ADDENDUM NUMBER 1 TO MAINTENANCE MANUAL

LBI-38764G
Refer to ECO#20043005

GENERAL

This addendum documents a change to the System Module (19D902590G1, G3, & G5) Maintenance Manual.
Torque specification changed from 20 in-lbs. to 12.5 + 2.50 in-Ibs.

CHANGES

On page 6, update drawing 19D902590 with revision 6.
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DESCRIPTION

System Module 19D902590 contains all audio processing
and control circuitry for the T/R and M/R shelves. The audio
processing and routing isdoneusing anal og circuitry. Thecontrol
circuitry utilizes high speed digital components and includes a
microprocessor. Due to the high speed digita circuitry, the
System Module is housed in an RFI and EMI shield.

There are three types of System Maodules for various appli-
cations:

1. System Module 19D902590G1 incorporates System
Board 19D903771G1 and is used in MASTR lle DC
remote applications only.

2. System Module 19D902590G3 incorporates System
Board 19D903771G1 “ piggy backed” with Digital Sig-
na Processing (DSP) Board 19D902667G1. Thismodule
isused in adl MASTR lle and MASTR |1l base station
applications, including Enhanced Digital Access Com-
munications System (EDACS).

3. System Module 19D902590G5 is identica to System
Module 19D902590G3 except for the chassis screen
printing. This module is used in MASTR Il Auxiliary
Receiver applications.

Supply voltages for the System Module are generated by the

Power Module and are applied to the System Module through
the 96-Pin DIN connector on the backplane board.

CIRCUIT ANALYSIS

SYSTEM BOARD
Clock Circuitry

The 14.745 MHz clock drive for the System Module digital
circuitry is derived from a gate oscillator circuit comprised of
inverters U21C and U21D, 14.7456 MHz crystal Y 1 and associ-
ated components. Resistor R110 keeps the inverter gate U21CV
in the linear mode during power up for reliable clock start up.
Resistor R111 and capacitor C3 provide AC and DC drives to
Y 1. Inverter U21D buffers the clock signal and transistors Q11
and Q12 dlowsmicroprocessor 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 capacitive loading on Y1. This
change causesthe oscillation frequency to change approximately
300 PPM.

Copyright© 1992 - 2002, M/A-COM Private Radio Systems, Inc. All rights reserved.

Reset and Watchdog Timer

The System Board contains a power up/manual reset circuit
to initialize the programmed code and hardware devices on the
board. Thereset circuitry, consisting of digital supervisory circuit
U19, monitors the +5V line. When the voltage on the +5V line
isbelow +4.5V, U19 outputs alow going pulse on Pin 15. At the
same time it also outputs a high going pulse on Pin 16. Manual
resetisalso possible by pulling thereset lineon J1-18C low. This
is accomplished through the reset switch S1 on the Power Mod-
ule. Supervisory circuit U19 also provides added protection for
EEPROM UG to ensure dataintegrity. If the+5V linefallsbelow
4.65V, U19inhibitsany chip select to U6 that might occur during
power transients.

In addition, U19 provides awatchdog timer. The microproc-
essor must pulse U19, Pin 11 periodically or U19 will generate
areset. Themicroprocessor pulsesthewatchdog timer using U1,
Pin 40 (WDOG).

The reset pulse is applied to microprocessor U1, Program-
mable Peripheral Interface (PPl) U34 and to the backplane
Board on J1-18C.

Address L atch

The main controller on the System Board is microcomputer
U1 (80C152JB). The microcomputer obtains instructions from
the program stored in EPROM U4.

Thelower eight bytes of the addressfrom the microcomputer
multiplex between addressand data. Addresslatch U2 (74HC37)
is used to secure the address from the microcomputer using the
microcomputer ALE signal (U1-55). The upper eight bits of the
address contains only address information and are applied di-
rectly to the devices needing these additional lines.

Address Decoding

One of eight de-multiplexers U3 (74HC138) is used for
address decoding. The three most significant bits of the address
bus (A13, Al4, A15) are used to select one of eight, 8k-byte
blocks of data (non-program) memory.

The microprocessor PSEN output signal at U1-54 isused to
disabledemultiplexer U3. Thisevent causesall of theeight select
outputs to go high so only the program EPROM 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:

U3-15 0000-1FFFH EEPROM (U6)

U3-12  2000-3FFFH RAM (U5)

U3-13  4000-5FFFH Digital Signal
Processor

U3-12  6000-7FFFH Input/Output
Latches (U7,
uU25)
U3-11  8000-9FFFH 82C54 Counter
Timer (U29)
U3-10 A000-17 82C55
Programmabl e Periphera
Interface (U34)
U39 CO00-DFFFH  not used
u3-7 EO00-FFFFH not used

Program/Data M emory

Three memory components are included on the System
Board: UV EPROM U4, static RAM U5 and EEPROM U6.
The microprocessor can address two 64k-byte memory seg-
ments; the program memory and the data memory. The pro-
gram memory is stored in U4 and is selected by alow going
pulse on microprocessor PSEN output U1-54.

The low going pulse on the PSEN output disables access
to any data memory by disabling address decoder U3. This
disables al chip selects to devices mapped to data memory
locations (Refer to Address Decoding section for more infor-
mation on devices mapped into data memory space).

Themicroprocessor executes programinstructionsfetched
from EPROM U4. The microprocessor outputs the program
addresson ADJ[0:7] and A[8:15]. The addresslatch latchesthe
addresson AD[0:7] when ALE goeshigh. The EPROM inputs
the 16 bit address and outputs the eight bit instruction found
at the input address on AD[0:7] lines when PSEN goes low.

Data memory is stored in static RAM U5. Data can be
written to and read from this device. However, al dataislost
at power off. The RAM inputs the latched address output by
the microprocessor when chip enable input U5-20 from ad-
dressdecoder U3islow. If theRAM OE input U5-22 goeslow,
then the data contained in the RAM at the input address is
output to themicroprocessor onthe AD[0:7] lines. If the RAM
WE input U5-27 goes low, data on AD[0:7] is stored in the
RAM at the input address.

Personality information is stored in EEPROM UG6. Data
can bewritten to and read from thisdevice. Datastored in this
deviceisnot lost at power off. The EEPROM inputsthelatched
address from the microprocessor when the CE input is low.
The chip enableinput is generated by address decoder U3 and
output on U3-15. However, the signal is routed through U19.

Supervisory circuit U19 disables the EEPROM chip en-
able when the board is in areset condition. This ensures that
no extraneous writes occur to the EEPROM during power-up
or brown out conditions which could affect personality data.

If EPROM OE input U5-22 goes low whilethe CE islow,
then data contained in the EEPROM at the input address is
output to the microprocessor on the AD[0:7] lines. If
EEPROM WE U5-27 goeslow whilethe CE islow, then data
on AD[0:7] is stored in the EEPROM at the input address.

Counter Timer IC

Counter timer U29 consists of three 16-bit timer/counters
that are used for the different functions described below. The
microprocessor can enable, disableand configurethe counters,
aswell as read back counter status information using the AD
bus. The input clock to the device is derived by dividing by
two the 14.7456 MHz clock signal out of gate oscillator buffer
U21D using D flip-flop U28. This same 7.3725 MHz clock
signal isused for each counter/timer to give 135 nsresolution.

Counter 0 is used for Channel Guard decoding. It is con-
figured to output a 135 ns pulse on U29-12 at eight times the
Channel Guard decode frequency. This pulse is latched by
flip-flop U18A. Theoutput of thislatchisappliedtotheINTO
input of microprocessor U1-16, causing an interrupt. The
microprocessor resetsthe latch, clearing theinterrupt by puls-
ing U18A, Pin 4 using P1.6 (U1-10) output in the interrupt
service routine.

The 135 ns 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 microprocessor during the INTO
service routine on P4.7 (U1-58) and used for Channel Guard
decoding.

The second counter timer (counter 1) isused to generate a
microprocessor interrupt. Thisinterrupt is used by the micro-
processor to generate Channel Guard and should occur at eight
timesthe Channel Guard frequency. The counter isconfigured
to send the output (U29-16) high upon timing out. This high
isinverted by NPN transistor Q9 and resistors R1 and R18.

The inverted signal is then applied to the microprocessor
INT1 input (U1-18) which causes an interrupt 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 gen-
eration. When atoneisdesired, 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 asine wave.

A resistor divider consisting of resistors R38 and R39 sets
the level of the sine wave at U17-14 to approximately 800
mVrms. The microprocessor disables the counter/timer when
no toneis desired.
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Programmable Peripheral | nterface

Programmable Peripheral I nterface (PPI) U34 provides
three additiona eight bit I/O ports. The reset generated by
supervisory circuit U19isinput on U34-39 and servesto reset
the U19 to the default state. Ports A and C are configured as
output ports and Port B as an input port.

Port C outputs are used to |oad the Rx and Tx synthesizers
as well as provide serial communications with the interface
board. Port A outputs provide an interface to the GETC in
GETC equipped stations. The system board |oads the synthe-
sizers and communicates with the interface board with the
following Port C signas: RXF4/AUX2 (DATA), RXF2 (EN-
ABLE), TXF1 (A0), TXF2 (A2), RXF1 (A2), and from Port
A: SERIAL CLK (CLK). The remaining Port A and Port C
inputs are used for several different interfaces.

Port B inputs several interface signals. Pull up resistorsto
+5V are used on al open collector type inputs. These signals
are then buffered and/or level shifted where appropriate. Re-
sistors are put in series with all of the inputs for spike protec-
tion.

Wherelevel shifter/buffer U41 isnot used, dual diodesare
included to prevent over or under voltage conditions.

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

Additional 1/0O

Additiona 1/0O is provided by input latch U25 and output
latch U7. Each of these latches is mapped to address 6000H.
However, input latch U25 is enabled by a low pulse on the
microprocessor RD output whiletheoutput latch U7 isenabled
by alow pulse on the microprocessor WR output.

Theinput latchisused to get DC CNTRL, BATT STDBY,
REM PTT, TX DISABLE, CG MON and M3_STATUS sig-
nalsontothe AD busso they can beread by themicroprocessor.
The DC control currents are decoded elsewhere in the system
and the decode current is passed to the microprocessor using
DCCNTRL1, DC CNTRL2, and DC CNTRL3 inputs. These
are CMOS level signals so no level shifting is required.

TheBATT STDBY signal requireslevel shiftingto convert
the 22-volt highto a TTL level. Thisis achieved by resistors
R4 and R5. Dual diode D2 limits the signal to be within -0.7
and +5.7 to guard against over or under voltage conditions.
BATT STDBY is driven high when the station is operating
from battery power.

Output latch U7 (74HC377) latchesthe dataon the AD bus
when the chip is selected by address decoder U3 and a low

going WR pulseisreceived. Thislatched datagoesinto analog
switch select lines used to select audio paths in the analog
circuitry.

Microprocessor |/O

The microprocessor has some additional 1/0 pins. These
pinsare used to bring signalsin and out of the microprocessor
directly without going through any additional 1/0 devicessuch
aslatchesor aPPl. The LOCAL PTT input islevel shifted and
buffered by U41E and brought into the microprocessor on
uU1-19.

The microprocessor also generates he AUX RX MUTE
output used to mute an auxiliary receiver. Thesignal originates
onU1-51 andisinverted by U26F. Thisgivesan open collector
active low output.

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

The microprocessor is also capable of loading electronic
potentiometers U35 and U36. Each of these potentiometers
contains two 256-position variable resistors. The microproc-
essor must serialy load all four variable resistors at the same
time.

The microprocessor switchesthe potentiometersselect line
(U1-17) high. This enables the electronic potentiometer load-
ing circuitry and allows the microprocessor to shift 34 bits of
seria data into the electronic potentiometers, 17 bits of data
into each IC.

Dataisoutput on U1-20 and clocked into U35 and U36 on
therising edge of the clock signal generated by the microproc-
essor on U1-21. The microprocessor can aso read back the
current potentiometer settings.

When data is clocked into U35 and U36, the current
potentiometer setting is clocked out and brought into the
microprocessor on U1-22. After all 34 bits have been clocked
into U35 and U36, the microprocessor pullsthe potentiometer
select line (U1-17) low. This ends the loading sequence, and
causes the digital potentiometers to load the new resistance
value.

A/D Converter

The system Board containsan A/D converter. Thisisused
for metering DC inputs. Four externa metering inputs are
accommodated. These include PWR SNSR, TX MTR+ rela-
tiveto TX MTR-, RX MTR+ relativeto TX MTR-, and EXT
JCK.

The PWR SNSRinput will accommodateaDC level between
zero and +5V relative to anaog ground. The input is protected
from over voltage conditions by adua diode D7.

The control shelf routes TX MTR + and TX MTR - into a
differential amplifier consisting of U17A, and resistors R140,
R142, R145, and R146. This amplifier removes any common-
mode voltage. Theoutput of thisdifferential amplifier isactually
measured and must be between zero and 2.9 volts.

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

The EXT JCK input isdesigned to input signalsbetween zero
and +10V relative to AGND. Operational amplifier U17B pro-
vides a high impedance and buffers the input signal. The output
of this amplifier goes through a voltage divider network com-
posed of resistors R3 and R6 that divides the DC level by two.
Thissignal isthen routed to multiplexer U33.

Anaog multiplexer U33 gates one of four inputsto the A/D
converter U27. The microprocessor determines which input is
selected using U1-52 and U1-57. The microprocessor starts an
A/D conversion by putting a rising edge on U27-5. U27 then
convertsthe DC input voltage selected on U33 to adigital value.

The converted digital value is clocked out of U27 sequen-
tially 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
faling edges of its CLK output (U27-7).

When all eight bits have been clocked out, the A/D is dese-
lected, and the next conversion cycle begins by the microproc-
essor setting U27-5 high.

DSP I nterface

System Board 19D903771G1 is equipped with plugs to ac-
commodateDigital Signal Processor (DSP) “ piggy back” board
19D902667G1. This board plugs into J2 and J3 of the system
board.

The microprocessor communicates with the DSP board
through the eight bit AD[0:7] bus and adua port RAM located
on the DSP board. This memory is mapped into an 8k-byte data
memory segment using address decoder U3. Data can be written
to and read from any of the 256 byte locations that can be
addressed by AD[0:7].

The DSP board contains an address latch to latch the address
information on AD[0:7] when ALE goeshigh. WhentheDSPCS
is low and the microprocessor WR output is low, the data on
ADJ0:7] is written into the latched DSP data memory segment
address. When the DSP CS is low and the microprocessor RD
output is low, data on AD[0:7] is read into microprocessor Ul
from the latched DSP data memory segment address.

Two handshake lines used for the DSPinterface for synchro-
nization are DSP TBLF and DSP RBLE. When the DSP has
written amessageto thedual port RAM, it signal sthe microproc-
essor U1 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 DSPthat it is ready for another message.

When the microprocessor wantsto send amessagetothe DSP
itfirstlooksat he DSPRBLE input. A high onthisinput indicates
that the DSP receive buffer is empty and it is ready to accept a
new message. When the microprocessor haswritten the message
to the dual port RAM, it assertsthe DSPRBLE low to signal the
DSPthat 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 DP board.

RS232 I nterface

The system Board has an RS232 serid port for programming
and diagnostics. RS232 datais received on the PGM RXD input
and is converted to TTL Levels by U22A. The TTL data is
brought into microprocessor internal UART on U1-14. Transmit
datais output on U1-15 by the microprocessor, and level shifted
to RS 232 levels by U22B. The RS232 data is output on PGM
TXD.

GSC Interface

A high speed seriad interface that is referred to as a globa
serial channel (GSC) isaso included on the system board. 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 driversin U24 by outputting alow on U1-6. Data
isgenerated internally in the microprocessor and output on U1-5.
Thedatais converted to RS485 levels and output on the GSC by
u24.

Thereceiver section of U24 is always enabled so the micro-
processor receiver can monitor the transmitted data. This moni-
toring isto check for collisions on the GSC created by multiple
GSC nodes transmitting simultaneoudly.
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The drivers of U24 convertsreceived datato TTL levelsand
outputs them on U24-1. The microprocessor brings the received
datainto its receiver on U1-4 for message decoding.

Transmitter | nterface

In the 19D902590G3 and G1 system modules, the system
board isresponsiblefor loading the TX Synthesizer modulewith
the proper frequency information. When the micro-controller
sees a PTT from an enabled source, it first drives ANT RLY
active. This switches the antenna switch in stations with this
option and also applies power to the TX synthesizer oscillator
circuit. Next, data is shifted into the TX Synthesizer using A2,
Al, AO, CLK and DATA. After the TX Synthesizer has been
loaded with the data, enable goes activeto allow the TX Synthe-
sizer PLL Circuit time to acquire frequency lock. At the end of
this ENABLE period, the micro-controller sasmplesthe TX syn-
thesizer status bit supplied by the Interface Board. If thereisno
fault (synthesizer |ocked) then the microprocessor drivesthe TX
OSC CNTRL (PA KEY) active which turns on the RF PA. Upon
reset, or achannel change, the system board must also set the PA
Power pot by sending the appropriate datato theinterface board.
Audio for the transmission is output on the TX AUDIO HI and
the TX AUDIO LO outputs. Channel Guard issummed into TX
AUDIO HI.

The 19D902590G5 system module does not utilizeitstrans-
mitter interface.

Receiver Interface

At power up or upon channel change, the RX Synthesizer is
programmed in the same manner as the TX Synthesizer in al
system modules. Carrier activity on the selected channel is
sensed by thereceiver squelch circuitry and applied to the System
Module on the CAS input. This active high input is level con-
verted by transistor Q8, and applied to the microprocessor on
U1-23. The microprocessor then routes audio according to the
receiver or station configuration programming.

Local Controls

The system board has three switches and LED’s for loca
control. These switches and indicators have different functions
according to the group of system module. In the 19D902590G3
and G1 system modules, switch S2isa REMOTE PTT switch.
A low on thisinput causes the microprocessor to react as though
aPTT has been received over theline. Thelineis also routed to
an external module to activate the remote PTT input. Switch S3
isaTX DISABLE switch. When S3 is active the microprocessor
inhibits all transmissions.

In the 19D902590G5 system module, switch S2 is not used.
A low onthisinput isignored by the microprocessor. Switch S3
is a SQ DEFEAT switch. When S3 is active the microprocessor

unsquelchesthe receiver by setting the digital squelch pot onthe
interface board to zero.

All system boards are electrically equivalent. When not
activated, S2 pulls the line to +5V. When activated, the switch
pulls the line to ground. This switch is input on Pin 7 of input
latch U25. In the case of S3, when not activated, resistor R136
pullsthelineto +5V. When activated, the switch pullsthelineto
ground. This switch isinput on Pin 8 of input latch U25.

Inal system modules, switch S4isaCG MONITOR switch.
When not activated, resistor R137 pulls the line to +5V. When
activated, the switch pullsthelineto ground. Thisswitchisinput
onPin9of input latch U25. Thislineisalso 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 mode.

When the system moduleisin CG MONITOR, it lightsLED
DS3 by outputting a high on U1-66. This high is inverted by
U2D. Thisdlows current to flow through DS3, turning on the
LED.

Putting the 19D902590G3 and G1 System Modules 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, turning on the LED. In the 19D902590G5
System Module, this LED indicates a UN SQuelch condition.

The 19D902590G3 and G1 System Modules concurrently
activatethe ANT relay output and LED DS1. The LED indicates
Transmit activity. In the 19D902590G5 System Module, this
LED indicatesthat the System Moduleisin Local Programming
Mode.

CG High Pass and De-emphasis Filters

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 1Vrms a 1000 Hz, the output is
typically 2 Vrmsand is supplied to three places: Channel Guard
reject filter, DSPboard through DSPunfiltered audio, and Chan-
nel Guard decode.

US30A is a unity gain notch filter, centered at 205 Hz. The
filter provides 25dB of attenuation. U30B, U30C, and U30D
form a sixth order unity gain high pass filter with a cut off
frequency of 280 Hz. U37B isa+1/-3 dB de-emphasisfilter that
rollsaudio off at 6 dB/oct in the frequency range 300-3000 Hz.

With 1Vrms into VOL/SQ HI, the output of U37B will be
750 mVrms. 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 mi-

FREQUENCY FREQUENCY

Figure 1 - Channel Guard Tone Reject (+1, -3 dBV) Figure 2 - Channel Guard Tone Rejct Filter (+2, -8 dBV)
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Figure 3 - Channel Guard Encode/Decode Filter Figure 4 - Battery Alarm/Morse Code Band-Pass Filter
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croprocessor to switch between MIC and VOL/SQ audio to
the DSP. The combination of U37A, U30A, U30B, U30C,
U30D, and U37B provides the frequency envelope shaping
reguirements (roll-off) as shown in figure 7.

The TX Audio Out circuit consists of U15, U36A, U8C,
and U37D. IC U15 is an analog multiplexer that is controlled
by the microprocessor. Any of the following signals may be
connected to the TX AUDIO HI output: LOCAL MIC,
VOL/SQ,DSPLINE/TX AUDIO, DSPTX AUDIO, External
High Speed Data, LINE Input, open (battery aarm), and
ground (for no transmission). U8C is an analog multiplexer
controlled by themicroprocessor 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. Thisalowsfor thetransmission of thea arm signa when
other signals are present. U36 is a dual digital potentiometer
controlled by the microprocessor, and adjusts the transmit
audiolevel. U37D, again stage that drivesthe TX AUDIO HI
(J1-5C) and TX AUDIO LO (J1-6C), is adjustable between 40
and 250 mvVrms.

U37C isthe +2/-8 dB de-emphasisfilter that provides a6
dB/oct roll off from 300-3000 Hz for the local intercom or
speaker audio. With a rated input of 1Vrms at 1000 Hz, the
output level of thisfilter is 750 mVrms. This filter in combi-
nation with U37A, U30A, U30B, U30C, and U30D provides
the frequency response shown in Figure 8.

U32 isthe 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 sumsthe multiplexed audiowith Voice Guard
Tone. Theresulting 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 Channel Guard (CG) or Low
Speed Data (LSD) 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.

U9A isagain stage that suppliestwo frequency dependent
negative resistor (FDNR) circuits. Thefirst 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 of at 230 Hz.

U11B is alow pass filter that provides added attenuation
in the 300-3000 Hz range. These elements combineto provide
35 dB of attenuation for frequencies above 310 Hz. The
resulting frequency responseis shown in figure 9.

U11A, D5, and Q2 combine to convert the analog signal
attheU11B output to a0-5 Vdc squarewave. Thissquarewave
is then supplied to U18B to be read and decoded by the
Mi Croprocessor.

CG/L SD EncodeFilter

U12C is used to select between externa Low Speed data
or Walsh hits. TheWal sh bitsare created by the microprocessor
on U1-64 and U1-65, and form arough sinewave. Thissignal
is coupled through U9C to provide some gain.

U16A, U16B, U16C, and U16D form two FNDR circuits
that have the same response as described in the CG/LSD
Decode Filter section. U9D provides gain and drives U35A.
U3BA isadigital potentiometer that provideslevel adjustment
and is controlled by the microprocessor. Also, U9B hasa 3.3
K-ohm source impedance to alow a separate source to drive
Channel Guard HI. Thisfilter has the same response as shown
inFigure 9.

Battery Alarm / M orse Code

TheBattery Alarm / Morse Codetonesare generated using
U29, U17C and U17D. U29 is a clock timer that creates a
square wave at the required frequency. Capacitor C113 and
resistor R39 form a high pass filter to provide DC blocking.
U17C is a second order low pass filter and U17D provides
gain. These components combine to provide the response
shown in figure 10.

The output of U17D sourcesthe signal to U31B and U15.
U15 is the TX Audio multiplexer discussed earlier in this
section. U31B isan amplifier to sum the Battery Alarm signal
with the Voice guard alert tone, which isthen transferred to the
LINE output.

Line Audio and Compression

The LINE output circuitry consists of U14, U8B, U36B,
U31D, U13B, and U31A. The ana og multiplexer U14 isused
to connect one of thefollowing signalstothelinedriver U31D:
LOCAL MIC, VOL/SQ, auxiliary receiver, aux re-
celver/VOL/SQ, DSPLINE/TX audio, MODEM LINE data,
open or ground. The open stateisto transmit Battery alarm or
Voice Guard aarm.

U31A sumsthe auxiliary receiver audio with the VOL/SQ
audio. U36 B isadigita potentiometer and controls the audio
level into the line driver U31D. Thelevel a LINE A (J1-4B)
and LINE B (J1-4A) is adjustable between -20 dBm and +11
dBm.

TheLINEIN Audioisselected from LINE A and LINE B
in atwo wire system, and from DUPLEX LINE A and DU-
PLEX LINE B in afour wire system. Each input has a 600

ohm impedance to match the line impedance. U12B selects
between two and four wire audio.

In MASTR lle systems digital potentiometer U35B sets the
level applied to theline compensation filter U13B. Thisfilter 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 compression circuit consisting of
U13C, U13D, D6 and Q3. LINE IN audio from U13B is applied
to anetwork composed of transistor Q3, and resistors R65, R75,
and R76. After being amplified by U13C, the output is applied
to four places: LINE output, TX Audio output, Intercom audio,
and D6.

This compensation circuit is only effective in stations using
Group 1 system modules (no DSP), or Group 2 system modules
programmed for DC Control. For all other applications, audio
routing bypasses the compensation filter.

The output of amplifier U13C is rectified by D6 which
charges capacitor C25. U13D amplifies the voltage on C25 and
provides a DC offset to the gate of FET Q3. FET Q3 servesasa
variableresistor in the voltage divider composed of R65 and Q3
which limitstheinput to U13C. R75 and R76 serveto reducethe
distortion across the voltage divider.

This circuit normally operates in a linear fashion with Q3
turned off which appears as a high resistance. When higher than
normal audio isreceived at U13B, the amplification of U13C is
rectified by D6, increasing the voltage across C25.

Theincreased voltage across C25 through U13D starts turn-
ing on Q3 reducing the drain to source resistance, 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.

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. If the hardware compressor is used install
Q3 (19A703795P1; sim to 4416) on System Board
19D903771G1

DSPBOARD

The Digital Signa Processing (DSP) Board utilizes both
digital and analog integrated circuits (IC's) to offer a compact,

flexible, and reliable solution for audio signa analysis and
modification. Most of the components are surface mounted.

The DSP Board operates with two channels of audio. It
conditions audio inputs, digitizes the audio, and processes the
audio data in software. The DSP Board then sends the trans-
formed audio to analog outputs and the signal analysisinforma-
tion toitsdigital output.

Audio inputsfrom the system board are DSPFILT VOL/SQ,
DSP UNFILT VOL/SQ, and DSP LINE IN. These signas are
selected and conditioned through U10, U11, and U15. These
signasare then sampled and digitized by U4 and U5. Thedigita
audio dataisthen applied to U1 for processing. After processing,
the audio dataisthen returned to U4 and U5 for digital to analog
Conversion. The transformed audio is applied to the System
Board on DSPTX AUDIO and DSPLINE/TX AUD.

All pertinent information from DSP analysis of the audio is
communicated digitally to the system board through the dual port
RAM U12. Messages are written to this memory space by the
DSP microcomputer, U1. The messages are read from the mem-
ory by the System Board (viathedigital signalsof connector P3).

For clarity, the DSP circuitry is analyzed in the following
order:

1) DSP and supporting circuitry

2) Anaog input/output

3) Parallel communication port

DSP Microprocessor

The DSP Board performs its functions in the ADSP-2101
Digital Signal Processing microcomputer, UL. Thischiprequires
external hardware to function.

Crystal Y1 provides the 8.192 MHz clock required by the
DSP microprocessor. Capacitors C16 and C17 provide the load-
ing required for reliable startup and stable oscillation.

DSP microprocessor, U1, operates form a 2K interna pro-
gram memory. This program RAM is voldtile; it is lost during
power off sequences. Therefore, it isnecessary to have non-vola-
tile memory to safely hold the DSP Board Code. The 16K X 8
EPROM (U6) performs this function.

Upon reset, or during " re-boot," up to 2K X 24 of internal
program memory isloaded from thisexterna "BOOT EPROM."
The BOOT EPROM, U6, holds up to eight different pages that
can be loaded. The selection of a 2K-page of code is software
controlled except during reset when boot page zero is aways
loaded.

In essence, boot memory page is loading a sequence of read
cycles. The BMS pin goes low in order to enable the boot
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A13, D22 and D23. The /RD pin activates the data bus, D15
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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 on these signals, digitally controlled analog
switches (U10) route the appropriate signals to achieve the
final audio input setting described above. If VOL/SQ SEL is
alogiclow, DSPFILT VOL/SQ is selected. If CANCEL SEL
isalogic high, four wire audio is selected. If not alogic high,
two wire audio is selected.

Each audio channel selection requires proper voltage level
adjustment to insure an optimal conversion to the digita
domain where it will be processed. This conversion is per-
formed by codecs U4 and U5. In other words, theaudio signals
are conditioned to assure that their dynamic ranges can be
accommodated by the codecs. The codecswill neither beunder
driven nor saturated. This results in a digital signal with
uniform Signal to Noise Ratio (SNR) following the A/D
conversion.

Filtered Receiver input conditioning

Filtered receiver input comes from the System Board
following de-emphasi schannel guard reject filtering at amaxi-
mum of 1.16 Vrms. Thisinput channel requires no amplifica-
tion to assure that codec U4 utilizes the dynamic range effi-
ciently.

£
f-:: The boot EPROM circuitry also includes resistors R1 and o o )
_____________ c £ R2. These resistors are zero ohms, and are the equivaents to Line input comes from the DPLX line input pair of the
r s @ jumper wires. If the capability of eight boot pagesisnecessary, control shelf when it isin afour wire configuration. Its audio
5 | g 8 R2 is removed and R1 isinstaled in the board. In thiscase, 1S not in contention with audio leaving the station because
S ] 5 g U6, Pin 1 actsas an extraaddress pin that isconnected to D23.  there are two lines independently dedicated for the output
= : g = 8 = If the capability of four boot pagesisnecessary, Rlisremoved ~ Signal.
| | EgE = and R2 isinstalled on the board. Inthis case, U6, Pin 1 acts as
@ 1= & aprogram pin and istied off to five volts. Thelineaudio level Eﬂj ustment is able to attenuate a2.47
I 5 Vrms (+11 dBm) signal and amplify a77.3 mVrms(-20 dBm)
| . Analog inputs signal to themaximuminput level of the codec (approximately
: . J / &; 1.4Vrms). Thisisto compensate for up to 30 dB of line loss
| 2E . K The DSP Board inputs and processes audio both fromthe  that can occur between the remote control unit and the station.
I E £ = 1 receiver and the line simultaneously. There are two possible
5 I 2 E & Elelxlz) 52 receiver input settings and two possible line audio input set- Inthefour wire configuration, DSPLINE IN ispropagated
g I == 3= (55| © L tings. These are: to TP1 with only a gain of 1.09 provided by the differential
= 2 [, 13 3f 3¢ 1) DSPFILT VOL/SQ instrumentation circuit of U11 (A, B, C) and resistors R12-17.
3 : § % . 3 ;é 2 E 2) Two wireline input or four wire line input. This occurs because the amount subtracted from DSP LINE
=1 | £5¢ i z¢ INiSAGND (U10A, Pin 13).
a L This audio selection is actuated directly by the DSPbut is
T T user programmable. The DSP uses the address multiplexer, Between TP1 and TP2 there is a digitally controlled vari-
. U8, to select U7, a D flip flop register. Thisis accomplished able gain stage. The gain stage is composed of U11D, U15
5 by setting A13-A11 to binary 100 when /PM S goes low. Such (1),and resistors R18 and R20. The DSP addresses (and seri-
a sequence will cause U8, Pin 14 to go low, enabling datato  aly loads) a resistance from 0 to 10K ohms into the dual

programmable potentiometer, U15. The digitally controlled
impedance, along with R18 and R20, form a gain through
operational amplifier U11D.

The DSPusesaddress multiplexer U8toselect U7, aD flip
flop register. Thisisaccomplished by setting A13-11to binary
100 when /PM S 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.

Data is written to the D10, D11 and D15 outputs of U7
(Pins 6, 9 and 19) known as POT CLK, POT LOAD EN, and
POT IN. POT IN isserial data. POT LOAD EN isaseria 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. Thefirst value loaded into the
dua programmable potentiometer isa"don’t care” value. The
following sixteen values comprise two 8-bit wiper positions.
Wiper 1 getsloaded before wiper 0. Loading is specified from
MSB to LSB.

Two Wireinput line conditioning

Two wire line input comes from the Line input of the
systemboard whenitisinatwowireconfiguration. Thisaudio
isin contention with audio which isleaving 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
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amplify theinput signal to account for thelineloss 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 differential instrumentation
amplifier of U1l (A, B, C) and resistors R11-17 and the
DSP-controlled resistance through U15(0) and R10. The
SYSBD LINE OUT (aDSP Board input signa) is limited by
U18A and level adjusted through the programmable potenti-
ometer, U15(0), (asexplained above) and then subtracted from
thelineinput signal.

After subtraction, the remaining input (line audio) is level
adjusted by the remaining programmable potentiometer
U15(1) exactly asin the four wire case.

DSP Analog Outputs

The Rx output of codec U5, TX CODEC RX, passes
through U16-B for pre-emphasis and hard limiting. Limiting
action occurs when the instantaneous A C voltage exceeds the
DC bias set by resistors R34, R36, and R37, at which point D1
becomes forward biased placing it in the feedback loop of
U16-B. Due to the V-1 characteristics of the diode, limiting
action occurs. U16-B also provides +6 dB/oct pre-emphasis
for transmitted audio in the 300 to 3000 Hz band. The pre-em-
phasis meets the EIA standard of +1/-3 gain flatness in the
passband.

Following the pre-emphasis and the limiter, U16-C forms
athird order low passfilter stage required by FCC regulations
to filter the harmonics created by the preceding limiter. R35
and C29 compose a passive first order low pass filter while
active filter U16-C provides an additiona two poles for this
filter stage. Following U16-Cisanother filter stage consisting
of a second order passive low pass filter and a second order
active low passfilter built around U16-D.

Anaog switch U17 selectswhich filter stage output, if any,
is routed to the transmitter. Depending upon the transmit
frequency band, the FCC requires different filter charac-
teristics for the post limiter filter. The output of analog switch
U17-B DSP TX AUD isrouted to P2-7 where it connects to
the System Board.

The Rx output of U4 pin 2 DSPLINE/TX AUD isrouted
to P2-8 where it connects to the System board. This audio
output typically divesthelineout circuitson the system board.

Parallel Communications Hardware

The DSP Board is equipped with a full duplex paralle
interface for communications between the system board mi-
croprocessor and the DSP microprocessor chip. Communica-
tions are accomplished through the dua port RAM, U12.

Byte wide messages are passed between system board and
D SP chip by reading and writing data upon this common piece
of memory.

The externa eight bit system microprocessor can read and
writeto the dual port RAM. Addresslatich U13 (74HC373) is
used by the 8 bit host to latch the address (AD7-ADO). The
host usesits AL E signal to perform the actual clockingintothe
latch.

Once ALE has returned to logic one, AD7-ADO become
bi-directional data pins. During a"write" cycle, the host sets
updataon AD7-ADO. During a"read" cycle, the system board
microprocessor releases the data lines AD7-ADO into their
high impedance state.

Finally, the System Board low-going /UPRD or /UPWR
pulse executes the desired read/write function. Note that read-
ing andwriting areonly accomplished whenthe DSPCSsignal
is held low. In this way, the system board microprocessor
exclusively sdlects the dual port memory space to prevent
contention upon the multiplexed address and data bus.

The DSP chip reads and writesfrom the dua port RAM by
first selecting its communication memory space. This is ac-
complished by setting A13-11 to binary 010 when PM S goes
low. Such asequencewill cause U8, Pin 13 to go low and thus
enable dua port RAM, U12. Once enabled, the communica-
tions memory is accessed with address lines A9-A0 and data
lines D15-D8, in conjunction with alow-going /RD and /WR
pulse.

The DSPchip (U1) and host processor coordinate message
handling through the RBLE and TBLF flags. The DSP chip
sets TBLF by writing to location 3FFH of the dual port RAM.

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 the flag is set when it islow; it is clear when it is
high.) This way, both the microprocessors can monitor flag
conditions in order to keep from trying to access the same
locationsin memory at the same time.

Tri-state buffer U9 is used by the DSP microprocessor in
order to read the RBLE and TBLF flags. This alleviates the
possibility of contention on the DSP data bus D15-D8. The
RBLE and TBLF flags are read by first selecting U9. Thisis
accomplished by setting A13-A11 to binary 100 when /PMS
goeslow. Such asequence 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 U1 when /RD returns high.
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SYSTEM MODULE SYMBOL PART NO. DESCRIPTION SYMBOL PART NO. DESCRIPTION SYMBOL PART NO. DESCRIPTION
19D902590G1 - M lle System Module C74 19A702052P14 Ceramic: 0.01 yF +10%, 50 VDCW. R24 19B800607P122 | Metal Film: 1.2K ohms +5%, 1/8w. R102 19B800607P563 | Metal Film: 56K ohms +5%, 1/8w.
19D902590G3 - M 11e/M 11 System Module with DSP tch% R25 19B800607P103 | Metal Film: 10K ohms 5%, 1/8w. R103 19B800607P123 | Metal Film: 12K ohms +5%, 1/8w.
19D902590G5 - M 111 System Module c79 19A702052P114 | Ceramic: 0.014iF £5% 50 VDCW. Egg’ Ezgﬁggiiggg Metal Film: 73.2K ohms 1%, 200 VDCW, 1/6w. Eigg gggggggxg; Metal Film: 4.7K ohms £5%, 1/6w.

(Used in Multiple Receiver Applications) c8o 19A702052P5 | Ceramic: 1000 pF +10%, 50 VDCW. Metal Film: 80.6K ohms £1%, 200 VDCW, 1/8w. Metal Film: 4.7K ohms £5%6, 1/8w.
thru R28 19A702931P358 Metal Film: 39.2K ohms +1%, 200 VDCW, 1/8w. R106 19A702931P355 Metal Film: 36.5K ohms +1%, 200 VDCW, 1/8w.
SYMBOL PART NO. DESCRIPTION cs4 _ R29 19A702931P383 | Metal Film: 71.5K ohms +1%, 200 VDCW, 1/8w. R107 19A702931P285 | Metal Film: 7500 ohms +1%, 200 VDCW, 1/8w.
- tchs7 19A702052P5 Ceramic: 1000 pF +10%, 50 VDCW. R30 19A702931P384 | Metal Film: 73.2K ohms +1%, 200 VDCW, 1/8w. R108 19A702931P177 | Metal Film: 619 ohms £1%, 200 VDCW, 1/8w.
2 gggggﬁgii ggezfls hea R31 19B800607P103 | Metal Film: 10K ohms #5%, 1/8w. R109 19B800607P102 | Metal Film: 1K ohms +5%, 1/8w.
4 19D902555P1 Handlé C96 19A702052P14 Ceramic: 0.01 pF +10%, 50 VDCW. R32 19A702931P369 Metal Film: 51.1K ohms +1%, 200 VDCW, 1/8w. R110 19B800607P105 Metal Film: 1M ohms +5%, 1/8w.
: thru R33 19A702931P325 | Metal Film: 17.8K ohms +1%, 200 VDCW, 1/8w. R111 19B800607P102 | Metal Film: 1K ohms +5%, 1/8w.
5 19D903771G1 | System Board (See Below). ces R34 19A702931P350 iim: 9 R112 19A702931P401 im: 0
5 19A702381P506 Screw, thread forming: TORX , No. M3.5-0.6 X 6. - . Metal Film: 32.4K ohms +1%, 200 VDCW, 1/8w. Metal Film: 100K ohms +1%, 200 VDCW, 1/8w.
! C99 19A702052P5 Ceramic: 1000 pF +10% 50 VDCW. R35 19A702931P383 | Metal Film: 71.5K ohms 1%, 200 VDCW, 1/8w. and
7 19A702381P513 Screw, thread forming: TORX , No. M3.5-0.6 X 13. 100 19A702052P14 Ceramic: 0.01 UF +10%. 50 VDCW. L =270 ! ) R113
8 19B232682P20 | Spacer: Pad. and el : R36 19A702931P382 | Metal Film: 69.8K ohms 1%, 200 VDCW, 1/8w. R114 19A702931P383 | Metal Film: 715K ohms 1%, 200 VDCW, 1/8w.
9 19A702381P508 | Screw, thread forming: No. 3.5-6.0 x 8. €101 R37 19A702931P383 | Metal Film: 715K ohms 1%, 200 VDCW, 1/8w. R115 19B800607P391 | Metal Film: 390 ohms +5%, 1/8w.
15 19B235310P1 Nameplate. c102 19A702052P5 Ceramic: 1000 pF +10%, 50 VDCW. R39 19A702931P40 Metal Film: 100K ohms +1%, 200 VDCW, 1/8w. and '
12 19A701431P1 Silicone Compound. c103 19A702052P114 | Ceramic: 0.01yF 5% 50 VDCW. R40 19B800607P103 | Metal Film: 10K ohms 5%, 1/8w. R116
15 19B235310P1 Nameplate, Blank. c104 19A705205P111 | Tantalum: 47 uF £10%, 10 VDCW: sim to Sprague. R41 19B800607P104 | Metal Film: 100K ohms £5%, 1/8w. R116 19B800607P391 | Metal Film: 390 ohms +5%, 1/8w.
16 19D902667G1 DSP Module, Mile/MIIl (See Below). C105 19A702052P5 Ceramic: 1000 pF £10%, 50 VDCW. R42 19B800607P103 | Metal Film: 10K ohms 5%, 1/8w. R117 19A702931P385 | Metal Film: 75.0K ohms 1%, 200 VDCW, 1/8w.
21 19D902485P3 Casting, System Module Auxiliary Receiver. thru R43 19B800607P684 Metal Film: 680K ohms +5%, 1/8w. R120 19B800607P103 Metal Film: 10K ohms +5%, 1/8w.
SYSTEM BOARD 19D903771G1/G2 C108 . RA4 19B800607P473 | Metal Film: 47K ohms £5%, 1/8w. R143 19A702931P436 | Metal Film: 232K ohms +1%, 200 VDCW, 1/8w.
ca:r}é)g 19A702052P14 | Ceramic: 0.01 pF £10%, 50 VDCW. R4S 19BB00B07P683 | Metal Film: 68K ohms +5%, 1/8w. R144 19A702931P243 | Metal Film: 2740 1%, 200 VDCW, 1/8w.
- - -CAPACITORS- - - C110 R46 19B800607P103 | Metal Film: 10K ohms +5%, 1/8w. R145 19B800607P224 | Metal Film: 220K ohms 5%, 1/8w.
c1 19A702052P5 Ceramic: 1000 pF +10%, 50 VDCW. cin 19A702052P114 | Ceramic: 0.01pF +5% 50 VDCW. R47 19B800607P68L | Metal Film: 680 ohms 5%, 1/8w. R146 19B800607P474 | Metal Film: 470K ohms +5%, 1/8w.
c2 19A702052P14 | Ceramic: 0.01 UF +10%, 50 VDCW. c112 19A702061P77 | Ceramic: 470 [F.. £5% 50 VDCW, temp coef0 30 PPM/°C. R48 19B800607P681 | Metal Film: 680 ohms 5%, 1/8w. R147 19B800607P103 | Metal Film: 10K ohms +5%, 1/8w.
C3 19A702061P13 Ceramic: 10 pF +10%, 50 VDCW, temp. coef 0 +30 PPM/°C. Cc113 19A702052P114 Ceramic: 0.01pF +5% 50 VDCW. R49 19A702931P301 Metal Film: 10K ohms +1%, 200 VDCW, 1/8w. R148 19B800607P153 Metal Film: 15K ohms +5%, 1/8w.
c4 19A702052P5 Ceramic: 1000 pF +10%, 50 VDCW. - - - -DIODES- - - - R50 19A702931P388 | Metal Film: 80.6K ohms +1%, 200 VDCW, 1/8w. R4 19B800607P103 | Metal Film: 10K ohms 5%, 1/8w.
c5 19A702052P26 | Ceramic: 0.1 pF £10%, 50 VDCW. R51 19B800607P472 | Metal Film: 4.7 ohms +5%, 1/8w.
- D1 19A700053P2 Silicon: 2 Diodes in Series; sim to BAV99. L S R151
(a:r?d 19A702052P114 Ceramic: 0.01pF +5% 50 VDCW. thru R52 19B800607P472 Metal F!Im: 4.7K ohms +5%, 1/8w. R152 19B800607P102 Metal Film: 1K ohms +5%, 1/8w.
ar D8 . . R53 19B800607P472 Metal F?Im: 4.7K ohms 5%, 1/8w. 5%, 1/8w. R153 19B800607P103 Metal Film: 10K ohms +5%, 1/8w.
cs 19A705205P5 Tantalum: 6.8 ¥, 10 VDCW: sim to Sprague 293D. Eful 19A703595P10 Optoelectric: Red; sim to HP HLMP-1301-010. R54 19B800607P103 Metal F!Imf 10K ohms tSO%, 1/8w. R155 19A702931P434 Metal Film: 221K ohms 1%, 200 VDCW, 1/8w.
co 10A702052P28 | Ceramic: 0 .022 iF £10%, 50 VDCW. DS3 Egg ggggggg;;‘g Metal Film: 4.7K ohms 5%, 1/8w. R156 10A702931P406 | Metal Film: 113K ohms +1%, 200 VDCW, 1/8w.
clg 19A702052P114 | Ceramic: 0.01F +5% 50 VDCW. - -CONNECTORS- - R57 19B800607P1 meﬁl E:m' 3”K o o R e TP ara | Metal Fim: 4.7K ohms 5% 1/6w:
an, etal Fiim: Jumper. R158 19A702931P383 | Metal Film: 71.5K ohms +1%, 200 VDCW, 1/8w.
ciu J1 19B801587P7 DIN: 96 male contacts, right angle mounting; sim to AMP and R159 19BB00BO7PAT2 | Metal Film: 4.7K ohms 5% 0’1/8w T
c12 19A702052P14 Ceramic: 0.01 pF +10%, 50 VDCW. 650887-1. R58 ) o D
c13 19A705205P2 Tantalum: 1 yF, 16 VDCW: sim to Sprague 293D. 2 19A704852P334 | printed wire board. R59 19B800607P102 | Metal Film: 1K ohms #5%, 1/8w. 2122 igggégziig Metal Film: 619 ohms “—fl‘f” 200 VDCW, 1/8w.
il . .
C14 19A705205P6 Tantalum: 10 uF, 16 VDCW; sim to Sprague 293D. ggd R60 19B800607P471 Metal F!Im. 470 ohms +5%, 1/8w. Metal F!Im. 10K ohms 5%, 1/8w.
C15 10AT02052P124 | Ceramic: 0.068 |IF. +5% 50 VDCW. R61 19A702931P413 | Metal Film: .133K ohms +1%, 200 VDCW, 1/8w. R162 19B800607P474 | Metal Film: 470K ohms +5%, 1/8w.
C16 19A702052P5 Ceramic; 1'000 oF ;1—0% s VDCW. ---INDUCTORS- - - R62 19A702931P327 Metal Film: 18.7K ohms +1%, 200 VDCW, 1/8w. R163 19B800607P102 Metal Film: 1K ohms +5%, 1/8w.
clo Loproa0s2ps ic: » 50 4 10A705470P53 | Col. Fix. Surf Mt 220 4. R63 19B800607P103 | Metal Film: 10K ohms +5%, 1/8w. R164 19B800607P472 | Metal Film: 4.7K ohms +5%, 1/8w.
Ceramic: 1 pF, 16 VDCW;, sim to Sprague 293D. " » FIX, > y R165 19B800607P682 - o,
cis L9AT02052P24 | Coramic: 0,068 ., £10%6 50 VDOW. an R64 19A702931P177 | Metal Film: 619 ohms £1%, 200 VDCW, 1/8w. Metal Film: 6.8K ohms +5%, 1/8w.
e R65 19B800607P682 | Metal Film: 6.8K ohms +5%, 1/8w. R166 19A702931P355 | Metal Film: 36.5K ohms +1%, 200 VDCW, 1/8w.
C19 19A702052P5 Ceramic: 1000 pF +10%, 50 VDCW. - -TRANSISTORS- - R66 19A702931P243 iIm: % R167 19A702931P325 | Metal Film: 17.8K ohms +1%, 200 VDCW, 1/8
c21 19A702061P77 | Ceramic: 470 yiF.. £5% 50 VDCW, temp coef 0 30 PPM/°C. Metal Film: 2740 ohms £1%, 200 VDCW, 1/8w. e e e P
c22 19A702052P14 Ceramic: 0.01 pF 109, 50 VDCW. Q2 19A700076P2 Silicon: NPN; sim to MMBT3904, low profile. R67 19B800607P103 Metal Film: 10K ohms +5%, 1/8w. R168 19A702931P305 Metal Film: 11K ohms +1%, 200 VDCW, 1/8w.
23 19A702052P26 Ceramic: 0.1 jIF £10%, 50 VDCW. Q4 19A700076P2 Silicon: NPN; sim to MMBT3904, low profile. R68 19B800607P153 Metal Film: 15K ohms +5%, 1/8w. R169 19A702931P393 Metal Film: 90.9K ohms +1%, 200 VDCW, 1/8w.
c25 19A705205P111 | Tantalum: 47 pF +10%,, 10 VDCW; sim to Sprague. %nsd Egg ggggggg;gigj meta: E!:m: 18§Koh:15 tsﬂs/g) lﬁ‘é"' 21;2 iggggggxgi me:a: ?:m :‘;E O:ms fng’ L’gw'
c27 19A705205P111 | Tantalum: 47 UF £10%,, 10 VDCW; sim to Sprague. ilicon: NPN; si etal Film: 100K ohms £5%, 1/8w R Ay
2 H o prag Q6 344A3855P1 Silicon: NPN; sim to PZT2222A. ] R71 19B800607P103 | Metal Film: 10K ohms £5%, 1/8w. R172 19B800607P474 | Metal Film: 470K ohms +5%, 1/8w.
co8 Q7 19A700076P2 Silicon: NPN; sim to MMBT3904, low profile. R72 19A702931P269 _— o R173 19B800607P474 Metal Film: 470K ohms +5%. 1/8:
c29 10A702052P5 Ceramic: 1000 pF £10%, 50 VDCW Qs 19A700059P2 Silicon: PNP; sim to MMBTS904. low profile. e e o R174 19ATO2OBIP313 | Mesad Fime 18.3K ohrms 4196, 200,
thru Sttt ' Q9 19A700076P2 Silicon: NPN; sim to MMBT3904, low profile. E;j igggégzigg Metal Film: 13.3K ohms £1%, 200 VDCW, 1/8w. R1re 19B800607P 333 me‘a: Ef:m' ;z'KSKrf’hmssij 6 Y /200 VDCW, 1/
C36 and Metal Film: 560 ohms +5%, 1/8w. etal Film: ohms +5%, 1/8w.
Can 10A702052P14 | Ceramic: 0.01 uF £10%, 50 VDCW. 8112 S Siloon: PN s (6 MMET3004 low orafe sgds 19B800607P224 | Metal Film: 220K ohms +5%, 1/8w. R176 19A702931P222 | Metal Film: 1650 ohms +1%, 200 VDCW, 1/8w.
c30 19A705205P5 Tantalum: 6.8 uF, 10 VDCW; sim to Sprague 293D. o ' » 1w protie. R76 Ri77 197702931269 | Metal Film: 5110 ohms 1%, 200 VDCW, 1/8w.
c40 19A705205P6 Tantalum: 10 uF, 16 VDCW: sim to Sprague 293D. Q12 R77 19A702931P376 | Metal Film: 60.4K ohms 1%, 200 VDCW, 1/8w. R178 198800007474 | Metal Film: 470K ohms £506, /8.
caz 19A705205P6 Tantalum: 10 uF, 16 VDCW; sim to Sprague 293D. -~ RESISTORS- - - R78 19A702931P222 | Metal Film: 1650 ohms 1%, 200 VDCW, 1/8w. Egg iﬁzgggziiiiz Metal Film: 75.0K ohms £1%, 200 VDCW, 1/6w.
thru ) R79 19B800607P561 Metal Film: 560 ohms +5%. 1/8w. Metal Film: 133K ohms +1%, 200 VDCW, 1/8w.
cas N R1 19B800607P10 Metal Film: 10K ohms 5%, 1/8w. R80 19BB00607P103 i o R181 19A702931P130 | Metal Film: 200 ohms +1%, 200 VDCW, 1/8w.
c4s 344A3431P1 Monolitic: 1.0 F +80/-20%6, 16 VDCW. R2 19B800607P473 | Metal Film: 47K ohms 5%, /8w Rag Metal Film: 10K ohms 5%, 1/8w. R183 19B800607P183 | Metal Film: 18K ohms 5%, /8w
car 19A702052P114 | Ceramic: 0.014F £5% 50 VDCW. R3 19A702931P301 | Metal Film: 10K ohms £1%, 200 VDCW, 1/8w. R81 R186 19B800607P472 | Metal Film: 4.7K ohms +5%, 1/8w.
043 19A702052P114 | Ceramic: 0.01F +5% 50 VDCW. R4 19B800607P153 | Metal Film: 15K ohms +5%, 1/8W. R82 19B800607P562 | Metal Film: 5.6K ohms +5%, 1/8w. SWITCHES.
an - T mTT
R5 19B800607P332 Metal Film: 3.3K ohms +5%, 1/8W. R83 19B800607P103 Metal Film: 10K ohms +5%, 1/8w.
C50 : +5%, 1/8w. . ) L
P 10AT02052P14 | Gerarmic: 0.01 i £10%, 50 VDOW, R6 19A702931P301 | Metal Fim: 10K ohms +196, 200 VDCW, 1/8w. R84 19A702931P389 | Metal Film: 825K ohms £1%, 200 VDCW, 1/8w. Sw2 10AT05950PS | Switch: toggle: SPDT, 0.4A @ 20 volts; sim to
P 16A702061P37 | Ceramic: 33 pF +5% 50 VDCW, termp coef 0 +30 PPMIC. R7 19A702931P249 | Metal Film: 3160 K ohms £1%, 200 VDCW, 1/8w. R85 10A702931P434 | Metal Film: 221K ohms +1%, 200 VDCW, /8w. Swa
c53 19A702061P45 Ceramic: 47 pF +5% 50 VDCW, temp coef 0 +30 PPM/°C. 22 18@;8322;}2?;3 Meta: F!:m: 13.3Kr::)hms il%,/ZOO VDCW, 1/8w. R86 19A702931P383 Metal Film: 71.5K ohms +19%, 200 VDCW, 1/8w. - - .INTEGRATED CIRCUITS - - -
Cs9 19A702052P122 | Geramic: 0.047 LF £5% 50 VDCW. Metal Film: 10K ohms 5%, 1/8W. R87 19B800607P105 | Metal Film: 1M 5%, 1/8w. i o o
and " R10 19BB00607P39L | Metal Film: 390 +5%, 1/8W. R88 19A702931P305 | Metal Film: 11K ohms 1%, 200 VDCW, 1/8w. ut 19A705962P101 | Microcomputer: & byt extended l/0; sim to
C60 . L .
pe L19AT02052P26 Coramic: 0.1 UF +10%. 50 VDCW R11 19B800607P562 Metal F!Im. 5.6K ohms +5%, 1/8W. R89 19A702931P384 Metal Film: 73.2K ohms +1%, 200 VDCW, 1/8w. u2 19A703471P302 Digital: Octal Data Latch; sim to 74HC373.
c62 19A149791P1 Hotlive Pohoroovione: 0.22 + 1% 50 VDCW Ri2 19B800607P103 | Metal Film: 10K ohms £5%, 1/8W. RO 19A702931P358 | Metal Film: 39.2K ohms 1%, 200 VDCW, 1/8w. U3 10A703471P320 | Digital: 3-Line to 8-Line Decoder; sim to 74HC138.
62 etalized Polypropylene: 0.22 + 1%, : R13 19B800607P472 | Metal Film: 4.7K ohms +5%, 1/8W. R91 19A702931P383 | Metal Film: 71.5K ohms +1%, 200 VDCW, 1/8w. U4 344A3307G16 PROM Kit, Mile/MIll.
Cc67 R14 19B800607P272 Metal Film: 2.7K ohms +5%, 1/8W. R92 19A702931P384 Metal Film: 73.2K ohms +1%, 200 VDCW, 1/8w. us 19A705603P6 Digital: 8K X8 bit Static CMOS SRAM; sim to
C68 19A702052P14 | Ceramic: 0.01 jiF +10%, 50 VDCW. R15 19B800607P103 | Metal Film: 10K ohms +5%, 1/8W. R93 19A702931P383 | Metal Film: 71.5K ohms +1%, 200 VDCW, 1/8w. K M6264AL-10. _
thru R16 19B8006O7PL Metal Film: Jumper. RO4 10A702931P388 | Metal Film: 80.6K ohms +1%, 200 VDCW, 1/8w. ue 19A703952P102 | EEPROM: 21X, 5 volt, programmabe: sim to
R17 19A702931P369 iim: 51. +19 . iIm: oo
c72 10A702052P5 Ceramic: 1000 bF £10%. 50 VDCW. Metal Film: 51.1K ohms +1%6, 200 VDCW, 1/8w R95 19A702931P325 | Metal Film: 17.8K ohms +19, 200 VDCW, 1/8w. u7 10A704380P319 | Digital: CMOS Octal Data Flip-Flop; sim to 74HC377.
p ) R18 19B800607P103 | Metal Film: 10K ohms 5%, 1/8W. R96 19A702931P383 I Film: hms +19 /
and im. =70 . Metal Film: 71.5K ohms £1%, 200 VDCW, 1/8w. us 19A7021705P5 Digital: Triple 2-channel Analog Multiplexer; sim to
c73 R19 19B800607P102 Metal Film: 1K ohms 5%, 1/8W. R97 19A702931P382 Metal Film: 69.8K ohms +1%, 200 VDCW, 1/8w. 4053BM.
R20 19B800607P103 Metal Film: 10K ohms 5%, 1/8W. R98 19A702931P383 Metal Film: 71.5K ohms +1%, 200 VDCW, 1/8w. u9 344A3070P3 Digital: JFET, Input Quad Operational Amplifier; sim to
R21 19B800607P223 | Metal Film: 22K ohms 5%, 1/8W. R99 19A702931P350 | Metal Film: 32.4K ohms +1%, 200 VDCW. 1/8w. TLO74.
*COMPONENTS, ADDED, DELETED OR CHANGED BY PRODUCTION CHANGES R22 19B800607P102 | Metal Film: 1K ohms £5%, 1/8W. R100 19BB00G07P471 | Metal Film- 470 0hms £5% Z}SW ' U10 19A704883P2 Digital: Quad Operational Amplifier; sim to MC3303.
R23 19B800607P103 Metal Film: 10K ohms 5%, 1/8W. R101 19B800607P102 Metal Film: 1K ohms +5% ’1/8WA U1l 19A116297P7 Linear: Dual Operational Amplifier; sim to MC4558C.




SYMBOL PART NO. DESCRIPTION SYMBOL PART NO. DESCRIPTION PRODUCTION CHANGES
u12 19A702705P5 4Dégsit3a$'\1riple 2-Channel Analog Multiplexer; sim to R17 19A702931P401 | Metal Film: 100K ohms 1%, 200 VDCW, 1/8 w. Changes to the equipment to improve performance or to simplify circuits are
u13 19A704883P2 Digital: duad Operational Amplifier; sim to MC3303D R18 19B800607P201 Metal Film: 200 ohms +5%, 1/8 w. identified by a "Revision Letter", which is stamped after the model number of the
ula 19A702705P3 Digital; Microprocessor System Su'pewism ’ R20 19B800607P392 | Metal Film: 3.9K ohms 5%, 1/8 w. unit. The revision stamped on the unit includes all previous revisions. Refer to the
uis 344A3856P101 CMOS Analog Multiplexer: sim to DGA08D. 5}%& 19B800607P103 | Metal Film: 10K ohms 5%, 1/8 w. Parts List for descriptions of parts affected by those revisions.
u16 19A704883P2 Digital: Quad Operational Amplifier; sim to MC3303D. R27
and R28 19BB006O7P102 | Metal Film: 1K ohms 596, 1/8 w. System Module - 19D902590G2 _
U1s 19A704380P302 | Digital: CMOS Dual Data Flip-Flop: sim to 74HC74 and To standardize production of MASTR Ile and MASTR IIl System
gra ) ata Fip-Hop, g R29 Modules, changed MASTR Ile System Board from 19D902453G1
u19 19A149895P1 Digital: Supervisory Circuit; sim to MAXIM MAX691C. R30 19A702931P418 Metal Film: 150K ohms 1%, 200 VDCW, 1/8 w. to 19D902771 g 1 y
u20 19A116180P575 Digital: Hex Open Collector Inverter; sim to 7406. R31 19A702931P318 | Metal Film: 15K ohms +1%. 200 VDCW, 1/8 w. '
u21 19A703995P3 Digital: High speed logic, hex inverter, unbuffered . e !
sim to 74HCUO4. R32 19A702931P209 | Metal Film: 12.1K ohms 1%, 200 VDCW, 1/8 w. MASTR lle System Board was: 19D902453G1 (see LBI-38639
u22 344A3030P201 | Digital: Driver/Receiver, EIA-232DN.28; sim to MC145406. R33 19A702931P369 | Metal Film: 51.1K ohms 1%, 200 VDCW, 1/8 w. for a description of this board).
U24 19A705980P101 | Tranxceiver, Differential Bus; sim to SN751768. R34 19A702931P331 | Metal Film: 20.5K ohms 1%, 200 VDCW, 1/8 w.
u25 19A703471P316 | Digital: Driver/Receiver, octal 3-state non inverting buffer; R35 19A702931P201 | Metal Film: 1000 ohms 1%, 200 VDCW, 1/8 w. System Board - 19D902771G1
sim to 74HC541. ) R36 19A702931P317 Metal Film: 14.7K ohms +1%, 200 VDCW, 1/8 w.
u26 19A116180P575 | Digital: Hex Open Collector Inverter; sim to 7406. R37 19A702931P331 | Metal Film: 20.5K ohms %1%, 200 VDCW, 1/8 w. Rev. A: To improve operation, changed R57 from 19B800607P472 (4.7K
uz27 19A705979P101 | Digital: CMOS A/D; sim to TLS49CP. R38 19A702931P377 | Metal Film: 61.9K ohms +1%, 200 VDCW, 1/8 w. ohms) to 19A702931P305 (11k ohms).
u28 19A704380P302 D!g!tal: CMOS Dual Data FI|p-FIOp_; sim tg 74HC74. R39 19A702931P307 Metal Film: 11.5K ohms +1%, 200 VDCW, 1/8 w.
u29 10A149466P301 | Digltal: CH MOS, Programmable timer; sim to R40 19A702931P347 | Metal Film: 30.1K ohms £196, 200 VDCW, 1/8 w. Rev. B: To make MASTR Ile and MASTR 1 System Boards compatible,
U30 19A704883P2 Digital: Quad Operational Amplifier; sim to MC3303D. Ral 19A702931P157 | Metal Film: 383 ohms +1%, 200 VDCW, 1/8 w. changed R127 from 19A702931P269 (5.11K ohms) to
U3l 344A3070P3 Digital: JFET, Input Quad Operational Amplifier; R42 19A702931P401 (100K ohms).
sim to TLO74. )
m ) ) R43 19A702931P339 | Metal Film: 24.9K ohms %1%, 200 VDCW, 1/8 w. ) ) . .
U3dZ 19A702705P3 Digital: 8-Channel Analog Multiplexer; sim to 4051BM. R44 19A702931P347 Metal Film: 30.1K ohms +1°/Z 200 VDOW. 1/8w, Rev. C: To enhance audio routing by supplying CAS in the System
an : 30. +1%, : . ; o ; CoR )
U33 R4S 19A702931P30 Metal Film: 115K ohms £1%, 200 VDCW, 1/8 w. Module m auxiliary receiver applications. Changed the following
U34 19A705991P101 | Digital: Programmable interface; sim to Hartis C82C55A. R46 19A702931P294 | Metal Film: 9.31K ohms %1%, 200 VDCW, 1/8 w. resistors:
u3s 344A3041P201 Digital:. Dual in-line potentiometers, ceramic, hermetically R47 19A702931P265 Metal Film: 4640 ohms +1%, 200 VDCW, 1/8 w.
6%% sealed; sim to DS1267S-10. R48 19A702931P294 | Metal Film: 9.31K ohms +1%, 200 VDCW, 1/8 w. Cgh agno%zg R22 g fzr om l:. 9B800607P822 (8.2K ohms) to
us? 19A704883P2 Digital: Quad Operational Amplifier; sim to MC3303D. R49 19A702931P201 | Metal Film: 1000 ohms +1%, 200 VDCW, 1/8 w. 198 7P272 (2.7K ohms).
u40 19A116180P575 | Digital: Hex Open Collector Inverter; sim to 7406. R50 19A702931P201 | Metal Film: 1000 ohms 1%, 200 VDCW, 1/8 w.
u41 19A700176P101 | Digital: Hex Inverting Buffer/Converter; sim to 4049UBD. %%dl fghsasns% g gO7RP517(J from ) 19B702931P305 (11K ohms) to
i 9 umper).
Xu4 19A705840P2 Socket: sim to Amp 643646-3. R55 19A702931P301 | Metal Film: 10K ohms +1%, 200 VDCW, 1/8 w. P
----CRYSTAL- - - - R56 19A702931P339 | Metal Film: 24.9K ohms +19%, 200 VDCW, 1/8 w. Changed R82 from 19B800607P103 (19K ohms) to
Y1 19A702511G37 Crystal Assembly: 14.7456 MHz. R57 19A702931P301 Metal Film: 10K ohms 1%, 200 VDCW, 1/8 w. 19B800607P562 (5.6K ohms)
DIGITAL SIGNAL PROCESSOR - - -INTEGRATED CIRCUITS- - -
19D902667G1/G2 Ul 344A3038P101 Digital: DSP Microcomputer, Operating Freq. 40.96
C1 19A702052P26 Ceramic: 0.1 pF +10%, 50 VDCW. sim to ADSP210KX-40. Rev. D: To improve performance, changed R24 from 19B800607P272
thru U4 19A705827P1 Encoder/Decoder: sim to Texas Instruments (2.7K ohms) to 19B800607P122 (1.2K ohms).
C15 and TCM29C23.
C16 19A702061P29 Ceramic: 22 pF +5% 50 VDCW, temp coef 0 30 PPM/°C. us . ; i
and Us 344A3309G5 PROM Kit, Mile/MIlI. Rev. E: In order to meet thg 10% var]anct.e of the complete audio path.
c17 _ u7 344A3064P203 | Digital: HI-SPEED, octal D type Flip-Flop, pos. edgel Changed the following capacitors:
chls 19A705205P6 Tantalum: 10 pF, 16 VDCW; sim to Spraque 293D. trig. ; sim to 74HCT377. Changed C79 from 19A702052P14 (+10%) to 19A702052P114
tcgé us 344A3064P201 Digital: HI-SPEED, 3-8 line decoder /demultiplexer, (+5%)
. inverting; sim to 74HCT138. = : 0
Cc24 19A702052P107 | Ceramic: 2200 pF +5%, 50 VDCW. u9 344A3064P204 Digital: HI-SPEED, octal bufferfline driver, 3-stage; Changed C103 from 19A702052P14 (+10%) to 19A702052P114
C25 19A702061P53 Ceramic: 68 pF +5%, 50 VDCW. sim to 74HCT541. (£5%).
C26 19A702052P120 Ceramic: 0.033 pF 5%, 50 VDCW. u10 19A702705P5 Digital: Triple 2-Channel Analog Multiplexer;
c27 19A705205P19 | Tantalum: 2.2 pF +20%, 10 VDCW; sim to Sprague 293D. Sim 0 40538M. L Rev. F: To eliminate speaker audio oscillation, added R79
and v 10A704883P2 | Digitay. Quad Operational Amplifier; sim to (19B800607P561) 560 ohms in series between C39 (+) and
c29 19A702052P134 | Ceramic: 0.1 jF £5%, 25 VDCW. u12 344A3040P201 %%'%ls SRAM, 1K X8 Dual port; sim to J1-AT.
C30 19A702052P112 | Ceramic: 6800 pF 5%, 50 VDCW. o .
P LOAT0P059P 105 | caraics o L u13 344A3064P202 | Digital: HI-SPEED, transparent Latch, 3-state;
Ceramic: 1000 pF£5% 50 VDOW: sim to 74HCT373. Digital Signal Processor - 19D902667G1
C32 19A702052P142 Ceramic: 0.082 pF +5% 50 VDCW. u1s 344A3041P201 Digital: Dual in-line potentiometers, ceramic,
C33 19A702052P112 | Ceramic: 6800 pF +5% 50 VDCW. hermeticall . Lt Nt ;
and eramic pF =% sealed: e 0 DS12675-10. Rev. A-C: Incorporated into initial shipment.
C34 u16 344A3070P3 Digital: JFET Input quad Operational Amplifier; X i . X X X
C35 19A702052P105 | Ceramic: 1000 pF 5% 50 VDCW. sim to TLO74. Rev. D: To invert SYSBD Line in to accommodate 2-wire line audio
C38 19A702061P45 Ceramic: 47 pF 5% 50 VDCW, temp coef 0 £30 PPM/°C. u17 19A702705P5 Digital: Triple 2-Channel Analog Multiplexer; cancellation, added C36-C38, D2, R50-R54, R56, R57, and
----DIODES- - - - sim {0 4053BM. ) - U18. Changed C29 and deleted R155.
u18 344A3070P3 Digital: JFET Input quad Operational Amplifier;
D1 19A700053P2 Silicon: sim to BAV99. sim to TLO74.
C29 was: 19A702052P26, 0.1 puF 10%, 50 VDCW.
--CONNECTORS- - ----CRYSTAL- - -- W ’
P2 19A704779P14 Plug: 15 Pin. X1 19A702511G30 Crystal, quartz: 8.192 MHz. Rev. E: To adjust analog signal levels to protect hardware from
ggd ----SOCKETS- - - - excessive signal levels, changed R50, R51, and R53 and
. Deleted U2 and U3.
- -RESISTORS. - XU1 19B235688P1 Socket: PLCC.
) XU6 19A705840P2 Socket: sim to Amp 643646-3.
R2 19B800607P1 Metal Film: Jumper. Changed R50 from 19A702931P265 (4640 ohms) to
R4 19B800607P1 Metal Film: Jumper. 19A702931P201 (1.0K ohms).
R5d 19B800607P683 Metal Film: 68K ohms +5%, 1/8 w.
o Changed R51 from 19A702931P265 (4640 ohms) to
R7 19B800607P1 Metal Film: Jumper. 19A702931P201 (1.0K ohms).
R10 19B800607P682 | Metal Film: 6.8K ohms +5%, 1/8 w.
R12 19B800607P1 Metal Film: Jumper. Changed R53 from 19A702931P305 (11K ohms) to
gfg 19A702931P265 (4640 ohms).
Rlél 19A702931P355 Metal Film: 36.5K ohms +1%, 200 VDCW, 1/8 w.
an
R15
R16 19A702931P318 | Metal Film: 15K ohms +1%, 200 VDCW, 1/8 w.
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. DSP LINE IN
5 | AGNDT, 2,3 |
7y I DSPTXALD 3 |
ay DSPLIMESTHALD COMBO CODEC
L
a>
10%
1% DSPTBLE 2 AGND1,2,3
12 DSPRELE 2 TPS
133 2 N | AGND 1, 2, 3 | . "
L
143 +5va 1, 2 1 1 Al Farl>
15> : SYSBRD LINE OUT 3 | - PP [l
3 R16 2N PSX
| mcsaus 15K RCWRS LINE
4 RS 19 CODEC .
W GSX PCMIN ol 2
R12 R4 10 s C33 pewpuT HE DRI 2
AN AR — =
0 WEK . 3 T, WRD + "
IL1-c : —AWA—— moRD - CLKRX I LKl 2 |
o
=]
2 1 -
4
MC3303 GSR ocLkR F—
4
i 10 POTOLT 2 Lcau DCLKX
POTLOADEN 2 8 Tuwo R17 \ TCM29C23
g 4 I_F AGND 1, 2,3 | b 5 1, 2 Vs CLKSEL &1, 2
5 | | AGND 1, 2, 3 | J DN +5 1, 2
3 g RS VOC GNDA GNDD SIGH
+EVA 1, 2 q sk 0 |16 Jio |15
| 14 R13
C11J T C13u B —— WW——¢ LEVA, 2
: y v DEVICE POWER AND GROUND CONNECTIONS | D&MD 1, 2 |
1
AGND 1,2, 3 13 DEWICE +5Y DEND | AGNDT, 2, 3 |
B
AGND 1, 2, 3
12 — . Uz, 03 25 14
uii-g 5
10
E: R10 141 5 5 U7 gg 14
= 60K T, & EN | U104 MC3303 0 = <
12 . 40538 o = o
AL RESISTORS ARE 0.1 WATTS UNLESS ECHO CAMPOTHI 3 ] & = s = T
OTHERVWISE SPECIFIED AND RESISTOR o 13 30 10
ALUES IN OHMS UNLESS FOLLOWED BY 13 MEE s P o

MULTIPLIER K OR: b,

CAPACITOR WALUES IN F UNLESS
FOLLOWED BY MULTIPLIER U, M ORP
INDUCTAMCE % ALUES IN H UNLESS
FOLLCWED BY MULTIPLIER b R L.

|AGND 1,2, 3 :|—

| =y 1,2 |
| +5a 1, 2 |

CANCELSEL 2

TPE

THIS SCHEMATIC DIAG APPLIES TO

MODEL MO,
PL180902667G1 C

REY LETTER

DSPBOARD
19D902667/G1

(19D902910, Sh. 1, Rev. 9)
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SCHEMATIC DIAGRAM
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g
L4 g g |15 1] 48 EE] 14 D22 #13 " P 12 m [ " = »
[eve = H fa ] 13 s 12 uorL VIeR 21 13 35 12 " a0 g pa T B D4
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SCHEMATIC DIAGRAM

LBI-38764G

TX 6
PRE
LIMI

TP28
R49
b Ra7
RA6 é
9.31K 5K
WM6-A +12y
2
1 § R48
+ q AL.MK
R31
256 | po|
r T,
51 U168 AR ZIE
B R36 ]
T 28 14.7K
c24 R30 § e
+15
2900P 150K c25 220
R37
DB /OCTAVE o1 6K
- EMPHASIS&
ER
A2y
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A
1K
R50 o (U188
AN
1K 5

R56
IS?SBRI] LINE OUT 1 -|—‘W'l"—
24.9K

R57

\v

Ayt
10K
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z[>1_

ECHO CAN POT HI 1 -l—
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1
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LBI-38764G IC DATA

SYSTEM MODULE EPROM Kit U4 8K x 8-Bit Static CMOSRAM U5
Microcomputer, UL 344A3307G5 19A705603P5 (KM 6264AL-10)
1
19A705982P101 a1s 7T T 20 vee
(INTEL 80C152JB-1) az[]z  27[]a14 TRUTH TABLE
NDEX RN LR arl= 26[] A13 wE | cs |Jcs |oE MODE 110 PIM
CORHER oooonoooonoonnonnonan B H = P NOT SELECTED HIGH =
Ny onn oA as[]a  2s[]As = | = L = (FOWER DOWN]) GH =
P16 10 60 |2 Pas A5|: 5 24 j AS [ L a a OUTPUT DISAGLED HIGH =
PLT QM 59 3 Pag 23 :' Al
EBEN [ 12 58 | P47 A4 E G — H L H L READ DOouUT
e O s | ees Aas] 7 22[ 1 Grvpp L L H H WRITE L2 IR
P30 s 5 [0 EA Az[] s 1] A10 FPIN ARRANGEMEMT L L H L [n N[,
P34 15 55 [ ALE = H=HORL
pa2 s | v a1lle 20 ]E ELOCK DIAGRAM
pon 17 (Top viEw) 5 | EPson A0[1o0  19]es
P33 18 5 B P62
p3a 19 80C152.8 s B per Q1 I: 11 18 :IQT
ps1 Oj20 1 =R Q2 I: 12 17 ]QG Al &
pe2 E z: » ; o7 a3[]13 16[Jas a1 e ) g ., EMORY CELL ARRAY]
- a8 P2.7
P35 ] 23 47 B p26 GMND I: 14 15 j Q4 : E E 128 = 64 X &
P36 O 24 4 |3 P25 AS o -
PITq 25 45 [ P24 A ﬁ
He. o 26 u A P23 :T E
EERBEE B3 BEE289FTYF ) Ao a [=] |
TUUUUO U000 0O0 000D A = Ll M L COLUMN GATE I
FEfgdz8Zgssgcedgd Az 1=
EE 'NJ'.'-.
— [
(]9 &
ceed |58
—
Octal Data Latch U2 BLOCK DIAGRAM -
19A703471P302 (74HC373) e EE O BUFFER
PIN ASSIGNMENT 3 2 7 FUNCTION TABLE l I. J. I. l l J I
Do Qo (L) ] [FL TS "“ﬁ-m{"'" oS
4 5 Output Latch 1oz hoe
Output Enable [] 1 U 20 Qvec D ] Enable Enable D DOutput
aol2 1 fla7 p2 —L e @ L H H H
pola 18 fD7 p3—= az | L H L L
*
D104 17 D6 Dy 2| 12 4 L L % no
15 change
i ls w[los ps —14 as H X X 2
17 16 .
020 15 Qs D6 Q6 X = don't care
8 9 2 = high impedance .
D207 14 [1 D5 D7 a7 | Optoisolator U6
ol e o hos 19A703952P102
o o h s T (XI COR X2816CP-20)
Latch Enable n r___________—l
GND 10 1 [] Lateh Enable A7 NC NC NC Veec WE NC —_— _l
Output Enable 13 12l H [ ooy Ll v | HIGH l_ ——— |
Pin 20 = Vee = 2hne <7 o |1 VOLIhGE ] |
Pin 10 = GND Ag | I oLTag I = N |
PR
NC SHAPER
POWER (ANALOG
) Ne | oo | ¢ ' | KKE | |
3-to-8 Decoder /Demultiplexer U3 x2816¢ EL o WRIE | | EE PROM
{TOP VIEW ) A0 | PROJECT |
19A703471P120 (74HC138) » = row ||
o aE pp— TIMER | | |
vo, I| nose || | |
: I./'OE PROJECT
A T Tevee fel fr] fo ] ! l[: ADDRESS =y Doz | | |
B Ez 15] Yo I/O.‘ I/OZ Vss NC 103 If04 |f05 ADDRESS | LATCHES |_ |
ch3 0w | - — J |
GZAL4 1302
GZB[5 120v3 PIN NAMES | | L DATA /1 |
cidé 1f0va | | LATCHES | |
viO7 100ys AO-A10 ADDRESS INPUTS nnm<:> BUFFERS
GNoOQs 90 ve 1I0g 07 DATA INPUTSIOUTPUTS
CE CHIP ENABLE | - J
OE OUTPUT ENABLE
WE WRITE ENABLE L_________.____l
Vee +5v
VxX GROUND
NC NO CONNECT

20



IC DATA

LBI-38764G

CMOS Octal Data Flip-Flop U7

19A704380P319 (74HC377)

FUNCTION TABLE

m|
[=]

Qo2
Po[3]
D3]
oz
Qe
Do[7]
D[ e}
Q33

GNDE

X = Don't care

e level

h = HIGH voltage level one setup tone prior
H to the LOW-to-HIGH CP transition.

I = LOW voltage level one setup tone prior
to the LOW-to-HIGH CP transition
1= LOW-to-HIGH CP transition

OPERATING INPUTS ouTPuTS
MODES cp E Dn On H = HIGH voltag
Load 1" t ! h
L = LOW voltage level
Load 0" t R L
. T h X no change
Hold {do nothing) X H X no change

Triple 2-Channel Analog Multiplexer U8, U12

19A702705P5 (4053BM)

INJOUT 5 B
INJOUT g T}

INJOUT 1c (T -

15

11 Yoo

[T1 COM INJOUT 4

LH

1 COM INJOUTR

14

COM IN/OUT [T |- = nrouT 14
INJOUT g - =TT INOUT 04
E o =384
YEE ™ =M se
VSS e > :D 5C

TRUTH TABLE
CONTROL INPUTS OH-SWITCHES
SELECT
INHEM|C B A
L] 000 |20 YO X0
L] 001 |20 Yo Xi
L] 01 0|20 Y1 X0
L] 011 |20 Y1 Xl
L] 1 00|21 Yo X0
L] 1 01 21 ¥o Hi
L] 11 0] 21 Y1 X0
L] 111 Z1 Y1 Xl
1 r I x NONE
¥ = DON'T CARE

5

LEVEL

~ | CONYERTER

BLOCK DIAGRAM

[ ONLY 14 3 OF DEVICE

CONTROLS

OHS

SWITCHES
IHoUT

&C—— IHHIBIT (N

11— A 014
10— B
90— C
12C—] X0 ¥ —01%
130— 31
YO
1C— ™M

oHe

COM IN?DUT 4

SHOWN )

COMMOHNS

4 QUT /IH

Z0 ZI—0 4/
IC— 21

Operational Amplifier U9, U31

344A3070P3 (TLO74)
Operational Amplifier U10, U13, U16, U17, U30, & U37
19A704883P2 (MC3303D)

14 ]
U

D

TrTrTrorororTr
1 8

(TOP VIEWY)
Daul Op Amp U11
19A116297P7 (MC4558CD)
PIN CONNECTIONS
A
ouTPUT1 [1] [8]vee
INPUT 1 (-)E EIDUTPUT2
INPUT (+}| 3 - |3 -
#[3] s (8 ]INPUT 209
eND [4 18] INPUT )
8-Channel Analog Multiplexer U14, U32, U33
19A702705P3 (4051BM)
&
INjOUT 4 | 1M vpp 1 1;: HHIBIT BLOCK DIAGRAM
CONTROLS A CONTROL INPUTS
INouT 6 L2 15 [ INOUT 2 100— B ¥n
ulm so—c | IHHIBIT | SELECT |OH-SWITCHES
COM INioUT [T MoaT 130— %0 s S l L,J T %0
niout 7 Cp 13 L INfOUT g 140—] %1 [1=Upp=L 1= Yoo = 0 001 %1
1 % o3 0 010 X2
INIOUT 5 5 12|17 nrouTs o—x2 COMMOH | = 0 514 -
_ i SWITCHES < 120—%3 OUTAH "
E 6 1[ag HIOUT 1 0—xa VEE Zn 0 100 x4
5 o = 0 101 x5
veg I+ (] mmE 20—:::55 0 110 X6
VSS s a :Dﬂz sotxr {OHLY 1/8 OF DEVICE SHOWH) ] 111 %7
1 LR HONHE

O%JT E

= E OHT
E}DJ \_{E INPUTS
3 < o/

INPUTS
1

Veo

PIN CONNECTIONS

=

4

=

[>]

7

|NPgT3 E E INPUTS
El
ogT El ouT

&

X = DON'T CARE

SYSTEM MODULE
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LBI-38764G

IC DATA

CMOS Dual Data Flip-Flop U18, U28
19A704380P302 (74HC74)

~ 1]
o 1]
o[ ]
N
e[ 11

Vee CLR2Z D2 CLK2 PR2 Q2 Q2
|13 12 |11 |1ﬂ | 9 ]
TLR llmz
L
[ B a

L] a IscLk
PR CIR
¥

T
[T

CLR1
Supervisory Circuit U19
19A149895P1 (MAX691C)
¥batt [1] = [16] RESET
Yout E E RESET
vee (2] [11] VDO
o 0 #2597 [@eem
BatT on [5] MAX 695 [12] TE our
TowORE [&] [11] woi
oscin [7] 0] FFo
osc seL [&] (3] PRI
TOP YIEW

Hex Open Collector Inverter U20, U26, U40
19A116180P575 (7406)

2 3 4 5 |s 7

INPUTS QUTPUTS

PR CLR CLK D Q Q
L H X X H L
H L b X L H
K L X X oW
H H 1 H H L
H H 1 L L H
H H L X Qo o

NOTE: 00 = the level of Q hefore the indicated inout conditions
were established.
* This configuration is nonstable; that is, it will not persist when
preset and clear inputs return to their inactive (high) level.

1 CLK1 PR1 @1 Q1 GND
Yhatt
Ll — 54 BATT ON
= ‘ 2
3 —I"‘\ - Yout
Yco I?/ '?’
CHIP ENABLE .13 1z CHIP ENABLE
INPUT _D__,.B OUTPUT
[+
4.4y @ {> LOW LINE
: 5
[MAX xxx] RESET
.
= | RESET GENERATION b= RESET
¥
OSC IN ', TIMEBASE FOR RESET
>
OSC SEL & WATCHDOG
WATCHDOG] | 14
WATCHDOG o, 11 WATCHDOG TRANSISTOR TIMER _"gL‘?TTF',:SPDE
INPUT DETECTOR
POWER FaIL .9
INPUT & ] + 10 pOWER FAIL
P OUTPUT
4 GRODND

HHEHHHHA

]

REEREERE

SYSTEM MODULE

H

Hex InvertersU21

19A703995P3 (74HCUQ-4) LOGIC DIAGRAM
Ve Ab Y6 As Ya Ad ¥4
|14 |13 |12 |11 |1u |9 |3
PIN CONFIGURATION
4 [5] fi2] 11l fol [5] [5]
.
Ul 21 L8] 14f 18] [el [7]
KN N N
Al Y1 A2 Y2 A3 T3 GND
Driver/Receiver: EIA-232D/V.28 U22
344A3039P201 (M C145406) FUNCTION DIAGRAM PIN ASSIGNMENT
RECENVER voo []1 16 ] vee
Rx1 ] 2 15 1] po1
Tt B o1
Rz 35 ooz
5
HYSTERESIS Tx2 [_OQ'L] 0
Ve Rx:il:ﬁ—bl] D03
300 _.—| LEVEL o1
Tx _| SHIFT 147 Tx3 E—o@lﬂj 03
) vss[] 8 a[] GND
Vss
D = DRVER
*Protection Circuit R =RECENVER
Differential Bus Transceiver U24
19A705980P101 (SN751768)
R O U 8] vee FUNCTION TABLE (DRIVER)
rE []2 710 B INPUT ENABLE OUTPUTS
pe [Js 61 a D DE A B
o [a s[] snND H H H L
L H L H
logic diagram (positive logic) X L z L
FUNCTION TABLE (RECEIVER)
@
DE DIFFERENTIAL INPUTS ENABLE QUTPUT
A-B RE R
[0}
D Vp > 0.2v L H
22V< v <02V L ?
- (2) Vip < 0.2v L L
N X H z
1 4
R I [Fj] } BUS H = high level, L = low level, ? = indeterminate.
————)—8 X = irrelevant, z = high impedance (off

22



IC DATA

LBI-38764G

Octal Tri-State Transceiver U25 PN ASSIGNMENT CH MOS Programmable Peripheral I nterface U34
19A703471P116 (74HC541) 19A705991P101 (C82C55A) s Fgozzaze
oEI 1 = 20[¥oe B B A il B B B B M
LOGIC DIAGRAM 6 5 4 3 2 1 4443 42 41 40
Al 191 oE2 =d7 N
cs 39
| A2Qs v [ = 38 1 BO
M-z L~ 1 " Az e 17l vz X =) 7.1
'_I\| 16y a0 10 361 B2
k] 17 R‘E s pPcrC] 11 351 N4
AZ L~ 2 as[ g 15[ ve NeE 42 34 NC
a3t - S €13 acl 7 uflvs :;EE :j 82554 :g ::
L~ arl] s 13 ve Pcal] 15 317 B6
ot P mgs v = B
]"8 18 19 20 21 22 23 24 25 26 27
1 GND [ n 28
oarn 1 st M . | aswenmie - SAatRta-aipsa-pepin:
,T‘L/: 231256-31
P 1346
‘ | FUNCTION TABLE BLOCK DIAGRAM
N :l. 27 INPUTS OuUTPUTS {
A L~ oEl | oE2 | A ¥ —
'—r\| L L L L POWER +5V
no—2 | o——= o e I s { ——= o o | | he K0
1 coﬁTRoL g)
OUTPUT DEIZD_ PINZO- Yoo ® H X z f—
ENABLES | DEZ— PIN 10- GND Z- high impedance I
X=don't care
GROUP
A
PORT p— o
K—— ¢ K—F——pw
UPPER
CMOSA/D Converter U27 oara w1
19A705979P101 (TL549CP) Bawie " S purren [
8 BIT B
" |+
Repe 0 f B | [ e o
@) 8-BIT il e
REF - ANALOG-TO- 1] )
DIGIATAL v g o [
ANALOG (2) Sl}‘l\ﬂl[J)LE COMVERTER OuTPUT y e ongr
INPUT DATA 8.T0-1DATA — wame GROUP
HOLD (SWMITCHED- 1 ) — pour
AEAAAAARM CAPACITORS) REGISTER| [—7—] SELECTOR [—— DATA e N conTRoL K> > s
= 5 I_ | awp ouTpuT reser | ~—
DRIVER L ;
»
1
— 8 INTERNAL f
BHHHHHHH ek’
CONTROL o .
LOGIC Digital Potentiometer U35, U36
= AND 344A3041P201 (DS1267S-10)
@ ouTPUT
110 CLOCK COUNTER
BLOCK DIAGRAM
CH M OS Programmablelnterval Timer U29 . I NAMES , Tl
Ay
CLK O ]
19A149466P301 (INTEL 82C54) I — .las.-..fl.,.. 1;‘| Y [ i
Pr-Do { 8 BUFFER 0 - GATE O LO.L1 - LOVER END OF RESISTOR 4 \r . | »2|/
= L+ ouTo HO.H1 - HIGHER END OF RESISTOR
INDEX D'_5| '2;‘ 'El’ "‘L? ""_°|° ""f" 'E[: v w0.w1 - WIPER END OF RESISTOR STACK SELECT BIT
CORNER GO L By o Yec ¥e - SUBSTRATE BIAS
| 4 NC 0 NC Spur - WIPER FOR STACKED CONFIGURATION
Dsf] 5 25ANC HI o mSaur  RST - SERIAL PORT RESET INPUT [rirER o 5 B IPER 0 - & BIT 1Bm
— T - 1 = DG - SERIAL PORT DATA INPUTIOUTPUT P P
Da 6 upts it i 2 —— £k vie] iy CLK - SERIAL PORT CLOCK INPUT [+1]
bz 7 23] A1 . WRITE sz' ¢ ED'—:NTEH GATE 1 RST - EDUT - c:\srgli_xTnll; f.ﬁnrnu PORT OUTPUT —
D 82C54 AD o ——— & CLK an] cc - E
~ge =H f . E Ut ShD ﬁ%UT GND - GROUND 0 -
o] s npoke z NC - MO CONNECTION E_m,m,m— STACK
LOGIC MULTI- _D
CLKo[] 10 20[7 OUT2 l I E'_ -l -k FLEXER £ OUT
NEn 19 [ GATE2 ts | |—| 170 SWIFT REGISTER - 17 BITS
12 13 14 B 16 17 18 E
I oy B - CLK2
OUT0 GATED GND NC OUT1GATE1GLK1 CONTROL COUNTER C out
WORD 2 | t——— GATE 2
REGISTAR
— 0OUT 2

SYSTEM MODULE




LBI-38764G

IC DATA

Hex Inverting Buffer/Converter U41

19A700176P101 (4049UBD)

Digital Signal Processor Ul
344A3038P101 (ADSP210K X-40)

DSPBOARD

16] [15] [14] [13] [12] [11] [10] [s]
n.c. DE Iﬁ n.c 05 :[5 Q, I,

I, o

s U
E_p

E""H
Bl
E""‘H

L] [s

DSPBOARD
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19A705603P5 (Deleted by Revision E)
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EPROM Kit U6
344A3309G5
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CMOS Hi-Speed Octal D Type
Flip-Flop With Data Enable U7
344A3064P203 (7AHCT377)

H= HIGH Voltage level steady state.
h= HIGH valtage level one setup time prior to the LOW-
to-HIGH clock transition.

L= LOW valtage level steady state.
I = LOW voltage level one setup time prior to the LOWY.

to - HIGH clock transition
X = Don't care
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CMOSHi-Speed 3 To 8 Line Decoder/Demultiplexer U8
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CMOS Hi-Speed Octal
Buffer/Line Driver, 3 State U9
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H = HIGH Voltage Level
L = LOW Voltage Level
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LBI-38764G

Triple 2-Channd Analog Multiplexer U10
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SRAM, 1K x 8, Dual Port U12
344A3040P201 (IDT7130SA100)
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NOTES:

1. IDT7130 (MASTER): BUSY IS OPEN DRAIN OUTPUT AND REQUIRES PULLUP
RESISTOR. IDT7140{SLAVE): BUSY IS INPUT.
2. OPEN DRAIN QUTPUT REQUIRES PULLUP RESISTOR.
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CMOSHi-Speed Octal Transparent Latch U13
344A3064P202 (74HCT373)
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Digital Potentiometer U15
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