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1

SAFETY INFORMATION

£\

WARNING

A

CAUTION

R\

NOTE

\
\

A

The WARNING symbol calls attention to a procedure, practice, or the like, which, if
not correctly performed or adhered to, could result in personal injury. Do not proceed
beyond a WARNING symbol until the conditions identified are fully understood or
met.

The CAUTION symbol calls attention to an operating procedure, practice, or the like,
which, if not performed correctly or adhered to, could result in damage to the
equipment or severely degrade the equipment performance.

The NOTE symbol calls attention to supplemental information, which may improve
system performance or clarify a process or procedure.

The ESD symbol calls attention to procedures, practices, or the like, which could
expose equipment to the effects of Electro-Static Discharge. Proper precautions must
be taken to prevent ESD when handling circuit modules.

ESD CAUTION:

When operating the MASTR® |11 System module, ESD precautions must be observed to ensure that the
unit continues to function correctly. Due to ESD sensitive components, an ESD event could cause the
MASTR Il to operate improperly. To prevent this from occurring, ESD precautions are required. These
precautions include, but are not limited to, the use of an ESD wrist strap connected to any metallic surface
on the rack chassis housing the MASTR 111 equipment.

The ESD caution is being provided to avoid inducing an equipment malfunction by an ESD event. If an
ESD induced malfunction occurs, there will be no permanent damage to the unit, but manual reset will be

necessary.
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2 DESCRIPTION

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

There are four types of System Modules for various applications:

1

System Module 19D902590G6 incorporates System Board 188D5498G1 piggybacked with the
Digital Signal Processing (DSP) Board 188D5682G1. This module is used in al MASTR lle and
MASTR |11 base station applications, including EDACS®.

System Module 19D902590G7 is identical to System Module 19D903590G6, except for the chassis
screen printing. Thismoduleisused in MASTR 111 Auxiliary Receiver Applications.

System Module 19D902590G1 incorporated System Board 19D903771G1 and was used in MASTR
Ile DC remote applications only. This Board is no longer manufactured, but is functionally similar to
the 188D5498G1 System Board. See LBI-38764.

System Module 19D902590G3 incorporates System Board 19D903771G1 piggybacked with the
Digital Signal Processing (DSP) Board 19D902667G1. These boards are no longer manufactured, but
the module is functionally similar to the 19D902590G6 System Module. See LBI-38764.

Supply voltages for the System Module are generated by the Power Module and applied to the System
M odule through the 96-Pin DIN connector on the backplane board.
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3.1

3.1.1

3.1.2

3.1.3

3.1.4

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 Y1 and associated 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 allow 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 capacitive loading on Y1. This change causes the
oscillation frequency to change approximately 300 PPM.

Reset and Watchdoqg Timer

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

In addition, U19 provides a watchdog timer. The microprocessor must pulse U19, Pin 11 periodically or
U19 will generate areset. The microprocessor pulses the watchdog timer using U1, Pin 40 (WDOG).

Thereset pulseis applied to microprocessor U1, Programmable Peripheral | nterface (PPI) U34 and to the
Backplane Board on J1-18C.

Address Latch

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

The lower eight bytes of the address from the microcomputer multiplex between address and data.
Address latch 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 contain only address information
and are applied directly 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, Al14, A15) are used to select one of eight, 8k-byte blocks of data (non-program)
memory.

The microprocessor PSEN output signal at U1-54 is used to disable demultiplexer U3. This event causes
all of the eight 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:
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3.1.5

3.1.6

U3-15 0000-1FFFH EEPROM (U6)

u3s-12 2000-3FFFH RAM (U5)

U3-13 4000-5FFFH Digital Signal Processor

U3-12 6000-7FFFH Input/Output Latches (U7, U25)
us-11 8000-9FFFH 82C54 Counter Timer (U29)

U3-10 AQ00-17 82C55 Programmable Peripheral Interface (U34)
U39 CO00-DFFFH  not used
u3-7 EOQO-FFFFH not used

Program/Data Memory

Three memory components are included on the System Board: UV EPROM U4, static RAM U5 and
EEPROM UG6. The microprocessor can address two 64k-byte memory segments: the program memory
and the data memory. The program memory is stored in U4 and is selected by a low 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 all chip selects to devices mapped to data memory locations. (Refer to Section
3.1.4 for more information on devices mapped into data memory space.)

The microprocessor executes program instructions fetched from EPROM U4. The microprocessor outputs
the program address on AD [0:7] and A [8:15]. The address latch latches the address on AD [0:7] when
ALE goes high. 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
datais lost at power off. The RAM inputs the latched address output by the microprocessor when chip
enable input U5-20 from address decoder U3 is low. If the RAM OE input U5-22 goes low, then the data
contained in the RAM at the input address is output to the microprocessor on the AD [0:7] lines. If the
RAM WE input U5-27 goes low, dataon AD [0:7] is stored in the RAM at the input address.

Personality information is stored in EEPROM U®6. 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
microprocessor when the 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.

Supervisory circuit U19 disables the EEPROM chip enable when the board is in a reset 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 while the CE is low, 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 goes low
while the 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, disable and configure the counters, as well as read back
counter status information using the AD bus. The input clock to the device is derived by dividing by two
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3.1.7

the 14.7456 MHz clock signal out of 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 ns resolution.

Counter 0 is used for Channel Guard decoding. It is configured 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. The output of
thislatch is applied to the INTO input of microprocessor U1-16, causing an interrupt. The microprocessor
resets the latch, clearing the interrupt by pulsing 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) 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
frequency. The counter is configured to send the output (U29-16) high upon timing out. This high is
inverted 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 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 sguare 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 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 tone is desired.

Programmable Peripheral Interface

Programmable Peripheral Interface (PPl) U34 provides three additional eight-bit 1/O ports. The reset
generated by supervisory circuit U19 is input on U34-39 and serves to 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 load the Rx and Tx synthesizers as well as provide serial communications with
the interface board. Port A outputs provide an interface to the GETC/Site Pro in GETC/Site Pro equipped
stations. The system board loads the synthesizers and communicates with the interface board with the
following Port C signals: RXF4A/AUX2 (DATA), RXF2 (ENABLE), TXF1 (AQ), 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 resistors 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 al
of the inputs for spike protection.

Where level shifter/buffer U41 is not used, dua diodes are included to prevent over or under voltage
conditions.

The RUS input uses NPN transistor Q4 to convert the signal to CMOS logic levels.
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3.1.8

3.1.9

3.1.10

Additional I/O

Additional 1/O 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
while the output latch U7 is enabled by alow pulse on the microprocessor WR output.

The input latch is used to get DC CNTRL, BATT STDBY, REM PTT, TX DISABLE, CG MON and
M3_STATUS signals onto the AD bus so they can be read by the microprocessor. The DC control
currents are decoded elsewhere in the system and the decode current is passed to the microprocessor using
DC CNTRL1, DC CNTRL2, and DC CNTRL3 inputs. These are CMOS level signals so no level shifting
isrequired.

The BATT STDBY signal requires level shifting to convert the 22-volt high to a TTL level. This is
achieved by resistors R4 and R5. Dua 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) 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 into analog switch select lines used to
select audio pathsin the analog circuitry.

Microprocessor I/O

The microprocessor has some additional 1/0 pins. These pins are used to bring signals in and out of the
microprocessor directly without going through any additional 1/0O devices such as latches or a PPI. The
LOCAL PTT input islevel 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 isinverted 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
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 microprocessor must serially load all
four variable resistors at the same time.

The microprocessor switches the potentiometers select line (U1-17) high. This enables the electronic
potentiometer loading circuitry and alows the microprocessor to shift 34 bits of serial data into the
electronic potentiometers, 17 bits of datainto each IC.

Datais output on U1-20 and clocked into U35 and U36 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 datais 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
pulls the 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 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+ relativeto TX MTR-, and EXT JCK.
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The PWR SNSR input will accommodate a DC level between zero and +5V relative to analog ground.
Theinput 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. The output of
this differential amplifier is actually measured and must be between zero and 2.9 volts.

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 or under voltage conditions.

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

Analog multiplexer U33 gates one of four inputs to 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 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 output (U27-7).

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

DSP Interface

System Board 188D5498G1 is equipped with plugs to accommodate Digital Signal Processor (DSP)
" piggy back" board 188D5682G1. 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 a dual 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 goes
high. When the DSP CSis low and the microprocessor WR output is low, the data on AD[0:7] is written
into the latched DSP data memory segment address. When the DSP CSis low and the microprocessor RD
output is low, data on AD[0O:7] is read into microprocessor U1l 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 the microprocessor 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 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 the 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 DP board.
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3.1.11

3.1.12

3.1.13

RS232 I nterface

The System Board has an RS232 serial port for programming and diagnostics. RS232 data is 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 data is output on U1-15 by the microprocessor, and
level shifted to RS 232 levels by U22B. The RS232 datais output on PGM TXD.

GSC Interface

A high speed serial interface that is referred to as a global serial channel (GSC) is also 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 drivers in U24 by outputting a
low on U1l-6. Data is generated internally in the microprocessor and output on U1-5. The data is
converted to RS485 levels and output on the GSC by U24.

The receiver section of U24 is always enabled so the microprocessor receiver can monitor the transmitted
data. This monitoring is to check for callisions on the GSC created by multiple GSC nodes transmitting
simultaneously.

The drivers of U24 converts received datato TTL levels and outputs them on U24-1. The microprocessor
brings the received datainto its receiver on U1-4 for message decoding.

Transmitter Interface

In the 19D902590G6 system module, the system board is responsible for loading the TX Synthesizer
module with 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
active to alow the TX Synthesizer PLL circuit time to acquire frequency lock. At the end of this
ENABLE period, the micro controller samples the TX synthesizer status bit supplied by the Interface
Board. If there is no fault (synthesizer locked) then the microprocessor drives the TX OSC CNTRL (PA
KEY) active which turns on the RF PA. Upon reset, or a channel change, the system board must also set
the PA Power pot by sending the appropriate data to the interface board. Audio for the transmission is
output on the TX AUDIO HI and the TX AUDIO LO outputs. Channel Guard is summed into TX
AUDIO HI.

The 19D902590G7 system module does not utilize its transmitter interface.

Receiver Interface

At power up or upon channel change, the RX Synthesizer is programmed in the same manner as the TX
Synthesizer in all system modules. Carrier activity on the selected channel is sensed by the receiver
squelch circuitry and applied to the System Module on the CAS input. This active high input is level
converted 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 LEDs for local control. These switches and indicators have
different functions according to the group of System Module. In the 19D902590G6 System Module,
switch S2 isaREMOTE PTT switch. A low on this input causes the microprocessor to react as though a
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3.1.14

PTT has been received over the line. The line is also routed to an external module to activate the remote
PTT input. Switch S3 is a TX DISABLE switch. When S3 is active the microprocessor inhibits all
transmissions.

In the 19D902590G7 System Module, switch S2 is not used. A low on this input is ignored by the
microprocessor. Switch S3 is a SQ DEFEAT switch. When S3 is active the microprocessor unsquelches
the receiver by setting the digital squelch pot on the 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 isinput on Pin 7 of input latch U25. In the case
of S3, when not activated, resistor R136 pulls the line to +5V. When activated, the switch pulls the line to
ground. This switch isinput on Pin 8 of input latch U25.

In all System Modules, switch S4isa CG MONITOR switch. When not activated, resistor 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. This 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 mode.

When the System Module isin CG MONITOR, it lights LED DS3 by outputting a high on U1-66. This
highisinverted by U2D. This allows current to flow through DS3, turning on the LED.

Putting the 19D902590G6 System Module in the transmit disable mode lights LED DS2 by outputting a
high on U1-67. This high is inverted by U26C. This alows current to flow through DS2, turning on the
LED. In the 19D902590G7 System Module, this LED indicates an UN Squelch condition.

The 19D902590G6 System Module concurrently activates the TX switch output and LED DS1. The LED
indicates Transmit activity. In the 19D902590G7 System Module, this LED indicates that 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 at 1000 Hz, the output is typically 2 Vrms and is
supplied to three places: Channel Guard reject filter, DSP board through DSP unfiltered audio, and
Channel Guard decode.

U30A 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 rolls audio 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. UBA, TX Audio out, Line Audio out and the summing amplifier with the optional auxiliary
receiver input. UBA 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 provides the frequency envelope
shaping requirements (roll-off) as shown in Figure 3-1.

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, DSP LINE/TX AUDIO, DSP TX AUDIO, Externa High Speed Data,
LINE Input, open (battery alarm), and ground (for no transmission). U8C is an analog multiplexer
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 the transmission of the
alarm signal when other signals are present. U36 is a dual digital potentiometer controlled by the
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3.1.15

microprocessor, and adjusts the transmit audio level. U37D, a gain stage that drives the TX AUDIO HI
(J1-5C) and TX AUDIO LO (J1-6C), is adjustable between 40 and 250 mVrms.

U37C isthe +2/-8 dB de-emphasis filter that provides a 6 dB/oct roll off from 300-3000 Hz for the local
intercom or speaker audio. With arated input of 1Vrms at 1000 Hz, the output level of this filter is 750
mVrms. This filter, in combination with U37A, U30A, U30B, U30C, and U30D, provides the frequency
response shown in Figure 3-2.

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
multiplexed 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 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.

12
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3.1.16

3.1.17

3.1.18

3.2

U9A is a gain stage that supplies two frequency dependent 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, hasacut of at 230 Hz.

U11B is a low pass filter that provides added attenuation in the 300-3000 Hz range. These elements
combine to provide 35 dB of attenuation for frequencies above 310 Hz. The resulting frequency response
isshown in Figure 3-3.

U11A, 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 U1-64 and U1-65, and form arough sine wave. This signal 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. U35A isadigital potentiometer that
provides level adjustment and is controlled by the microprocessor. Also, U9B has a 3.3 K-ohm source
impedance to allow a separate source to drive Channel Guard HI. This filter has the same response as
shown in Figure 3-3.

Battery Alarm / Morse Code

The Battery Alarm/Morse Code tones are 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 3-4.

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

Line Audio and Compression

The LINE output circuitry consists of Ul14, U8B, U36B, U31D, U13B, and U31A. The anaog
multiplexer U14 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 or
ground. The open state is to transmit Battery alarm or Voice Guard alarm.

U31A sums the auxiliary 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 (J1-4B) and LINE B (J1-4A) is
adjustable between -20 dBm and +11 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 afour wire system. Each input has a 600 ohm impedance to match the
line impedance. U12B selects between two and four wire audio.

DSP BOARD

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

Audio inputs from the system board are DSP FILT VOL/SQ, DSP UNFILT VOL/SQ, and DSP LINE IN.
These signals are selected and conditioned through U10, U11, and U15. These signals are then sampled
and digitized by U4 and U5. The digital audio datais then applied to U1 for processing. After processing,
the audio data is then returned to U4 and U5 for digital to analog Conversion. The transformed audio is
applied to the System Board on DSP TX AUDIO and DSP LINE/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,
Ul. The messages are read from the memory by the System Board (via the digital signals of connector
P3).

For clarity, the DSP circuitry is analyzed in the following order:
1) DSP and supporting circuitry
2) Analog input/output

3) Paralel communication port

DSP Microprocessor

The DSP Board performs its functions in the ADSP-2101 Digital Signal Processing microcomputer, U1.
This chip requires external hardware to function.

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

DSP microprocessor, U1, operates form a 2K internal program memory. This program RAM isvolatile; it
is lost during power off sequences. Therefore, it is necessary 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 "re-boot," up to 2K X 24 of internal program memory is loaded from this externa
"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 always
loaded.

In essence, boot memory page is loading a sequence of read cycles. The BMS pin goes low in order to
enabl e the boot memory chip. Addresses are sequenced on lines A0 through A13, D22 and D23. The /RD
pin activates the data bus, D15 through D8, for each transfer of program memory into internal program
memory space.

The boot EPROM circuitry also includes resistors R1 and R2. These resistors are zero ohms, and are the
equivalents to jumper wires. If the capability of eight boot pages is necessary, R2 is removed and R1 is
installed in the board. In this case, U6, Pin 1 acts as an extra address pin that is connected to D23. If the
capability of four 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 istied off to five volts.
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3.2.2

3.2.3

3.24

Analog Inputs

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

e DSPFILTVOL/SQ
e Two wirelineinput 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 D flip flop register. This is accomplished by setting A13-A11 to 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. D8 and D9 are written to the outputs of U7 (Pins 2
and 5) asVOL/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 isalogic low, DSPFILT VOL/SQ
is selected. If CANCEL SEL is a logic high, four wire audio is selected. If not a logic high, two wire
audio is selected.

Each audio channel selection requires proper voltage 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 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 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-emphasis channel guard reject filtering
at amaximum of 1.16 Vrms. This input channel requires no amplification to assure that codec U4 utilizes
the dynamic range efficiently.

The amplification factor is determined by resistors R5 and R6. The gain is one. Therefore, the maximum
input to the codec is 1.16 Vrms.

Four Wire Line Input Conditioning

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 leaving the station because there are two lines
independently dedicated for the output signal.

The line audio level adjustment is able to attenuate a 2.47 Vrms (+11 dBm) signal and amplify a 77.3
mVrms (-20 dBm) signal to the maximum input level of the codec (approximately 1.4 Vrms). Thisis 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 propagated to TP1 with only a gain of 1.09 provided by
the differential instrumentation circuit of U1l (A, B, C) and resistors R12-17. This occurs because the
amount subtracted from DSP LINE IN isAGND (U10A, Pin 13).

Between TP1 and TP2 there is a digitally controlled variable gain stage. The gain stage is composed of
U11D, U15 (1), and resistors R18 and R20. The DSP addresses (and serially 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.
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3.2.6

The DSP uses address multiplexer U8 to select U7, a D flip flop register. This is accomplished by setting
A13-11 to binary 100 when /PMS goes low. Such a sequence will cause U8, Pin 14 to go low, enabling
datato 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 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 8-bit wiper positions. Wiper 1 gets loaded before
wiper 0. Loading is specified from MSB to L SB.

Two Wire Input Line Conditioning

Two wire line input comes from the Line input of the system board when it isin atwo wire configuration.
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 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 (a DSP Board input signal) is limited by U18A and
level adjusted through the programmable potentiometer, U15(0), (as explained above) and then subtracted
from the line input signal. The nulling signal line (TP1) is output to the back plane for convenience.

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-I 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-emphasis meets the EIA standard of +1/-3 gain
flatness in the passband.

Following the pre-emphasis and the limiter, U16-C forms a third order low pass filter 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 additional two poles for this filter stage.
Following U16-C is another filter stage consisting of a second order passive low pass filter and a second
order active low passfilter built around U16-D.

Analog switch U17 selects which filter stage output, if any, is routed to the transmitter. Depending upon
the transmit frequency band, the FCC requires different filter characteristics 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 DSP LINE/TX AUD is routed to P2-8 where it connects to the System Board.
This audio output typicaly drivesthe line out circuits on the system board.
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3.2.7 Parallel Communications Hardware

The DSP Board is equipped with afull duplex parald interface for communications between the system
board microprocessor and the DSP microprocessor chip. Communications are accomplished through the
dual port RAM, U12.

Byte wide messages are passed between System Board 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. Address latch U13
(74HC373) is used by the 8 bit host to latch the address (AD7-ADQ). The host uses its ALE signal to
perform the actual clocking into the latch.

Once ALE has returned to logic one, AD7-ADO become bi-directional data pins. During a "write" cycle,
the host sets up data on AD7-ADO. During a"read" cycle, the System Board microprocessor releases the
datalines 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 reading and writing are only accomplished when the DSP CS signal is held low. In thisway, the
System Board microprocessor exclusively selects the dual port memory space to prevent contention upon
the multiplexed address and data bus.

The DSP chip reads and writes from the dual port RAM by first selecting its communication memory
space. Thisis accomplished by setting A13-11 to binary 010 when PMS goes low. Such a sequence will
cause U8, Pin 13 to go low and thus enable dual port RAM, U12. Once enabled, the communications
memory is accessed with address lines A9-A0 and data lines D15-D8, in conjunction with a low-going
/RD and /WR pulse.

The DSP chip (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 is
low; 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 locations in 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
aleviates 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 /PM S 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 U1 when /RD returns high.
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Figure 3-5: Control Module Analog Section
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5

PARTS LIST

SYSTEM MODULE!?

19D902590G7 - M Il System Module with DSP
(Used in Multiple Receiver Applications)
19D902590G6 - M Il System Module with DSP

SYMBOL | PART NUMBER DESCRIPTION

2 19D902485P1 Chassis

3 19D902486P1 Cover

4 19D902555P1 Handle.

5 188D5498G1 System Board

6 19A702381P506 | Screw, thread forming: TORX, No. M3.5-.6 x 6.

7 19A702381P513 | Screw, thread forming: TORX, No. M3.5 - 0.6 X

8 19B232682P20 Pad.

9 19A702381P508 | Screw, thd. form: No. 3.5-0.6 x 8.

10 188D5682G1 DSP Board

12 19A701431P1 Silicon Compound

21 19D902485P3 Casting, System Module Auxiliary Receiver
SYSTEM BOARD
188D5498 G1 - G2

---------- CAPACITORS - --------

Cl 19A702052P5 Ceramic: 1000 pF + or -10%, 50 VDCW.

Cc2 19A702052P14 Ceramic: 0.01 uF + or - 10%, 50 VDCW.

C3 19A702061P13 Ceramic: 10 pF + or - 5%, 50 VDCW, temp coef 0 + or - 30 PPM.

Cc4 19A702052P5 Ceramic: 1000 pF + or -10%, 50 VDCW.

C5 19A702052P33 Ceramic: 0.1 uF + or -10%, 50 VDCW.

C6 19A702052P114 | Ceramic: 0.01 uF + or - 5%, 50 VDCW.

and

c7

Cc8 19A705205P5 Tantalum: 6.8 uF, 10 VDCW; sim to Sprague 293D.

C9 19A702052P28 Ceramic: 0.022 uF + or -10%, 50 VDCW.

C10 19A702052P114 | Ceramic: 0.01 uF + or - 5%, 50 VDCW.

and

C11

C12 19A702052P14 Ceramic: 0.01 uF + or - 10%, 50 VDCW.

C13 19A705205P2 Tantalum: 1 uF, 16 VDCW; sim to Sprague 293D.

Cl4 19A705205P6 Tantalum: 10 uF, 16 VDCW; sim to Sprague 293D.

C15 19A702052P124 | Ceramic: 0.068 uF + or - 5%, 50 VDCW.

C16 19A702052P14 Ceramic: 0.01 uF + or - 10%, 50 VDCW.

C17 19A705205P5 Tantalum: 6.8 uF, 10 VDCW; sim to Sprague 293D.

C18 19A702052P24 Ceramic: 0.068 uF + or - 10%, 50 VDCW.

C19 19A702052P5 Ceramic: 1000 pF + or -10%, 50 VDCW.

Cc21 19A702061P77 Ceramic: 470 pF + or - 5%, 50 VDCW, temp coef O + or - 30 PPM.

Cc22 19A702052P14 Ceramic: 0.01 uF + or - 10%, 50 VDCW.

! COMPONENTS, ADDED, DELETED OR CHANGED BY PRODUCTION CHANGES.
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c27 19A705205P111 | Tantalum: 47 + or -10%, 10 VDCW; sim to Sprague
and
Cc28
C29 19A702052P5 Ceramic: 1000 pF + or -10%, 50 VDCW.
thru
C36
C38 19A702052P14 Ceramic: 0.01 uF + or - 10%, 50 VDCW.
C39 19A705205P5 Tantalum: 6.8 uF, 10 VDCW; sim to Sprague 293D.
C40 19A705205P6 Tantalum: 10 uF, 16 VDCW; sim to Sprague 293D.
C42 19A705205P6 Tantalum: 10 uF, 16 VDCW; sim to Sprague 293D.
thru
C45
C46 344A3431P1 Monolithic: 1.0 uF +80/-20%, 16 VDCW.
C47 19A702052P114 | Ceramic: 0.01 uF + or - 5%, 50 VDCW.
thru
C50
C51 19A702052P14 Ceramic: 0.01 uF + or - 10%, 50 VDCW.
C52 19A702061P37 Ceramic: 33 pF + or -5%, 50 VDCW, temp coef 0 + or -30 PPM/°C.
C53 19A702061P45 Ceramic: 47 pF + or -5%, 50 VDCW, temp coef 0 + or -30 PPM.
C58 19A702052P14 Ceramic: 0.01 uF + or - 10%, 50 VDCW.
C59 19A702052P122 | Ceramic: 0.047 uF + or - 5%, 50 VDCW.
and
C60
Cc61 19A702052P26 Ceramic: 0.1uF + or - 10%, 50 VDCW
C62 19A149791P1 Metalized Polyproylene: 0.022 uH + or - 1%, 100 VDCW.
thru
C67
C68 19A702052P14 Ceramic: 0.01 uF + or - 10%, 50 VDCW.
thru
C71
C72 19A702052P5 Ceramic: 1000 pF + or -10%, 50 VDCW.
and
C73
C74 19A702052P14 Ceramic: 0.01 uF + or - 10%, 50 VDCW.
thru
C79
C80 19A702052P5 Ceramic: 1000 pF + or -10%, 50 VDCW.
thru
C84
c87 19A702052P5 Ceramic: 1000 pF + or -10%, 50 VDCW.
thru
C95
C96 19A702052P14 Ceramic: 0.01 uF + or - 10%, 50 VDCW.
and
Cc97
C98 19A702052P5 Ceramic: 1000 pF + or -10%, 50 VDCW.
and
C99
C100 19A702052P14 Ceramic: 0.01 uF + or - 10%, 50 VDCW.
and
C101
C102 19A702052P5 Ceramic: 1000 pF + or -10%, 50 VDCW.
C103 19A702052P14 Ceramic: 0.01 uF + or - 10%, 50 VDCW.
C104 19A705205P111 | Tantalum: 47 + or -10%, 10 VDCW; sim to Sprague 293D.
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C105 19A702052P5 Ceramic: 1000 pF + or -10%, 50 VDCW.
thru
C108
C109 19A702052P14 Ceramic: 0.01 uF + or - 10%, 50 VDCW.
and
C110
C111 19A702052P114 | Ceramic: 0.01 uF + or - 5%, 50 VDCW.
Cl12 19A702061P77 Ceramic: 470 pF + or - 5%, 50 VDCW, temp coef 0 + or - 30 PPM.
C113 19A702052P114 | Ceramic: 0.01 uF + or - 5%, 50 VDCW.
Cl14 19A702236P17 Ceramic: 4.7 pF + or -5%, 50 VDCW, temp coef O + or -30 PPM.
and
C115
C116 19A702052P14 Ceramic: 0.01 uF + or - 10%, 50 VDCW.
----------- DIODES - ---------
D1 19A700053P2 Silicon: 2 Diodes in Series; sim to BAV99.
thru
D5
D7 19A700053P2 Silicon: 2 Diodes in Series; sim to BAV99.
D8 19A702525P2 Silicon, PIN: sim to MMBV3401.
and
D9
D10 19A705377P4 Silicon, Hot Carrier: sim to HSMS-2802.
D11 19A702525P2 Silicon, PIN: sim to MMBV3401.
-------- INDICATING DEVICES - ---- - -
DS1 19A703595P10 Optoelectic: Red LED; sim to HP HLMP-1301-010.
thru
DS3
----------- JACKS - ----------

Jl 19B801587P7 Connector, DIN: 96 male contacts, right angle to AMP 650887-1.
J2 19A704852P334 | Connector, printed wire board.
and
J3

---------- INDUCTORS - ---------
L1 19A705470P53 Coll, fixed.
and
L2

—————————— TRANSISTORS - - - ------
Q2 19A700076P2 Silicon, NPN: sim to MMBT3904, low profile.
Q4 19A700076P2 Silicon, NPN: sim to MMBT3904, low profile.
and
Q5
Q6 344A3855P1 Silicon, NPN.
Q7 19A700076P2 Silicon, NPN: sim to MMBT3904, low profile.
Q8 19A700059P2 Silicon, PNP: sim to MMBT3906, low profile.
Q9 19A700076P2 Silicon, NPN: sim to MMBT3904, low profile.
thru
Q13

---------- RESISTORS - ---------
R1 19B800607P103 | Metal film: 10K ohms + or -5%, 1/8 w.
R2 19B800607P473 | Metal film: 47K ohms + or -5%, 1/8 w.
R3 19A702931P301 | Metal film: 10K ohms + or -1%, 200 VDCW, 1/8 w.
R4 19B800607P153 | Metal film: 15K ohms + or -5%, 1/8 w.
R5 19B800607P332 | Metal film: 3.3K ohms + or -5%, 1/8 w.
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R6 19A702931P301 | Metal film: 10K ohms + or -1%, 200 VDCW, 1/8 w.
R7 19A702931P249 | Metal film: 3160 ohms + or -1%, 200 VDCW, 1/8 w.
R8 19A702931P313 | Metal film: 13.3K ohms + or -1%, 200 VDCW, 1/8 w.
R9 19B800607P103 | Metal film: 10K ohms + or -5%, 1/8 w.
R11 19B800607P562 | Metal film: 5.6K ohms + or -5%, 1/8 w.
R12 19B800607P103 | Metal film: 10K ohms + or -5%, 1/8 w.
R13 19B800607P472 | Metal film: 4.7K ohms + or -5%, 1/8 w.
R14 19B800607P272 | Metal film: 2.7K ohms + or -5%, 1/8 w.
R15 19B800607P103 | Metal film: 10K ohms + or -5%, 1/8 w.
R16 19B800607P1 Metal film: Jumper.
R17 19A702931P369 | Metal film: 51.1K ohms + or -1%, 200 VDCW, 1/8 w.
R18 19B800607P103 | Metal film: 10K ohms + or -5%, 1/8 w.
R19 19B800607P102 | Metal film: 1K ohms + or -5%, 1/8 w.
R20 19B800607P103 | Metal film: 10K ohms + or -5%, 1/8 w.
R21 19B800607P223 | Metal film: 22K ohms + or -5%, 1/8 w.
R22 19B800607P102 | Metal film: 1K ohms + or -5%, 1/8 w.
R23 19B800607P103 | Metal film: 10K ohms + or -5%, 1/8 w.
R24 19B800607P122 | Metal film: 1.2K ohms + or -5%, 1/8 w.
R25 19B800607P103 | Metal film: 10K ohms + or -5%, 1/8 w.
R26 19A702931P384 | Metal film: 73.2K ohms + or -1%, 200 VDCW, 1/8 w.
R27 19A702931P388 | Metal film: 80.6K ohms + or -1%, 200 VDCW, 1/8 w/
R28 19A702931P358 | Metal film: 39.2K ohms + or -1%, 200 VDCW, 1/8 w.
R29 19A702931P383 | Metal film: 71.5K ohms + or -1%, 200 VDCW, 1/8 w.
R30 19A702931P384 | Metal film: 73.2K ohms + or -1%, 200 VDCW, 1/8 w.
R31 19B800607P103 | Metal film: 10K ohms + or -5%, 1/8 w.
R32 19A702931P369 | Metal film: 51.1K ohms + or -1%, 200 VDCW, 1/8 w.
R33 19A702931P325 | Metal film: 17.8K ohms + or -1%, 200 VDCW, 1/8 w.
R34 19A702931P350 | Metal film: 32.4K ohms + or -1%, 200 VDCW, 1/8 w.
R35 19A702931P383 | Metal film: 71.5K ohms + or -1%, 200 VDCW, 1/8 w.
R36 19A702931P382 | Metal film: 69.8K ohms + or -1%, 200 VDCW, 1/8 w.
R37 19A702931P383 | Metal film: 71.5K ohms + or -1%, 200 VDCW, 1/8 w.
R39 19A702931P401 | Metal film: 100K ohms + or -1%, 1/8 w.
R40 19B800607P103 | Metal film: 10K ohms + or -5%, 1/8 w.
R41 19B800607P104 | Metal film: 100K ohms + or -5%, 1/8 w.
R42 19B800607P103 | Metal film: 10K ohms + or -5%, 1/8 w.
R43 19B800607P684 | Metal film: 680K ohms + or -5%, 1/8 w.
R44 19B800607P473 | Metal film: 47K ohms + or -5%, 1/8 w.
R45 19B800607P683 | Metal film: 68K ohms + or -5%, 1/8 w.
R46 19B800607P103 | Metal film: 10K ohms + or -5%, 1/8 w.
R47 19B800607P681 | Metal film: 680 ohms + or -5%, 1/8 w.
and
R48
R49 19A702931P301 | Metal film: 10K ohms + or -1%, 200 VDCW, 1/8 w.
R50 19A702931P388 | Metal film: 80.6K ohms + or -1%, 200 VDCW, 1/8 w.
R51 19B800607P472 | Metal film: 4.7K ohms + or -5%, 1/8 w.
thru
R53
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R55 19B800607P472 | Metal film: 4.7K ohms + or -5%, 1/8 w.
and
R56
R57 19B800607P1 Metal film: Jumper.
and
R58
R59 19B800607P102 | Metal film: 1K ohms + or -5%, 1/8 w.
R60 19B800607P471 | Metal film: 470 ohms + or -5%, 1/8 w.
R61 19A702931P413 | Metal film: 133K ohms + or -1%, 200 VDCW, 1/8 w.
R62 19A702931P327 | Metal film: 18.7K ohms + or -1%, 200 VDCW, 1/8 w.
R63 19B800607P103 | Metal film: 10K ohms + or -5%, 1/8 w.
R64 19A702931P177 | Metal film: 619 ohms + or -1%, 200 VDCW, 1/8 w.
R65 19B800607P682 | Metal film: 6.8K ohms + or -5%, 1/8 w.
R66 19A702931P243 | Metal film: 2740 ohms + or -1%, 200 VDCW, 1/8 w.
R67 19B800607P103 | Metal film: 10K ohms + or -5%, 1/8 w.
R68 19B800607P153 | Metal film: 15K ohms + or -5%, 1/8 w.
R69 19B800607P103 | Metal film: 10K ohms + or -5%, 1/8 w.
R70 19B800607P104 | Metal film: 100K ohms + or -5%, 1/8 w.
R78 19A702931P222 | Metal film: 1650 ohms + or -1%, 200 VDCW, 1/8 w.
R80 19B800607P103 | Metal film: 10K ohms + or -5%, 1/8 w.
and
R81
R82 19B800607P562 | Metal film: 5.6K ohms + or -5%, 1/8 w.
R83 19B800607P103 | Metal film: 10K ohms + or -5%, 1/8 w.
R84 19A702931P389 | Metal film: 82.5K ohms + or -1%, 200 VDCW, 1/8 w.
R85 19A702931P434 | Metal film: 221K ohms + or -1%, 200 VDCW, 1/8 w.
R86 19A702931P383 | Metal film: 71.5K ohms + or -1%, 200 VDCW, 1/8 w.
R87 19B800607P105 | Metal film: 1M ohms + or -5%, 1/8 w.
R88 19A702931P305 | Metal film: 11K ohms + or -1%, 200 VDCW, 1/8 w.
R89 19A702931P384 | Metal film: 73.2K ohms + or -1%, 200 VDCW, 1/8 w.
R90 19A702931P358 | Metal film: 39.2K ohms + or -1%, 200 VDCW, 1/8 w.
R91 19A702931P383 | Metal film: 71.5K ohms + or -1%, 200 VDCW, 1/8 w.
R92 19A702931P384 | Metal film: 73.2K ohms + or -1%, 200 VDCW, 1/8 w.
R93 19A702931P383 | Metal film: 71.5K ohms + or -1%, 200 VDCW, 1/8 w.
R94 19A702931P388 | Metal film: 80.6K ohms + or -1%, 200 VDCW, 1/8 w.
R95 19A702931P325 | Metal film: 17.8K ohms + or -1%, 200 VDCW, 1/8 w.
R96 19A702931P383 | Metal film: 71.5K ohms + or -1%, 200 VDCW, 1/8 w.
R97 19A702931P382 | Metal film: 69.8K ohms + or -1%, 200 VDCW, 1/8 w.
R98 19A702931P383 | Metal film: 71.5K ohms + or -1%, 200 VDCW, 1/8 w.
R99 19A702931P350 | Metal film: 32.4K ohms + or -1%, 200 VDCW, 1/8 w.
R100 19B800607P471 | Metal film: 470 ohms + or -5%, 1/8 w.
R101 19B800607P102 | Metal film: 1K ohms + or -5%, 1/8 w.
R102 19B800607P563 | Metal film: 56K ohms + or -5%, 1/8 w.
R103 19B800607P123 | Metal flim: 12K ohms + or -5%, 1/8 w.
R104 19B800607P472 | Metal film: 4.7K ohms + or -5%, 1/8 w.
and
R105
R106 19A702931P355 | Metal film: 36.5K ohms + or -1%, 200 VDCW, 1/8 w.
R107 19A702931P285 | Metal film: 7500 ohms + or -1%, 1/8 w.
R108 19A702931P177 | Metal film: 619 ohms + or -1%, 200 VDCW, 1/8 w.
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R109 19B800607P102 | Metal film: 1K ohms + or -5%, 1/8 w.
R110 19B800607P105 | Metal film: 1M ohms + or -5%, 1/8 w.
R111 19B800607P102 | Metal film: 1K ohms + or -5%, 1/8 w.
R112 19A702931P401 | Metal film: 100K ohms + or -1%, 1/8 w.
and
R113
R114 19A702931P383 | Metal film: 71.5K ohms + or -1%, 200 VDCW, 1/8 w.
R115 19B800607P391 | Metal film: 390 ohms + or -5%, 1/8 w.
and
R116
R117 19A702931P385 | Metal film: 75K ohms + or -1%, 200 VDCW, 1/8 w.
R120 19B800607P103 | Metal film: 10K ohms + or -5%, 1/8 w.
R121 19A702931P342 | Metal film: 26.7K ohms + or -1%, 200 VDCW, 1/8 w.
R122 19B800607P102 | Metal film: 1K ohms + or -5%, 1/8 w.
R124 19A702931P325 | Metal film: 17.8K ohms + or -1%, 200 VDCW, 1/8 w.
R125 19B800607P103 | Metal film: 10K ohms + or -5%, 1/8 w.
R126 19B800607P472 | Metal film: 4.7K ohms + or -5%, 1/8 w.
R127 19B800607P104 | Metal film: 100K ohms + or -5%, 1/8 w.
R128 19A702931P222 | Metal film: 1650 ohms + or -1%, 200 VDCW, 1/8 w.
and
R129
R130 19A702931P422 | Metal film: 165K ohms + or -1%, 200 VDCW, 1/8 w.
R132 19B800607P332 | Metal film: 3.3K ohms + or -5%, 1/8 w.
R133 19B800607P103 | Metal film: 10K ohms + or -5%, 1/8 w.
and
R134
R135 19A702931P313 | Metal film: 13.3K ohms + or -1%, 200 VDCW, 1/8 w.
R136 19B800607P103 | Metal film: 10K ohms + or -5%, 1/8 w.
and
R137
R138 19A702931P285 | Metal film: 7500 ohms + or -1%, 1/8 w.
R139 19A702931P389 | Metal film: 82.5K ohms + or -1%, 200 VDCW, 1/8 w.
R140 REP 64 5626/22 | Metal film: 220K ohms + or -1%, 1/8 w.
R141 19A702931P269 | Metal film: 5110 ohms + or -1%, 1/8 w.
R142 REP 64 5626/47 | Metal film: 470K ohms + or -1%, 1/8 w.
R143 19A702931P436 | Metal film: 232K ohms + or -1%, 200 VDCW, 1/8 w.
R144 19A702931P243 | Metal film: 2740 ohms + or -1%, 200 VDCW, 1/8 w.
R145 REP 64 5626/22 | Metal film: 220K ohms + or -1%, 1/8 w.
R146 REP 64 5626/47 | Metal film: 470K ohms + or -1%, 1/8 w.
R147 19B800607P103 | Metal film: 10K ohms + or -5%, 1/8 w.
R148 19B800607P153 | Metal film: 15K ohms + or -5%, 1/8 w.
R149 19B800607P103 | Metal film: 10K ohms + or -5%, 1/8 w.
thru
151
R152 19B800607P102 | Metal film: 1K ohms + or -5%, 1/8 w.
R153 19B800607P103 | Metal film: 10K ohms + or -5%, 1/8 w.
R155 19A702931P434 | Metal film: 221K ohms + or -1%, 200 VDCW, 1/8 w.
R156 19A702931P406 | Metal film: 113K ohms + or -1%, 200 VDCW, 1/8 w.
R157 19B800607P472 | Metal film: 4.7K ohms + or -5%, 1/8 w.
R158 19A702931P383 | Metal film: 71.5K ohms + or -1%, 200 VDCW, 1/8 w.
R159 19B800607P472 | Metal film: 4.7K ohms + or -5%, 1/8 w.
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R160 19A702931P177 | Metal film: 619 ohms + or -1%, 200 VDCW, 1/8 w.
R161 19B800607P103 | Metal film: 10K ohms + or -5%, 1/8 w.
R162 19B800607P474 | Metal film: 470K ohms + or -5%, 1/8 w.
R163 19B800607P102 | Metal film: 1K ohms + or -5%, 1/8 w.
R164 19B800607P472 | Metal film: 4.7K ohms + or -5%, 1/8 w.
R165 19B800607P682 | Metal film: 6.8K ohms + or -5%, 1/8 w.
R166 19A702931P355 | Metal film: 36.5K ohms + or -1%, 200 VDCW, 1/8 w.
R167 19A702931P325 | Metal film: 17.8K ohms + or -1%, 200 VDCW, 1/8 w.
R168 19A702931P305 | Metal film: 11K ohms + or -1%, 200 VDCW, 1/8 w.
R169 19A702931P393 | Metal film: 90.9K ohms + or -1%, 200 VDCW, 1/8 w.
R170 19B800607P472 | Metal film: 4.7K ohms + or -5%, 1/8 w.
and
R171
R172 19B800607P474 | Metal film: 470K ohms + or -5%, 1/8 w.
and
R173
R174 19A702931P313 | Metal film: 13.3K ohms + or -1%, 200 VDCW, 1/8 w.
R175 19B800607P333 | Metal film: 33K ohms + or -5%, 1/8 w.
R176 19A702931P222 | Metal film: 1650 ohms + or -1%, 200 VDCW, 1/8 w.
R177 19A702931P269 | Metal film: 5110 ohms + or -1%, 1/8 w.
R178 19B800607P474 | Metal film: 470K ohms + or -5%, 1/8 w.
R179 19A702931P385 | Metal film: 75K ohms + or -1%, 200 VDCW, 1/8 w.
R180 19A702931P413 | Metal film: 133K ohms + or -1%, 200 VDCW, 1/8 w.
R181 19A702931P130 | Metal film: 200 ohms + or -1%, 200 VDCW, 1/8 w.
R183 19B800607P183 | Metal film: 18K ohms + or -5%, 1/8 w.
R185 REP 64 5625/47 | Metal film: 47K ohms + or -1%, 1/8 w.
R186 19B800607P472 | Metal film: 4.7K ohms + or -5%, 1/8 w.
R187 19B800607P473 | Metal film: 47K ohms + or -5%, 1/8 w.
R188 19B800607P104 | Metal film: 100K ohms + or -5%, 1/8 w.
R189 19B800607P1 Metal film: 0 ohms + or -5%, 1/8 w.
R190 19B800607P103 | Metal film: 10K ohms + or -5%, 1/8 w.
R193 19B800607P561 | Metal film: 560K ohms + or -5%, 1/8 w.
——————————— SWITCHES - --------

S2 19A705959P3 Toggle, SPDT: right-angle mount; sim to C&K T101-M-H9-A-B-E
st

-------- INTEGRATED CIRCUITS - ------
Ul RYT 123 6089/C | Microcomputer: 8-bit extended I/O; sim to Kawasaki KS152.
u2 19A703471P302 | Digital: Octal Data Latch; sim to 74HC373.
u3 19A703471P320 | Digital: 3-Line To 8-Line Decoder; sim to 74HC138.
U4 344A3307G17 EPROM KIT.
us 19A705603P6 Digital: 8K X8 bit Static CMOS SRAM; sim to K M6264AL-10.
u6 RYT 118 029/2C | EEPROM: 2K X 8, 5 Volts, programmable; sim to XICOR 28HC64.
u7 19A704380P319 | Digital: CMOS Octal Data Flip-Flop; sim to 74HC377.
us 19A702705P5 Digital: Triple 2-Channel Analog Multiplexer; sim to 4053BM.
U9 344A3070P3 Digital: JFET, Input quad Op Amp; sim to TLO74.
ui10 19A704883P2 Digital: Quad Op Amp; sim to MC3303D.
Uil 19A116297P7 Linear: Dual Op Amp; sim to MC4558CD.
ui2 19A702705P5 Digital: Triple 2-Channel Analog Multiplexer; sim to 4053BM.
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ui3 19A704883P2 Digital: Quad Op Amp; sim to MC3303D.
ui4 19A702705P3 Digital: 8-Channel Analog Multiplexer; sim to 4051BM.
ui5 344A3856P101 Analog: 8-Channel Single Ended Multiplexer; sim to SILICONIX
DG408/409.

u16 19A704883P2 Digital: Quad Op Amp; sim to MC3303D.
and
ul7
uis 19A704380P302 | Digital: CMOS Dual Data Flip-Flop; sim to 74HC74.
ui19 19A149895P1 Digital: Microprocessor Supervisory; sim to MAX 691C.
u20 19A116180P575 | Digital: Hex Open Collector Inverter: sim to 7406.
u21 19A703995P3 Digital: High speed logic, hex inverter, unbuffered; sim to 74HCUO0-4.
u22 344A3039P201 Digital: Driver/receiver, EIA-232D/V.28; sim to MC145406.
u24 19A705980P101 | Tranxceiver, differential Bus; sim to SN751768.
u25 19A703471P316 | Digital: Driver/receiver, octal 3-state noninverting buffer; sim
u26 19A116180P575 | Digital: Hex Open Collector Inverter: sim to 7406.
u27 19A705979P101 | Digital: CMOS A/D; sim to TL549CP.
u28 19A704380P302 | Digital: CMOS Dual Data Flip-Flop; sim to74HC74.
u29 19A149466P301 | Digital: CMOS, Programmable Timer; sim to Intel 82C54.
u30 19A704883P2 Digital: Quad Op Amp; sim to MC3303D.
U3l 344A3070P3 Digital: JFET, Input quad Op Amp; sim to TLO74.
u32 19A702705P3 Digital: 8-Channel Analog Multiplexer; sim to 4051BM.
and
uU33
u34 19A705991P101 | Digital: Programmable interface; sim to Harris C82C55A.
U35 344A3041P201 Digital: dual in-line potentiometers, ceramic, to DS1267S-10.
Uso
u37 19A704883P2 Digital: Quad Op Amp; sim to MC3303D.
u40 19A116180P575 | Digital: Hex Open Collector Inverter: sim to 7406.
u41 19A700176P101 | Digital: Hex Inverting Buffer/Converter; sim to 4049UBD.

——————————— SOCKETS ----------
XU4 19A705840P2 Socket: sim to Amp 643646-3.

——————————— CRYSTALS ---------
Y1 19A702511G37 Crystal, 14.7456 MHz.

DSP BOARD
188D5682 G1

---------- CAPACITORS - - -------
C2 19A702052P26 Ceramic: 0.1uF + or - 10%, 50 VDCW
thru
C4
C6 19A702052P26 Ceramic: 0.1uF + or - 10%, 50 VDCW
thru
C15
C16 19A702061P29 Ceramic: 22 pF + or - 5%, 50 VDCW, temp coef 0 + or - 30 PPM.
o
C18 19A705205P6 Tantalum: 10 uF, 16 VDCW; sim to Sprague 293D.
thru
C22
c24 19A702052P107 | Ceramic: 2200 pF + or - 5%, 50 VDCW.
C25 19A702061P53 Ceramic: 68 pF + or - 5%, 50 VDCW, temp coef 0 + or - 30 PPM.
C26 19A702052P120 | Ceramic: 0.033 uF + or - 5%, 50 VDCW.
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c27 19A705205P19 Tantalum: 2.2 uF, 10 VDCW; sim to Spargue 293D.
and
Cc28
C29 19A702052P134 | Ceramic: 0.1 uF + or - 5%, 25 VDCW.
C30 19A702052P112 | Ceramic: 6800 pF + or - 5%, 50 VDCW.
C31 19A702052P105 | Ceramic: 1000 pF + or - 5%, 50 VDCW.
C32 19A702052P142 | Ceramic: 0.082 uF + or - 5%, 16 VDCW.
C33 19A702052P112 | Ceramic: 6800 pF + or - 5%, 50 VDCW.
and
C34
C35 19A702052P105 | Ceramic: 1000 pF + or - 5%, 50 VDCW.
C38 19A702061P45 Ceramic: 47 pF + or -5%, 50 VDCW, temp coef O + or -30 PPM.
----------- DIODES----------
D1 19A700053P2 Silicon: 2 Diodes in Series; sim to BAV99.
D2 19A705377P4 Silicon, Hot Carrier: sim to HSMS-2802.
----------- PLUGS -----------
P2 19A704779P14 Connector, 15 pin.
and
P3
---------- RESISTORS - ---------
R2 19B800607P1 Metal film: Jumper.
R4 19B800607P1 Metal film: Jumper.
R5 REP645625/47 Metal film: 47K ohms + or -5%, 1/8 w.
and
R6
R7 19B800607P1 Metal film: Jumper.
R10 19B800607P1 Metal film: Jumper.
R12 19B800607P1 Metal film: Jumper.
and
R13
R14 19A702931P355 | Metal film: 36.5K ohms + or -1%, 200 VDCW, 1/8 w.
and
R15
R16 19A702931P318 | Metal film: 15K ohms + or -1%, 200 VDCW, 1/8 w.
R17 19A702931P401 | Metal film: 100K ohms + or -1%, 1/8 w.
R18 REP645623/56 Metal film: 560 ohms + or -5%, 1/8 w.
R20 REP645624/33 Metal film: 3.3K ohms + or -5%, 1/8 w.
R21 19B800607P103 | Metal film: 10K ohms + or -5%, 1/8 w.
R23 19B800607P103 | Metal film: 10K ohms + or -5%, 1/8 w.
thru
R27
R28 19B800607P102 | Metal film: 1K ohms + or -5%, 1/8 w.
and
R29
R30 19A702931P418 | Metal film: 150K ohms + or -1%, 200 VDCW, 1/8 w.
R31 19A702931P318 | Metal film: 15K ohms + or -1%, 200 VDCW, 1/8 w.
R32 19A702931P209 | Metal film: 1210 ohms + or -1%, 200 VDCW, 1/8 w.
R33 19A702931P369 | Metal film: 51.1K ohms + or -1%, 200 VDCW, 1/8 w.
R34 19A702931P331 | Metal film: 20.5K ohms + or -1%, 200 VDCW, 1/8 w.
R35 19A702931P201 | Metal film: 1000 ohms + or -1%, 200 VDCW, 1/8 w.
R36 19A702931P293 | Metal film: 9.09K ohms + or -1%, 200 VDCW, 1/8 w.
R37 19A702931P331 | Metal film: 20.5K ohms + or -1%, 200 VDCW, 1/8 w.
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SYMBOL | PART NUMBER DESCRIPTION
R38 19A702931P377 | Metal film: 61.9K ohms + or -1%, 200 VDCW, 1/8 w.
R39 19A702931P307 | Metal film: 11.5K ohms + or -1%, 200 VDCW, 1/8 w.
R40 19A702931P347 | Metal film: 30.1K ohms + or -1%, 200 VDCW, 1/8 w.
R41 19A702931P157 | Metal film: 383 ohms + or -1%, 200 VDCW, 1/8 w.
and
R42
R43 19A702931P339 | Metal film: 24.9K ohms + or -1%, 200 VDCW, 1/8 w.
R44 19A702931P347 | Metal film: 30.1K ohms + or -1%, 200 VDCW, 1/8 w.
R45 19A702931P307 | Metal film: 11.5K ohms + or -1%, 200 VDCW, 1/8 w.
R46 19A702931P294 | Metal film: 9310 ohms + or -1%, 200 VDCW, 1/8 w.
R47 19A702931P265 | Metal film: 4640 ohms + or -1%, 200 VDCW, 1/8 w.
R48 REP645625/18 Metal film: 18 ohms + or -1%, 200 VDCW, 1/8 w.
R49 19A702931P201 | Metal film: 1000 ohms + or -1%, 200 VDCW, 1/8 w.
thru
R51
R55 19A702931P301 | Metal film: 10K ohms + or -1%, 200 VDCW, 1/8 w.
R56 19A702931P339 | Metal film: 24.9K ohms + or -1%, 200 VDCW, 1/8 w.
R57 19A702931P301 | Metal film: 10K ohms + or -1%, 200 VDCW, 1/8 w.
-------- INTEGRATED CIRCUITS - - - - - - -
Ul 344A3038P101 Digital: DSP microcomputer, oper freq. 40.96 ADSP210KX-40.
U4 19A705827P1 Encoder/Decoder: sim to Texas Instruments TCM29C23.
and
us
ueé 344A3309G5 EPROM KIT
u7 344A3064P203 Digital: Octal Data Flip-Flop; sim to 74HCT377.
us 344A3064P201 Digital: 3-To-8 Line Decoder/Demultiplexer; sim to 74HCT138.
U9 344A3064P204 Digital: Octal Buffer/Line Driver; sim to 74HCT541.
u10 19A702705P5 Digital: Triple 2-Channel Analog Multiplexer; sim to 4053BM.
U1l 19A704883P2 Digital: Quad Op Amp; sim to MC3303D.
ui2 344A3040P201 Digital: SRAM, 1K X 8 Dual port; sim to IDT7130SA100.
ui13 344A3064P202 Digital: Octal Transparent Latch; sim to 74HCT373.
uis 344A3041P201 Digital: dual in-line potentiometers, ceramic, to DS1267S-10.
ui6 344A3070P3 Digital: JFET, Input quad Op Amp; sim to TLO74.
u17 19A702705P5 Digital: Triple 2-Channel Analog Multiplexer; sim to 4053BM.
ui18 344A3070P3 Digital: JFET, Input quad Op Amp; sim to TLO74.
——————————— SOCKETS ----------
XU6 19A705840P2 Socket: sim to Amp 643646-3.
——————————— CRYSTALS ---------
Y1 19A702511G30 Crystal, quartz: 8.192 MHz.
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6

PRODUCTION CHANGES

Changes in the equipment to improve or to simplify circuits are identified by a" Revision Letter", which
is stamped after the model number of the unit. The revision stamped on the unit includes all previous
revisions. Refer to the Parts List for descriptions of parts affected by these revisions.

REV. A - SYSTEM BOARD 188D5498G1

Fix system board hum and noise when in the auxiliary receiver configuration. Install jumper from U36-5
to U31-12. Patterns cut at U31-12.

REV. B - SYSTEM BOARD 188D5498G1

To prevent antenna relay staying energized after unkeying transmitter in MASTR lle stations, removed
R10 (19B800607P102).

REV. C - SYSTEM BOARD 188D5498G1
For better gain control, the following resistors were changed from +5% to +1% tolerance.

R140 and R145 (19B800607P224)
R142 and R146 (19B800607P474)
R185 (19B800607P473)

REV. D - SYSTEM BOARD 188D5498G1
To improve operation.

Removed resistor R112 from the system module.
Updated schematic diagram detailing the application of R112 for Morse code to the line output or Battery
Alarm to the Line Output.

REV. E - SYSTEM BOARD 118D5498G1

To improve Channel Guard Encode filter response.

Changed resistor R89. Resistor R89 was 19B800607P1 (0 ohms).
REV. F - SYSTEM BOARD 118D5489G1

To replace obsolete parts.

Changed microprocessor Ul. Microprocessor Ul was 19A705982P101. Changed EEPROM USG.
EEPROM U6 was 19A703952P102. Changed printed wire board. Added resistors R10, R92 and R84 to
schematic diagram with note: “Not Placed.”

The new microprocessor and the new EEPROM cannot be used on printed wire board 188D5497P1 R3.
Either the old or the new microprocessor and EEPROM can be used on printed wire board 188D5497P1
R4.

The new microprocessor requires that RXD be synchronized with the clock. For this reason flip-flop
U28B was added in the RXD line.

REV. A - DSP BOARD 188D5682G1
To permit better adjustment of Line Echo null. R10 was 6.8K ohm (19B800607P683).
REV. B - DSP BOARD 188D5682G1

To increase TX deviation when low frequency paging tones are used (350 Hz or lower).
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Changed resistors R5, R18, R20 and R48.
Resistor R5 was 68 k ohms (19B800607P683).
Resistor R18 was 200 ohms (19B800607P201).
Resistor R20 was 3.9k ohms (19B800607P392).
Resistor R48 was 9.31k ohms (19A702931P294).

REV. C - DSP BOARD 188D5682G1

To increase the audio level at the input to TX Codec US.

Changed Resistor R20. Resistor R20 was 2.7k ohms (REP645624/27).

M-111 System Board revised from F to G to apply the zener diodes to the M-111 System Modules.
REV. R4A - DSP BOARD 188D5682G1

To support the modulation level adjustment needed when Systems Module 19D902590G6 or 7 is used
with DSP module EA101800V1 in a P25 application. Changed resistor R36 from a Fixed Metal Film,
SMT, 14.7 k Ohms, 0.125 W to a Fixed Metal Film, SMT, 9.09 k Ohms, 0.125W. Resistor R36 was
19A702931P317.
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7 1IC DATA

U1 (New)

8-Bit Microcontroller
RYT 123 6089/C (Kawasaki KS152JB3)

Connection:

TERMINAL SYMBOL FUNCTION

2 Vce Supply Voltage

3,33 Vss Circuit ground

26 NC Not connected

27 - 30, Port 0 8-bit, open drain bidirectional I/O port

34-37

4-11 Port 1 8-bit bidrectional I/0 port with internal pullups

41-48 Port 2 8-bit, bidrectional 1/0 with internal pullups

14-16, Port 3 8-bit, bidrectional 1/0 with internal pullups

18,19

23-25

58-65 Port 4 8-bit, bidrectional 1/0 with internal pullups

13 RST\ Reset input

55 ALE Address Latch Enable

54 PSEN\ Program Store Enable

56 EA\ External Access enable

32 XTAL1 Input to the inverting oscillator amplifier and input to the
internal clock generating circuits

31 XTAL2 Output from the inverting oscillator

17, Port 5 8-bit bidirectional I/O port with internal pullups

20-22,

38-40, 49

1,50,51,52, | Port6 8-bit bidirectional I/O port with internal pullups

57, 66, 68,

76

12 EBEN E-Bus ENable

53 EPSEN\ E-bus Program Store ENable
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U1 (old)

Microcomputer

19A705982P101 (INTEL 80C15

N
(&
?
=
NI

e T T T T T A R T T B4
IHDEX A A A - A
S I \y o I O O A O I O A I I B B O O
cmmew e o N g 88E Q5
P1.6 O 10 50 |3 P45
[N = Kl 59 |3 P4s
EBen O] 12 58 [ Pat
RESET ] 13 57 A pe3
P30 O 14 56 | EA
Pia 15 55 |3 ALE
P32 O] 16 54 P PSER
ps.0 CJ17 (TOP VIEW) 53 |0 EPSOR
pr3.3 O 18 80C162JB 52 |1 P6.2
P34 ] 19 51 [ per
P51 320 50 A Pea
ps2 Q2 4 P sy
P53 o 22 # 3 par
P35 O 23 4 [ P26
P36 ] 29 16 |3 P25
P3T ] 25 45 3 P24
nC. ] 26 44 A P23
RERRsHRIREEERRTYE )
ool dguogoggoog
S T N NT oo o e E T oy
EEEEFgdgeseggLegan
=
BLOCK DIAGRAM
PIN ASSIGNMENT 3 2 h
DO Qo
Output Enable [ 1 20 [Ivec o —4 5 m
oo 2 1B a7 p2 —L £
ool 3 18 flo7 D3 —2 i
R«
o[l 4 17 [los p4—2 2o
15
w05 6] 06 ps—¥ as
7 .
Q20 s 15 [1 G5 Db a6
]
p207 uflos D7 B g7
palls 13 [1D4
3l 12104
i Latch Enable —L!
GND 010 T[] Latch Enable 1

Output Enable

Pin 20 = Vce
Pin 10 = GND

FUNCTION TABLE
Output Latch
Enable Enable D Dutput
L H H H
L H L L
L L X no
change
H 2

X = don't care
2 = high impedance
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U3

3-t0-8 Decoder/Demultiplexer
19A703471P120 (74HC138)

SYSTEM MODULE

U4
EPROM Kit

344A3307G17

YOOV

LLL) SN

(14

Y1

(12) s

1) vy

i Yo

TETE)

O vp

y

(-

A —|(" >—»—D~c
g @ D l D’
3}
¢ S
L
G1ﬂD— ||
Gaa 2 e
G2
A5 1 \J2s[Jvee
az[]2  27[]a14
A7[]3 261 A13
as[]a  25[]ns
as[]5 240 A
Ads  23[]AMN
as[]7 2z2[]Gwvpp
A2[s  21[]A10
Al e 20[]E
A0[J1o  19[]as
@111 18[Ja7
Q212 17[Jas
a3[ 13 18[]as
GND[J14 15[]q4
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us
8K x 8-Bit Static CMOS RAM
19A705603P6 (KM6264AL-10)

TRUTH TABLE

vE | cs |cs |oE MODE 10 PIN
X |H | X |x NOT SELECTED HIGH Z
%= 1% | L | = | (FOWER DOWHN] HIGH Z
H|L |1 [ n [outPur msaeLeD] HigH z
HI1L |H L READ DOUT
L L|H |nu D IN
YRITE
L H L D IN
PIN ARRANGEMENT #=HORL
BLOCK DIAGRAM
Al E
EMORY CELL ARRAY]
Al =4 =]
:2 E T 2 he
A i w 128 K64 X8
A5 o "
Al w
AT o
A & -
A g ,Irﬁ-l =%
and < s COLUMN GATE I
A2
wlg
— W
cs1 3;; L
csae- R 0S
-
_ w
0F :"EE W0 BUFFER
wE &S5

woi o3 10§ éﬂli’

W03 o4 10 Wos
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i H [ ey
— [

U6 (New)
EEPROM
RYT 118 029/2C (XICOR 28HC64)

X28HC64

U6 (Old)

JAg
4
A1

26[_INC

[0
A0
[ICE
o,
[Cvog

EEPROM
19A703952P102 (XICOR X2816CP-20)

A7 NC_NC _NC Vcc WE NC
a7 13l (a2l

X2816C =7 OF
(TOP ViEW) St a0
CE
oz
10 g
o ol Bl o
V0, K05 Vss NC 103 10, V05
PIN NAMES
AO-A10 ADDRESS INPUTS
oG -lo7 DATA INPUTS/IOUTPUTS
CE CHIP ENABLE
OE OUTPUT ENABLE
WE WRITE ENABLE
Ve +5V
VxX GROUND
NC NO CONNECT

cc

]

ADDRESS

| HIGH
VOLTAGE | e
I (HTLD VOLTAGE |
I WRITE
| SHAPER
POWER | | (ANALOG)
| UPDOWN
WRITE |
| PROJECT
] | | WRITE
WRITE TIMER |
| noise | | |
| PROJECT |
—
] | ADDRESS
LATCHES
l l DATA
| | LATCHES
N ey B i

A0-A12
ADDRESS
INPUTS

CE
OE

Vee

— 65,536-BIT
——] XBUFFERS E2PROM
] LATCHES AND ARRAY
—] DECODER
— 1/O BUFFERS
] YBUFFERS AND LATCHES

LATCHES AND
Vi
MV LAV,
| 1100-107
DATA INPUTS/OUTPUTS
| conTROL
— 1 LOGICAND
WE TIMING
O—
O—

Vss

Vpp

| K8

| EE PROM

Rp_10
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U7

CMOS Octal Data Flip-Flop
19A704380P319 (74HC377)

2d'cc
o] a7
EIDT
(76
hela

do
[z
Bo[3]
oq[4]
Q1E

%
[los
o,
EQ:;
[1cp

a8
Do[7]
Pafg]
Qz[o]

GND@

U8 & U12

FUNCTION TABLE
OPERATING INPUTS oureuTS
MODES CcP E Dn On
Load *1" t Lh .
Load 0" ] t
R + h X no change
Hold (do nothing) % H X no change

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

L = LOW voltage level
| = LOW voltage level one setup tone prior
to the LOW-to-HIGH CP transition

1= LOW-to-HIGH CP transition
X = Don't care

Triple 2-Channel Analog Multiplexer
19A702705P5 (4053BM)

INFOUT 15
INJOUT o
INJOUT 1 ¢

COM INfOUT c
INJOUT 5

E
VEE

Vss

[ Yoo

[ 11 COM INJOUT &
[T coM INJOUTB
[T INfoUT 14
[T INfOUT 04
[MT1sa

[T1sB

[T sc

TRUTH TABLE

CONTROL INPUTS:

BT

50—
10—
CONTROLS

OHS

1]

SWITCHES
IniouT

= >

BLOCK DIAGRAM

oL 5o ]

%@ﬁ— IN/OUT 4
jlﬂq—] IN{ OUT ga

[ ONLY 14 3 OF DEVICE SHOWN )

100—]
90—
120—]
130—]
20—
10—
s0—]

30—

COM INIDUT,

IHHIBIT

a  xfou

B

M COMMONS
:‘: o0 ourim
Yo

v

20 zlo4

Fal
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U9 & U3l
Operational Amplifier
344A3070P3 (TLO74)

uU10, U13, U116, U17, U30, & U37
Operational Amplifier
19A704883P2 (MC3303D)

PIN CONNECTIONS

ouT 7] ] oyt
INPUTS E:::IDJ El INPUTS
1 4
B 2]
EENEAEAE vee [4] 1] g SNO
D INPUTS E 0] EOTS
< 2 3
TV Ej[ \ ‘ ]EEI
J OléJT E E[ OSUT

{TOP VIEW)

ull
Dual Op Amp
19A116297P7 (MC4558CD)

PIN CONNECTIONS

GND [4]

S

ouTPUT [1] [8]vee

INPUT 1 (3] | [ 7]ouTPuT2
INPUT (+)[ 3 | %EINPUT 2()

6] INPUT ()

Ul4, U32 & U33

8-Channel Analog Multiplexer

19A702705P3 (4051BM)

INIOUT 4 k 16[ v
DD conrroLs| 1M1o—a
INIOUT 6 2 15 [CINOUT 100—|8
14 [ viout o—¢c
COM INIOUT 3 1 130 %0
INOUT 7 13| INoUT g 140 %1
INOUT 5 T 12[F T nouT3 18012
120—%3
— SWATCHES
E 6/ 1[Aag IH/OUT 1034
Ve 7 10 (T84 §0—xs
2 o—{X6
Vgg [ 9|3 Az so—x7

& o—JHHIBIT

BLOCK DIAGRAM

. COHTROL INPUTS
INHIBIT | SELECT |OH-SWITCHES

| CBA

y L ] [ X0
y

[1=-vppp=L 1= "o = ETE %1
S _c?):mou ] 010 %2
OUTAH _Iq 0 011 %3
VEE Zn [] 100 x4
3 0 101 5
0 110 X6
(OHLY 1/8 OF DEVICE SHOWH) 0 111 <7
1 LXX HOHE

X = DON'T CARE
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SYSTEM MODULE

Ul8 & U28

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

LR O

SRERIRERNR

Vee CLRZ D2 CLK2 PR2 @2 Q2
I14 |13 |12 |11 |1n |s |s
| INPUTS QUTPUTS
PR CLR CLK D Q Q
LR PR L H X X H L
CLK H L X X L H
D 2 y S = L X X H H*
@ [»CLE @ H H t H H L
PR CLR H H 1 L L H
H 5 L X @ @
|_‘ NOTE: QO = the level of Q hefore the indicated inout conditions
1 2 3 1 5 & 7 were established,
| | | | * This configuration is nonstahle; that is, it will not persist when
CLR1 D1 CLKA PR1 a1 61 GND preset and clear inputs return to their inactive (high) level.
ulo9
Supervisory Circuit
19A149895P1 (MAX691C)
Vbalt
31 5 BATT ON
I ) ,
3 -—{'\. Vout
./ Voo
¥ban [1] 6] RESET 1 '7]
e CHIP ENABLE __13 ] 12 CHIP ENABLE
Yout E E RESET INPUT -—«D_T;_ DUTPUT
e +4.4Y @ [>—1—LOW LINE
vee [ [i7] ¥Do (MAX xxx) L RESET
ano [1] AAKETT [13) ©E I = I RESET GENERATION = eseT
MAX 695 _ [
BaTT on [5] .E] CE ouT 0sCIN TIMEBASE FOR RESET
AND
rovine [6] f11] woi 0SC SEL e fere
Cl 14
osc N [7] 0] FFo WATCHDOG T | WATCHDOG TRANSISTOR w'ﬂmggnﬁ [ walCHDOG
A i R
osC SEL [2] akd POWER FaIL 9
INPUT "_@I_.D 0 POWER FAIL
. QUTPUT
TOP VIEW =
4] GROUND
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U220, U26 & U40
Hex Open Collector Inverter
19A116180P575 (7406)

HAHH AHAN

HHEEHHHHEH

u21
Hex Inverters
19A703995P3 (74HCUO0-4)

LOGIC DIAGRAM
Veo Ab Y6 A5 Y5 A Y4
|14 13 |12 1 10 9 |B

PIN CONFIGURATION

[al [8] fiz]l [ [rel [5] [e1 Lo -|>J
~ e
07 [27 37 [T 57 6T [

Al ¥1 v] Y2 A3 AE GND
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SYSTEM MODULE

u22
Driver/Receiver: EIA-232D/V.28
344A3039P201 (MC145406)

FUNCTION DIAGRAM

RECENER

HYSTERESIS

_E Yoo
=
300 +— J LEVEL 01

bl

PIN ASSIGNMENT
voo 1 16 [] vee
Rx1 [ 2 1] 1 po1
T=1 [ = HUH n
Rz O B H ooz
™2 [ 21 02

Rx3[] [ o3

7 10
p S SHIFT 1av s E_Qél_] 0
= - 1
_# ves [ 8 o] GHD
Vs
D = DRIVER
*Protection Circuit R = RECEVER
Differential Bus Transceiver
19A705980P101 (SN751768)
R [t U 8] vee FUNCTION TABLE (DRIVER)
re (2 71l B INPUT ENABLE OUTPUTS
oe []3 6] a D A B
o [4 5[] GND H H L
L L H
- . . X z 7
logic diagram {positive logic)
FUNCTION TABLE {RECEIVER)
o =
DIFFERENTIAL INPUTS ENABLE QUTPUT
A.B RE R
)
D V)p > 02V L H
o—— D2V < v < 0.2V L ?
2) Vin < 0.2V L L
E D
R (5) H z
Y A X
() r
3 BUS . . i
| 7 o H = high level, L = low level, ? = indeterminate.

X = irrel

t, z = high imped

(off)
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u25

Octal Tri-State Transceiver
19A703471P316 (74HC541)

DATA
INPUTS

OUTPUT
ENABLES

uz27

LOGIC DIAGRAM

DE1
DE2

CMOS A/D Converter
19A705979P101 (TL549CP)

HAAAAAAF

1

M Hd HHEH

PIN ASSIGNMENT
OEI []1 ® 20l veo
MMz 13l oE2
a2z T
a3 17fl vz
Al s 16 vs
asf 15[ v+
sl 7 uflvs
arll s 13fvs
asf] e 1zflvr
ano Qo uflve
FUNCTION TABLE
INFUTS OUTPUTS
OEl | 0EZ2 | A ¥
L L L L
L L H H
H X X z
X H X z

2= high impedance
R=don't care

8-TO-1DATA

ouTPUT i
DATA L
REGISTER 7

SELECTOR
AND
DRIVER

6]
=ua DATA

OUTPUT

A2 I ™ 18 n
1~
A2-d l/‘ 2z
Azt i . % __ 13
1~
PP I/"\ B _u
: ML S
1
gt l/\ 316
i M e .
L~
As_3 ]\ LT
L~
1
:D—' PINZ0=¥co
) FIN 10-GND
reps
= 8BIT
REF - ANALOG-TO-
DIGIATAL
ANALOG(2) | SAMFLE CONVERTER
INPUT HOLD {SYITCHED-
|7 CAPACITORS)
-
INTERNAL
SYSTEM
CLOCK CONTROL
LOGIC
= AND
@ ouTPUT
110 CLOCK COUNTER
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u29
CMOS Programmable Interval Timer
19A149466P301 (INTEL 82C54)

| s——— CLK D

LD 8 %’?J-I;_;A COUNTER
7- Lo BUFFER 0 [-——— GATE 0
— OUTOD

Ds Ds D7 NC VYcc WR RD
X & OO oor;
T 3 2 1 28 2 2% | }
Daf] 5 25 NC
— BD o
D3] 6 24[TS D ——g > - [ClK1
WR ———.f READ! a
D27 23 A1 WRITE 5 /L EDL:NTEH |e—— GATE 1
Apg —
oigs 82054 2040 o LaGic & N\
D A =5 [—=0uT1
°ge 21[] cLk2 ]
CLKe[] 10 20[] OUT2 I j-
TS 1
NEO M 19 [ GATE2
2 13 M B BB
e CLK2

 H N [y Ry I [ N [ B [y |
OUTD GATED GND NC OUT1GATE1CLKI CONTROL COUNTER
WORD & | «—— GATE 2
REGISTAR|

—— OUT 2
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u34

CMOS Programmable Peripheral Interface
19A705991P101 (C82C55A)

POWER
SUPPLIES

B1.DIRECTIONAL <::>
DATA BUS

WR — g
[ J——
[ I

- =
s EFEgEREE g
AnOonnoAononnnn
6 5 4 3 7 1 4443 42 41 40

=k 39 [ RESET
GND 8 38160
s ] 3781
A0 36| B2
PCI 11 35N
NC 12 34 NC
pcs] 13 82554 B84
PGS 14 32185
PC4] 15 317 B6
PC3[] 16 30 B7
pc1d 17 29[ ] vCC
18 19 20 21 22 73 74 25 36 27 g
TggUgoooogt
PPEEseBEEER
231256-31
BLOCK DIAGRAM
5V
- GROUP
—
GRouP omm—
PORT
—~ A K —
CONTROL A
(LB W
GROUP
A
PORT
K : A ¢ K—
UPPER
@

DATA . N

BUS

BUFFER <r——t>

GROUP
8 BIT B
INTERNAL <:|: PORT  p1—
f DATA BUS N
LOWER |, |
@
I [}

READ! GROUP GR‘?UP

WRITE

CONTROL B <: PoRT <:

LoGIC CONTROL

@)
ln—

—
PA7-PAD

/‘—:> 110
PC7-PC4

:: 10
PC3.PCD

>0
P87-P80
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SYSTEM MODULE

U35 & U36
Digital Potentiometer
344A3041P201 (DS1267S-10)

BLLCK DIAGRAM

PIN NAMES A i l\t
256701 [_2s6-To1 |
| d

[MULTIPLEXER
= 1y

LOL1 - LOWER END OF RESISTOR
HOH1 - HIGHER END OF RESISTOR

STACK SELECT BIT

¥ Wi,%1 - ¥IPER END OF RESISTOR
By [ e ¥s - SUBSTRATE BIAS
NC =] Sgur - WIPER FOR STACKED CONFIGURATION - -
HI joS,yr  RST - SERIAL PORT RESET INPUT PER 0 - 8 BIT frirer 0 s Brd = ot
L1 v pa - SERIAL PORT DATA INPUTIOUTPUT AN N I
vied - CLK - SERIAL FORT CLOCK INPUT } E
RST = Cour - CASCADE SERAIL PORT OUTPUT —
cLk o n"“ ¥oc - +5 YOLT INFUT (|
four  @ND - GROUND = I_ ¥ o
GND oq NC - NO CONMECTION Y sracx
LOGIC I muLTI
m -1 ~\/ PLEXER & oUT

W0 SWIFTREGISTER - 17 BITS

[og o

u41l
Hex Inverting Buffer/Converter

19A700176P101 (4049UBD)

IEIEIIFIIEIEIIFI@IGI

n.c. 05 :[ﬁ n.c. 05 I5

£
—
-
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DSP BOARD

Ul
Digital Signal Processor
344A3038P101 (ADSP210KX-40)

PIN PIN PIN PIN
NUMBER NAME NUMBER NAME
) &l B1 GND K11 Wi
B2 D19 K10 [
s c1 D20 J11 D10
d h c2 D21 J10 TFSO
a 3 D1 D22 H11 RFSQ
D2 D23 H10 GND
O H D1 Voo 611 DRO
[u ul D2 MMAP G10 SCLKOD
[m u [ BR Fi1 DT1
d 1 2 1Ra2 F10 TFS1
H 61 RESET E11 RFS1
O 62 Ao E10 DR1
O u] H1 a1 D11 SCLK1
d u| H2 A2 D10 Vop
0 i J A3 cn DO
Jz A1 clo D1
O il K1 Voo B D2
O u| L2 a5 A0 D3
o u| K2 AG B10 Da
L3 GHD A9 D5
g H K3 A7 B9 D&
O u| L4 a8 A8 D7
d u] K4 AQ B8 D8
d u L5 aA10 A7 Do
K5 Al B7 D10
I B L6 a2 A6 D11
K6 A13 B6 GND
L7 PMS A5 D12
K7 DMS BS D13
L8 BMS A ik
K8 BG B4 D15
L9 KTAL A3 D18
K9 CLKIN B3 D17
L10 CLKOUT A2 D18
c3 Index
BLOCK DIAGRAM
1
jt PROGRAM DATA BOOT
SRAM SRAM AODRESS
DATA DATA 2K % 24 KK GENERATOR
ADDRESS ADDRESS
G%eIEFIATDH GENE;!ATDH

ADDRESS

o P I 5
OO e | 0

]
f o T
T—»mq—l

EXTERMAL
DATA

BUS

L ALM MAC

L

TIMER

INPUT REG INPUT REG INPUT REG

COMPANDING
CIRCUITRY
SHIFTER CONTROU -‘J
LOGIC RANSMIT RE!
DUTPUT REG RECEIVE REG

T @LT|3tﬁ K

[DUTPUT REG jOUTPUT REG

SERIAL
PORT o

SERIAL
PORT 1

R BUS 5
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DSP BOARD

U4 & U5
Encoder/Decoder
19A705827P1 (TCM29C23)

Ve [ \J 20 1%¢
PwRO+ [ |2 19_] 68X
PWRO - [ |3 18| JANLGIN-
GSR [ |4 17 ] ANLG IN +
PON[[5  16[_JANLG GND
CLKSEL[ |6 15| |ASEL
pcLkr[|7 14 JTSXIDCLKX
pcmin[ e 13[]Pcmour
FSRITSRE[ |9 12 IFsxiTsxe
peTLeND[J10 11| JcLKRICLKX
TRANSMIT
SECTION AUTO
ANLG IN+17 ] FILTER SAMPLE COMPARA. | | SUCCESSIVE oUTRUT :]:TM out
ANLG - 18: > ] Anonee [ TR [T| APPROX: ) prgisTeR[+* 15T:SXElIzCLXX
esxl9! ., |
‘ ANALOG _‘J I
ENCE TO DIGITAL + 12 FsxTsxE
CONTROL 11
LOGIC + CLKRICLKX
Receve — T T T T T T T T T T eontRet |
SECTION |5ECT|DN .
, FILTER i coNTROL [+, CLKSEL
LOGIC + PDN
4
esr A 4 O \ |
e, (Lo
PWRO + 3 | SAMPLE L bieiTaL NPUT A8 oemim
nEt Lo L 0
el 7 oLekR
PHRO- 2 REFER- - I
ENCE L
Jeo T To ke 9
cc Yss D:JI:I)- Aglﬂ% FSRITSRE
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ADDR
INPUTS
ApAra

EPROM Kit
344A3309G5
DATA OUTPUT
Op 07
OF 1 s FrgGraM
b PO OUTPUT BUFFERS
CE —| —
Y m—
= oecoper [ |  VGATING
=
= i | zeziaamir
=] oecboer | | cELLMaTRIX
-y L]
— :
|—a

27C256
vpp 1 M~ g Pvee
aa202 27 A4
a7 3 26 (&3
as] 4 25 [14g
asOs 24149
a4 6 23 :lﬂ1
a3l 7 22 [JOE
a2l 8 21 3410
mOoe 20 [ACE
a0 19007
opOQ 11 18106
oz 17 Aos
02013 16 104
GgNDpCl14 15 [J03

PIN NAME
Ap A4 ADDRESSES
CE CHIP ENABLE
OF OUTPUT ENABLE
0g -07 OUTPUTS
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U7

CMOS Hi-Speed Octal D Type
Flip-Flop With Data Enable
344A3064P203 (74HCT377)

TRUTH TABLE
 ~" ]
g 120 yeo
ao 19 o7 INPUTS OUTPUTS
o0 2 18 57 OPERATING MODE cp E Dn On
4 I LOAD "1* - 1 h H
17
- Ds LOAD "0 = 1 X L
5 116 o5 . - h x no change
5 15 HOLD (do nothing) no change
02— — 05
nzi ﬂ D5 H= HIGH Voltage level steady state.
2 13 h= HIGH voltage level one setup time prior to the LOV-
D3 = [— D4 10-HIGH clock transition.
_9] 12 o1 L= LOW voltage level steady state.
B | = LOW voltage level one setup time prior to the LOWY-
0] 11 ep to - HIGH clock transition
X = Don't care

-~ =LOWto -HIGH clock

BLOCK DIAGRAM

o
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U8
CMOS Hi-Speed 3 To 8 Line Decoder/Demultiplexer
344A3064P201 (74HCT138)

TRUTH TABLE
~"" s
Al— [= Ve MPUTS OUTPUTS
EABLE
m2 15 75 LE | ANDRESS S —— BLOCK DIAGRAM
E3 E2 E1 a2 a1 om0 | VO vy Y2 y3 V4 ys vE  v7
a2 14 & X x H x x x|H H H H H H H H
. by — L x % % x % |H H H H H H H H
E1-4Y 2 3 X H % ¥ %X x |H H W H H H H H
. La H L L L L L|L H H H H H H H
B2 3 H L L L L H|H L H H H H H H
H L L L H L|H H L H H H H H
3-8 M g7 H L L L H H|H H H L H H H H
H L L H L L H H H H L H H H
w4 e w H L L W L H|H w H H H L H H
W L L H H L|w W W H H H L H
cnn- 12 w5 W L L H H H|g H H H H H H L
H=HIGH LEVEL. L= LOWLEVEL. X = DON' T CARE

U9
CMOS Hi-Speed Octal
Buffer/Line Driver, 3 State 344A3064P204 (74HCT541)

BLCCK DIAGRAM

— 20 MCmMCT
OEl — — vcc &4
— YCC
a 2] RERT= 2 | .
A0
a2 118 v \ C ] _D—| Yo
4 17 WQ_D—['—\ | w
Az A4 7 v 19 GHD
oer —| >~ B ] ,_D_| vee
a3 2 116 vz Al O—H 7
6 15 | | | ¥
3P R P | Lo
1 GHD
a5 L] L4 v . : uee
a2 O— >~ o =
a5 -8 F3 vs | v
1 —1
] 12 v | T
GHD
vCe
P L1 vz T, N s S
I

>

GHD

TRUTH TABLE UV S L
INPUTS QUTPUTS A
L
oE1 OE2 An . : _>—D_| s
L L H H wo——= | By
H X X 4 | —:D'_| GHp
X : X z a5 O—>——] >: @ o
= L £ L o e iR v
HIGH Voltage Level e Jm ! L un

g

LOW Voltage Level
X = Immaterial
Z = High Impedance

vee
i ) o

GHD

7
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DSP BOARD

ul1o0

Triple 2-Channel Analog Multiplexer
19A702705P5 (MC3303D)

INOUT 1 g CT - <[ Yoo
INJOUT o T |+ «[[T] COM INJOUT o
INJOUT ¢ CT |~ =|3 com njoutg
COM INJOUT . E =3 mwout 14
INFOUT oo CC [T nrouT 0a
E = =[Fdsa
YEE =~ 2 se
Vgg [T Je =1 sc
TRUTH TABLE
CONTROL INPUTS RIS CHES
SELECT
INHBIT|C B A
o 00 0 |20 YO X0
o 001 Zo Yo ¥
o 01 0 |Z0 YI X0
o o011 20 Y1 X1
o 100 Z1 Y0 X0
o 101 Z1 Yo X1
o 110 1 Y1 X0
o 111 21 Y1 X1
1 LI I NONE
¥ = DON'T CARE

LEVEL
CONYERTER

C

OHS
I
SWITCHES

Quad Operational Amplifier
19A7048883P2 (MC4558CD)

14 9
My

D

THHHHHHHHHHHH
8

D%JT E

INPUTS €
1
3

Vee |4

INP;.ITS {E

ouT
2

1T =

1 1]

1

BLOCK DIAGRAM

-
ol
15

INHIBIT
10— A X

oHTROLS & - o
90—
120—
130—
20—
10—
5O—
30—

IHiouUT

PIN CONNECTIONS

aihe:

7

(TOP VIEW)

= E DET
E INPUTS
::ID ‘:: ] 4

COM IN?OUT s

INIOUT 14

INIOUT ga

[ ONLY 11 2 OF DEVICE SHOWN ]

COMMOHNS
ouT /1M

EVEE GND
E INPUTS
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Uiz

SRAM, 1K x 8, Dual Port
344A3040P201 (IDT7130SA100)

-3

=
P = >
I - - o
2w gE | w 9w |‘” | =R
INDEXj\ <82z alélo U|o|§£|§ z
L I R A O o O o I B I R e M N A
7T 635 4 3 21152 515049 48 47
AqLzzs 1 46 CIOER
A t-! l'j
ZLcd 3 B h Ao
Agrzn 44:jA1R
Az 43 :jAzn
As5LEZ 2 U521 Az:jAaR
AsLII 1 5 41238
ke T
=il L62-1 e
AgLiZ1s 39 ZAgn
Aqgi£I16 BI3 Az
IIOnLt:n 37T AgR
10, F1g 36 2Agp
103,52 19 BT NIC
103162 50 =)

G

52-PINLCCIPLCC

T30,
( 21 222324 2926 27 28 29 30 31 32 33 /-
M r1r1rr1Ir r1TrTrT e

TOP VIEW
BLOCK DIAGRAM
R, R,
CEL CEp
OEL \ OEp
:m l 500 cen 0 Agp
L + l ' A7r
I . 1
It - | coo COLUMN COLUMN coL 5 Ogn
- SEL o Ts) SEL -
5 .
107, — ¥ 3 — li07p
BUSY, () - ——  Busv, O
Aot . MEMORY ) Aen
.| row RELY ROW o
= SELECT SELECT |»
AgL > Aon
AgL N Agr
Aol M ARBITRATION M Aon
= »  INTERRUPT ¢ —
CE LOGIC . CE
RIW, . RW g
— ] | | I
INT @ ~ INT, @
NOTES:

1. IDT7130 (MASTER): BUSY IS OPEN DRAIN OUTPUT AND REQUIRES PULLUP
RESISTOR. IDT7140{SLAVE): BUSY IS INPUT.
2. OPEN DRAIN OUTPUT REQUIRES PULLUP RESISTOR.
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ui3

CMOS Hi-Speed Octal Transparent Latch
344A3064P202 (74HCT373)

o - Hvee
ao—2 112 o7
po—3} |13 7
p1—4 46
a1 115 05
28 116 o5
p2—4 117 pg
DQ_B 118 gy
a3 119 0
N3 20 (¢
TRUTH TABLE
OUTPUT LATCH DATA OUTPUT
EMNABLE ENABLE
L H H H
L H L L
L L | L
L L h H
H X X Z
NOTE:

L = Low voltage level

H = High voltage level

| = Low voltage level one set-up time prior to the high te
low latch enable transition

h = High voltage level one set-up time prior to the high
to low latch enable transition.

X=Don't care

Z = High impedance state
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ul3
(Continued)

BLOCK DIAGRAM

VCC
)]
LE
P Mo s
o oDt D — [
iE _ 0E

LE
L P +—C o

n
.
D=L
L VYss

LE

COMMON CONTROLS LE LE

Ul5
Digital Potentiometer
344A3041P201 (DS1267S-10)

BLCCK DIAGRAM

g
PIN NAMES % T AL SN RN AN B!
[=5670a [_=s6-To1 MULTIPLEXER
£ \r G

\
LO.L1 - LOVER END OF RESISTOR |
HOH1 - HIGHER END OF RESISTOR
¥ W0,¥1 - WIPER END OF RESISTOR STACK SELECT BIT
By [ Yec ¥g - SUBSTRATE BIAS
ne - Sour - WIPER FOR STACKED CONFIGURATION ﬁ = :
HI o bnSqyy  RST - SERIAL PORT RESET INPUT TPER 0 - & BIT EEEE e
L1 hvo pa - SERIAL PORT DATA INPUTIOUTPUT Py Y I
wicd (oo CLK - SERIAL PORT CLOCK INPUT | | | !""l
RSTod =5 Cour - CASCADE SERAIL PORT OUTPUT
CLK o - ¥oc - +5 YOLT INPUT I
fout  guD - GROUND E I_ 0 =g
LI ba NC - NO CONNECTION - 1 e
LOGIC L] MULTI- D
m 1 ~ FLEXER| 5 our
O SWIFTREGISTER - 17 BITS
oo ]
C ouUT
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DSP BOARD

Ul6

Operational Amplifier
344A3070P3 (TLO75)

ulv

14 9
Mo S

PIN CONNECTIONS

1] ouT

R0 s
inpuUTs) L2 ]

=

=

INPUTS
4

o

D

e e e s
1 8

Triple 2-Channel Analog Multiplexer
19A702705P5 (4053BM)

INJOUT 4 g -
INJOUT g T
INJOUT 1 ¢ T}~

COM INJOUT |

16

1%

18

1)

11 Yoo
[T COM INIOUT A

] COM INIOUTE

[T 1N/0UT 14 32— conveRTer

Vec [4] [11] Vee MO
INPUTS [£] o] INPUTS
3
Ej \ ‘ EEl
OlélT o] B our

(TOP VIEW)

BLOCK DIAGRAM

COM INI10OUT

INIOUT 14

o
NS
%

INfOUT o T =[O nzouT o4
. i Asa INZ OUT g
Vee CT- I s ] e
Vgg B - sc . [ OMLY 1¢ 3 OF DEVICE SHOWN )
B —| |—
TRUTH TABLE
CONTROL INPUTS
SELECT 6 C—] IHHIBIT
INHIBIT|C B A " A L] ik
o [oo0 o0 [z0 vo = CONTROLS § 1008
R B bl 015 &, COMMONS
1] o111 b I 4 1 ] OHS i L) ¥ 15 ouUT /IN
0 100 Z1 Y0 X0 IH it bl
' EREE BRI SWITCHES ¢ 29— VO
o [110]21 V1 % 10— v
ot
o |11z voxm so—z0 z|—oa
1 |2 122 NONE 30— 71
% = DON'T CARE
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8 OUTLINE DIAGRAMS

8.1 DSP BOARD 188D5682G1

slelelejelelelolo]slelolo]ele)

1L P2 115
UL A A I I UL ) +

y - 208
i— uﬁ DQ{EID
C6

TP1
P2
wilo H

O

TP4

ci1
O

IO annm 1
LATEIV LT

~O
b o
]

g

[

R3!

§|:| 1
4 ]e H[c19] =
= 1

2
=

h
9 I3
I

208 [ O 0Eree
RI

800 08
g RO g
%+ &
|:[|+R33
g
S g

jOCOOCO000000000| 1880568

[[] elslalalalalalalalalalalalale
1
I P3 )l

(188D5682, Rev. 1)

(U6} |

VIEW AT "A"

ORIENTATION OF XU6
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8.2 SYSTEM BOARD 188D5498G1
COMPONENT SIDE

ADD BAR CODE LABEL
ON FARSIDE

(3]

——SEE VIEW AT A"
AND NOTE 7

2 NOTES:
/ 1. SOLDER ALL ELECTRICAL CONNECTIONS.
2. COMPONENT LEADS TO PROTRUDE .06 MAX. BELOW SOLDER
SIDE OF BOARD.
/3\INDICATES FRONT OF COMPONENT AUTO-INSERTION MACHINES.

4. BOARD TO BE ROUTED FROM TRANSFER PANEL AFTER ASSEMBLY.
SMOOTH EDGES REQUIRED.

&MARK APPLICABLE GROUP AND REVISION LETTER.
CHARACTERS .09 HIGH, COLOR WHITE
PER 19A115740P1.

&SOLDER CONNECTER BOARD LOCKS FARSIDE.

7. LIFT U36, PIN 5 OFF PWB CAREFULLY. CUT PATTERN
AT U31, PIN 12, NEAR VIA HOLE. INSTALL INSULATED
DA WIRE (226 AWG) FROM U31, PIN 12, TO U36, PIN 5
(AT IC PIN), ROUTE AS SHOWN VIEW AT "A".

20 s g
Udrxva
8

ADD D21 AND D22 FROM U37-7 TO U31-5 AS SHOWN.
CATHODES OF D21 AND D22 ARE TO GO TO U37 AND U31.
ANODES OF D21 AND D22 ARE TIED (SOLDERED) TOGETHER
VIEW AT"A"

9

188054986 \REV ,

-
|
|
|

.
|
B
|

Y

VIEW FROM COMPONENT SIDE

& (XU4) o | Dg
O Or 01 5%
H (ws) C\& R17 R c46 16

a 7 -

(UZ,UB)———J

D21 TA*
ORIENTATION OF U4 (;éEnglE ;)

CAUTION
OBSERVE
PRECAUTIONS
FOR HANDLING
ELECTROSTATIC
SENSITIVE
DEVICES

(188D5498, Rev. 5)
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SOLDER SIDE

bo SEEEEEEE 25 cuspr r( 5 5 5 Od
Py aooooooo 0o T EDDsﬁﬁﬁ N
w0 : 3 EDEDDE R0 %z z[] (8 [E
e (.5 carss R129 ¥ 2
8- | |2 = o s z
0 o= 3|:| R11§DA:| 5 a%gl] QDQ i
: € Mol 288 5
s [k (g P v A - S [ 20 rjé‘! 05 [z
-1 o Ty cmE o E 18 [
_ 2 0y #e0glengng, =
s ¢ 50 S g 0%
O el [k 50 Nus
RH — 3] [ Roz” R98 -
b |7'd (] g 2 reo ] g[] ™% § d
A mp 5] g 70 L2002 300 A
0o ook BIED §0 W E
g ot 23 = pg §|:|§|:| T
o
— RIA  Z[] & ]
cis[0  cer[]  RI63 EED i §|:| ID D& [CIres
CHL  cosO RS, I:I%
2 g 2 & e
= 58 D0 2
z o
Z o E 83 e N
boﬁ g00os =) oo Bod
PO e A
/
I
o0 xS
cu O o 0
Bre o & "
2] g o — = 212 an
= cor - CICes  gq 8 c6 )
c92 = ] Rm5 piso D4 2 O rs? g
s Dlaf:z O (- 2 [ o @5 z
2 l_‘u—Lul ’:—Lu' 2|:| %3 [11] |:| |:| ED lﬂ
bO R D1 e CE'4E:J @55 crie wt Bod
[-- 4

(188D5498, Rev. 5)
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9 SCHEMATIC DIAGRAMS

9.1 SYSTEM BOARD

J1 J1 J1 Je J3
1A 1B ic 1 1
1
2a 2B 2c 2 47 2 B
T, sl —— 0 V0L/sa HI O +13.8W «—=—+—0TP 1 O ALE
3A
——=— 1 OMICHI <—3L?7mc Lo —3C L ooawrewr 3 1 oo RsT El
4n 4B 4 4
<————<& LINE B ———1+—OLINE A —2C L owmmime o PR, B ————+—0 /P ¢S
F-i—O DPLX LINE A (‘SE? DPLX LINE B < s¢ ———O TX AUDIO HI GLﬁ—O DSP FILT VOL/SQ %L*-U +5V
6A
O VG ALERT — 8 L s (_—L_%"‘ AIDIO LO —5 L omume N 5 1 ourro
7A -
2O INTRCH AUD «— 7B L owemcH — 7L opeex 2 1 o ——O ADBL0:7]
o
81 o — 8B | o (—Bc——lo v 8 L s imeax am 8
3A E]
O 58 eijo -12v 3 1 5D NI voLsso HI
(———1 al —O +3VA <—~1 0B —0 +5vA (;l oc (———1 0 ——O +12V 1 19
114 O, 11
0L opee e moow e | 1B e gk «—IC L RepearT PTT IN 1 DSP TBLF TP2s
12
" 10O COMB PTT OUT «—12BL & perect o1s 1L o ceEN &L—E DSP RBLE . 12
(_13’*___1 « 3B PR - —13 L oy P26 13
14A = 14| 14C | 14 14
—————1 05V ————1 045 oSy ———F——0+5VA
15A ISB 15C 15 15
—" 1 —oLmce ==+ ORUS IN =1 ORX 1 MITE =10 SYSBD LINE OUT
164
¢———1+——OREMOTE PTT IN 1B L o peLaveD PTT IN «—18CL ocom prT N
1781 oissomis — 1Bl overTouT «17C1 & Remote PTT oUT
1881 o Repeat pTT ouT «—18B L ocomon —18CL o Reser
134 19B 13C
————1—ODC NTRL 1 =1 ODC NRL 2 =1 —ODC ONTRL 3
20A 20B 20C 3 < >
¢——=—"1—0 BATT STDBY —= =1 ocms =1 oLocAL PTT E H 2
21A 21B 21C
226 22B 22¢C
=" 1O SERIAL CLK —EE2 b OwaLsH 1 =521 OGS0 DSBL + cao 4 caz 4 ca3 TS SOERATIC DIAG APRLIES 70
23A 238 23c - 10uF 1ouF MODEL NO. REV
=2 O ANT REL =221 07X 0SC ONTR === L5 aUX RX MUTE PL18BDS438G1 G
24A 24B 24C PL13D902530G5 R4A
1O PHR SNSR —— oL O TX MR+ —== O TX MR- = PL1SD902530G7 R4A
c45
8581 oRummRe ﬁzux TR- <—25c—jo +10V X 1OuF 1OouF
6A
— 2881 oSeais P pa—L1oa
27 278 27¢C > >
1O PRG RXD 1O M3 STATUS 1O PGM TXD o o ALL RESISTORS ARE 1/8 WATT UNLESS
280 288 28¢ ' v OTHERWISE SPECIFIED AND RESISTORS
881 o PR «—S3C 1 5 comme VALUES ARE_IN OHMS UNLESS FOLLOWED
Rll OSKO 3 BY MULTIPLIER K OR M.
CAPACITOR VALUES IN F UNLESS
— R & com- 298 —E2C L ore PAB O- 2 o3 FOLLOWED BY MULTIPLIER U, N OR P
30a 30B 30C INDUCTANCE VALLES IN H UNLESS
¢————F—O RXF2/CLK ————1—ORXF3/DATA ¢————+——O RXF4/AUX1/ENBL 1 FOLLOWED BY MULTIPLIER M OR U
31A 1B
PREL — 3B onn 310 Srrercx R193
(i—o TXF3/DATA (—32}2‘—0 TXF4/AUX27ENBL QZC
>
DS!
N

SYSTEM BOARD
(188D5496, Sh. 1, Rev. 11)
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C91 ce8 €86 , .01uF ¢ O /RESET
3 4 +5vo—R'\1/33— (_J Es ) O LINE IN SEL
K% 10K = 1000pF - 01uF = O ADL0:7]
sS4 uz2s ° U1
7
1% SH SPOT é OEl vee Zl)g O 5V 5 37 60.7 pP2.7 o8 =
CG MONITOR 3 a1 : Sefpo-7 Perle 7
Az Y1 ! 35 : -2 48 w
= 4 17 . P0.5 P2.5
A3 Y2 2 N 34 45 12
€6 MONO———— S | a4 vals . 35| P-4 P2.4 147 m
R138B 6 as va 15 B 2 33 P0.3 P2.3 3 "
3 14 45V 7 14 ! P0.2 P2.2
10K g]78 I, o 28 lpo.1  pPa.1 el N
53 a7 Y6 6 27 : s[4 s N oc
S S oPOT En (VAN v — 0700 L s
TX DISABLE GND Y8 to|Pl-7  ALESE - 1 35 Tl
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LINE COMPENSATION
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