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DESCRIPTION

System Module 19D902590G1, G2 contains all audio
processing and control circuitry for the Control Shelf.
The audio processing and routing is done using analog
circuitry. The control circuitry utilizes high speed digital
components, and includes a microprocessor.

System Module 19D902590G2 is a 19D902590G1
System Module with a "piggyback" Digital Signal Proces-
sor (DSP) board (19D9028667G1) that is required for
all tone remote operations. The DSP board is also
required for other tone detection and generation func-
tions. Due to the high speed digital circuitry, the System
Module is housed in an RFI and EMI shield.

Supply voltages for the System Module, and DSP
board if used, are generated by the Power Module, and
applied to the System Module through the backplane.
All audio and control signals are routed to the System
Module through the 96-pin DIN connectors on the
backplane board.

CIRCUIT ANALYSIS

SYSTEM BOARD

Clock Circuitry

The 14.7456MHz clock drive for the System
Module’s digital circuitry is derived from a gate oscil-
lator circuit comprised of U21C, U21D, Y1 and as-

U21C in the linear mode during power-up for reliable
clock start-up. R111 and C3 provide AC and DC drive
to crystal Y1. U21D buffers the clock signal, and Q11
and Q12 are provided to allow the microprocessor (U1)
to adjust the clock frequency.

When the microprocessor pulls P4.5 (pin 60) low,
Q11 and Q12 are turned on. Capacitors C52 and C53
are then switched into the circuit, changing the capaci-
tive loading on the crystal Y1. This caused the oscillation
frequency to change approximately 300 ppm.

Reset and Watchdog Timer

The System Module contains a power-on/manual
reset circuit to initialize the programmed code and
hardware devices on the board. The reset circuitry
consists of U19. This IC monitors the +5V line, and
outputs a low-going pulse on U19 pin 15 as well as a
high-going pulse on U19 pin 16 when the voltage on the
+5V is below +4.5V. Manual reset is also possible by
pulling the reset line on J1-18C low. This is ac-
complished through reset switch S1 on the Power
module.

U19 also provides a watchdog timer. The micro-
processor must pulse pin 11 of U19 periodically or U19
will generate a reset. The microprocessor pulses the
watchdog timer using pin U140.

The reset pulse is applied to microprocessor Ul, to
the PPI U34, and to the Backplane Board on J1-18C.

—



LBI-38639

Address Latch

The main controller on the System Module is the
80C152]B microcomputer (Ul). The microcomputer
obtains its instructions from the program stored in
PROM U4. This can be either a 32k-byte or 64k-byte
device.

The lower eight bits of the address from the micro-
computer multiplex between address and data. A
74HC378 address latch (U2) is used to latch the address
from the microcomputer using the microcomputer’s
ALE signal (U1-55). The upper eight bits of the address
contain only address information, and is applied direct-

ly to all devices needing these additional address lines.

Address Decoding

A 74HC138, one-of-eight de-multiplexer (U3) is used
for address decoding. The three most significant bits of
the address bus (A13, A14, and A15) are used to select
one of eight, 8k-byte blocks of data (non-program) mem-

ory.

The microprocessor’s PSEN output signal at U1-54
is used to disable demultiplexer U3, causing all of its
eight select outputs to go high so only the program
PROM U4 will be selected during accesses of program
memory. This prevents bus contention on the AD lines.
The following devices are mapped to an 8k-byte block
of data memory:

US-15 0000-1FFFH EEPROM (U6)

US-14 2000-3FFFH RAM (U5)

US-13 4000-5FFFH  Digital Signal Processor

U312 6000-7FFFH  Input/Output Latches
(U7, U25)

U311 8000-9FFFH  82C54 Counter Timer
(U29)

US-10 AOO0-BFFFH 82C55 Programmable
Peripheral Interface (U34)

U309 CO00-DFFFH not used

U307 EOO0FFFFH not used

Pro ata Memo

Three memory components are included in the Sys-
tem Module: a UVEPROM (U4), a static RAM (U5), and
an EEPROM (U6). The microprocessor can address two
64-kbyte memory segments; the program memory and
data memory. The program memory is stored in
UVEPROM U4 and is selected by a low going pulse on
the microprocessor’s PSEN output (U1-54).
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The low going pulse on the PSEN output disables
access to any data memory by disabling address decoder
US. This disables all chip selects to devices mapped to
data memory locations. (Refer to the Address Decoding
section for more information on devices mapped into
the data memory space.)

The microprocessor executes program instructions
fetched from the UVEPROM U4. The microprocessor
outputs the program address on ADO-7 and A8-15. The
address latch latches the address on ADO-7 when ALE
goes high. The UVEPROM inputs the 16-bit address and
outputs the eightbit instruction found at the input
address on the ADO-7 lines when PSEN goes low.

Data memory is stored in static RAM U5. Data can
be written to, and read from this device. However, all
data is lost at power off. The RAM inputs the latched
address output by the microprocessor when its chip
enable input (U5-20) from address decoder U3 is low. If
the RAM’s OE input (U5-22) goes low, then data con-
tained in the RAM at the input address is output to the
microprocessor on the ADO-7 lines. If the RAM’s WE
input (U5-27) goes low, then data on ADO-7 is stored in
the RAM at the input address.

Personality information is stores in EEPROM U6.
Data can be written to and read from this device. Data
stored in this device is not lost at power off. The
EEPROM inputs the latched address from the micro-
processor when its CE input is low. The chip enable
input is generated by address decoder U3 and output
on U3-15. However, the signal is routed through U19.

U19 disables an EEPROM chip enable when the
board is in a reset condition. This is to ensure that no
extraneous writes occur to the EEPROM during
powerup or brown out conditions which would affect
personality data.

If the EEPROM'’s OE input (U5-22) goes low while
the CE is low, then data contained in the EEPROM at
the input address is output to the microprocessor on the
ADO-7 lines. If the EEPROM’s WE input (U5-27) goes
low while the CE is low, then data on ADO-7 is stored
in the EEPROM at the input address.

Counter-Timer IC

Counter timer U29 consists of three 16-bit timer/
counters which are used for different functions de-
scribed below. The microprocessor can enable, disable,
and configure the counters, as well as read back counter
status information from the device using its AD bus. The
input clock to the devicé is derived by dividing by two
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the 14.7456 MHz clock signal out of the gate oscillator
buffer U21D using D flip-flop U28. This same 7.3725
MHz clock signal is used for each counter/timer to give
135-nanosecond resolution.

Counter 0 is used for channel guard decoding. It is
configured to output a 135-nanosecond pulse on U29-12
at eight times the channel guard decode frequency.
This pulse is latched by D flip-flop U18A. The output of
this latch is applied to the INTO input of the micro-
processor (U1-16), causing an interrupt. The micro-
processor resets the latch, clearing the interrupt by
pulsing U18A pin 4 using its P1.6 (U1-10) output in the
interrupt service routine.

The 185-nanosecond pulse on U29-12 also causes a
sample of the limited channel guard signal LIM_CG to
be taken. This sample is brought into the microproces-
sor during the INTO service routine on P4.7 (U1-58) and
used for channel guard decoding.

The second counter/timer (counter 1) is used to
generate a microprocessor interrupt. This interrupt is
used by the microprocessor to generate channel guard
and should occur at eight times the channel guard
encode frequency. The counter is configured to send
its output (U29-16) high upon timing out. This high is
inverted by NPN transistor Q9, R1, and R18.

The inverted signal is then applied to the micro-
processor’s INT1 input (U1-18) which causes an inter-
rupt to occur. The counter is reloaded by the interrupt
service routine software. This causes U29-16 to return
low, which clears the interrupt.

The third counter/timer (counter 2) is used for tone
generation. When a tone is desired the microprocessor
configures the counter/timer to output a square wave
on U29-20 at the desired frequency. This square wave
is then bandpass filtered by active filter stages U17C and
U17D to remove undesired harmonics, and to create a
sine wave.

A resistor divider consisting of R38 and R39 sets the
level of the sine wave at U17D-14 to approximately 800
millivolts rms. The microprocessor disables the
counter/timer when no tone is desired.

Programmable Peripheral Interface

Programmable Peripheral Interface (PPI) U34 pro-
vides three additional eightbit I/O ports. The reset
generated by supervisory IC U19 is input on U34-39 and
serves to reset the IC to its default state. Ports A and C

are configured as output ports, and Port B as an input
port.

Port C outputs are used for ICOM select lines. A high
on one of these outputs is inverted by U20A-F, U26A or
U26B, causing a low on the corresponding ICOM select
output pin. This low activates the ICOM causing the
station to transmit or receive on that ICOM frequency.
A 1000-picofarad capacitor is included on each of these
outputs for RF decoupling.

Alow on a Port C output results in an open collector
output on the associated inverter which deselects the
corresponding ICOM. Port A outputs work in the same
manner as the Port C outputs. Inverter U40 is used for
Port A outputs. The Port A open-collector outputs are
used for several different interfaces.

Port B inputs several interface signals. Pullup resis-
tors to +5V are used on all open collector type inputs.
These signals are then buffered and/or level shifted
where appropriate. Resistors are put in series with all of
the inputs for spike protection.

Where a level shifter/buffer (U41) is not used, dual
diodes are included to prevent over/under voltage con-
ditions.

The RUS input uses an NPN transistor (Q4) to
convert the signal to CMOS logic levels.

Additional I/0 Latches

Additional 1/0 is provided by input latch U25 and
output latch U7. Each of these latches are mapped to
address 6000h. However, input latch U25 is enabled by
a low pulse on the microprocessor’s RD output while
the output latch U7 is enabled by a low pulse on the
microprocessor’s WR output.

The input latch is used to get DC CNTRL, BATT
STDBY, REM PTT, TX DISABLE, and CG MON signals
onto the AD bus so they can be read by the micro-proces-
sor. The DC control currents are decoded elsewhere in
the system, and the decode current is passed to the
microprocessor using the DC CNTRL 1, DC CNTRL 2,
and DC CNTRL 8 inputs. These are CMOS level signals,
so no level shifting is required.

The BATT STDBY signal requires level shifting to
convert the 22-volt high to a TTL level. This is achieved
by R4 and R5. Dual diode D2 limits the signal to be
within -0.7V to +5.7V to guard against over/under volt-
age conditions.

—



LBI-38639

The 74HC377 output latch latches the data on the
AD bus when the chip is selected by address decoder U3
and a low going WR pulse is received. This latched data
goes to analog switch select lines used to select audio
paths in the analog circuitry.

Microprocessor 1/O

The microprocessor has some additional I/O pins.
These pins are used to bring signals in and out of the
microprocessor directly without going through any ad-
ditional I/O devices such as latches or a PPI. The
LOCAL PTT input is level shifted and buffered by U41E
and brought into the microprocessor on U1-19.

The microprocessor also generates the AUX RX
MUTE output used to mute an auxiliary receiver. The
signal originates on U1-51 and is inverted by U26F. This
gives an open collector active low output.

The EXT LSD SEL, LINE IN SEL, LSACQ, and 4W
DUPLEX signals are also generated by the micropro-
cessor. These signals go to the analog circuitry and
control audio routing through analog switches.

. The microprocessor is also capable of loading elec-
tronic potentiometers U35 and U86. Each of these
potentiometers contains two, 256-position variable re-
sistors. The microprocessor must serially load all four
variable resistors at the same time.

The microprocessor switches the potentiometer’s
select line (U1-17) high. This enables the electronic
potentiometer’s loading circuitry and allows the micro-
processor to shift 34 bits of serial data into the elec-
tronic potentiometers, 17 bits of data into each IC.

Data is output on U1-20 and clocked into U35 and
U836 on the rising edge of the clock signal generated by
the microprocessor on U1-21. The microprocessor can
also read back the current potentiometer settings.

When data is clocked into U85 and U836, the current
potentiometer setting is clocked out and brought into
the processor on Ul-22. After all 34 bits have been
clocked into U85 and U836, the microprocessor pulls the
potentiometer’s select line (U1-17) low. This ends the
loading sequence, and causes the digital potentio-
meter’s to load the new resistance value.

A/D Converter

The System Module contains an A/D converter.
This is used for metering DC inputs. Four external
metering inputs are accommodated. These include
PWR SNSR, TX MTR+ relative to TX MTR-, RX MTR+
relative to RX MTR-, and EXT JCK.

The PWR SNSR input will accommodate a DC level
between zero and +5V relative to analog ground. The

input is protected from over voltage conditions by dual
diode D7.

The Control Shelf routes TX MTR+ and TX MTR-
into a differential amplifier consisting of U17A, R140,
R142, R145, and R146. This amplifier removes any
common-mode voltage. The output of this differential
amplifier is actually measured and must be between zero
and +2.9 Volts.

The RX MTR+ input is assumed to be between zero
and +5V relative to analog ground. No conditioning is
performed except for dual diode D3 that protects from
over/under voltage conditions.

The EXT JCK input is designed to input signals
between zero and +10V relative to AGND. Operational
amp U17B provides a high input impedance and buffers
the input signal. The output of this amp goes through a
voltage divider network composed of R3 and R6 that
divides the DC level by two. This signal is then routed
to the multiplexer U33.

Analog multiplexer U33 gates one of four inputs to
the A/D converter U27. The microprocessor deter-
mines which input is selected using U1-52 and U1-57.
The microprocessor starts an A/D conversion by put-
ting a rising edge on U27-5. U27 then converts the DC
input voltage selected on U33 to a digital value.

The converted digital value is clocked out of U27
sequentially by the microprocessor, beginning with the
most significant bit. The microprocessor selects U27 by
setting U27-5 low. When the A/D converter is selected
it puts the MSB of the eight bit conversion data on
U27-6. This is read by the microprocessor. Successive
data bits are clocked out of the A/D converter on falling
edges of its CLK input (U27-7).

When all eight bits have been clocked out, the A/D
converter is deselected, and the next conversion cycle
begins by the microprocessor setting U27-5 high.



DSP Interface

System Module 19D902590G2 is equipped with
plugs to accommodate Digital Signal Processor (DSP)
"piggyback” board 19D902667G1 required for tone
applications. The board plugs into P2 and P3 of the
System Module.

The microprocessor communicates with the DSP
board through its eight-bit AD0-7 bus, using a dual port
RAM located on the DSP board. This memory is map-
ped into an 8k-byte data memory segment using ad-
dress decoder U3. Data can be written to and read from
any of the 256 byte locations that can be addressed by
ADO-7.

The DSP board contains an address latch to latch
the address information on AD0O-7 when ALE goes
high. When the DSP CS is low and the microprocessor
WR output is low, the data on AD0-7 is written into the
latched DSP data memory segment address. When DSP
CS is low and the microprocessor RD output is low,
data on AD0-7 is read into the microprocessor Ul from
the latched DSP data memory segment address.

Two handshake lines used for the DSP interface for
synchronization are DSP TBLF and DSP RBLE. When
the DSP has written a message to the dual port RAM,
it signals microprocessor Ul by asserting DSP TBLF
low. The microprocessor then reads the message from
the dual port RAM and then resets DSP TBLF high to
tell the DSP that it is ready for another message.

When the microprocessor wants to send a message
to the DSP it first looks at the DSP RBLE input. A high
on this input indicates that the DSP receive buffer is
empty and it is ready to accept a new message. When
the microprocessor has written the message to the dual
port RAM, it asserts DSP RBLE low to signal the DSP
that it should read the new message. The DSP resets
DSP RBLE high after it has read the message.

The microprocessor can reset the DSP board by
setting U1-7 high. The high is inverted by Q10, and the
resulting low resets the DSP board.

RS232 Interface

The System Module has an RS232 serial port for
programming and diagnostics. RS232 data is received
on the PGM RXD input and converted to TTL levels
by U22A. The TTL data is brought into the micro-
processor’s internal UART on pin Ul-14. Transmit data
is output on Ul-15 by the microprocessor, and level
shifted to RS232 levels by U22B. The RS232 data is
output on PGM TXD.

LBI-38639

GSC Interface

A high speed serial interface that is referred to as a
global serial channel (GSC) is also included on the
System Module. Data is transferred bidirectionally over
an RS485 differential pair made up of COMM+ and
COMM-.

When the microprocessor wants to send data over
the GSC, it enables the drivers in U24 by outputting a
low on U1-6. Data is generated internally in the micro-
processor and output on Ul-5. The data is converted
to RS485 levels and output on the GSC by U24.

The receiver section of U24 is always enabled so that
the microprocessor’s receiver can monitor the trans-
mitted data. This monitoring is to check for collisions
on the GSC created by multiple GSC nodes transmit-
ting simultaneously.

U24 converts received data to TTL levels and out-
puts them on U24-1. The microprocessor brings the

TTL level data into its receiver on Ul4 for message
decoding.

Transmitter Interface

The Control Shelf interfaces to a MII transmitter
exciter. The desired transmitter ICOM is selected by
pulling output TXF1, TXF2, TXF3, or TXF4 low. The
ANT RLY output is then activated by the microproces-
sor by switching its U1-62 output high. The high is then
inverted by high current driver U26E.

This inverted signal turns PNP transistor Q5 on,
lighting XMIT LED DS1, and pulling the ANT RLY
output low. Fifteen milliseconds later, the micropro-
cessor keys the transmitter by switching U163 low,
turning on PNP transistor Q7, switching +10V onto the
TX OSC CNTRL output to key the transmitter.

Audio for transmission is output on the TX AUDIO
HI and TX AUDIO LO outputs. Channel guard is sent
to the transmitter on the CG HI output.

Receiver Interface

The receiver ICOM is selected by pulling outputs
RXF1, RXF2, RXF3, or RXF4 low. Carrier activity on
the selected channel is sensed by the receiver’s squelch
circuitry and applied to the System Module on the CAS
input. This active high input is level converted by Q8,
and applied to the microprocessor on U1-28. The
microprocessor then routes audio to the receiver.

—
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Local Controls

The System Module has three switches and LEDs for
local control. Switch S2 is a REMOTE PTT switch.
When not activated, R23 pulls the line to +5V. When
activated, R23 pulls the line to ground. This switch is
input on pin 7 of input latch U25. The line is also routed
to the external connector to allow an external module
to activate the remote PTT input. A low on this input
causes the microprocessor to react as though a PTT has
been received over the line.

Switch S3 is a TX DISABLE switch. When not ac-
tivated, R136 pulls the line to +5V. When activated, the
switch pulls the line to ground. This switch is input on
_ pin 8 of input latch U25. When S3 is activated, the
microprocessor inhibits all transmissions.

Switch S4 is a CG MONITOR switch. When not
activated, R137 pulls the line to +5V. When activated,
the switch pulls the line to ground. This switch is input
on pin 9 of input latch U25. The line is also routed to
the external connector. This allows an external module
to activate the CG MONITOR input, or to examine the
state of the CG MONITOR input. A low on this input
causes the microprocessor to switch into channel guard
monitor.

When the System Module activates the ANT RLY
output, LED DSI is turned on. When the System
Module is in CG MONITOR, it lights LED DS3 by
outputting a high on U1-66. This high is inverted by
U2D. This allows current to flow through DS3, turning
on the LED.

Putting the System Module in the transmit disable
mode lights LED DS2 by outputting a high on U1-67.
This high is inverted by U26C. This allows current to
flow through DS2 to turn on the LED.

CG Filter, High Pass and De-emphasis
Amps

Receiver audio is applied to the System Module
"VOL/SQ HI" port on J1-2B. U37A buffers the input
signal and removes any Dc bias. With an input of 1
Vrms at 1000 Hz, the output is typically 2 Vrms and is
supplied to three places; channel guard reject filter, the
DSP board through DSP unfiltered audio, and channel
guard decode.

US0A is a unity gain notch-filter, centered at 205 Hz.
The filter provides 25 dB of attenuation. U30B, U30C,
and U30D form a sixth order, unity gain high-pass filter,
with a cut-off frequency of 280 Hz. U37B is a +1/-3 dB

de-emphasis filter that rolls the audio off at 6 dB-per-
octave in the frequency range from 300-3000 Hz.

With 1 Vrms into VOL/SQ HI, the output of U37B
will be 750 millivolts rms. This output is supplied to
four places; U8A, TX Audio out, Line Audio out, and
the summing amplifier with the optional auxiliary
receiver input. U8A is controlled by the microprocessor
to switch between MIC and VOL/SQ audio to the DSP.
The combination of U37A, U30A, U30B, U30C, U30D,
and U37B provide the frequency envelope-shaping re-
quirements (roll-off) as shown in Figure 1.

The TX Audio Out circuit consists of U15, U36A,
U8C, and U37D. U15 is an analog multiplexer which is
controlled by the microprocessor. Any of the following
signals can be connected to the TX AUDIO HI output;
LOCAL MIC, VOL/SQ, DSP LINE/TX AUDIO, DSP
TX AUDIO, External High Speed Data, LINE Input,
open (battery alarm), and Ground (for no transmis-
sion). U8C is an analog mux which is controlled by the
microprocessor to sum CG into the TX AUDIO output
and increase the TX AUDIO gain on U37D.

Battery Alarm/Morse Code is summed with the
output of U15. This allows for transmission of the alarm
signal when other signals are present. U36 is a dual-digi-
tal potentiometer which is controlled by the
microprocessor, and adjusts the transmit audio level.
US7D is a gain stage which drives the TX AUDIO HI
output. The level at TX AUDIO HI (J1-5C) and TX
AUDIO LO (J1-6C) is adjustable between 40 and 250
millivolts rms.

U87C is the +2/8 dB de-emphasis filter which
provides a 6 dB per octave roll off from 300-3000 Hz
for the local intercom or speaker audio. With a rated
input of 1 Vrms at 1000 Hz, the output level of this filter
is 750 millivolts rms. This filter, in combination with
U87A, U30A, U30B, U30C, and U30D provide the
frequency response shown in Figure 2.

U32 is the analog multiplexer for the INTERCOM
Audio output. It allows for selection of VOL/SQ audio,
LINE Input audio, Voice Guard summing, and DSP
LINE/TX AUDIO. Amplifier U31C sums the multi-
plexed audio with Voice Guard tone. The resulting
signal is applied to J1-7A.

CG/LSD Decode Filter

Received audio is coupled through a low pass filter
to remove the audio, leaving only CG information. A
hard limiter then converts the signal into a digital
square wave. The square wave is decoded in software
as well as the 135-degree phase shift for STE.
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U9A is a gain stage which supplies two frequency-de-
pendent, negative resistor (FDNR) circuits. The first
FDNR consists of U10A and U10B, and has a cut-off at
205 Hz. The second FDNR, formed by U10C and U10D,
has a cut-off at 230 Hz.

UllB is a low pass filter which provides added
attenuation in the 300-3000 Hz range. These elements
combine to provide 35 dB of attenuation for frequen-
cies above 310 Hz. The resulting frequency response is
shown in Figure 3.

Ul1A, D5, and Q2 combine to convert the analog
signal at the U11B output to a 0-5 Vdc square wave. This
square wave is then supplied to U18B to be read and
decoded by the microprocessor.

CG/LSD Encode Filter

U12C is used to select between external low speed
data or WALSH bits. The WALSH bits are created by
the microprocessor on pins U1-64 and U1-65, and form
a rough sine wave. This signal is coupled through USC
to provide some gain.

U16A, U16B, U16C, and U16D form two FDNR
circuits which have the same response as described in
the CG/LSD DECODE FILTER section. U9D provides
gain and drives U85A. U35A is a digital potentiometer
which provides level adjustment and is controlled by the
microprocessor. Also, U9B has a 3.3 k-ohm source im-
pedance to allow a separate source to drive Channel
Guard HI. This filter has the same response as shown in
Figure 3.

Local Mic Input

The local microphone input at J1-3A and J1-3B sup-
plies 12-Volts dc level to power the microphone. This
input is buffered through U13A, which removes the DC
bias and amplifies a 100-millivolts rms input for a 775-
millivolts rms output.

Battery Al Morse Code

The Battery Alarm/Morse Code tones are generated
using U29, U17C, and U17D. U29 is a Clock Timer
which creates a square wave at the required frequency.
C118 and R39 form a high pass filter to provide DC
blocking. U17C is second order low pass filter and U17D
provides gain. These components combine to provide
the response shown in Figure 4.

The output of U17D sources the signal to U31B and
U15. U15 is the TX AUDIO multiplexer discussed ear:
lier in this section. U31B is an amplifier to sum the
Battery Alarm signal with the Voice Guard Alert tone,
which is then transmitted to the LINE Output.

Line Audio

The LINE output circuit consists of U14, U8B, U36B,
US1D, U13B, and U31A. The analog multiplexer Ul4 is
used to connect one of the following signals to the LINE
driver U31D; LOCAL MIC, VOL/SQ, auxiliary
receiver, aux receiver/VOL/SQ, DSP LINE/TX audio,
MODEM LINE Data, open and Ground. The open state
is to transmit Battery Alarm or Voice Guard Alarm.

‘When four-wire audio is selected, U14 is deactivated
and U8B connects the LINE input to the line driver.
Otherwise, U8B is disconnected and U14 is active.

U31A sums the aux receiver audio with the VOL/SQ
audio. U36B is a digital potentiometer and controls the
audio level into the line driver U31D. The level at LINE
A (J14B) and LINE B (J14A) is adjustable between -20
dBm and +7 dBm.

The LINE IN audio is selected from LINE A and
LINE B in a two-wire system, and from DUPLEX LINE
A and DUPLEX LINE B in a four-wire system. Each
input has a 600-ohm impedance to match the line im-
pedance. UI2B selects between two-and four-wire
audio.

Digital potentiometer U35B sets the level applied to
the line compensation filter U13B. This filter can be set
up to compensate for high frequency roll-off on long
lines by removing R16. This modification should be
used when roll-off in the 2500 to 3000 Hz range is more
than 10 dB below the 400 to 600 Hz level.

Following U13B is the circuit consisting of U13C,
U13D, D6. LINE IN audio from U13B is applied to a
network composed of R65, R75, and R76. After being
amplified by U13C, the output is supplied to four places:
Line Output, TX Audio output, Intercom audio, and
D6.

The output of amplifier U13C is rectified by voltage
doubler D6 which charges C25. U13D amplifies the
voltage on C25. R75 and R76 serve to reduce distortion
across the voltage divider.
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This circuit operates in a linear fashion.

The increased voltage across C25 through U13D
starts turning on Q3 reducing its drain to source resis-
tance, which in turn, lowers the audio to U13C. Since
this affects not only the output of U13C, but the turn-on
voltage of Q3 from U13D, a steady audio output is
provided.

Service Note: The compressor can be disabled by
removing Q3. The compressor is typically disabled
when shipped from the factory. It is preferable to use
the compressor function on the DSP board.

DSP BOARD

The Digital Signal Processing (DSP) Board utilizes
both digital and analog integrated circuits (IC’s) to offer
a compact, flexible, and reliable solution for audio signal
analysis and modification. Most of the components are
surface mounted.

The DSP Board operates with two channels of audio.

It conditions the audio inputs, digitizes the audio, and
processes the audio data in software. The DSP Board
“then sends the transformed audio to analog outputs,
and the signal analysis information to its digital output.

Audio inputs from the System Module board are
DSP_FILT_VOL/SQ, DSP_UNFILT_VOL/SQ, and
DSP_LINE_IN. These signals are selected and condi-
tioned through U10, U11, and U15. The signals are then
sampled and digitized by U4 and U5. The digital audio
data is then applied to Ul for processing. After process-
ing, the audio data is returned to U4 and U5 for digital
to analog conversion. The transformed audio is applied
to the System Module board on DSP_TX_AUD and
DSP_LINE/TX_AUD.

All pertinent information from the DSP analysis of
the audio is communicated digitally to the System
Module through the dual port RAM, U12. Messages are
written to this piece of memory by the DSP micro-com-
puter, Ul. The messages are read from the mem-ory by
the System Module (via the digital signals of connector
P3).

For clarity, the DSP circuitry is analyzed in the fol-
lowing order:

1) DSP and supporting circuitry

2) Analog Input/Output
3) Parallel communication port

10

DSP Microprocessor

The DSP Board performs its functions in the ADSP-
2101 Digital Signal Processing Microcomputer, Ul.
This chip requires external hardware to function.

Crystal (X1) provides the 8.192 MHz clock required
by the DSP microprocessor. Capacitors C16 and C17
provide the loading required for reliable start-up and
stable oscillation.

The DSP microprocessor can read or write to both
internal and external data memory. Two identical 8K
X 8 static RAM'’s (U2 & U3), are used to form an 8K X
16 external data memory space. External 16-bit data
memory is applied to the DSP on D8D23. U3 holds
the most significant byte (MSB), and U2 holds the least
significant byte (LSB).

For a single external memory address, U3 stores D23
through D16, and U2 stores D15 through D8. A 16-bit
word is formed in order to maintain compata-bility with
the processor’s internal 1K X 16 data mem-ory architec-
ture. '

When the processor attempts to address data mem- -
ory which exceeds that which is available internally (1K
X 16), the address bus, A12 through A0, sets up an
external address. The data memory is enabled by a low
on DMS. A read or write is activated by a low on the RD
or WR pin. The external data memory access is com-
pleted when address pins return to their high im-
pedance state, RD or WR returns to high, and DMS rises
to logic high.

DSP microprocessor U1 operates from a 2K internal
program memory. This program RAM is volatile; it is
lost during power-off sequences. Therefore, it is neces-
sary to have non-volatile memory to safely hold the DSP
Board code. The 16K X 8 EPROM (U6) performs this
function.

Upon reset, or during a "re-boot", up to 2K of
internal program memory is loaded from this external
"BOOT EPROM." The Boot EPROM, U6, holds up to
eight different pages which can be loaded. The selec-
tion of a 2K-page of code is software- controlled except
during reset when boot page zero is always loaded.

In essence, boot memory page loading is a sequence
of "read" cycles. The BMS pin goes low in order to
enable the boot memory chip. Addresses are sequenced
on lines A0 through Al13, D22 and D23. The RD pin
activates the data bus, D15 through D8, for each transfer
of program memory into the internal program memory
space.



The boot EPROM circuitry also includes resistors R1
and R2. These resistors are zero ohms, and are equiv-
alent to jumper wires. If the capability of 8 boot pages
is necessary, R2 is removed, and R1 is installed on the
board. In this case, U6-pin 1 acts as an extra address pin
which is connected to D23. If the capability of 4 boot
pages is necessary, R1 is removed, and R2 is installed on
the board. In this case, U6 pin 1 acts as a program pin,
and is tied off to five volts.

Analog Inputs

The DSP Board inputs and processes audio from
both the receiver and the line simultaneously. There
are two possible receiver audio input settings and two
possible line audio input settings. These are:

(1) DSP_FILT_VOL/SQ or DSP_UNFILT VOL/
SQ input, and

(2) Two-wire line input or four-wire line input.

This audio selection is actuated directly by the DSP
but is user-programmable. The DSP uses the address
multiplexer, U8, to select U7, a Dflip flop register. This
is accomplished by setting A13-A11 to binary 100 when
PMS goes low. Such a sequence will cause U8-pin 14 to
go low, enabling data to pass through the D-flip flops
upon WR going low and then high. D8 and D9 are
written to the outputs of U7 (pins 2 and 5) as
VOL/SQ _SEL and CANCEL_SEL.

Depending upon these signals, digitally-controlled
analog switches (U10) route the appropriate signals to
achieve the final audio input settings described above.
If VOL/SQ _SEL is a logic high, DSP_UNFILT_VOL/
SQ is selected; otherwise DSP_FILT_VOL/SQ is se-
lected. If CANCEL_SEL is a logic high, four-wire oper-
ation is selected. If not a logic high, two-wire operation
is selected.

Each audio channel selection requires proper volt-
age level adjustment to insure an optimal conversion to
the digital domain where it will be processed. This
conversion is performed by codecs U4 and U5. In other
words, the analog audio signals are conditioned to
assure that their dynamic ranges can be accommodated
by the codecs. The codecs will neither be under-driven
nor saturated. This results in a digital audio signal with
uniform SNR following the codec A/D conversion.

Filtered Receiver Input Conditioning

Filtered receiver input comes from the System Mod-
ule following de-emphasis and channel guard reject

LBI-38639

filtering at a maximum of 1.16 millivolts rms. This
input channel requires no amplification to assure that
codec U4 utilizes its dynamic range efficiently.

The amplification factor is determined by resistors
R5 and R6. The gain is 1.0. Therefore, the maximum
input voltage to the codec is 1.16 Volts rms.

Unfiltered Receiver Input Conditioning

Unfiltered receiver input comes from the System
Module before de-emphasis or channel guard reject
filtering at a maximum of 8 Volts rms. Therefore, the
DSP Board must de-emphasize the signal in addition to
performing level adjustment. This will assure that the
full dynamic range of the codec U4 is utilized efficiently
and that the audio signal is properly adjusted to account
for pre-emphasis imposed during the previous transmis-
sion.

De-empbhasis is accomplished by the RC network
composed of R9 and C23 which provides a 20 DB/
decade rolloff from 60 to 3000 Hertz. The network also
provides 24.5 DB of attenuation at 1IKHz.

Level equalizing is accomplished by resistors R22
and R5. These components take the remaining 0.176
Volts rms (following the de-emphasis stage) and provide
a gain of 7.0. This results in a 1.23-Volt rms maximum
input voltage to the codec (again analyzed at 1 KHz.)

Four-Wire Line Input Conditioning

Four-wire line input comes from the DPLX line
input pair of the Control Shelf when it is in a four-wire
configuration. Its audio is not in contention with audio
which is leaving the station because there are two lines
independently dedicated for the output signal.

The line audio level-adjustment is able to attenuate
22.47 Volts rms signal, and amplify a 77.8 mVrms signal
to the maximum input level of a codec (approximately
1.4 Volts rms). This is to compensate for up to 30 dB
of line loss that can occur between the Remote Control
Unit and the station.

In the four-wire configuration, DSP_LINE_IN is pro-
pagated to TP1 with only a gain of 1.09 provided by the
differential instrumentation amplifier circuit of
Ul1(A,B,C) and R12-R17. This occurs because the
amount subtracted from DSP_LINE_IN is AGND
(U10A pin 18).

11
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Between TP1 and TP2 there is a digitally controlled
variable gain stage. The gain stage is composed of U11D,
U15(1), R18, and R20. The DSP addresses (and serially
loads) a resistance from 0 to 10K-ohms into the dual
programmable potentiometer, U15. The digitallycon-
trolled impedance, along with R18 and R20, form a gain
through operational amplifier U11D.

The DSP uses address multiplexer U8 to select U7, a
Dlip flop register. This is accomplished by setting
A13-A11 to binary 100 when PMS goes low. Such a
sequence will cause U8-pin 14 to go low, enabling data
to pass through the Dlip flops upon WR going low and
then high.

Data is written to the D10, D11, and D15 outputs of
U7 (pins 6, 9, and 19) known as POT_CILK,
POT_LOAD_EN, and POT_IN which directly control
U15. POT_CLK is a serial clock. POT_IN is serial data.
POT_LOAD_EN is a serial load enable. During a "load"
cycle, POT_LOAD_EN is held high. Seventeen
POT_IN values are set up and held with respect to the
rising edges of POT_CLK. The first value loaded into
the dual programmable potentiometer is a "don’t care”
value. The following sixteen values comprise two 8bit
wiper positions. Wiper 1 gets loaded before wiper 0.

- Loading is specified from MSB to LSB.

Two-Wire Line Input Conditioning

Two-wire line input comes from the Line input of
the System Module when it is in a two-wire configura-
tion. This audio is in contention with audio which is
leaving the station on the same two-wire pair. The DSP
Board must cancel out the interfering output audio
from the input. In addition, it must amplify the input
signal to account for the line loss of up to 30 dB that can
occur between the Remote Control Unit and the station.

Cancellation of transmit audio from receive audio
on the two wire pair is accomplished by the differential
instrumentation amplifier consisting of U11(A,B,C),
R11-R17, and the DSP<ontrolled resistance through
U15(0) and R10. The SYSBD_LINE_OUT (a DSP
Board input signal) is level adjusted through the pro-
grammable potentiometer, U15(0), (as explained above)
and then subtracted from the line input signal.

After subtraction, the remaining input (received
audio) is level adjusted by the remaining programmable
potentiometer U15(1) exactly as in the four-wire case.

Analog Outputs

Audio outputs DSP_TX_AUD and DSP_LINE/
TX_AUD are applied directly to the System Module
through the op-amp output stages on codecs U4 and U5.
Resistor pairs R7/R8 and R3/R4 determine the gain of
the amplifiers.

Parallel Communications Hardware

The DSP Board is equipped with a full duplex,
parallel interface for communications between the Sys-
tem Module microprocessor and the DSP microproces-

sor chip. Communications are accomplished through a
dual port RAM, U12.

Byte-wide messages are passed between System
Module and DSP chip by reading and writing data upon
this common piece of memory.

The external eight-bit System microprocessor can
read and write to the dual port RAM. A 74HC373
address latch (U18) is used by the 8bit host to latch the
address (AD7-ADO0). The host uses its ALE signal to
perform the actual clocking into the latch.

Once ALE has returned to logic one, AD7-ADO
become bidirectional data pins. During a "write" cycle,
the host sets up data on AD7-AD0. During a "read" cycle,
the System Module microprocessor releases the data
lines AD7-ADO into their high impedance state.

Finally, the System Module’s low-going UP_RD or
UP_WR pulse executes the desired read/write function.
Note that reading and writing is only accom-plished
when the DSP_CS signal is held low. In this way, the
System Module microprocessor exclusively selects the

dual port memory space to prevent contention upon the
AD bus.

The DSP chip reads and writes from the dual port
RAM by first selecting its communication memory
space. This is accomplished by setting A13-Al1 to
binary 010 when PMS goes low. Such a sequence will
cause U8 pin 13 to go low and thus enable the dual port
RAM, U12. Once enabled, the communications mem-
ory is accessed with address lines A3-A0 and data lines
D15-D8, in conjunction with a low-going RD or WR
pulse.

The DSP chip and host processor coordinate mes-
sage handling through the RBLE and TBLF flags. The
DSP chip sets TBLF by writing to location 3FFH of the
dual port RAM; it clears RBLE by reading from location
3FEH of the dual port RAM.

#
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Similarly, the host microprocessor can clear TBLF
by reading from location 3FFH of the dual port RAM.
It then sets RBLE by writing to location 3FEH of the
dual port RAM. (Note that a flag is set when it is low; it
is clear when itis high.) This way, both microprocessors
can monitor flag conditions in order to keep from trying
to access the same locations in memory at the same time.

Tri-state buffer U9 is used by the DSP microproces-
sor in order to read the RBLE and TBLF flags. This
alleviates the possibility of contention on the DSP’s data

bus D15-D8. The RBLE and TBLF flags are read by first
selecting U9. This is accomplished by setting A13-A11
to binary 100 when PMS goes low. Such a sequence will
cause U8-pin 14 to go low and thus enable data to pass
through the tri-state buffer upon RD going low. U9,
pins 2 and 3 appear on D8 and D9, and are latched into
Ul when RD returns high.

ERICSSON 2

Ericsson GE Mobile Communications Inc.
Mountain View Road - Lynchburg, Virginia 24502
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LBI-38639 PARTS LIST
SYSTEM CONTROL MODULE SYMBOL | PART NO. DESCRIPTION
19D902590G1 - CONTROL MODULE
19D902590G2 - CONTROL MODULE WITH TONE DSP CS3 | 1ATOZGIPAE | Cormmy, 7 PF *5%. SOVDOW. tomp cosf0 + or
ISSUE 2 C58 | 10A702062P14 | Ceramic: 0.01 uF +10%, 50 VOCW.
SYMBOL PART NO. DESCRIPTION C.'S‘: 19A702052P122 | Ceramic: 0.047 uF 15%, 50 VOCW.
--------- MISCELLANEOUS - -------- ceo
2 19D902485P1 Chassis. Cc81 19A702052P26 Ceramic: 0.1 uF £10%, 50 VDCW.
3 19D902486P1 Cover. c82 | 19A149791P1 Metalized polyproylene: .022 uH 1% 100 VDCW.
4 19D902555P1 Handle. 8‘;‘;
5 18D802453G1 System Board ( see below). ces 19A702052P14 | Ceramic: 0.01 uF $10%, 50 VOCW.
[ 19A702381P508 | Screw, thread forming: TORX, No. M3.5 - 0.6 X 8. g‘;‘;
7 19A702381P513 | Screw, thread forming: TORX, No. M3.5 - 0.6 X 13, P Prov— . 1000 pF +10%, 50 VOCW,
8 19B232682P20 | Pad. (Used in G2). and
9 19A702381P508 | Screw, thd. form: No. 3.5-0.6 x 8. cn
15 19B235310P1 Nameplate. c:x 19A702052P14 | Ceramic: 0.01 uF +10%, 50 VOCW.
16 19D902667G1 DSP Board (Used in G2) (see beiow). c7e
SYSTEM BOARD C80 | 19A702052P5 Ceramic: 1000 pF +10%, 50 VOCW.
19D902453G1 thru
---------- CAPACITORS - - - - - - -~ ced
C1 | 19A702052P5 | Ceramic: 1000 uF 10%, 50 VDCW. ga7 | 19A702052P5 | Ceramic: 1000 pF +10%, S0 VDCW.
c2 19A702052P14 | Ceramic: 0.01 uF 10%, 50 VDCW. co5
c3 19A702061P13 Coramic'PPM : 10 pF 5%, 50 VDCW, temp coef 0 30 ::: 19A702052P14 | Ceramic: 0.01 uF +10%, 50 VDCW.
c4 19A702052P5 Ceramic: 1000 pF +10%, 50 VDCW. co8
cs 18A702052P28 | Ceramic: 0.1 uF $10%, 50 VOCW. coo 19A702062P5 Ceramic: 1000 pF £10%, 50 VOCW.
cs 19A702052P114 | Ceramic: 0.01 uF 5%, 50 VOCW. CJ:" 19A702052P14 | Ceramic: 0.01 uF £10%, 50 VDCW.
o cio1
C8 | 10A705205P§ | Tantalum: 6.8 uF, 10 VDCW: sim to Sprague 263D. C102 | 19A702062P5 | Ceramic: 1000 pF £10%, S0 VDCW.
co 19A702052P28 | Ceramic: 0.022 uF +10%, 50 VDCW. C103 | 10A702052P14 | Ceramic: 0.01 uF £10%, 50 VDCW.
C10 | 10A702052P114 | Ceramic: 0.01 uF £5%, 50 VDCW. C104 | 19A705205P111 | Tantalum: 47 uF, 10 WVDC; sim to Sprague 293D.
and C105 | 19A702052P5 Ceramic: 1000 pF £10%, 50 VDCW.
ci1 thru
C12 | 19A702052P14 | Ceramic: 0.01 uF $10%, 50 VDCW. Cio8
c13 | 1ea705208P2 Tantslum: 1 uF. 16 VDCW: sim to Sprague 283D, c;go 19A702052P14 | Ceramic: 0.01 uF +10%, 50 VOCW.
ci4 19A705205P8 Tantalum: 10 uF, 16 VDCW; sim to Sprague 293D. c110
c15 19A702052P122 | Ceramic: 0.047 pF 5%, 50 VDCW. ci11 19A702052P114 | Ceramic: 0.01 pF £5%, 50 VDCW.
c16 19A702052P5 Ceramic: 1000 pF $10%, 50 VOCW. c112 19A702061P77 Ceramic: 470 pF $5%, 50 VDCW, temp coef 0 30
ci8 19A702052P24 | Ceramic: 0.068 uF $10%, 50 VDCW. PPM.
C113 | 19A702052P114 | Ceramic: 0.01 uF 5%, 50 VDCW.
C19 | 19A702052P5 Ceramic: 1000 pF $10%, 50 VDCW.
c21 19A702061P77 | Ceramic: 470 pF 15%, 50 VOCW,tempcosfo30 | | | |~ ~TtTTYTCY DIODES ----------
PPM. D1 19A700053P2 Silicon: 2 Diodes in Series; sim to BAVS9,
C22 | 19A705205P14 | Tantalum: 6.8 uF, 68 VDCW; sim to Sprague 293D. "5';’
c23 19A702052P26 Ceramic: 0.1 yF t10%,50vOCW. L ¢ | | L....... INDICATING DEVICES -------
C25 | 19A705205P111 | Tantalum: 47 uF, 10 WVDC; sim to Sprague 203D. DS1 19A703585P10 | Diode, optosiectronic.
S:Z 19A705205P111 | Tantalum: 47 uF, 10 WVDC; sim to Sprague 293D. gg
€e ] e JACKS - - =ceenenns
C29 | 18A702052P5 | Ceramic: 1000 pF 110%, 50 VDCW. N 19B801587P7 | Connector, DIN: 96 male contacts, right angle
gams mounting; sim to AMP 850887-1.
c38 | 19A702052P14 | Ceramic: 0.01 uF £10%, 50 VDCW. Ja [ 19A704852P334 | Connector, printed wiring board.
C39 18A705205P5 Tantalum: 6.8 pF, 10 VDCW,; sim to Sprague 293D. J3
c40 19A705205P8 Tantalum: 10 uF, 16 VDCW; simtoSprague2930. | | | |  =m=meemees INDUCTORS - - - - - -----
C42 | 19A705205P6 Tantalum: 10 uF, 16 VDCW; sim to Sprague 293D. :;L 19A705470P53 | Coil, fixed.
i L2
c46 344A3431P1 Monolithic: 1.0 uF +80/-20%,16vocw. | | | | e TRANSISTORS - - - ------
ca7 19A702052P114 | Ceramic: 0.01 uF 5%, 50 VDCW. Q2 19A700076P2 Silicon, NPN: sim to MMBT3804, low profile.
g‘éuo Q4 19A700076P2 Silicon, NPN: sim to MMBT3904, low profile.
51 19A702052P14 Ceramic: 0.01 uF +10%, 50 VDCW. Q5 18A700059P2 Silicon, PNP: sim to MMBT3806, low profile.
C52 | 19A702061P37 | Ceramic: 33 pF 5%, 50 VOCW, temp coef 0 + o Q6 | 19A700083P104 | Zener diode.
-30 PPM/C.
IR




PARTS LIST LBI-38639
SYMBOL PART NO. DESCRIPTION SYMBOL PART NO. DESCRIPTION
--------- TRANSISTORS CONT, - -- - -- - - - RS0 | 19A702031P408 | Metal film: 113K ohms £1%, 200 VDCW, 1/8 w.
Q7 | 19A700058P2 | Silicon, PNP: sim to MMBT3906, low profile. R51 | 19B800BO7P472 | Metal film: 4.7K ohms 5%, 1/8 w.
r A3
Q9 | 10A700076P2 | Silicon, NPN: sim to MMBT3904, low profite. RS54 | 19B800BO7P103 | Metal film: 10K ohms £5%, 1/8 w,
ane RSS | 198800607472 | Meta fim: 4.7K ohma 15%, 1/8 w.
Q11 | 19A700050P2 | Silicon, PNP: sim to MMBT3008, low profile. R58
and RS57 | 19BB00BO7PB22 | Metal film: 8.2K ohms £5%, 1/8 w.
.......... RESISTORS - -« oo R58 | 19BB00607P1 | Metal film: Jumper.
A1 | 198800807P103 | Metalfim: 10K ohme 5%, /8 w. RS0 | 19B800B07P102 | Metal film: 1K ohms 15%, 1/8 w,
R2 | 19B800807P473 | Metalfilm: 47K ohm 5% /8 w. RB0 [ 19BB00BO7P471 | Metal film: 470 ohms 15%, 1/8 w.
RS | 19A702031P301 | Metalfim: 10K ohm £1%. 200 VDOW, 1/8 w. RE1 | 19A702031P413 | Metal film: 133K ohms 1%, 200 VDCW, 1/8 w.
Re | 198800607P153 | Metalfim: 15K ohme 5% /8 w. R62 | 19A702031P327 | Metal film: 18.7K ohms 1%, 200 VDCW, 1/8 w.
RS | 19B800607P332 | Metalfim: 33K ohme 5%, 118 w. RB3 | 19BB00BO7P103 | Metal film: 10K ohms £5%, 1/8 w.
A6 | 19A702931P01 | Metalfim: 10K ohme 1%, 200 VOCW, 1/ w. R84 | 19A702031P177 | Metal film: 619 ohms +1%, 200 VDCW, 1/8 w.
R7 19B800607PE81 Metal film: 680 ohms 5%, 1/8 w. R65 19B800607P682 Metal film: 6.8K ohms 5%, 1/8 w.
RS | 19B800BOTP1C | Metalfim: 10K ohme 5% 1/8 w RGBS | 19A702031P243 | Metal film: 2740 ohms +1%, 200 VDCW, 1/8 w.
and R67 | 19BB00BOTP103 | Metal film: 10K ohms £5%, 1/8 w.
Ro R63 | 19B800BO7P153 | Metal film: 15K ohms 5%, 1/8 w.
R10 | 19B800607P391 | Metal fim: 390 ohms :5%, 1/8 w. RB9 | 19B800BO7P103 | Metal film: 10K ohms 5%, 1/8 w.
RIT | 19B800607P1 | Metal film: Jumper. R70 | 18BB00BO7P104 | Metal film: 100K ohms 5%, 1/8 w.
R12 | 19B800GO7P103 | Metal film: 10K ohms 5%, 1/8 w. AT | 198800807108 | Motalfim: 10K ohms 5%, 1/ w
R13 | 19B800607P1 Metal film: Jumper. R72 | 19A702031P260 | Metal film: 5110 ohms 1%, 200 VDCW, 1/8 w.
R14 | 19B800607P222 | Metal film: 2.2K ohms £6%, 1/8 w. R73 | 19A702931P313 | Metal film: 13.3K ohms 1%, 200 VOCW, 1/8 .
R15 | 19B800607P103 | Metal film: 10K ohms 5%, 1/8 w. A74 | 19B800807PS81 | Motalfim: 560 ohms £5%, 118w
R16 | 19B8006O7P1 | Metal film: Jumper. R75 | 19B800607P224 | Metal film: 220K ohms 5%, 1/8 w.
R17 | 19BB00GO7PS82 | Metal film: 8.8K ohms £5%, 1/8 . and
R18 | 19BB00GBO7P103 | Metal film: 10K ohms £5%, 1/8 w. R78
A10 | 198800607P102 | Metal fim: 1K ohme 5%, /8 w. R77 | 19A702031P376 | Metal film: 80.4K ohms £1%, 200 VOCW, 1/8 w.
R20 | 19BB00BOTP103 | Mestal firm: 10K ohma £5%, 1/8 w. R78 | 10B800807P222 | Metal film: 2.2K ohms £5%, 1/8 w.
R21 | 19BB00BOTP223 | Metal fim: 22K ohms :5% 1/8 w. R79 | 19BB00BO7P152 | Metal film: 1.5K ohms 5%, 1/8 w.
R22 | 19B800GO7P102 | Metal film: 1K ohms 5%, 1/8 w. RB0 | 19B800607P103 | Metal film: 10K ohms 5%, 1/8 w.
R23 | 19B800BO7P103 | Metal film: 10K ohms +5%, 1/8 w. R83
R24 | 19BB00GO7P473 | Metal film: 47K ohms 25%, 1/8 w. R84 | 19BB00BO7PB23 | Metal film: B2K ohms 5%, 1/8 w.
by R85 [ 19A702031P434 | Metal film: 221K ohms £1%, 200 VDCW, 1/8 w.
R26 | 19A702031P384 | Metal film: 73.2K ohms 1%, 200 VDCW, 1/8 w, RB8 | 18BB00GO7P153 | Metal film: 15K ohms £5%, 1/8 w.
R27 | 19A702031P388 | Metal fim: 80.6K ohms +1%, 200 VDCW, 1/8 w. RB7 | 19BB00BOTP105 | Metal film: 1M ohms 5%, 1/8 w.
R28 | 10A702931P358 | Metal film: 39.2K ohms 1%, 200 VDCW, 1/8 w. RBS | 19A702831P305 | Metal film: 11K ohms +1%, 200 VOCW, 1/8 w.
R20 | 19A702031P383 | Metal film: 71.5K ohms 1%, 200 VOCW, 1/8 w. RB9 | 19A702831P384 | Metal film: 73.2K ohms 11%, 200 VOCW, 1/8 w.
R30 | 19A702931P384 | Metal film: 73.2K ohms +1%, 200 VOCW, 1/8 w. R0 | 19A702831P358 | Metal film: 39.2K ohms 1%, 200 VDCW, 1/8 w.
R31 | 19BB0OBOTP103 | Metalfim: 10K ohme 5%, 1/8 w. RO1 | 19A702031P383 | Metal film: 71.5K ohms £1%, 200 VDCW, 1/8 w.
R32 | 19A702031P369 | Metal film: 51.1K ohme +1%, 200 VDCW, 1/8 w. RO2 | 19A702831P384 | Metal film: 73.2K ohms 1%, 200 VDCW, 1/8 w.
R33 | 19A702031P325 | Metal film: 17.8K ohms £1%, 200 VDCW, 1/8 w. RO3 | 19A702831P383 | Metal film: 71.5K ohms 1%, 200 VOCW, 1/8 w.
R34 | 19A702931P350 | Metal film: 32.4K ohms 1%, 200 VDCW, 1/8 w. RB4 | 19A702831P388 | Metal film: B0.6K ohms 1%, 200 VOCW, 1/8 w.
R35 | 19A702931P383 | Metal fim: 71.5K ohms +1%, 200 VOCW, 1/8 w. ROS5 | 19A702831P325 | Metal film: 17.8K ohms 1%, 200 VDCW, 1/8 w.
R36 | 19A702931P382 | Metalfim: 60.8K ohma 1%, 200 VDCW, 1/8 w. R96 | 19A702031P383 | Metal film: 71.5K ohms 1%, 200 VDCW, 1/8 w.
R37 | 19A702931P383 | Metal fim: 71.5K ohma 1%, 200 VDCW, 1/8 w. RO7 | 10A702031P362 | Metal fim: 60.8K ohma +1%, 200 VDCW, 1/8 w.
R39 | 19A702031P401 | Metal film: 100K ohms £1%, 200 VDCW, 1/8 w. RS | 18A702031P383 | Metal film: 71.5K ohms +1%, 200 VDCW, 1/8 w.
A40 | 19BBOOBOTP103 | Metalfim: 10K ohme 5%, 1/8 w. RO9 | 19A702831P350 | Metal fim: 32.4K ohms 1%, 200 VOCW, 1/8 w,
R4t | 198800807P104 | Metalfim: 100K ohms 15%, 1/8w. R100 | 10BB00BO7P471 | Metal film: 470 ohms 5%, 1/8 w.
R4z | 198800807P103 | Metal fim: 10K ohms 5%, 1/8 w. R101 | 19BB00B07P102 | Metal film: 1K ohms £5%, 1/8 .
R43 | 198800807P684 | Mot fim: 880K ohme 5%, /8 w. R102 | 19BB00B07P123 | Metal fim: 12K ohms 5%, 1/8 w.
Raa | 19B800607PAT3 | Metal fim: 47K ohms 5%, 1/8w. R103 | 19A702031P355 | Metal film: 36.5K ohms 1%, 200 VDCW, 1/8 w.
R4S | 19BB00BOTPE3 | Metalfim: BBK ohme 15%, 1/8 w. R14 | 19BB00BO7PAT2 | Metl fim: 4.7K chma 15%, 1/8 .
R4 | 19BB00BO7P103 | Metal film: 10K ohms £5%, 1/8 w. R105
R47 | 19BB00BO7PE81 | Metal film: B8O ohms £5%, 1/8 w. R106 [ 10A702931P285 | Metal film: 7500 ohms £1%, 200 VOCW, 1/8 w.
Ao Ator
R49 | 19A702031P313 | Metal film: 13.3K ohms £1%, 200 VOCW, 1/8 w. R108 | 19A702031P177 | Metal film: 618 ohms 1%, 200 VDCW, 1/8 w.

g
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LBI-38639 PARTS LIST
SYMBOL PART NO. DESCRIPTION SYMBOL PART NO. DESCRIPTION
---------- RESISTORS CONT, - - - - - - - - - - R170 | 19BB006O7P472 | Metal film: 4.7K ohms 5%, 1/8 w.
R109 | 19BB00BO7P102 | Metal film: 1K ohms 5%, 1/8 w. i
R110 | 19B800GO7P105 | Metalfilm: 1M ohms 5%, 1/8 w. R172 | 19BB00BO7PA74 | Metal film: 470K ohms $5%, 1/8 w.
R111 | 19B800607P102 | Metalfilm: 1K ohms £5%, 1/8 w. and
R112 | 19A702031P301 | Metalfilm: 10K ohms £1%, 200 VDCW, 1/8 w. R173
m1s | 19A7026517263 | Meta fim: 9060 ohms 1%, 200 VDCW, /B w. R174 | 19A702031P313 | Metal film: 13.3K ohms £1%, 200 VDCW, 1/8 .
R114 | 19A702031P383 | Metalfim: 71.5K ohms +1%, 200 VOCW, 1/8 w. R175 | 19BO00007P33A | Metal fim: 33K ohme £5%, 118 w.
ais | 108800607381 | Meta fim: 390 ohms £5%, /8w R176 | 10A702031P222 | Metal film: 1850 ohms 1%, 200 VDCW, 1/8 w.
and R177 | 19A702031P269 | Metal film: 5110 ohms 1%, 200 VDCW, 1/8 w.
R116 R178 | 19B800607P474 | Metal film: 470K ohms £5%, 1/8 w.
R117 | 19A702031P385 | Metal film: 75K ohms +1%, 200 VDCW, 1/8 w. 170 | 19A702031P385 | Metal film: 75K ohma £1%, 200 VDCW, 1/8 w.
R120 | 19B800607P103 | Metalfilm: 10K ohms 5%, 1/8 w. R180 | 19A702031P413 | Metal film: 133K ohms £1%, 200 VDCW, 1/8 w.
R121 | 19A702031P342 | Metal film: 26.7K ohms +1%, 200 VOCW, 1/8 w. A181 | 19B800607P1 | Metal fim: Jumper.
R122 | 19B800607P102 | Metal film: 1K ohms 5%, 1/8 w. R182 |H212CRP415C | Deposited carbon: 0.15M ohms 5%, 1/4 w.
R124 | 19A702031P325 | Metal film: 17.8K ohms 1%, 200 VDCW, 1/8 w. A184 | H212CAP410C | Deposited carbon: 100K ohms 5%, 1/4 w.
R125 | 19BB00607P103 | Metal film: 10K ohms 15%, 1/8 . R185 |H212CRP347C | Deposited carbon: 47K ohms 5%, 1/4 w.
R126 | 10B800607P472 | Metalfim: 47Kohms 5%, 18w. |V | ... SWITCHES -n v e e v
R127 | 19A702031P203 | Metal film: 9080 ohms 1%, 200 VDCW, 1/8 w. sw2 | 10A705050P3 | Switch, toggle.
R128 | 19A702631P222 | Metalfilm: 1650 ohms 1%, 200 VDCW, 1/8 w. thru
and sw4
L T R e N IEEETET D INTEGRATED CIRCUITS - - - - - - -
R130 | 19A702031P422 | Metal film: 165K ohms 1%, 200 VDCW, 1/8 w. vt | 1eazoseezeior | wi -
R131 | 19BB00GO7P104 | Metal fiim: 100K ohms 5%, 1/8 w. U2 | 19A703471P302 | Digital: Octal Data Latch; sim 1o 74HCST3.
R132 | 10B800607P332 | Metal film: 3.3K ohms 5%, 1/8 w. us | 19A708471P120 | Dighat: 3108 DecodeqDemuitpleser: sim 1o
R133 | 19BB00BO7P103 | Metal film: 10K ohms 5%, 1/8 w. 74HC138.
;;‘34 U4 | 344A3307G7 EPROM kit, programmed.
R135 | 10A702031P313 | Metal film: 13.3K ohms 1%, 200 VDCW, 18 w. US  |19A705603PS | Digital: BKx 8-Bit Static CMOS RAM; sim to
iz 19BB00607P103 | Metal film: 10K ohms 5%, 1/8 w. ve | 10A700052P102 | integrated circut
R137 U7 | 19A704380P318 | Digital: CMOS Octal Data Filp-Flop; sim to
R138 | 19A702031P285 | Metal film: 7500 chms 1%, 200 VDCW, 1/8 w. 74HC377.
R138 | 18A702031P389 | Metal film: B2.5K ohms £1%, 200 VDCW, 1/8 w. Us | 19A702705PS | Dightal: Triple 2.Channel Analog Multiplexer; sim
R140 | 19BB00BOTP224 | Metal film: 220K ohms £5%, 1/8 w. v | saansorors Uinear IC.
R141 | 10A702031P260 | Metal fim: 5110 ohme £1%, 200 VDCW, 1/8 w. Ut0 | 19ATO4883P2 | integrated cirout,
R142 | 19BB00BOTP474 | Metal fim: 470K ohms £5%, 1/8 w. Ut1 | 19A116267P7 | Uinear: Dual Op Amp: sim 1o MCA4858CD.
R143 | 19A702031P436 | Metal film: 232K ohms 1%, 200 VOCW, 1/8 w. Utz | 10A702705P5 | Digital: Triple 2-Channel Anslog Multiplexsr; sim
R144 | 10A702031P243 | Metal film: 2740 ohms 1%, 200 VOCW, 1/8 w. 10 4053BM,
R145 | 10B800BO7P224 | Metal film: 220K ohms 5%, 1/8 w. U13 | 19A704883P2 | Integrated circuit.
R146 | 19B800BO7P474 | Metal film: 470K ohms 5%, 1/8 w. U14 | 19A702705P3 | Digital: 8-Channel Analog Multiplexer; sim to
R147 | 19B800BO7P103 | Metal film: 10K ohms 5%, 1/8 w. G’,‘g 4051BM.
R148 | 19BB00BO7P153 | Metal film: 15K ohms 5%, 1/8 w. Ut | 10A704883P2 | integrated circut
R149 | 19B800607P103 | Metal film: 10K ohms 5%, 1/8 w. and
thru u17
R151 U18 | 18A704380P302 | Digital: CMOS Dual Data Flip-Flop; sim to
R152 198800607P102 | Metal film: 1K ohms 5%, 1/8 w. 74HC74.
R153 | 19B800607P103 | Metal film: 10K ohms 15%, 1/8 w. u19 18A148885P1 Integrated circult.
fhru U20 | 19A118180P575 | Digital: Hex Open Collector Inverter: sim to 7406.
R157 | 198800807P472 | Metal film: 4.7K ohms 5%, 1/8 w. U21 | 19A703995P3 | Digital: CMOS HEX inverter.
R158 | 19B800BO7P153 | Metal film: 15K ohms 5%, 1/8 w. U22 | 344A3030P201 | Integrated cirout
R158 | 10BB00GOTP472 | Metal film: 4.7K ohms 5%, 1/8 w. U24 | 18A705880P101 | Integrated cirout.
R160 | 19B800607P332 | Metal fiim: 3.3K ohms 5%, 1/8 w. U25 | 10A703471P116 my?w Tri-State Transcsiver; sim to
R161 [ 19B800GO7P103 | Metal film: 10K ohms 15%, 1/8 w. U26 | 19A116180P575 | Digital: Hex Open Coliector Inverter: sim to 7406.
R162 | 10BB00BOTP474 | Metal film: 470K ohms 5%, 1/8 w. uzr | 10A705670P101 | Oigital, CMOS.
R163 198800607P102 | Metal film: 1K ohms $5%, 1/8 w. u2s 10A704380P302 | Digital: CMOS Dual Data Flip-Flop; sim to
R164 | 19B800607P472 | Metal film: 4.7K ohms 5%, 1/8 w. 74HCT74.
R165 | 19B800607P682 | Metal film: 6.8K ohms £5%, 1/8 w. u2e 19A148466P301 | Integrated circuit.
R166 | 19A702931P355 | Metal film: 36.5K ohms 11%, 200 VDCW, 1/8 w. u3o 19A704883P2 Integrated circuit.
R167 | 18A702931P222 | Metal film: 1650 ohms 1%, 200 VDCW, 1/8 w. ust 19A704348P4 Integrated circuit.
R168 | 19B800607P102 | Metal film: 1K ohms 15%, 1/8 w. us2 19A702705P3 Digital: 8-Channel Analog Multiplexer; sim to
R169 | 19A702031P393 | Metal film: 90.9K ohms 11%, 200 VDCW, 1/8 w. ﬂ'; 40518M.
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SYMBOL PART NO. DESCRIPTION SYMBOL PART NO. DESCRIPTION
-------- INTEGRATED CIRCUITS CONT. - - - - - - - A23 | 19BB00BO7P103 | Metal film: 10K ohms £5%, 1/8 w.
U34 | 19A705091P101 | Integrated cirouit by
‘fg‘ 344A3041P201 | Digital potentiometer. R28 | 19BB00BO7P102 | Metal film: 1K ohms £5%, 1/8 w.
u3s bt
U37 | 19A704883P2 | Integrated circult R30 | 18A702931P418 | Metal film: 150K ohms +1%, 200 VOCW, 1/8 w.
U40 | 19A116180P575 | Digital: Hex Open Collector Invertsr: sim to 7406. R31 | 10A702001P318 | Metal flm: 16K oheme £1%, 200 VOCW, 1/8 w.
U4t | 19A700176P101 mag" Inverting Buffer/Converter; sim to R32 | 19A702831P200 | Metal flm: 1210 ochms £1%, 200 VDCW, 1/8 w.
___________ SOCKETS -nn oo oo R33 | 19A702831P369 | Metal fim: 51.1K ohms 1%, 200 VDCW, 1/8 w.
xU4 | 19A705840P2 | Sooket: sim 1o Amp 6436463, R34 | 10A702831P331 | Metalfim: 20.5K ohms 1%, 200 VDCW, 1/8 w.
___________ CRYSTALS - - nnn - - R35 | 19A702831P201 | Metal film: 1000 ohms £1%, 200 VOCW, 1/8 w.
- 19ATO2511G37 ot R38 | 19A702831P317 | Metal film: 14.7K ohms 1%, 200 VDCW, 1/8 w.
DIGITAL SIGNAL PROCESSOR R37 | 19A702831P331 | Metal fim: 20.5K ohms 1%, 200 VDCW, 1/8 w.
19D902667G1 R38 | 19A702831P377 | Metal fiim: 61.9K ohms 1%, 200 VDCW, 1/8 w.
---------- CAPACITORS -+ ------- R39 | 19A702031P307 | Metal film: 11.5K ohms 1%, 200 VDCW, 1/8 w.
c1 19A702052P28 | Ceramic: 0.1 uF 10%, 50 VDCW. R40 | 19A702831P347 | Metal film: 30.1K ohms +1%, 200 VDCW, 1/8 w.
b R41 | 19A702831P157 | Metal fiim: 383 ohms 1%, 200 VOCW, 1/8 w.
and
C16 | 18A702061P20 | Ceramic: 22 pF 5%, 50 VDCW, temp coef 0 30 R42
and PPM. R43 | 19A702031P330 | Metal fikn: 24.9K ohms £1%, 200 VDCW, 1/8 w.
C18 | 10A705205P6 | Tantalum: 10 uF, 18 VOGW; sim to Spragus 2630. R44 | 19A702031P347 | Metal film: 30.1K ohms £1%, 200 VOCW, 1/8 w.
thru R45 | 19A702831P307 | Metal film: 11.5K ohms +1%, 200 VOCW, 1/8 w.
czi ‘o7 R46 | 19A702831P284 | Metal film: 9310 ohms 1%, 200 VDCW, 1/8 .
c2 . 02052P107 | Ceramic: 2200 pF 5%, 50 VOCW. R47 | 19A702031P285 | Metal film: 4840 ohms 1%, 200 VDCW, 1/8 w.
c28 SA702001P53 PPC"M""""' 88 pF +5%, 50 VOCW, tomp cosl 0 30 R48 | 19A702031P284 | Metal film: 9310 ohms 1%, 200 VOCW, 1/8 w.
Cc26 19A702052P120 Ceramic: 0.033 l‘F ts%'mvmw. R49 19A702031P201 Metal film: 100000wnot1%.200VDCW, 1law.
c2r | 19A705205P18 | Tantaium: 2.2 uF 20%, 10 VOCW. RS5 | 19A702931P301 | Metal film: 10K ohms £1%, 200 VDCW, 1/8 w.
c“z‘g R155 |19B800607P1 | Metal film: Jumper.

Cc29 18A702052P134 | Ceramic: 0.1uF, 25 VDCW.

u1 344A3038P101 Digital Signal Processor.
C30 18A702052P112 | Ceramic: 6800 pF 5%, 50 VDCW.

U2 | 19A705603P5 | Digital: 8K x 8-Bit Static CMOS RAM; sim to
C31 | 18A702052P105 | Ceramic: 1000 pF 5%, 50 VDCW. and | KMm82684AL-10
Cc32 | 19A702052P142 | Ceramic: 0.082 uF, 18 VDCW. us
c33 19A702052P112 | Ceramic: 6800 pF 5%, 50 VDCW. (V2 19A705827P1 Encoder/Decoder: sim to Texas Instruments
and and TCM29C23.
ca4 us
€35 | 19A702052P105 | Ceramic: 1000 pF 5%, 50 VDCW. UG | 344A3308G5 EPROM kit
,,,,,,,,,,, DIODES - - o= -~ U7 | 344A3084P203 | CMOS Hi-speed octal D type flip-flop with data

enable; sim to 74HCT377.

D1 19A700053P2 Silicon: 2 Diodes in Series; sim to BAVES. us 344A3084P201 CMOS Hi- 31081ine or:

----------- PLUGS - - ---==--- sim to 74HCT138,
P2 19A704779P14 Connector, 15 pin. ue 344A3064P204 CMOS Hi-speed octal buffer/line driver, 3 state;
and sim to 74HCT541.
P3 u10 19A702705P5 Digital: Triple 2-Channel Analog Multiplexer; sim
---------- RESISTORS - - -------- to 4053BM.
R2 18B8800607P1 Metal film: Jumper. U 19A704883P2 Quad Operational amplifier; sim to MC3303.
R4 19B800607P1 Metal film: Jumper. u12 344A3040P201 SRAM, 1K x 8, dual port; sim to 7130.
RS 19B800607P683 | Metal film: 68K ohms 15%, 1/8 w. u13 344A3084P202 CMOS Hi-speed octal transparent latch; sim to
and 74HCT373.
Re uts 344A3041P201 Digital potentiometer; sim to DS1267S-10.
R7 19B8800607P1 Metal film: Jumper.

u1e 344A3070P3 Linear: Operational amplifier; sim to TLO74.

R10 19B800607P682 | Metal film: 6.8K ohms $5%, 1/8 w. u17 18A702705P6 Digital: Triple 2-Ch ! Analog Mul . sim
R11 19B800607P104 | Metal film: 100K ohms 5%, 1/8 w. to 4053BM.

R12 10B800807P472 | Metal film: 4.7K ohms 5%, 1/8 w.

R13 X1 19A702511G30 Crystal, quartz: 8.192 MHz.

R14 | 19B800BO7P103 | Metalfim: 10Kohms 5%, 18w. |} | |  creeeeeeees SOCKETS - - - - ---- -
thru Xut | 198235688P1 Socket, PLCC.

xue 19A705840P2 Socket: sim to Amp 6843646-3.
R18 19B800607P201 Metal film: 200 ohms $5%, 1/8 w.

R20 19B800607P392 | Metal film: 3.9K ohms $5%, 1/8 w.
R21 19B800607P103 | Metal film: 10K ohms 5%, 1/8 w.
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SS - ) SELECT(ON SWITCHES
INHIBITIC 8 A
] e 0 g} 20 Yo XoO
-] Q ¢ 1 Z0 Yao X1
Q 0o 1t o] z9 Y1 X0
[} g 1 1 Zo Y1 X1
[} 1 6 0 27 YG Xo
-] 1 01 Z1 Yo X1
Q 1 10 Z1 Y1 XoO
a A I B | 21 Y1 X1
1 |x = x| NONE
X = DON'T CARE
BLOCK DIAGRAM
——— COM.IN/OUTp
—g‘?}— IN/OUT 1A
% — conveatea D‘)—j>c D&
IN/OUT gp
§— (ONLY 1/3 OF DEVICE SHOWN)
SYSTEM MODULE
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QUAD OP AMP DUAL OP AMP
19A701789P1, 3&4 19A116297P7
\/
OUTPUTA |1 ; E OUTPUT D OUTPUT | d EVCC
INPUT | (- 2 | 7} OUTPUT 2
INPUTA(-) |2 ~ 13| INPUTD(-) =) 2] ; I p g
TR Q INPUT 1 (4) [3] 5 6] INPUT 2 (-)
INPUTA(+) | 3 12| INPUTD (+) GND [3 5] NPuT 2 (+)
Vcc [__4_— 11 VEE/GND
INPUT B (+) E 10] INPUTC(+)
INPUT B (=) E;:HE I :] [E] INPUT C(-)
OUPUTB E : :El OUTPUT C
u18/u28 NOTE:SEE NEXT
19A704380P2&302 PAGE FOR U14/U15
' BHEREH
| ol | | [
7 6 = 4 2 i
a8 9 1 1 12 13
| | | | [
H |
Voo CLR2 02 CLK2 PR2 Q2 Q2
'" 13 |‘2 n ll' I' 3
l Inouts Outputs
Ll PR ClA CX D Q o]
T ™ L H X X H L
D [ [ (] H L X X L H
(] [] S>ax § L L X X H* H*
l— " m an H H T H| H L
L Y H H T L L H
|__l I ' H M Lt x| o o
1 l: 3 n I’ ry ', :c:;-.::‘:::owvnm_m“

CLRI DI  CuKI

PRI QI @

GND

°The corAgurasan B nonswuosr Tt w. & wdl "ot Dersest
N VeSSt Ard Cear FOUT (PRUM © Tew Nactve (hvgry
fovel



U14/U15

8-CHANNEL ANALOG

MUX/DEMUX
19A702705P2

IN/OUT 4 16{[1] VoD
IN/OUT g CT2 15| [T IN/OUT 5
COMIN/OUT 3 W[ IN/OUT |
IN/OUT Il [T IN/OUT g
IN/OUTg 5 211 IN/OUT 3

E 11 Ao

VEE 11 A

Vss 11 Ao

BLOCK DIAGRAM

il
. Vee 2
= Do

(ONLY 1/8 OF DEVICE SHOWN)

IC DATA LBI-38639

u21

HEX INVERTER
U20/U26/U40 19A703483P4&104

HEX BUFFER INVERTER

19A116180P575 OARAR H Q H

FAARAAARARA e 13 12 0
uh' '!l T Z_3 T 5§ T
MobHEbUEG SHHdHHHH

Yo & L3 [ s M 1)

'1- Ivs '-z ln 'm l,

NN L>J
1 71 17

Il ‘2 '3 Q ls I‘ l;

(so-—‘mmarr
J 110—A
CONTROLS
100—8
[ 9 O0—1C
r!:JO——-xo
14 O0—{X1
X—03
150—%2 COMMON
SWI‘I’(:HES< 120—IX3 OUT/IN
IN/OUT 1 x4
5 O—1X5
20—{x6
[ 4 O— X7
TRUTH TABLE
CONTROL INPUTS
SELECT ON-SW [TCHES
INHIBIT |C B A
o] c 0 O X0
0 g 0 1 X1
o ot o X2
0 g 1 1 X3
a 1 0 O xXa
0 1 0 1 XS
0] 1 1 0 X6
0 1 1 1 X7
1 X X X None

X= DONT CARE

A1 Q 8
U224
DIFFERENTAL BUS TRANSCEIVER
19A705980P101
R s[]vce
| H )8
DE D: sJA
o[l«  s[JonD
FUNCTION TABLE (DRIVER) logic diagram {positive logic)
INPUT ENABLE OUTrUTS -
D DE A B DE
H H H L i
L H L H p -4
x L 2 z
a2
FUNCTION TABLE (RECEIVER) -y
DIFFERENTIAL INPUTS ENABLE OUTPUT n s o n }sus
A-B RE R &
vip>02vV L H
—02V<V;p<02V L ?
Vip<s-02vVv L L
x H 2z
H = high level. L = low level. ? = indeterminas.
X = irreievant, Z = high impedance {otf) SYSTEM MODULE
I R s ]
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LBI-38639 IC DATA

u25 u27 u29
OCTAL 3-STATE NONINVERTING DIGITAL A/D PROGRAMMABLE INTERVAL TIMER
BUFFER/LINE DRIVER/LINE RECEIVER 19A705979P101 19A149466P301
19A703471P116
qHHHHHnH NDEX Ds Ds Dr NC ¥z WR RO
e 9 commer LT T T &
/a 3 2 1+ a3 0 B '
PIN ASSIGNMENT ) e Da]s :s;:'c:
LOGIC DIAGRAM oigre 200 HEHUBHEB >3 Z‘ES
a g2 190 oe2 o7 3 At
nld T/\ w o ::i: ::;: o'E. 82C34 :En
h 009 Elef=f ¢
- 1 L mgs pn cixo] 10 :-:Eoun
4.___1/ 15 Qs 18D ncTn 1w GaTE2
o . I;} % a " : 7 up " i ” 1V W 15w T
) aqs up REF- saiT = * .
s N8, g whwu ner- 2 ANA;O'G-TO- 8 OUTO GATED GND NC OUT GATEY Skt
BATA ) | NOWMVERTING ena 10 nhn SAMPLE DIGITAL ”~ 8
wAyts F[ . quirets ANALOG @) | CONVERTER ]
. 1P — INPUT ::I.DD c'::::f:::” o:mr 2 P .;':?.:‘c?er? 16) para
, ,___a\ . REGISTER 7 ano [ ourur [\
25 " FUNCTION TABLE —{ ORIVER bt
e , DATA cixo
. h 2 Inours Outmut <~ i 0r-0p BUS COUNTER GATEQ
0 " OE11 OE2 | & v ror— e BUFFER °
T N n :: t : : SYSTEM e
\ 43 1% " Ml x |x 2z cLocx CONTROL
ourrur { of1— x | w |x 2 - LoGic ' 4
ENARLES {m;g:)_ P I0ever 2= gn mmosaance & ) ourrur
™ 10-3K0 X =don't 2are vo crocx COUNTER B —-a 2 .
WR——q  peacs s D
| e <:> COMTER [ care
A, =4 ——=ours
l 4
“wono ¥V — COUNTER ” -
K (e e
I ——eout2
SYSTEM MODULE
# ]
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U34
PROGRAMMABLE PERIPHERAL INTERFACE
19A705991P101
Pa3CTh «0{JPAS4
PA ]2 39{JPAS
PAIC]3 38[IPA6
PAO Tl 4 IPa7
ROCS zsp WR

cs 6 ISIRESET
enp 7 34300

AlC]s B0

AOC]e 202
pc7-C10 82C3534 31503
pce il o[04
PCSC12 2[0S
PcaCcqis 28006
pco 14 107
pc1Cts 263 Vee
pCc2r16 25(0OPB7
PC3ICi7 24[PB6
PBOC] 18 23{IPBS

PBIC] 19 270PB4
Pe2r120 213PB3

BLOCK DIAGRAM

{ +sv GROUP
SUPPLIES | ___ A <:__> 170
GND GROUP
. mﬂ"ﬂ PA7-PAC
uwﬁml<:::::: (8)
{
[
GROUP
poRT
— 1.0
—> wein e— AT
(a)
BI-DIRECTIONAL
DATA BUS Erigl DA N
L ey, [ 7 ~
s aIt cRouP
INTERNAL
PORT K*— 0
f DATA BUS C:-\V . \,_m PC3-PCO
LOWER |
(4)
_4
od READ/ L
7w RE
- _ m‘l"RTOEL GROUP GROUP
WR CON
WR LOGIC 8 c—— N R ’ogr o
At — (CONTROL K——— 8 Cﬂ PB7-PBO
A (8)
(] —————
RESET —— & i } .

gl

IC DATA

LBI-38639

U35,U36
DIGITAL POT
344A3041P201

PIN NAMES

Lo, L1 - LOWER END OF RESISTOR
HO, H1 - HIGHER END OF RESISTOR

- Ve WO, W1 - WIPER END OF RESISTOR

N s V, - SUBSTRATE BIAS

M o sy Saz - WIPER FOR STACKED CONFIGURATION
pp 0 RST - SERIAL PORT RESET INPUT

= 0 o DQ - SERIAL PORT DATA INPUT/OUTPUT
T —_ CLK - SERIAL PORT CLOCK INPUT
CIK T S0t Conr - CASCADE SERIAL PORT OUTPUT
GND 0 Vo. - +5VOLT INPUT

GND - GROUND
NC - NO CONNECTION

BLOCK DIAGRAM

STACX SELECT 8T

N7
VO SHIFT REGISTER — 17 8115
.'—-J

HEX BUFFER/CONVERTER
19A700176P1&101

el fsl [d h3l 2 [ fol (sl

nc. Og lg nc Os Is Ou Ie

B

Voo O Iy 0p I Oy I3 Vs

L2l B3l s o

SYSTEM MODULE

3



LBI-38639 IC DATA
Ul
MICROCOMPUTER
344A038™1
PIN. PIN PIN PIN
NUMBER | NAME NUMBER | NAME
° P 81 GND X1 WR
noooocoosesaancans & |om P
@ on 0 TFSO
g P 3 oz .:n RFSO
E g :z oz 10 GND
1 Voo Gn DRO
d D [ >3 MMAP Gio sCc1xo
d 9] F1 BR F11 . DT
d h [ ] RQ2 F10 TFS1
H G1 RESET EN RFS1
g b m o A o | sax
1
g 8] -] A2 D10 Voo
g p N P co  |on
E g X1 xs_ BN D2
2 o5}
d 8] 2 AS ::: De
q D &) GND A Ds
K3 A7
g 3 o |a o
x4 AS BS D8
{ p s A0 A7 D9
Xs AN B7 D10
SLUTOOOO000 000000 Ls A12 A6 D1
K6 A3 B6 GND
[+ PMS as D12
X7 bmM3S BS D13
Ls BMS A D14
xs BG B4 D1S
L XTAL A3 D16
Ke CLXIN B3 D17
L10 axour A2 D18
[~} ndex
BLOCK DIAGRAM
@' jt L . sSRam :::: “:O""
.;";‘ ‘°.:.‘:" { ‘ D F T i GAwmGRATOR
u-.u.no- ung.n’no- stoveecen
- 1 TF T T s
E V ‘ H 1o, s on L .o:::n
R =
— re I'—' s
' l ,‘1 i I l 4} EATERMAL
_21.3 4 i .-‘u:
v ", q;
g 7 ow0 sus | !
4'7 @ 3 %t | z
ey wecs -yt RECS mout RECS
] = |
= il N e | e | | L
I jourmn accs joureut mecs N— joursut meGsS \ lmiatndions ] el sscssedions]
Jb J5 < s s
% @
DSP BOARD
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PIN ARRANGEMENT

Ne [1]
AIZE
A7E
a6 (4]
ASE
a4[g]
a3 [7]
[
a1 [9]
20 {i0}
o1 i
1/02(12
10313

GND 14

o/

U2/U3
8Kx8 CMOS
STATIC RAM
19A705603P5
28lvee
T WE TRUTH TABLE
261 CS2 WE iCS, iCs, | OE MODE 170 PIN
251 a8 ~X | H | X | X |NOT SELECTED HIGH Z
= X | X 1 L x |(POWER DOWN) HIGH Z
;.:;A” H | L | H | H |OUTPUT DISABLED HIGH Z
— H I L i HI L |READ DOUT
221 OE L J L |H | H DIN
5,‘,0 L 1L 8 L |VRITE DIN
3 cs1 X = DON'T CARE
15/ Vo8
18] 1/07
1711/06
161 1/05
1511/04
BLOCK DIAGRAM
e
Ado— —oVee
ASo——1 * | MEMORYMATRIX | —°GND
ﬁ?:‘: ;DF:OW o] 2sex2se
Al 0 o——rl —
All O=—— |
o
: — T I
170 10 j T coLumn 10 [3
| INPUT
! e COLUMN DECODER
: CONTRO —_ = |
I
/o2 , I;ﬁ T éhou AZAIO$A9 3: :
]
| H : 1
|

Ccs 2 o——mrrervd
cS1 o——

TIMING PULSE GEN

e e e e - e - - = -

READ WRITE CONTROL

|




U4/U5
CODEC
19A705827P1

ves L' vcc
PWRO + [}2 GSX
PWRO - 3 ANLG IN -
GSR | |2 ANLG IN +
PON (s ANLG GND
CLKSEL [ |6 ASEL
DCLKR [}? TEX/DCLKX
PCM IN{ |8 13{ | PCM OUT
FSAITSRE (J9 '] FSX/TSXE

OGTL GND [ 'o | | CLKR/ICLKX

TRANSEMIT
SECTION

AUTO

+ ZERO * ]

13

FILTER SAmPLE SUCCESSIVE PCM OUT
MPL fet
ANLG N+ - N |1 anp HOLD csn;;:m. 1 arPROXI- |— noslcjx:;:; s 12 TsR/0CLKX
ANLG IN~ / AND DAC MATION : 1S AsEL
asx 12 “ ' I
REFER- . ANALOG
ENCE | TO DIGiTAL 12 FSX/TSXE
CONTROL ) "
LOGIC l -t CLXR/CLKX
Trective I conTROL
SECTION | secTioN .
\ | —4——- CLKSEL
4 FILTER ! CONTROL 5 o
4 ——\ LOGIC
GSR GAIN l
SET Vr
o4 BUFFER — | R A
8
2 SAMPLE DIGITAL - PCM IN
PWRO+ e AND HOLD :-1 TO ANALOG INPUT
AND DAC CONTROL REGISTER 7
LOGIC ¢~ OLCKR
PWRO— —- REFER- __’_,
ENCE
'20 ' | |IO |I6 l9
Vec Ve OGTL 4 g FSRITSRE
GND

IC DATA LBI-38639

U6
EPROM
19A704305P1-5

27C256
Vpp ]| ~ 28[1 vce
A2 270 Al
A7 (3 26[] A3
As 4 25[1 A8
As (05 24[JA9
Agq d 6 230Ay
Az 7 22[10E
AZ E 8 ol 3?\1;:0 PIN NAME
AL Qe 20[] CE Ao-A|4 | ADDRESSES
Ao o 19007 CE CHIP ENABLE
Oo O 18[706 OE OUTPUT ENABLE
O i 17809 O0p— 07 | ouTpuTS
%23 16[104
GND 14 15[1°3
DATA OUTPUT
Vecc o——> Op — O7
<\3/Noo———> p ~
ppe——>
_ Pretttts
0] OE ,CE —
— |AND PROGRAM OUTPUT BUFFERS
CE—»{ LOGIC >
—»f Y —»
1 DECODER |l V -GATING
—» i
ADDR INPUTS| X : 262,144 BIT
Ao~ A1a(—%] oecoper | i | CELL maTRIX
—pi .
>

DSP BOARD

]
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LBI-38639 IC DATA

u7,U8,U9
OCTAL D-TYPE FLIPFLOP
344A3064P203
e e TRUTH TABLE
o0 4 L OPERATING MODE ' — IINP:TSI = :°U1::’TS|
oo - ALY Toad -1 —~ 1 1 1 n 1 H
o LLAPS Load O - 1 1 1 1 T
s e hno] X cnange
°‘_" ':f“ Hold (30 nothing) X | n | x ::cn:::e
02-: :os H = HIGH voitage levet sieaav state
o2 — — 5 N = HIGH vOIlage sevel One 3E1UD time Prior 10 the LOW-
0 = L'io‘ L'mshmmb:awumsun
Q3 — .12_04 l-LWmoéonwuonmwtounLOW-
10-HIGH ciock transtion.
Gno 1 cp X = Don't care.
== LOW-10-HIGH ctock transiion
BLOCK DIAGRAM
| 4 00 o o2 [} De os [ o1
[e] 3 . ?1 ?0 ?u ?u ?n ?,. ?"
Y {7 Y Y Y Y -
- Qé R lQ _ p | g
> ? - . - ri —»E —.—91 -
L L2 e ! (4 ‘ |n; L [l
i | I i
§ Y Y ¥ ¥ % YT
" 2 [] [ ’ [} " O " élo
[ [ o (1] e O L os [ 24
c a
] |
0 —— ’ | | °
[’i‘ § [ °t j7
cL " <L Q
i i
a [ 48
DSP BOARD
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IN/QUTyB

IN/OUT g
IN/OUTy
COM IN/OUTC
IN/OUTqc
E
VEE

Vss

Ul0
TRIPLE 2-CHAN
ANALOG MUX
19A702705P5
-
o N e ‘L‘Q Voo 60— INHIBIT R
| controLs <114 T
e~ w L'l'l coM IN/OUT 100—8
[ ok N COMMONS
- U 120—1X0 vl—o1s
= 23 COM IN/OOTA ons SO ’ OUT/IN
SWITCHES? 20—1"°
2 IN/OUTIA IN/OUT | 10—}
50—20 2—04
~iT 1 IN/OUTQA D
=17 SA
el Sg
l i TRUTH TABLE
I yo o ] S CONTROL INPUTS
e C SELECT ON-SWITCHES
INHIBITIC B8 A
(o] g 00 Z0 YO XO
o 00 1} z0 Yo X1
o o1 0 Zo0 Y1 X0
o 9 1 1 Zo Y1 X1
[*] 1 6 0] 21 YO XO
o 1t o 1] zZ1 vyo X1
0 1 1 6] 21 Y1 XO
0 11 1] z1 vv x1
1 x x x NONE
X = DON'T CARE

s —] LEVEL
CONVERTER

BLOCK DIAGRAM

——————— COM IN/OUTa

[>J<:L__ IN/OUT 1

IN/OUT gp

] D>

(ONLY 1/3 OF DEVICE SHOWN )



U1l
QUAD OP-AMP
19A704883P2

14 9
A ASMAN

D

W‘?V‘u“r‘&r"{g
l

PIN CONNECTIONS

o/
ouT s ouT
[ 14 4
2 3
INPUTS [2] 3] INPUTS
| 4
= :
vee [4 1] Ve g GND
INPUTS) LS 'L]+ Of | nPUTS
2 | 12 3
a ' B
ouT ouT
2 [7 — :E] 3

(TOP VIEW)

IC DATA LBI-38639

u12
1Kx8 DUAL PORT
SRAM
344A3040P201
- «
r~ - dird <y
0= vy ‘Ejb~
maﬂ 3&'553% 3 B S
-t bl N d oS uuuuuu\
C 71 6 42 tuuuaoauu
A ’ ' «aZ L
A“ E. OZ A
2w “lAnm
Ax B Qs s
Ag =W _-_-“F
Ay =V 4.:1'.,
Agq —m1 'Bz" ::A“
An T Ls2-1 %= am
Aq =W Pnial ]
AgDOw 8:#,.
mu’-:" 3 ea Agn
VCy,  =n ’3"‘
VOpn = ﬁ:m
IIO,."‘K’ a’:z:usnrvnn:ut:z::”/--q
n
=a¢:oost£:‘;:$
g888=529902¢2°2¢
S3-PIN LCT/PLCT

TOP VIEW

BLOCK DIAGRAM

L
Ot ——<a/ ] I e D—— O,
.- I-l. I seoe ‘ s Z ‘> - -M ‘ , . ::
~ ' LR ] ] i ] T 3
Wea = [ = Vo
' « | cOL COLUMN COLWMN coL |
c | sel vo o SEL |
VO . e - - VO
BIY.m o ! i7 t o BISYm
Ag = Am
: MEMORY rROW |:
. séf“z‘z:r @ ARRAY K::> SELECT |-
A Ao
An Aw
Aa : ARBITRATION . An
cz. INTERRUPT .
RW. RW,
-INT&E ] I 'w_','lm
NOTES:
1L DT7130 MASTER: BUSY is opan Oran OUDLE NG reCLEs DLlUD XY

DT7140 (SLAVEX: BOSY s rex.
2 Ooan oran QUK. NeCArES PURLID FemSTX.

Ul3
OCTAL LATCH
344A3064P202
S
5 — = ves
oo -1: -'—9- ar
DO -3- -2- o7
(1) -‘— -i [ )
or = e o
(o> i1 Y5 os
02 "= o3
o ﬁ LE
ot ] 9 r-‘lOG
10 " —
GND b LE
ND ==y [
TRUTH TABLE
Output Latecn
Enable Enable Dats Output
L H H H
L H L L
L L | L
L L h H
H X X Z

Noie:

L = Low voitage level

H = Hign voltage level

| = Low vecitage level one set-up time prior to the high to
low latch enabie transition

h = Hignh vonage evel one set-up time prior to the high
to low tatch enable transition

X = Don't Care
2 = Hign impedancs State

BLOCK DIAGRAM

veeo

&R
o> D[
wr {o/ 4 —
1S

Common Controls ¢ 3

|

HC—DoP— o @
SN Y

DSP BOARD
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