5%; 50V
C4016 0811017A06 470 pF, +5%; 50V
- C4017 0811017A07 6800 pF, +5%; 50V
C4018 0811051A09 0.022 uF, +5%; 63V
C4019 2113741B69 0.1 uF, £5%; 50V
C4020 0811017A06 470 pF, +5%; 50V
’ C4021, C4022 2113740834 24 pF, £5%; 50V
C4023 2313748G13 22 uF, +20%; 25V
C4024 thru 4027 2113741869 0.1 uF, +5%; 50V
C4028 2113740B49 100 pF, +5%; 50V
C4029 2113741869 0.1 uF, £5%; 50V
C4030 0811051A09 0.022 uF, £5%; 63V
C4031 2311049A19 10 UF, £10%; 25V
C4032 2113740849 100 pF, +5%; 50V
C4033 2113741869 0.1 uF, £5%; 50V
C4034, C4035 0811051A08 0.015 UF, +5%; 63V
C4036 2311049A08 1 uF, £10%; 35V
C4037 0811051A10 0.033 uF, +5%; 63V
C4038 2113741869 0.1 UF, £5%; 50V
C4040,4041 2113740880 2200 pF, +5%; 50V
C4042 2313748G13 22 UF, £20%; 25V
C4043 2113741B69 0.1 uF, £5%; 50V
C4044, C4045 0811051A08 0.015 uF, +5%; 63V
C4046 thru 4048 2311049A08 1 uF, £10%; 35V
C4050, C4051 2311049A08 1 uF, £10%; 35V
C4052, C4053 0811051A09 0.022 uF, +5%; 63V
C4054, C4055 2113741B69 0.1 UF, +5%; 50V
C4056, C4057 2113741845 0.01 UF, +5%; 50V
C4058 2113740873 1000 pF, +5%; 50V
C4059 2311049A08 1 uF, £10%; 35V
C4060 2113740B73 1000 pF, +5%; 50V
C4061 2113740849 100 pF, +5%; 50V
C4062 0811051A23 0.056 UF, £5%; 1V
C4063 2311049A08 1 uF, £10%,; 35V
C4064 2113740880 2200 pF, £5%; 50V
C4065 2113740849 100 pF, £5%; 50V
C4066 2113740861 330 pF, +5%; 50V
C4067, C4068 2113741B45 0.01 uF, £5%; 50V
. C4069 0811017A05 3300 pF, +5%; 50V
C4070 0811051A10 0.033 uF, %5%; 63V
C4071 0811017A06 470 pF, +5%; 50V
C4072 2113741869 0.1 uF, +5%; 50V
- C4073 2311049A08 1UF, £10%; 35V
C4074 2113740880 2200 pF, +5%; 50V
C4075 0811017A07 6800 pF, +5%; 50V
C4076 2113741869 0.1 uF, £5%; 50V
C4077 2113740849 100 pF, +5%; 50V
C4078 2311049A19 10 UF, £10%; 25V
C4079 2113740849 100 pF, £5%; 50V
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TRN9999A Secure Board PL-11219-B

" REFERENCE PART
SYMBOL NUMBER DESCRIPTION
capacitor, fixed: (cont.)
C4080 2113741B69 0.1 uF, £5%; 50V
C4081 2311049A19 10 uF, £10%; 25V
C4082 2313748G13 22 uF, £20%; 25V
C4084 thru 4090  2113741B69 0.1 uF, £5%; 50V
C4091 2113741B45 0.01 uF, =5%; 50V
C4092 2311049A08 1uF, £10%; 35V
C4093 thru 4097  2113741B69 0.1 uF, £5%; 50V
C4099, C4100 2113740B34 24 pF, £5%; 50V
C4101, C4102 2113741869 0.1 UF, £5%; 50V -
C4103 2311049A08 1 uF, £10%; 35V
C4104, C4105 2113741B689 0.1 uF, £5%; 50V
C4110 thru 4114 2113740B49 100 pF, £5%; 50V
diode: (see note) v
CR4004 thru 4019 4805129M41 silicon
light emitting diode: (see note)
DS4001 4888245C24 red
DS4002, DS4003  4888245C23 yellow
connector:
J4001 2882041P01 plug: 6-contact
connector:
P803 - - plug: 40-contact (p/o Cable Assem-
bly 3083139N23)
jumper:
JU4002 thru 4004 2880002R03 plug: 3-contact
transistor: (see note)
Q4001 thru 4010  4811056A03 NPN
Q4011 4811056A08 PNP
Q4012 thru 4021  4811056A03 NPN
Q4022 4811056A08 PNP
Q4024 4811056A08 PNP
resistor, fixed:
R4001 0611077807 22K, £5%; 1/8W
R4002 0611077A74 1K, £5%; 1/8W
R4003 0611077A92 56K, £5%; 1/8W
R4004 0611077805 18K, £5%; 1/8W
R4005 0611077A96 82K, £5%; 1/8W
R4006 0611077A50 100 ohms, +5%; 1/8W
R4007 0611077A98 10K, £5%; 1/8W
R4008 0611077803 15K, £5%; 1/8W
R4009 thru 4016  0611077A98 10K, £5%; 1/8W
R4017 0611077A92 56K, £5%; 1/8W
R4018 0611077831 220K, +£5%; 1/8W
R4019 0611077803 15K, £5%; 1/8W
R4020 0611077807 22K, £5%; 1/8W
R4021 0611077A92 56K, £5%; 1/8W .
R4022 0611077B23 100K, £5%; 1/8W
R4023 0611077A94 6.8K, £5%; 1/8W
R4024 0611077847 1 meg, £5%; 1/8W
R4025 0611077B11 33K, £5%; 1/8W ~
R4026 0611077831 220K, +5%; 1/8W
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TRANSPARENT OPERATION

TRN9999A Secure Board PL-11219-B
~ REFERENCE PART
SYMBOL NUMBER DESCRIPTION
resistor, fixed: (cont.)
R4027 0611077807 22K, £5%; 1/8W
R4028 0611077A98 10K, £5%; 1/8W
R4029 0611077A92 5.6K, £5%; 1/8W
R4030 0611077807 22K, £5%; 1/8W
R4031 0611077A91 5.1K, £5%; 1/8W
R4032 0611077A98 10K, £5%; 1/8W
R4033 0611077803 15K, =5%; 1/8W
R4034 0611077B15 47K, £5%; 1/8W
- R4035 0611077807 22K, +5%; 1/8W
R4036 0611077A50 100 ohms, £5%; 1/8W
R4037 0611077807 22K, +5%; 1/8W
R4038 0611077A98 10K, +5%; 1/8W
» R4039 0611077A82 2.2K, £5%; 1/8W
R4040, R4041 0611077A98 10K, £5%; 1/8W
R4042, R4043 0611077831 220K, +5%; 1/8W
R4044 0611077A82 2.2K, £5%; 1/8W
R4045 0611077B15 47K, £5%; 1/8W
R4046 thru 4050 0611077B39 470K, +5%; 1/8W
R4051 0611077B13 39K, £5%; 1/8W
R4052 0611077B39 470K, +5%; 1/8W
R4053 0611077813 39K, £5%; 1/8W
R4054 0611077A98 10K, +5%; 1/8W
R4060 0611077839 470K, £5%; 1/8W
R4061, R4062 0611077A94 6.8K, +5%; 1/8W
R4063, R4064 0611077B09 27K, +5%; 1/8W
R4065, R4066 0611077B25 120K, +5%; 1/8W
R4067 0611077A74 1K, £5%; 1/8W
R4068 0611077B15 47K, +5%; 1/8W
R4069 0611077802 13K, +5%; 1/8W
‘ R4070 0611077A98 10K, £5%; 1/8W
R4071 0611077A92 5.6K, +5%; 1/8W
R4072 0611077807 22K, +5%; 1/8W
R4073 0611077B39 470K, +5%; 1/8W
R4074 0611077A88 39K, £5%; 1/8W
R4075 0611077803 15K, £5%; 1/8W
R4076, R4077 0611077B15 47K, £5%; 1/8W
R4078 0611077807 22K, £5%; 1/8W
R4079 0611077A74 1K, £5%; 1/8W
R4080 0611077B15 47K, £5%; 1/8W
R4081 0611077802 13K, £5%; 1/8W
R4082 0611077A82 2.2K, £5%; 1/8W
R4083, R4084 0611077A92 5.6K, £5%; 1/8W
R4085 0611077B15 47K, £5%; 1/8W
R4086 0611077B23 100K, +5%; 1/8W
. R4087 0611077B05 18K, £5%; 1/8W
R4088 0611077B15 47K, £5%; 1/8W
R4089 0611077B23 100K, +5%; 1/8W
R4090 0611077A96 8.2K, £5%; 1/8W
- R4091 0611077823 100K, £5%; 1/8W
R4092 0611077B15 47K, £5%; 1/8W
R4093 0611077B09 27K, +5%; 1/8W
R4094 0611077A26 10 ohms, +5%; 1/8W
R4095, R4096 0611077B15 47K, £5%; 1/8W
R4097 0611077B09 27K, +5%; 1/8W
R4098 0611077A78 1.5K, +5%; 1/8W
R4099 0611077B10 30K, £5%; 1/8W
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TRN9999A Secure Board PL-11219-B
~REFERENCE PART
SYMBOL NUMBER DESCRIPTION
resistor, fixed: (cont.)
R4100 0611077A78 1.5K, £5%; 1/8W
R4101 0611077B13 39K, +5%; 1/8W
R4102 0611077801 12K, £5%; 1/8W
R4103 0611077A92 5.6K, £5%; 1/8W
R4104 0611077808 24K, £5%; 1/8W
R4105 0611077B09 27K, =5%; 1/8W
R4106, R4107 0611077A98 10K, =5%; 1/8W
R4108, R4109 0611077B09 27K, £5%; 1/8W
R4110 0611077A92 56K, £5%; 1/8W
R4111 0611077809 27K, £5%; 1/8W
R4112 0611077A50 100 ohms, +5%; 1/8W
R4113 thru 4115  0611077A54 150 ohms, +5%; 1/8W
R4116 0611077A91 5.1K, £5%; 1/8W
R4117, R4118 0611077A82 2.2K, £5%; 1/8W
R4119 0611077A98 10K, £5%; 1/8W
R4120 0611077839 470K, £5%; 1/8W
R4121, R4122 0611077A98 10K, £5%; 1/8W
R4124 0611077A98 10K, +5%; 1/8W
R4125 0611077A88 39K, £5%; 1/8W
R4126 0611077A50 100 ohms, +5%; 1/8W
R4127 0611077A74 1K, £5%; 1/8W
R4128 0611077847 1 meg, +5%; 1/8W
R4129 0611077A98 10K, +5%; 1/8W
R4130 0611077B09 27K, £5%; 1/8W
R4132 0611077A98 10K, =5%; 1/8W
R4134 0611077807 2K, £5%; 1/8W
R4135 0611077B19 68K, 5%, 1/8W
R4136 0611077A98 10K, +5%; 1/8W
R4138, R4139 0611077A98 10K, +5%; 1/8W
R4140 0611077B09 27K, £5%; 1/8W
R4141, R4142 0611077B23 100K, +5%; 1/8W
R4144 0611077823 100K, £5%; 1/8W
test point:
TP1 thru TP3 2910271A15 terminal pin
TP5 thru TP9 2910271A15 terminal pin
integrated circuit: (see note)
U4002 thru 4004  5113819D04 type MC3303P
U4007 5184494R04 ASIC Encryption
U4008 5184320A35 Timer
U4010 5184944N51 RAM 8Kx8 Bit
U4011, U4012 5184704M19 Shift Hex Level Log Level Control
U4013 5113802A01 A/D w/Switch Control Interface
U4014 5184434R03 ASIC Station Control
U4015, U4016 5184887K73 Quad Bilateral Switch
U4018 5182802R24 Digitally Controlled 50K Potentiometer
U4019 5183977M42 Capacitor Switched Filter
U4020 5182802R24 Digitally Controlled 50K Potentiometer
U4021 5184887K26 Analog Mux/Demux
voltage regulator: (see note)
VR4001 4811058A04 Zener 6V
VR4002 4882256C26 Zener 3.3V
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TRANSPARENT OPERATION

TRN9999A Secure Board PL-11219-B
REFERENCE PART
SYMBOL NUMBER DESCRIPTION
voltage regulator: (see note)(cont.)
VR4003 4811058A04 Zener 6V
crystal: (see note)
Y4001 4880113K04 7.948 MHZ
Y4002 4882611M12 oscillator: 3.072 MHZ
non-referenced items:
0980082P05 SOCKET, IC: 18-contact (2 used with
U4005 & U4006)
0982449701 SOCKET, IC: 52-contact (used with
U4013)
0982449703 SOCKET, IC: 84-contact (2 used with
U4007 & U4014)
0982483T01 SOCKET, IC: 18-contact (4 used with
HY4001 thru HY4004)
0982483T02 SOCKET, IC: 16-contact (4 used with
HT4001 thru HT4004)
0982808R10 SOCKET, IC: 28-contact (used with
U4009)
0983662T01 SOCKET, contact (3 used)
0984181L01 SHORTING JUMPER: 2-contact (3
used with JU4002 thru JU4004)
3083139N23 CABLE ASSEMBLY, flat, 40-conduc-
tor: includes connector P803
4380054K01 SPACER, pcb support (4 used)
5483865R01 LABEL, bar code: 1/4” wide, white
5484960T01 LABEL, bar code: 6.3x12.7MM, white
7505295801 PAD, crystal (2 used with Y4001 &

Y4002)

NOTE:For optimum performance, diodes, transistors, and integrated circuits must
be ordered by Motorola part number.
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