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Safe Handling of CMOS Integrated—Circuit Devices

Many of the integrated—circuit devices used in communi-
cations equipment are of the CMOS (Complementary Metal
Oxide Semiconductor) type. Because of their high open—cir-
cuit impedance, CMOS IC’s are vulnerable to damage from
static charges. Everyone involved in handling, shipping, and
servicing them must be extremely careful not to expose them
to such damage.

CMOS IC’s do have internal protection, but it is effective
only against overvoltages in the hundreds of volts, such as
those that could occur during normal operations. Overvol-
tages from static discharge can be in the thousands of volts.

When a CMOS IC is installed in a system, the system’s
circuit elements distribute static charges and load the CMOS
circuits. This decreases the vulnerability of the IC’s to static
discharge, but improper handling will probably cause static
damage even when the IC’s are so installed.

To avoid damaging CMOS 1C’s, take the following pre-
cautions when handling, shipping, and servicing them.

1. Before touching a circuit module, particularly after having
moved around in the service area, touch both hands 10 a bare
metal earth—grounded surface. This discharges any static
charge you may have accumulated.

Note

Wear a conductive wrist strap (Motorola Part
No. RSX—4015A) to minimize the buildup of
static charges on your person while you are
servicing CMOS equipment.

WARNING

When wearing a conductive wrist strap, be care-
ful near sources of high voltage. By grounding
you thoroughly, the wrist strap also increases
the danger of lethal shock from accidental con-
tact with such a source.

2. Whenever possible, avoid touching any clectrically con-
ductive parts of the circuit module with your hands.

3. Cheek the INSTALLATION and MAINTENANCE sec-
tions of the service manual and the notes on the schematic to

68P80100W34-A

find out whether or not you can insert or remove circuit mod-
ules with power applied to the unit, and act accordingly.

4. When servicing a circuit module, avoid carpeted areas, dry
environments, and the wearing of static—generating clothing.

5. Be sure that all electrically powered test equipment is
grounded. Attach the ground lead from the test equipment to
the circuit module before connecting the test probe. Similarly,
disconnect the test probe before removing the ground lead.

6. When you remove a circuit module from the system, lay it
onasheet of aluminum foil or other conductive surface con-
nected to ground through 100,000 ohms of resistance.

WARNING

If the aluminum foil is connected directly to
ground, you may get a shock if you touch it and
another electrical circuit at the same time.

7. When soldering, be sure the soldering iron is grounded.

8. Betore connecting jumpers, replacing circuit components,
ortouching CMOS pins (if this becomes necessary during the
replacement of an integrated—circuit device), be sure to dis-
charge any static buildup on your person (see Procedure 1,
above). Because you can have a voltage difference across your
body, you should use only one hand if you must touch the
board wiring or any of the pins on the CMOS device.

9. When replacing a CMOS integrated—circuit device, leave
I g

the device in its metal rail container or conductive foam until

you are ready to insert it into the pronged circuit module.

10. Connect any low-impedance test equipment such as a
pulse generator to CMOS device inputs after you have applied
powerto the CMOS circuitry. Similarly. disconnect such low—
impedance equipment before turning off the power.

I'T. Wrap CMOS modules in conductive material when trans-
porting them trom one area to another. even within the same
room. Use wrapping material similar to that in which replace-
ment modules are wrapped when they arrive from the factory.
(You can also use aluminum foil.) Never use nonconductive
material for packaging these modules.




MODEL CHART FOR SYNTOR X 9000
LOW-BAND RADIO 31-50 MHz
‘ T71KXJ AND T71KEJ 100 WATT

MODEL | DESCRIPTION
T71KEJ7J04AK 32-Mode, 100 Watt
T71KXJ7J04AK | 32-Mode, 100 Watt, SECURENET Capable
D RIPTIO
. 4| @ HUB1105A Unified Chassis
® | ® | HCN1033D Control Unit, 32-Mode (Early Version)
® | ® | HBN4036A Control Unit Packing Kit
. ® | ® | HLN4907D Control Unit Panel Kit
® | ® | HLN4924B Control Unit Hardware
® | ®| HLN5210A Control Unit Software and EEPROM
® | ® | HCN1063 Systems 9000 Control Head (Later Version)
® | ® | HBN4036A Control Unit Packing
® | ® | HLN5464A Systems 9000 Control Head
® | ® | HLN5562A Standard Hardware
® | ® | HVN4026A Systems 9000 Control Head Firmware
’ ® | ® | HCN1073A Systems 9000 Control Head (Latest Version)
® | ® | HBN4036A Control Unit Packing
® | ® | HLN5562A Standard Hardware
" ® | ® | HLN6284A Systems 9000 Control Head
® | ® | HVN4026A Systems 9000 Control Head Firmware
® | ® | HKN4051A Power Cable and Fuse Kit
®| & HLN4111A Installation Kit (Early Version)
® | ® | HLN4022D Installation Kit (Later Version)
® | ® | HIN4243A Bottom Cover
. ® | ® | HLN4262A Tuning Tool
® | ® | HLN4263A Top Cover
® | @ HIN4666A Mounting Tray
® | ®| HMN1061A Microphone
® | @ | HLN4384A Microphone Board Kit (Earty Version)
® | ® | HLN5459A Microphone Board Kit (Later Version)
®  ® | HLN5389A Microphone Hardware Kit
~ ® | ® | HLN5391A Microphone Hang-Up Clip
® | ® HSN4018A Speaker
® | ® | TAB1002C Antenna with Spring Base
. ® | ® | HLN4457A Antenna Base Kit
® | ® | TKN6132A Antenna Cable Kit
® | ®  TLN6590A Antenna Rod Kit
@ | HKN4256A 17 ft. Radio Power Cable (SECURENET)
® | ® HLN4921A Trunnion
® | HLN4980A Nameplate
[ ] HLN4979A Nameplate
® | ®  HLN4952A Fuse Kit for Green and Orange Leads
» ® | ® | HLN4983A Systems 9000 Basic Buttons
® | ® | HLN5027A Systems 9000 Radio Software
® | ® | HLN5028A Systems 9000 EEPROM
i ® | ® | HLN5046A Systems 9000 Tools
® | ® | HLN5066A Scan Button
® | HLN5092A SECURENET Button
® | ® | HLN5095A Blank Button (9 supplied)
‘ ® | @ | HLN5096A Blank Plug (5 supplied)
® | ® | HLN5105A Handle and Shield
[ HKN4241A 17 ft. Radio Power Cable
® | ® | HBN400O2A Packing Kit

CODE: @ = ONE ITEM SUPPLIED, 4p = BREAKDOWN IN SEPARATE CHART

MMXW-4540-D




MODEL CHART FOR SYNTOR X 9000
LOW-BAND RADIO UNIFIED CHASSIS

DESCRIPTION
Unified Chassis, 31-50 MHz

HUB1105A
[ DESCRIPTION

[ ] HLB1016A Directional Coupler
[ ] HLN4837A Directional Coupler Hardware
® HLB4092A Directional Coupler Board -
® HLB1025A Internal Casting
[ ] HFB4001A Receive Injection Filter
[ ] HLB1021A Transmit Mixer .
[ HLN4909B Coax Cables
[ ] HLB4084A Transmit Mixer
[ ] HLB4085A Receive Mixer
[ HLB4086A VCO
[ ] HLB4091A Extender Back End Board

or HLB4091B Extender Back End Board .

or HLB4091C Extender Back End Board
[ ] HLB4090A Extender Front End Board
o HLN4813A Internal Casting Hardware .
[ ] HLN4251A VCO Interconnect
[ HLB4108A High IF
[ HLB4109A RF Board
[ ] HLN5222B Common Circuits Board
® HLB4093A PA Transistors
[ ] HLN4814A PA Hardware
[ ] HLN4913A Feedthru Board, 7-pin
[ HLN4914A Feedthru Board, 2-pin
[ ] HKN4202A Interconnect Cable
[ ] HLN4461B Bus Wire, Red/Black
[ ] HLN5299B Personality Board
[ ] HLN4815A Chassis Hardware .
[ ] HLN4259A Front Hardware
® HFB4000B Receive High-Pass Filter
[ HLB4083B Transmit Buffer Board '
[ HLB4094A PA Board
® HLN5349A Self Q Hardware

CODE: @ = ONE ITEM SUPPLIED

MMXW-4541-C



Options Chart

Conventional
OPTION DESCRIPTION
w20 Telephone Interconnect Microphone
W58 1/4 Wave Antenna (800 MHz)
W70 Omit Antenna

- W71 Omit Microphone
w87 Omit Speaker
W90 Omit Standard Accessories
W90 Omit SECURENET Accessories

‘ w101 Negative Ground cable, 22’
W109 Handset with Hang—-up Box
W116 External Alarm (includes cable and 2 relays)
W239 Noise Cancelling Microphone
w269 Electronic Siren/Public Address
W290 Operator Select Multiple Coded Squelch
W370 MDC-1200 Status/Message (8}
W412 MDC-1200 Selective Call

. w421 Dual Priority Channel Scan
W452 MDC-600 Unit-ID and Emergency
W470 Hidden Footswitch
W496 Negative Ground cable, 10’

. W589 Public Address
W591 Auxiliary Switch Panel
W681 MDC-600 Selective Call Encode/Decode
w688 Hidden Emergency Pushbutton
W703 Talkback Scan
W712 Mobile Voice Storage
W800 Front and Rear Controls
ws14 MDC-1200PTT/ID
wg24 MDC-600 Status
w825 MDC—-600 Message
Wa30 64 Mode Operation
W941 MDC—-1200 Status/Message (16)
W9a46 Conventional Telephone/DTMF
Wa83 Direct Entry MDC-600 Status
woag4 Direct Entry MDC-600 Message
wogs Limited Control Unit Functions

i SECURENET Options
w268 Code Storage Battery
W303 Dual Code Select

¢ w304 Proper Code Detect
W391 Physical Security Housing
W794 Add DVP Encryption
W797 Add DVP-XL Encryption

MXW-4542-B
7/31/89




SYNTOR X 9000 Low Band Performance Specifications

GENERAL

Number of Modes

Models available in 32— mode configuration standard. 64—-mode optional.

Channel Resolution

Multiples of 5.0 kHz or 6.25 kHz.

Squelch Options

Private-Line and Digital Private-Line coded squelch are standard and available within
the same radio unit. Carrier squelch and multiple—coded squelch are optional.

Primary Power

+12 VDC with a DC—isolated floating ground system. Radio supplied for operation with
negative—ground vehicles. Optional cable kit permits operation with positive—ground vehicles.

Radio Unit Dimensions

265"H x 11.5"W x 16.0"L (76.5mm x 292 mm x 406 mm).

Radio Unit Weight

Approximately 22 1b (10.2 kg). Shipping weight approximately 37 Ib (17 kg).

Maximum Battery Drain (inc. std. accessories)

Minimum RF Standby @ Receive @ Rated Transmit @
Model (Series) Frequency Power Output 13.8V Audio @ 13.8V Rated Power
T71KXJ, T71KEJ 31-50 MHz 100W 1.2A 35A 27A
TRANSMITTER
Output impedance 50 ohms.

Spurious and Harmonic
Emissions

More than 70 dB below carrier (for EIA spec. RS152B}).

Frequency Stability

+.0005% of assigned center frequency from —30°C to +60°C ambient (+25°C reference).

Maximum Frequency
Seperation

19 MHz without degradation.

Modulation

15F2 and 16F3, +5 kHz for 100% at 1000 Hz.

Audio Sensitivity

0.080V +3 dB for 60% maximum deviaiton at 1000 Hz.

FM Hum and Noise EIA Method
Companion Receiver Response
RS152B Response

-60 dB.
-50 dB.

Audio Response

+1, ~3 dB of 6 dB/octave pre—emphasis characteristic from 300 to 3000 Hz.

Audio Distortion

Less than 2% at 1000 Hz, 60% maximum deviation.

FCC Designation

T71KEJ: ABZ89FT1610 — Licensable under FCC rules Parts 22, 74, and 90
for 15F2,16F3, and 16F9 emission.
T71KXJ: ABZ89FT1612 — Licensable under FCC rules Parts 22, 74, and 90
for 15F2, 16F3, 16F9, and 20F3Y emission.
RECEIVER

input Impedance

50 ohms.

EIA Modulaiton Acceptance

+6.5 kHz minimum.

Frequency Stability

+.0005% of assigned center frequency from —30°C to +60°C ambient (+25°C reference).

Maximum Frequency Separation

19 MHz without degradation.

Sensitivity

20 dB quieting 0.35uVv.

EIA SINAD 0.25 uVv.
Intermodulation (EIA SINAD) 75 dB.
Spurious & Image Rejection 90 dB except 80 dB at 37.85 MHz.
Selectivity (EIA SINAD) ADJACENT ALTERNATE

CHANNEL CHANNEL 4TH CHANNEL +400 kHz

20 kHz Channel 85dB - 89dB 100 dB 100 dB

Squelch Sensitivity

Carrier squelch (at threshold setting), Tone—Coded Squelch (fixed), Digital-Coded Squelch (fixed),
are all 8 dB SINAD (0.25 uV maximum without preamp; 0.13 uV with preamp). Audio 15 watts at
less than 3% distortion into an 8—ohm load.

FCC Designation

ABZ89FT1610.

MXW-4543-B (1)
4/15/90




CONTROL HEAD

Dimensions: 6.5"W x 3.375"H x 1.687"D
excluding mounting bracket (166mm x 87mm x 43mm)
Weight 1 1b (456 g)
Current Drain 300 mA
SPEAKER
Dimensions: 5" x 5" x 2.5
excluding mounting bracket (127mm x 127mm x 63mm)
Weight 1.51b (680 g)

MXW-4543-B (2)
4/15/90




@ MOTOROLA

Description

1. Radio Features

1.1 GENERAL

The SYNTOR X 9000 Low Band radio, including Systems
9000 options, provide the following features:

e Microcomputer control.

e Broad-band operation.

¢ Frequency synthesis.

e Programmable time—out timer.

e Private-Line and Digital Private—Line coded squelch.
e Talkaround.

e Operator select Channel Scan operation.

e Mode select Channel Scan operation.

e Wide operating temperature range (from —30°C to
+60°C).

e Rugged construction that meets MIL810D related to
rain, dust, salty atmosphere, shock, and vibration.

¢ All solid—state, compact, modular design that simplifies
radio maintenance and troubleshooting.

Some of these features are discussed in the following
paragraphs. More detailed information about the features and
options are included in the SYNTOR X 9000 Two—Way
Radio Operator’s Manual.

1.2 CONVENTIONAL FEATURES

SYNTOR X 9000 Low Band Radio Systems operate in the
conventional mode for compatibility with conventional
repeater systems.

Digital Private—Line (DPL) or carrier squelch (CSQ)
signalling is available. DPL coding is automatically selected
(when available) by the Mode selector.

Talkaround is available in the conventional (non—
trunked) mode for mobile—to—mobile communications. In
conventional repeater systems, the transmit and receive
frequencies are different. When talkaround is selected, the
transmitter frequency changes to the receiver frequency. All
mobiles that need to communicate directly must select
talkaround.

1.3 MICROCOMPUTER-CONTROLLED SYSTEM

Most major radio operations are controlled by an 8-bit
microprocessor, a Read Only Memory (ROM) that contains
the operating program, and associated support and control
circuitry. This sophisticated microcomputer system is
designed to simplify mobile operation.

1.4 BROAD BAND OPERATION

The SYNTOR X 9000 radio operates over a broad band of
frequencies. Since frequencies can be added or changed
without retuning or realigning the radios, the units can
operate in different systems on widely separated frequencies.

1.5 FREQUENCY SYNTHESIS

Specific radio frequencies are generated electronically by
using a frequency synthesizer rather than individual crystals
or channel elements. This simplifies multiple-frequency
operation since frequencies can be changed or added by
reprogramming the radio. The frequency synthesizer reacts in
milliseconds in priority mode scanning.

1.6 IMPROVED TRANSMITTER AND RECEIVER
PERFORMANCE

SYNTOR X 9000 Low Band transmitters provide audio
distortion rated at less than 2% (at 1000 Hz, 60% maximum
deviation) and a frequency stability of +0.0005% of assigned
center frequency (over an ambient temperature range of
~30°C to +60°C). Spurious and harmonic emissions are rated
at greater than 70 dB below carrier. Sensitivity of the receiver
is rated at 0.25 microvolts (EIA SINAD), and spurious and
image rejections is —10 dB. Frequency stability is identical to
that of the transmitter.

W10002532-A
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1.7 PROGRAMMABLE TIME-OUT TIMER

The time—out timer causes the transmitter to stop
transmission after the pre—programmed time interval. This
prevents repeater or channel tie-up because of prolonged
keying of the transmitter.

1.8 PRIVATE-LINE OR DIGITAL PRIVATE-LINE
CODED SQUELCH

The Private—Line or Digital Private—Line coded squelch
is programmed as required. This feature allows mobile units
to receive only the messages that use their individual system
code. This reduces an operator’s listening fatigue as well as
the probability of missed or misunderstood messages.

1.9 REPEATER TALK-AROUND CAPABILITY

Repeater talk—around allows direct communication
between two mobile units or between a mobile radio and a
portable unit. Use the Mode select rocker or a separate
pushbutton [Dir] to select tatk—around operation.

1.10 CHANNEL SCAN OPERATION

The [Scan] button activates a pre—programmed set of
Channel Scan parameters. This simplifies Channel Scan
operation since it requires only one button to be used by an
operator.

1.11 OPERATOR-SELECT CHANNEL SCAN

Operator—select Channel Scan allows you to manually
select channels for scanning. This suits operators who prefer
manual Channel Scan operation to a pre—programmed scan
list.

2. Electrical Characteristics

The basic SYNTOR X 9000 radios come fully equipped
for operation. The units operate from a negative—ground,
12—volt DC source. A standard control unit, speaker,
microphone with a hang—up bracket, antenna with a 14—foot
cable, and a 17-foot negative—ground cable kit are included.

2.1 CIRCUIT BLOCKS

The low-band SYNTOR X 9000 radio can be grouped into
physical blocks: personality board, memory module, com-
mon circuits board, 100-watt power amplifier, radio
frequency (RF) board, directional coupler board, and internal
casting. The internal casting includes a voltage—controlled
oscillator (VCO), RX injection filter, TX mixer, RX mixer,
Extender front and back end, and high IF.

2.2 FUNCTIONAL DESCRIPTION

The radio can be functionally divided into five parts: (a)
microcomputer, (b) control unit, (c) frequency synthesizer,
(d) receiver/Extender, and (e) transmitter. The micro-
computer circuits are contained on the personality board. The
frequency synthesizer circuits are contained on the Per-

sonality board, RF board, and internal casting. The receiver/
Extender circuits are contained on the personality board, RF
board, Extender board, and internal casting. The transmitter
circuits are contained on the common circuits board and
power amplifier. A brief description of each functional
segment is provided below; further description is provided in
the section associated with the circuit in question.

2.2.1 Microcomputer

The personality board contains the microcomputer
system and code plug. The microcomputer consists of an
eight—bit microprocessor, a read only memory that contains
the operating program, and associated supporting and control
circuitry. The microcomputer controls all operations of the
radio from lighting the control panel indicators to frequency
selection.

2.2.2 Control Unit

The control unit has two circuit boards. One is the
controller board and the other is the display board. The
display board contains switch contacts and an 11 character,
14 segment display. The display is driven by a driver that
receives serial data from the microprocessor on the control
board.

The microprocessor contains the operating software. The
EEPROM contains re—programmable customer information.

The display board contains the following:

e Vacuum fluorescent (VF) display.
e VF display driver.

e Backlight and indicator LEDs.

e Switch contacts.

The controller board contains the following:

¢ Microprocessor and EEPROM.,
e Serial data link receiver and transmitter.

* +5 volt regulator.

Watchdog timer.

Vehicle interface ports (VIPs).
2.2.3 Frequency Synthesizer

The frequency synthesizer uses a phase—locked loop
consisting of a reference oscillator, a voltage controlled
oscillator (VCO), a multiplexed—input divider, a sample—
and-hold phase detector, a phase modulator, and an adaptive
loop filter. In addition to the phase-locked loop, the
frequency synthesizer contains a receive injection doubler,
transmit injection doubler, and a transmit injection mixer and
bufter.




For frequency generation control, the microcomputer
reads the proper information from the memory module and
then applies it to the multiplexed—input divider via four data
lines. This information is contained in six four—bit words. A
multiplexing sequence passes the six words to the divider.
The divider divides the reference oscillator and VCO
frequencies and generates four bits. Two of these bits (COand
C1) turn the receiver’s Extender “on’" or “off.”” The other
two bits (SO and S1) are used by the sample—and-hold phase
detector to control the loop adaptive filter. Once the mode of
operation and the channel are selected, the six four-bit words
stay the same. However, any mode change makes the
microcomputer address different memory locations in the
memory module. Consequently, the six four—bit words
supply different information to the divider via the four data
lines.

In the receive mode, high side injection is supplied to the
receiver’s second mixer by the receive injection doubler. This
signal is generated by doubling the third harmonic of the
reference oscillator.

In the transmit mode, this signal is routed to the transmit
injection doubler, which doubles and amplifies the signal to
make it high-side injection for the transmit injection mixer.
The transmit injection mixer then mixes this signal with that
of the VCO to generate the transmit injection signal. The
transmit injection signal is filtered and buffered before being
applied to the transmitter’s low level amplifier (LLA).

Microphone audio from the personality board is applied
to the 1DC circuitry along with the PL/DPL encode signals (it
used). The IDC circuits process the audio to ensure that the
proper level of audio drive is supplied to the frequency
synthesizer.

In Private-Line/Digital Private—Line radios, the low—fre-
quency PL/DPL encode signals from the personality board
are combined with the microphone audio signal and routed to
the VCO and phase detector via the deviation and compen-
sation circuits.

2.2.4 Receiver

Incoming RF signals go through the directional coupler,
harmonic filter, antenna switch, high—pass filter, and
pre—amp on their way to the first mixer stage. The combined
selectivity of the harmonic filter and high—pass filter prevents
high—level out—of-band signals from degrading receiver
performance. The radio does not use receiver channel
elements to generate the first mixer injection frequency.
Rather, the frequency synthesizer supplies a high-side
injection frequency that is applied to the first mixer via an
injection filter. The resulting 75.7-MHz high IF signal is
amplified, filtered by a SAW (Surface Acoustic Wave) filter,
and applied to the second mixer. The second mixer converts
the signal to the 10.7-MHz low IF via an 86.4-MHz
high—side injection from the synthesizer. The 10.7-MHz
signal passes through the Extender’s blanking switches

(unless blanked) and several stages of amplification and
crystal filtering before being applied to the limiter/detector.
The squelch circuit gives the microcomputer two signals
(CHANNEL ACTIVITY and SQUELCH TAIL). In the
absence of an RF carrier, both signals are low. When an RF
carrier appears, both signals switch to high, and this tells the
microcomputer to enable the audio stages. The faster
CHANNEL ACTIVITY line is used as a preliminary
indicator during Channel Scan operation, while the
SQUELCH TAIL line protects the audio signals against
fading.

2.2.5 Extender

The Extender is a noise—pulse blanking circuit, so named
because it extends the operating range of the radio in
high—noise environments (ignition noise, DC motor noise). It
consists of three basic elements: a tuned— RF AM receiver
with post—detection pulse shaping, a delay element in the
high IF, and a low-IF blanking switch. The latter two
elements are part of the main radio receiver. The Extender
receiver’s input is tapped oft the main radio receiver’s
pre—amp output. The Extender receiver is field—tuned to a
clear frequency about three MHz from the user’s channel,
where it listens for noise pulses. When it detects one, it
generates an out put and routes it to the blanker switch. This
switch shuts off the main receiver’s low IF for the duration of
the noise pulse, but since the blanking interval is short (6 mS),
you do not hear an interruption in the audio. In order to allow
time for the detection of the noise pulse and the generation of
the blanking wavetorm, a SAW filter in the high [F ahead of
the second mixer and blanking switches delays all signals
(desired and undesired) in the main receiver signal path by
2.5mS.

2.2.6 Transmitter

The RF output generated by the frequency synthesizer at
the required transmit frequency goes to the low-level
amplifier (LLA). A controlled stage on the PA circuit board,
the LLA consists of Q801 and associated matching circuitry.
It amplifies the synthesizer power trom 75 milliwatts
(typical) to 2.5 watts (typical). The power amplifier is driven
by the LLLA, and is supplied A+ through the red lead. The PA
circuitry consists of Q802, 3, 4, and associated matching
circuits.

Driver Q802 amplifies the drive from the LLA to
approximately 20 watts, and Q803 and Q804, the final stage,
amplify it further to approximately 140 watts. Losses in later
passive circuits reduce this power to 105 watts (setlevel). The
final stage also has current—sensing and temperature—sensing
circuitry (R814, RT801, and R815) for power control
functions. The PIN diode antenna switch is a solid—state
circuit that uses the DC-excitable, variable-resistance
properties of PIN diodes to make either low or high—imped-
ance paths for RF signal flow. In the receive mode, receiver
PIN diodes CR971 and CR972 are tforward—biased, and PIN
diode CR9701s reverse—biased by saturated transistor Q980.




This allows the incoming signal to pass from the low—pass
filter to the high—pass filter and preamplifier.

During transmit, keyed 9.4V turns transistor Q980 off and
concurrently forward-biases transmit PIN diode CR970,
presenting a low—loss path from the PA to the low—pass filter.
As the transmitter power in creases, a peak detector
consisting of C970, CR973, CR974, CR975, and R972
detects the negative portion of the RF signal, converting it toa
negative DC potential, which reverse-biases the receiver
PINs and keeps the receiver isolated from the high—power
transmitter signal.

The harmonic filter is an 11-pole, five—zero elliptic filter.
It has the steep roll-off it needs to accommodate the large
bandwidth of the transmitter. This circuit is in the receive
path, as is the directional coupler. The directional coupler
senses forward and reflected transmit power separately, and
generates a detected DC voltage proportional to each. The
forward detected voltage goes to the power—set circuitry on
the common circuits board. The reflected detected voltage
warns of a high (3>:1) VSWR and triggers the shut back
circuitry, which is also on the common circuits board, along
with temperature and over—current sense shutback circuits.

3. Radio Identification Label

The radio identification label identifies information
needed for servicing the radio. Each field of information is
explained by the following. The numbered items refer to
Figure 1.

(1) DATE: this field identifies the date the trunking
information was printed.

(2) SERIAL NUMBER (SN): this field identifies the
radio’s serial number.

(3) MODEL.: this field identifies the radio’s model number.

(4) FACTORY ORDER NUMBER (FO): this field
identifies the factory sales order number.

(5) CONV: this area indicates the conventional mode
information.

(6) MODE: this field identifies the specific conventional
user mode number.

(7) RX: this field identifies the receive channel frequency in
MHz.

(8) TX: this field identifies the transmit channel frequency
in MHz.

(9) RX CODE.: this field identifies the receiver PL, DPL or
CSQ tone assignment.

(10) TX CODE: this field identifies the transmitter PL, DPL
or CSQ tone assignment.

(11) T/A: this field identifies the transmit talk around
frequency in MHz.

(12) TOT: this field identifies the time—out timer value.
(13) PR1: this field identifies the first priority scan selection.

(14) PR2: this field identifies the second priority scan
selection,

(15) SCAN: this field identifies the modes scan list.

(16) RADIO NAME: this field identifies the radio name
assigned at time of order processing.

(17) RADIO SERIAL NUMBER (RSN): this field identifies
the original radio serial number when replacement
codeplugs have been ordered.

/SYSQOOO

MODEL: T71KEJ7J04AK  FO: 00000001 010102\

Mar. 30, 1989 SN: 621TST00003
Conv Mode Rx Tx Rx Code Tx Code T/A TOT PR1 PR2 .
1> 31.025 39.025 csQ csQ 31.025 60
2> 32.025 40.025 7A 7A 32.025 60
\ 3> 33.025 41.025 131 131 33.025 60 J
GPW—4544-A

Figure I. SYNTOR X 9000 Low Band Radio Identification Label
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@ MOTOROLA Operation
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Figure [. Systems 9000 Control Unit

1. General e DIM button for display brightness.

The SYNTOR X 9000 mobile units consist of: * Rocker switch volume control.

e Rocker and keypad mode—select control.

* Remote mountable radio. e Channel BUSY indicator light.

¢ Dual operation control unit. ¢ Transmit indicator light.

¢ Microphone. e Priority channel indicator light.

e Speaker. . - .
P e Non-—priority channel indicator light.
e Antenna. i
) e Squelch button to set volume and monitor
¢ [nterconnecting cable. channel activity.

The mobile units are supplied with Sysrents 9000 control * Option control buttons and indicators.

units that meet the basic requirements for conventional . .
. operation, 2. Radio Operation

The Systems 9000 Control Unit has the following controls 2.1 ALERT TONES
and indicators:
The following alert tones aid the operator by indicating
* Power on/oft slide switch. unique system conditions:

W10002S33-B
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lllegal Mode—A low pitched tone that indicates an invalid
button position has been selected.

Time-Out Timer alert (optional)—A low pitched continuous
tone that indicates your present transmission will soon be
disabled.

2.2 TO RECEIVE

Perform the following steps to adjust your radio for
operation.

(1) Slide the power ON/OFF switch to the left until it locks
in position. The Control Unit display comes on showing
“SELF CHECK?™ for two to three seconds, then displays
the current selected mode. If the radio system fails its
diagnostics on power up, an error code displays. See the
Maintenance and Troubleshooting section of this
manual. If the failure is critical, the radio ceases
operation.

{2) Select a mode on which to operate.
(3) For modes with PL/DPL, turn squelch on.

(4) Adjust the volume level to a comfortable listening level
during an incoming signal.

2.3 TO TRANSMIT

With the radio switched on, perform the following steps
to transmit on your radio system.

(1) Select the desired channel with the [Mode] rocker.

(2) Lift microphone off—hook. Press and hold the
microphone PTT button.

(3) When the red transmit indicator lights, hold the
microphone about two inches from your lips. speak
slowly into the microphone in a normal voice, state your
FCC call sign, and proceed with your message. Relcase
the microphone PTT button to receive.

3. Mode Select

Use the [Mode] rocker switch to scroll forward and
backward through the list of programmed modes. Modes can
be field programmed with user defined names. Mode names
are allowed 11 characters, it is suggested however, to allow
three digits for a mode number and eight digits for the mode
name to provide both name and numeric mode association.

4. Channel Scan

The Channel Scan feature allows you to scan a previously
defined list of conventional modes for activity. If no activity
exists, the display shows your selected mode. When a
scanned mode becomes active, the display shows the active
mode, the appropriate priority (PRI) or non—priority (NON—
PRI) indicator lights, and Channel Scan unmutes the radio.

Press the [Scan] button to turn Channel Scan on or off.
With scan on. the previously selected scan list enables, and
the red indicator lights.

4.1 MODE SLAVED SCAN

On mode select scan radios, the scan list is pre—pro-
grammed and may not be modified. When scan activity
occurs, the currently active mode number or name displays,
the appropriate priority (PR1) or non—priority (NON-PRI)
indicator lights and the radio unmutes.

Press the [Scan] button to turn Channel Scan on and off.
The internal scan list is enabled for the selected mode when
scan is on, and the Channel Scan indicator lights.

4.2 OPERATOR SELECTABLE SCAN

On models with Operator Selectable Scan, you may
review the scan list and/or modify it by holding the |Scan|
button until an alert tone (beep) sounds and the red indicator
blinks. Enter your new scan list by using the [Mode] rocker to
locate the mode name, or by selecting a mode number with
the keypad. Once the desired mode displays, press the [Sel]
button to add it to the list.

Press the [Sel] button once to add the new mode as a
non—priority list member (NON-PRI lights), press [Sel] a
second time to add the new mode as a second priority list
member (PRI lights), or press [Sel] three times to add the new
mode as a first priority list member (PRI blinks).

You may remove modes from your list or review your
scan list. Press the [Del] button to remove modes from your
scan list. Review the scan list by pressing the [Rel] button.

Press the [Home] button to exit the Scan list entry mode
and return to normal operation.

4.3 DYNAMIC PRIORITIES

The Dynamic Priority feature allows you to modify the
priority of a scanned mode using the [Sel] button. Press [Sel|
during mode activity to temporarily assign a NON-PRI mode
to second (PRI lights) priority.

Restore the scan list to the normal priority assignments by

turning Scan off and on, changing modes, pressing [Rel], or
turning the radio oft and on.

4.4 NUISANCE DELETE

A NON-PRI mode in the scan list that becomes too active
or you no longer desire may be temporarily deleted by the
[Del] button during mode activity.

Press the [Rel| button, turn Scan off and on, change
modes, or turn the radio off and on to restore a temporarily
deleted mode to your scan list.

Priority modes may not be temporarily deleted.
4.5 TALK BACK SCAN

Talk Back Scan allows you to transmit on the last active
received mode, regardless of the selected mode on the control
unit.




@ MOTOROLA Installation
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. Figure !. Installation Planning

1. Pre—Installation Tests (2) Measure the transmitter power output at the highest
transmit frequency, and make adjustments as required.

Although the factory aligns the equipment accurately, (3)
mishandling in transit may disturb some of the adjustments. In
any case, FCC regulations require the checking of transmitter
frequency and deviation at the time of installation. Therefore a

Measure the transmitter deviation at the highest transmit
frequency (highest repeater frequency) and make the
necessary adjustments.

pre—operational check is mandatory. To make a complete (4) Measure the transmit frequencies.
- check, follow the sequence of tests presented below. The tests 5 M h Ve f .
are described in more detail in the Maintenance and (5) Measure the receive frequencies.

Troubleshooting Section of this manual. (6) Measure the 20 dB—quieting signal levels.
(7) Measure the PL or DPL sensitivity in PL/DPL modes.

(1) Check the highest transmit frequency (highest repeater Repeat Steps 4 through 7 for each mode.

frequency) and adjust as required. This adjustment also
corrects any receive frequency errors caused by the (8) Check the VSWR of the antenna after installing it in the
. reference oscillator. vehicle.

W10002522-D
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2. Installation Planning

See Figure 1 for information on the antenna location,
operator’s controls, radio location, control and power cable
routing, transmitter control power lead, receiver control
power lead, primary power connections, and other
accessories.

WARNING
For vehicles equipped with electronic anti—skid
braking systems, see the “Anti-Skid Braking
Precautions,” Motorola publication number
68P81109E34. This document is available {ree
of charge.

2.1 ANTENNA LOCATION

The best location for the antenna is at the center of the
vehicle roof. A good alternate location is at the center of the
trunk lid. Be sure that the antenna cable can be acceptably
routed to the radio before mounting the antenna. Sec the
antenna instruction manual tor details.

CAUTION
Antennas must be installed at least two feet (0.6
meter) from vehicle operators and passengers
unless shielded by a metallic surface.

2.2 RADIO LOCATION

In most vehicles, the best location for the radio unit is the
floor of the trunk compartment. When considering location,
make sure to protect the radio from dirt and moisture. Make
sure there is sufficient space around the radio to allow
adequate cooling and permit removal of the unit.

2.3 OPERATOR’S CONTROLS

Recommended mounting surfaces for the control unit,
microphone hang-up clip, and speaker are the following:
under the dashboard, on the transmission hump, or on the
center console. The speaker may be mounted on the firewall.

Adjustablce trunnions are supplied for mounting the
control unit and the speaker, allowing a number of mounting
positions. The installation must not interfere with the opera-
tion of the vehicle or its accessories, nor disturb passenger
seating or leg room. The control unit and the microphone
hang—up clip must be within convenient reach of the user(s).

with a Motorola relay, part #59-00813674.)

with an in-line fuse an one end and a ring lug on the other end.

TRUNK COMPARTMENT | OPERATOR COMPARTMENT | ENGINE COMPARTMENT
I MICROPHONE I
CAUTION I |
A good chassis connection via | |
@he black‘ primary power Caple | TRANSMITTER VEHICLE |
is essential for radio operation | CONTROL POWER IGNITION i
and to prevent damage to the | CABLE (ORG) |
radio and cabie kit. Connection | viP | RADIO _(ORG) OoNnACC ] P’%vYFEungE
to the vehicle frame is desir- | b GBN) 3.0A FUSE = |
able. | MIC { H |
Pt ! RN R BN
~N
! - SPEAKER / (REDy  NOTE! ]L—
L T L)
| wuiri-conoucTor T I T eoeeee
| raog CEONTROL RECEIVER TTERY H !
c PRI CABLE (BLK) v BA o1 40A v
— ngVSESFiSCAgL"’éARY | CONTROL POWER PRIMARY POWER | ruse BETHT'EEE
[ CABLE (GRN) CABLE | NOTE2

1. The orange and green power cables connect to either the vehicle battery or the ignition switch. Connect the green cable directly to the battery. The receiver operates
when the control head is on. Connect the orange cable to the ignition switch. The transmitter operates only when the (gnition switch is on Alternate connections—
Connecting both green and orange cables to the battery allows the control head to turn the receiver and transmitter on or off. Connecting both green and orange cables to
the ignition switch ailows the ignition switch to turn the receiver and transmitter on or off. (Alternator whine and other noise problems may occur. isolate the green cable

2. The radio primary power cable (red) comes in two parts. One is part of the radio control cable kit that goes from the radio to the engine compartment The other comes

GPW-5451-0

Figure 2. Cabling Interconnection Diagram
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Figure 3. Power Control Isolation Detail

2.4 CONTROL AND POWER CABLE ROUTING

Many vehicles have wire troughs in the door sills. If the
vehicle has this feature, use the troughs to provide maximum
protection for the cable and to simplify the cable installation.

In vehicles without wiring troughs, route the control and
power cables where they are protected from pinching, sharp
edges, and crushing. One suggested route is along one side of
the drive shaft hump under the carpet. Use grommets where
the cable passes through holes in metal panels.

2.5 PRIMARY POWER CONNECTIONS (RED)

The best power connection point for the battery hot
primary power lead is at the battery hot terminal. Points that
connect directly to the battery terminal with sufficient
current-handling capabilities may also be used. Make certain
that the point chosen remains close to 13.6 volts; some
systems switch to a higher—than—normal voltage during
starting.

2.6 TRANSMITTER CONTROL POWER LEAD
(ORANGE)

Connect this lead to the ignition switch (recommended)
or directly to a battery hot supply. See Figure 2.

2.7 RECEIVER CONTROL POWER LEAD (GREEN)

Connect this lead 1o a battery hot supply (recommended)
or to the ignition switch. See Figures 2 and 3.

2.8 RADIO CHASSIS PRIMARY POWER CABLE
(BLACK)

The radio chassis primary power cable should connect to
a good ground point on the vehicle chassis. See Figure 2.

3. Cable Routing

Note
Cables routed near metal edges or through holes
may be damaged. Be sure to use rubber grom-
mets, if necessary, to protect the cables.

(1) Determine the radio’s location in the trunk compartment
and leave enough slack cable to permit the plug to be
easily connected or disconnected from the radio.

(2) Work from the trunk space forward. In some cars there is
enough room below the fiberboard trunk partition to
admit the cables. If this is not the case, make an opening
through the partition. Remove the back seat.

(3) Ifthe vehicle has wire troughs, run the cables in the wire
troughs. Otherwise, route the cables under the floor
covering alongside the drive shaft hump. Pull the cables
into the back seat area, under the floor mats, under the
front seat, and under the front mats, exiting up under the
dash at the firewall. Pull the control unit end of the
multi—conductor cable to the approximate location of the
control unit. Route the red power cable into the engine
compartment through any convenient hole in the fire-
wall.




IN LINE
FUSE HOLDER

RED POWER CABLE
FROM RADIO (CUT AND
BLACK . TRIM TO LENGTH)
INSULATION BARE

LEAD

RED POWER CABLE TO RING TONGUE LUG FOR BAT-
TERY CONNECTION.

HEAT SHRINKABLE TUBING. SLIDE
OVER CONNECTION AND SHRINK US-
ING A HEATED AIR SOURCE.

CAUTION

DO NOT CRIMP AT END OF HOLDER. CRIMP ON
EDGE OF BLACK INSULATION OF HOLDER USING A
BURNDY MODEL Y10B TOOL (INDENT “U" CRIMP)
SOLDER IF TOOL IS NOT AVAILABLE.

FOR ASECOND INSTALLATION, CUT CABLE TO REMOVE
FROM ENGINE COMPARTMENT. TO RECONNECT UPON
REINSTALLATION, USE AN IN-LINE INSULATED SPLICE
CONNECTOR.

BARE
LEAD

INSULATION
EDGE
IN LINE RED POWER
FUSE HOLDER CABLE
GPW-5373-A
Figure 4. Fuse [nstallation
SPADE OR RING .
TONGUELUG — parts list
(RING TONGUE
LUG SHOWN) HLN4952A Fuse Kit for Green and Orange Leads MXW-2273-A
REFERENCE MOTOROLA
SYMBOL PART NO. DESCRIPTION
14-82882A01 insulator, fuse hoder body
14-82883A01 insulator, fuse holder cap
29-00136968 lug

29-00824456
29-00865065
41-82885A01
42-82884A01
65-00020404

ring tongue lug
ring tongue lug
compression fuse spring a
fuse clip

3 amp fuse, 250V, (quantity 2)

PLASTIC INSULATOR

FUSE HOLDER CAP \

05/23/88
-
METAL FUSE HKN4051A Cable and Fuse MXW—4224-8
CLIPS CRIMP
AND SOLDER A MoTOoROLA DESCRIPTION
TO WIRE
01-80701T88 30" lead and lug assembly
29-84528B05 ring iug
30-00812505 8 strand wire, red
03-00139931 tapping screw
SPRING 09-84277B02 fuse receptacle
10-10043A02 red tie wrap
37-00134371 heatshrink tubing
38-84383D02 protective cap
42-84275B01 fuse retainer .
FUSE 65-84161B01 40 amp fuse (5AG)

7/15/89

PLASTIC INSULATOR
«—  FUSE HOLDER

GPW-3007-A

Figure 5. Fuscholder Assembly and Parts List
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Pull the red power cable into the engine compartment. A
cable fusekitcomes witharing tongue lug on one end and
an in—line fuseholder on the other. Each cable includes a
small section of heat—shrinkable tubing. Trim any excess
length of red cable. Slide the heat—shrinkable tubing over
the red power lead from the radio. Slide the strapped
portion of the red cable into the end of the in-line
fuseholder and crimp the joint using a Burndy Model
Y10B (indent “U” crimp). 1f this tool is not available,
solder the joint. See Figure 4.

Slide the heat—shrinkable tubing over the connection and
shrink the tubing with a Motorola Model ST697 Heat
Gun or equivalent heated air source. Remove the fuse
from the fuseholder and reconnect the holder. Fasten the
ring—tongue lug on the end of the cable to the battery’s
ungrounded terminal or to some point directly connected
to the ungrounded terminal of the battery (such as the
starter solenoid). Move the in-line fuseholder to a
convenient location on one of the sheet metal parts of the
engine compartment. Center punch and drill a 9/64”

(6)

(.1407) hole through the mounting surface. Then mount
the bracket with the #10-16 x 1/4 self—tapping sheet
metal screws. Do not install the fuse until the entire radio
installation is complete.

The control unit power cable kit contains two separate
wires, one orange and the other green. The orange wire is
66 inches long and the green wire is 106 inches long. A
fuse kit hardware bag comes with the radio. This bag
contains crimp-on type ring tongue lugs and crimp—on
type spade lugs. The spade lugs allow connection to hot
leads at the fuse block of the vehicle and the ring tongue
lugs permit attachment to screws of terminals. Determine
from Table 1 which radio functions are to be switched
through the vehicle ignition switch. A typical system
allows the receiver to operate with the radio switched on
while the ignition. is off, but the transmitter does not
operate unless the ignition is on. In this case, connect the
orange wire 10 the accessory terminal of the ignition
switch and the green wire to the ungrounded terminal of
the battery or starter solenoid.

NOTE:

RADIO FITS TRAY VERY TIGHTLY FOR GOOD ELECTRICAL PER-
FORMANCE DURING VIBRATION. TO INSTALL RADIO, SET IT IN
TRAY AND PUSHIT TOWARD REAR OF TRAY UNTIL T ENGAGES
REAR TABS FULLY. CHECK THAT FRONT TABS HAVE ENTERED
OPENING IN RADIO AND THAT HANDLE PROJECTIONS WILL EN-
GAGE THEM. PUSH HANDLE CLOSED TO LOCK.

REAR
MOUNTING HOLE

ALTERNATE
MOUNTING HOLES

FRONT TABS

FRONT
MOUNTING HOLE

REAR TAB

RUBBER PADS

REAR TAB

REAR
MOUNTING HOLE

ALTERNATE
MOUNTING HOLES

GPW-0674-C

Figure 6. Radio Mounting Tray




CAUTION
Do NOT connect either lead to the ungrounded
terminal of the battery at this time.

(7) If either wire is to be connected in the engine compart-
ment, pass the end of the wire through the same firewall
hole that the red power cable uses. At this point, install a
fuse in both wires.

{8) The following procedures apply to both the green and
orange wires. See Figure 5 for more information. Cut the
wires about 10 inches from the end. Strip the insulator
from both sides so that about 1/8 inch of the wire is
exposed. On the end still connected to the cable kit,
install the plastic insulator fuse holder cap. On the same
wire, crimp one of the metal fuse clips onto the exposed
wire and apply solder for a good connection. On the
10—-inch loose wire, crimp another metal fuse clip onto
the exposed wire and apply solder. Install the fuse (both
are three—amp) into the fuse clips on both sides. Slide the
spring on the wire to the fuse. Then slide the plastic
insulated fuse—holder over the loose end of the wire so
that the spring is inside the fuseholder. Now, twist the
fuseholders until they lock together.

{9) Onthe loose ends of the green and orange wires, strip the
insulator and crimp either the spade or ring tongue lug on
the wire. Solder the crimped connection.

(10) Do not dress the wires at this time. Go to the next
procedure.

4. Radio Installation

(1) Choose a location where the mounting screws are not
directly above the fuel tank, fuel line, or other vital parts.
Permanently install the mounting tray of the radio to a flat
surface with a four—point mounting scheme or, if on an
uneven surface, with a three—point mounting scheme.
{Four—point mounting is strongly recommended over
three—point, especially in vehicles subject to extreme
vibrations.) The raised shelf in some car trunk compart-
ments makes a good mounting place. Place the radio at
one side to allow space for luggage. Leave at least eight
inches in front of the radio so that the handle can be
opened and the programming cable can be plugged into
the radio. Locate the radio so that the black ground lead in
the trunk can reach a good chassis ground point in the
trunk. Determine the radio’s final position, unlock the
radio, open the handle and lift the radio assembly away
from the mounting tray (pull forward and upward to
release the radio assembly). Mount the mounting tray as
illustrated in Figures 6 and 7.

(2)

3

When mounting the radio securely to the trunk floor in
some vehicles. the front panel may press against the floor
or floor cushioning. Also, some vehicles make it
necessary to mount the radio directly over the fuel tank.
Always make a preliminary check to see how far the
screws will extend below the trunk floor. Do not puncture
the fuel tank. If either condition exists, insert one of the
thick spacer washers between the bottom of the mounting
tray and the floor at each of the four mounting holes. The
washers help to keep the radio level, especially when the
floor is covered with a “spongy” mat such as soft rubber.
Replace the radio assembly by sliding the radio onto the
tray at about the haltway point. Push straight back until
the tray tabs enter the two window areas on the radio front
and engage the handle tabs. Close by pushing the handle
until it locks. The handle locks the radio to the mounting
tray and conceals the top cover release button. Push the
multi—conductor plug onto the male connector and rotate
the thumbscrew clockwise to fully seat the connector.
Reverse the procedure for removing the radio.

Thoroughly clean the trunk floor surface before proceed-
ing. Connect the black ground cable lug to a convenient
location on the trunk floor. Center punch anddrilla 3/16”
(.1877") hole through the mounting surface. Use a #14 x
3/4” self—tapping screw and the supplied 1/4” lock-
washer to mount the cable lug. See Figure 8.

MOUNTING ——————

SCREW
. | MOUNTING
1/4" LOCKWASHER ———» TRAY
%
THIN SPACER
WASHER
MOUNTING
I SURFACE
..|||l| "lhu
OR
MOUNTING -
SCREW
L1
. MOUNTING

1/4" LOCKWASHER ———»[12 TRAY

L
THIN SPACER
THICK SPACER ) WASHER
WASHER — — — — ™ | 1 .

2

;
!
t
H J
H

\ MOUNTING

SURFACE

GPW--3053-B

Figure 7. Radio Mounting Tray Installation Detail




CHASSIS CABLE AND LUG

#14 X 3/4”
SELF-TAPPING SCREW

1/4" LOCKWASHER

3/16" (.187") TRUNK FLOOR

DIA. HOLE

N

THOROUGHLY
CLEAN
THIS AREA

GPW-5454-0

Figure 8. Radio Ground Connection

CAUTION

A good ground connection of the black cable is
essential for radio operation and to prevent
damage to the radio and cable kit. Grounding to
the vehicle frame is desirable. On some late—
model automobiles, the ground connection be-
tween the vehicle chassis and engine block is in-
adequate for good mobile radio operation. DO
NOT compensate for this problem by connect-
ing the radio ground directly to the battery. Con-
nect a flexible metal ground strap between the
engine block and a vehicle chassis point com-
mon to the radio ground. Be sure the strap is
heavy enough to carry maximum transmitter
supply current.

(4) All cables (including the antenna lead—in) should be
dressed out of the way as much as possible to prevent
damage. Mount the radio so the heatsink has the largest
available air supply for cooling.

5. Microphone Installation

The microphone bracket must be within arm’s reach of
the operator. Measure this distance before actually mounting
the microphone bracket. Since the bracket has a positive—det-
ent action, the microphone can mount in almost any position.
See the microphone instruction manual for more information.

After installation, connect the microphone plug to the
receptacle on the control unit. Make sure that the clip on the
control unit firmly engages the plug. Connect the microphone
cable “S” hook to the proper hole in the strain relief clip on the
rear of the control unit.

6. Speaker Installation

6.1 GENERAL

The speaker kit includes a trunnion bracket that allows
the speaker to be mounted in a variety of ways. With the

trunnion bracket, the speaker can mount permanently on the
dashboard or in accessible firewall areas. The trunnion allows
the speaker to tilt for best operation.

6.2 INSTALLATION WITH TRUNNION BRACKET

GPW-5374-A

Figure 9. Standard Speaker Mounting

(1) Remove the trunnion bracket by loosening the two wing
SCTEWS.

(2) Remove the three paper retainers and screws from the
trunnion bracket.

(3) Remove the wall-mount bracket from its taped position
on the hanger bracket. (Retain for future use.)

(4) Select a mounting position. If space limitations require
the removal of the hanger bracket, remove the Phillips
screw and slide the bracket out of the speaker housing.
You need not disassemble the speaker housing to remove
the hanger bracket.

(5) Mount the trunnion bracket with the supplied self drilling
SCTEwsS.

(6) Remount the speaker in the trunnion bracket and tighten
the two wing screws.

(7) Plug the speaker lead into the control unit, making sure
that the plug is solidly seated.

(8) Tie up surplus lead cable.

Note
Using the self drilling screws eliminates the
need for predrilled holes.

7. Control Unit

7.1 MOUNTING CONSIDERATIONS

Examine the vehicle to find a suitable mounting location
within the operator’s reach. Although the trunnion mounting
bracket can mount on a plastic dashboard, all four trunnion
mounting screws should penetrate the dashboard’s supporting




metal frame. If that is not possible, use a metal backing plate
(not supplied) to strengthen the installation. The location
should be convenient to the operator for viewing the display
and operating the buttons and on—off switch, but vehicle
operation should not be impaired and the driver’s vision must
not be obstructed.

If necessary, pull more cable into the dashboard area. Be
sure all wires are clear of the instrument panel where holes are
to be drilled.

7.2 INSTALLATION

(1) Mark the mounting location (see Figure 9) using the
trunnion bracket as a template; drill four 5/32” holes. If
mounting into a plastic surface, use ametal backing plate.

(2) Attach the trunnion bracket using all four #10-16 x 5/8”
self-tapping screws supplied in the mounting kit.

Note
When the control unit is installed, it must not
wobble or feel “spongy” when you press but-
tons. Use all four mounting screws and be sure
they are tightly screwed into metal-either a
dashboard support bracket or a backing plate.

(3) Plug in the radio cable connector and microphone cable
connector in the proper location on the back of the control
unit (see Figure 11). A “click” sounds when the
connector snaps into place. Now connect the microphone
cable “S” hook into the hole in the cable strain relief
bracket on the back of the control unit.

(4) Plug in the Vehicle Interface Port (VIP) connector (see
Figure 11) into the remaining location on the back of the
control unit.

(5) Install the control unit to the trunnion bracket using the
two wing screws. Rotate the control unit to the desired
vertical position and tighten the wing screws.

8. Vehicle Interface Port (VIP)

8.1 GENERAL

The Vehicle Interface Port (VIP) allows the control unit
to operate outside circuits and to receive inputs from outside
the control unit. There are three VIP outputs which are used
for relay control. There are also three VIP inputs which accept
inputs from switches. See the cable kit section for typical
connections of VIP input switches and VIP output relays.

8.2 OUTPUT CONNECTIONS

The VIP output pins are on the back of the control unit
below the area labeled “VIP.” Use these connections to wire
controlrelays. One end of the relay should connect to switched
B+, while the other side connects to a software controlled
ON/OFF switch inside the control unit. The relay can be
normally—on or normally—off depending on the VIP outputs’
configuration. The control unit has 3 VIP output connections.

VIP OUTPUT SWITCHED B+ ON/OFF SWITCHED
NUMBER PIN NO. PIN NO.
1 18 2
2 19 1
3 35 34

The function of these VIP outputs can be field pro-
grammed in the control unit. Typical applications for VIP
outputs are external horn/lights alarm and horn ring transfer
relay control. For further information on VIP outputs, see the
control unit programming manual.

8.3 INPUT CONNECTIONS

The VIP input pins are on the back of the control unit
below the area labeled “VIP.” These connections control
inputs from switches. One side of the switch connects to
ground while the other side connects to a buffered input to the
control unit. The switch can be normally—closed or normally—
open depending on the VIP inputs’ configuration. The control
unit has 3 VIP input connections.

VIP OUTPUT GROUND ON/OFF SWITCHED
NUMBER PIN NO. PIN NO.
1 20 4
2 21 3
3 36 37
VIP GASKET ~ EXTRACTION TOOL

/4// /////////_{“\\

// )\I
/””’/”’”////N_

CRIMPED \

RECEPTACLE VIP CONNECTOR

GPW-3004-A

Figure 10. VIP Connector Detail

The function of the VIP inputs can be defined by field
programming the control unit. Typical applications for the
VIP inputs are for a foot switch or a horn ring switch. For
further information on VIP inputs, see the control unit
programming manual.

9. Power Connections (See Figures 1 and 2.)

(1) Replace the fuse in the in—line fuseholder of the red
power cable coming from the radio in the trunk. Connect
the green (and/or orange) fused wire(s) coming from the
control unit to the ungrounded terminal (or source) of the
battery.

(2) Pullall excess cabling into the trunk. Clamp the cables to
the vehicle body or chassis with the cable clamps
supplied. Drill 1/8” mounting holes and then attach the




clamps with four #8 x 3/8” tapping screws and four 1/4”
lockwashers. Finally, be sure all in-line fuses are
installed.

10. Antenna Installation

A diagram and complete installation instructions are
supplied with each antenna ordered. See those installation
instructions for pertinent information.

11. Conclusion of Installation

(1) Be sure the control unit and microphone PTT switches
are off. Install the 40—amp fuse in the red primary power
cable in-line holder. Install the 3—amp fuse in the orange
cable in-line holder. Install the 3—amp fuse in the green
cable in-line holder.

@

3

Note
If alternator or other noise is present in the re-
ceived signal or in the transmission, see
Motorola publications Number 68P81109E33
“Reducing Noise Interference” in Mobile Two—
Way Radio Installations.

Turn the radio on at the control unit and verify proper
operation of all controls and indicators. Radio operation
in some installations requires turning on the ignition. See
Table 1. Perform a complete operational check of the
radio.

Dress the control and power cables out of the way to
prevent damage (pull any excess cable into the trunk
area) and secure them where necessary with the clamps
and screws supplied. Replace the rear seat if it was
removed for installing the cables.

Table 1. Radio Functions Connections

Conductor Green Orange Green Orange Green Orange

Connected to battery ® i b

Connected to L4 See Note L4
ignition switch

Ignition switch No ignition switch Xmtr ignition switch Complete radio ignition
controls control controlled switch controlled

In any application, trim and strip wires. Crimp on ring lug for battery connections. For ignition switch connections,
crimp on ring or spade lug (whichever is required).

Note: In cases where alternator whine or interference is a problem, isolate the green lead with a relay

(Motorola Part No. 59-00813674).
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IMPORTANT | IMPORTANT

USE AMETAL BACKING PLATE USE 4 MOUNTING SCREWS
(NOT SUPPLIED) IF MOUNTING ON ALL INSTALLATIONS

TRUNNION ON A PLASTIC
DASHBOARD

DRILL FOUR 5/32”
HOLES IN DASHBOARD

DASHBOARD

03-00136756

ADJUST THE CONTROL UNIT
TO DESIRED ANGLE AND
SECURE WITH WING SCREWS

VIP CONNECTOR

~

TO SPEAKER

ORANGE AND
TO RADIO GREEN LEADS

TO MICROPHONE GPW-3006-A

Figure 11. Control Unit Exploded View







1. Recommended Test Equipment

General type

Application

Recommended Model

Minimum Specification

AC-DC VOM DC Voltage measurements, general Motorola T1003A Measurement range: 0—15V DC
Sensitivity: 20,000 ohms/volt
DC Multimeter DC voltage readings requiring a Motorola S1063B Measurement range: 0—-15V DC
high—input-resistance meter Input resistance: 11 megohms
AC Voltmeter Audio voltage measurements Motorola S1053C Measurement range: 0—1 mV AC
Input resistance: 1 megohm
RF Voltmeter RF voltage measurements Motorola S1339 Measurement range:100 UV-3V

from 1 MHz to 50 MHz
Inputs: 50 ohm and high—impedance

Oscilloscope,
Dual-Trace

Waveform observation

Motorola R1004A

Vertical sensitivity: 5 mV—10 V/division

Horizontal time base: 0.2 [lsec—
0.5 sec/division

RF Wattmeter

Transmitter output power
measurement

Motorola $1350 with appropriate
element and T1013 RF dummy
load

Measurement range: 0—250 watts

Frequency
Meter

Transmitter frequency measurement

Motorola R1200 Service Monitor
with high—stability oscillator

(X suffix) option. Frequency
calibration recommended every
6 months or less.

Measurement range: 806-870 MHz
Frequency resolution: 10 Hz

Deviation meter

Transmitter modulation deviation
measurement

Motorola R1200 Service Monitor
with SLN6350 Deviation Meter.
and SLN6381 Audio Frequency
Synthesizer (audio synthesizer
required only for DPL radios)

Measurement range: 1-10 KHz
deviation
Frequency range: 31-50 MHz

RF Signal Receiver alignment and Motorola R1200 Service Monitor Frequency range: 31-50 MHz

Generator troubleshooting with attenuator. Output level: 0.1 LV-100,000 UV
Must be capable of at least + 3 kHz
deviation when modulated by a 1 kHz
tone

Audio Signal Audio circuit troubleshooting Motorola S1067B Frequency range: 20 Hz—20 kHz

Generator Output level: 50 mV-1 V

® | ogic Probe Checking of various digital devices Motorola RTL—4014

PL Tone Tone—coded Private—Line decoder Motorola S1333B Frequency range: 10 Hz—9999 Hz

Generator * troubleshooting Output level: 0-3 V rms

® DPL Test Digital Private-Line encoder— Motorola SLN6413A

Set ** decoder troubleshooting

Radio Test set

Meter readings at circuit metering
points for alignment and
troubleshooting

Motorola S1056 Portable Test Set
with a TEK-37 or TEK-37A Test
Set Adapter or a Motorola TEK-5

Meter Panel with a TEK—40 Cable

Tuning Tool Kit

Receiver and transmitter alignment

Motorola HLN4262A

DC Power
Supply

DC power for shop service

Motorola R1011AA

1-20v DC
040 A

*

*

*

Required for tone—coded Private—Line models only
Required for Digital Private~Line models only.

Note

The Motorola R2001 System Analyzer replaces all the test equipment listed above except that marked

with (e).

CAUTION

In positive—ground systems, the case of the TEK-5 Meter Panel and Portions of the S1056B Portable
Test Set are hot with respect to the vehicle chassis. Take precautions to prevent the test equipment from

touching the vehicle chassis.




2. Radio Alignment and Adjustments
2.1 INTRODUCTION

You can adjust the following items on the Low Band
SYNTOR X 9000 radio:

e Oscillator frequency

e Deviation

e Compensation

e Transmitter output

¢ Transmitter power amplifier current limit

e Extender receive frequency

You can make all radio adjustments from the top of the
radio. See Figure 1.

Important
Readjustment of the SYNTOR X 9000 receiveris
NOT recommended, since the receiver is
preadjusted at the factory to have a wide
passband for all frequencies between 31 and 50
MHz.

Note
See the list of recommended test equipment in
this section of the manual.

2.2 OSCILLATOR FREQUENCY

Note
Adjustthe oscillator frequency before checking
or setting the deviation.

(1) Set the mode to Mode 1.

(2) Using the portable test set, key the transmitter without
modulation. On Private—Line and Digital Private—Line
radios, disable the encoder output.

(3) Adjust the reference oscillator (U608) warp control
(Figure 1) until the proper indication shows on the
frequency meter.

(4) Set the mode selector switch (for multiple—mode units
only) to each of the remaining positions and check the
transmitter frequency. No further oscillator frequency
adjustments are required.

2.3 DEVIATION

Note
When setting deviation, be sure to check
deviation on all transmit channels. This ensures
the radio does not over—deviate.

(1) For PL or DPL radios only; Using deviation adjustment
potentiometer R108, set the deviation on the highest PL
or DPL customer transmit frequency, to +4.7 kHz.

(2) For radios without PL or DPL; Using deviation
potentiometer R108, set the deviation on the highest
customer transmit frequency, to +4.7 kHz.

(3) Check the deviation on each mode and reset it to +4.7
kHz on the frequency with the highest deviation.

(4) Check the deviation on each transmit frequency to be
sure that it does not exceed 5 kHz.

2.4 COMPENSATION

The compensation adjustment potentiometer (R111) is set
at the factory and does not normally require readjustment.
Nevertheless, you should use this compensation adjustment
procedure whenever any of the following conditions occur.

e If DPL transmit (encode) performance is poor.

e Ifthe VCOreference oscillator or common circuits board
is replaced.

o If the compensation potentiometer is replaced or ad-
justed.

o If the phase modulator is replaced.

This procedure balances the transmit audio signal fed to
the VCO and reference oscillator, thus insuring good DPL
waveform fidelity and flat modulation response.

(1) For PL or DPL radios only; Turn the deviation
potentiometer (Figure 1) one-half turn clockwise.

(2) For radios without PL or DPL; Set the compensation
potentiometer to the middle of its range. Go to step 7.

(3) For PL or DPL radios only; Set the mode selector to the
highest PL/DPL customer transmit frequency (closest to
50 MHz).

(4) ForPL or DPLradios only; Connect the center lead of the
shielded cable of an AC voltmeter to the modulation
compensation test point (Figure 1) and connect the shield
to the radio ground (A-). Set the voltmeter to the 1-mV
range.

(5) For PL or DPL radios only; Modulate the PL or DPL and
adjust the compensation potentiometer until you see a
null indication on the voltmeter. Cover the hole with tape
to prevent accidental adjustment of this control.

(6) For PL or DPL radios only; Carry out step 1 of Section
2.3.

(7) Forradios without PL or DPL; Carry out step 2 of Section
2.3,

2.4.1 Verify Power Output

Note
SYNTOR X radios operate over a greater portion
of the spectrum than most antennas are reso-
nant. Motorola offers a wideband antenna for
each band of SYNTOR X model radios. Contact
the nearest Motorola center for assistance.

Verify your system has the correct antenna for the fre-
quency range of your radio. Perform the following steps to
verify the power output of your radio.




(1) Connect a 50 ohm power meter in series with the coax
leading to the antenna.

(2) Measurethe VSWR of the radio system for each channel.

(3) Verify power output on the transmit frequency with the
lowest VSWR is a least specified output in the instruction
manual.

Note
Do not make adjustments to the power output if
the measured VSWR is greater than 1.5:1 (2.0:1
for Lowband). Check your antenna for proper
installation and ensure it is designed for your
operating frequency.

(4) If measured power outputusing a 50 ohm is within 5% of
the recommended power, make NO adjustments to the
radio.

(5) Ifmeasured poweroutputusing an antenna is within 10%
of the recommended power, make NO adjustments to the
radio.

Should the measured power output differ from expected
levels outlined above, see the Power Set Procedure in this
manual. Reset the power output to the specified level for your
radio model.

2.5 TRANSMITTER POWER

Do not use coaxial cable adapters to connect different—
sized cables. If you do, it may increase the output VSWR and
cause protection circuitry to reduce output power. Use only
cables that connect directly to the test equipment. See the
Transmitter Section of this manual for information about the
operation of the VSWR protection circuitry.

Note
There is a list of recommended test equipment
earlier in this section of the manual. Use only
the recommended equipment for making these
adjustments to get the best results.

You can make all the transmitter adjustments described
here through holes in the common circuits board. See
Figure 1.

(1) Turn R917 clockwise to the stop.
(2) Select a mode with a middle customer frequency.
(3) Adjust R908 to get a power level of 105 watts.

(4) Verify that the power level on all customer frequencies is
105 +5 watts.

2.6 RECEIVER TUNING

No field tuning of the receiver is required.
3. Radio Disassembly
3.1 GENERAL

To remove the radio from the vehicle, first release the
handle, as described above. Now slide the radio for ward

(about an inch) and lift it out. Disconnect the cables to remove
the radio from the trunk.

You can reach the solder side of the RF board, personality
board, and the power amplifier deck from the top of the radio
after removing the top cover. Remove the top cover by turning
the key to release the front handle and then pushing the button
under the handle. This pops the top cover up, giving you
access to the boards. For access to the PA deck, remove the five
screws securing the PA shield and lift the shield out by its
handle.

You can reach the rest of the radio by removing the four
screws that secure the skid plate to the bottom of the radio.
This gives you access to the metering socket of the common
circuits board (J952). The common circuits board is hinged so
you can open it to gain access to its component side and to the
component side of the RF board. See Figures 1 and 2 in the
Description Section of this manual. To turn the common
circuits board on its hinge, remove two screws on the board as
well as one additional screw on the regulator heat sink.

WARNING
When operating the radio with the regulator
heat sink screw removed, avoid the exposed hot
flange.

Note
All serviceable mounting screws have
posi—drive heads that can be serviced with
standard Phillips screwdrivers. To improve
driver engagement, use posi—drive tools
(available through National Parts, Motorola
Part No. 66-80344A57 and 66—80344A58).

Note
Black plastic captivators identify the mounting
screws for the common circuits board,
personality board, and RF board.

3.2 COMMON CIRCUITS BOARD

To turn the common circuits board on its hinges, remove
three screws. To remove the board from the radio, remove the
two hinge screws also and unplug the ribbon cable between the
common circuits board and the personality board, and the
wires between the common circuits board and the PA deck.
When putting the common circuits board back into the radio,
pass the cable and the wires between the two board hinges.

3.3 PERSONALITY BOARD

To remove the personality board from the radio: (a)
remove the seven screws that secure the board to the radio, (b)
disconnect the cable from the front plug, (c) disconnect the
ribbon cable from the common circuits board, (d) remove any
connectors to the interface board, and (e) pull the board away
from the radio to disconnect the connectors to the RF board.
When putting the board back into the radio, insure that the
front plug gasket is properly seated. (Silicone compound,
Motorola Part No. 11-00834678, helps in this procedure.)




3.4 RF BOARD

To remove the RF board:(a) remove the personality board,
as explained above, (b) remove the six retention screws, (c)
disconnect the coaxial cables between the RF board and the
internal casting, and (d) disconnect the wires near the antenna
switch. To reach some segments of the solder side of the RF
board, you mustremove shields screwed to the board. Remove
the two large cans on the component side of the board by
simply pulling them off the board; other cans must be
unsoldered to be removed.

Important
To reinstall the RF board, align the board guide
posts and the internal casting carefully. Match
the spring connectors on the board precisely
with those in the internal casting.

3.5 INTERNAL CASTING
3.5.1 General

To remove the internal casting from the radio:

(1) Remove the radio covers.

(2) Remove three screws to allow the common circuits board
to hinge.

(3) Remove the four casting mounting screws (bottom side
of radio).

(4) Remove the input coax from the high—pass filter/preamp
board.

(5) Unsolder the output coax from the RF board.

(6) Remove the TX buffer and disconnect the TX mixer
output coax.

(7) Disconnect the remaining coax from the RF board.
(8) Disconnect P200 and P201 from the RF board.

(9) Remove three screws from the RF board (top side of
radio).

Note
During reassembly, be sure that J650 is aligned
correctly with the VCO assembly.

3.5.2 First Mixer

To remove the first mixer from the radio:

(1) Remove the cover and three gasket mounting screws.

(2) Unsolder the RF input wire coming from the Extender
front end board.

(3) Unsolder the coax from the first injection filter board.
(4) Unsolder the output wire going to the high IF board.

(5) Remove the three mounting standoffs.

CAUTION
Do not use excessive heat. If you do, the tap
leads will come off the filter.

3.5.3 First Injection Filter

To remove the first injection filter from the radio:

(1) Remove the cover mounting screw and cover.
(2) Unsolder the input wire from J125,

(3) Unsolder the output coax going to the RX first mixer
board.

3.5.4VCO

To remove the VCO from the radio:

(1) Remove the four screws from the VCO cover.
(2) Remove the cover.

(3) Remove the screw from the center of the VCO hybrid
circuit module.

(4) Remove the coaxial cable from the VCO hybrid. Use a
low—wattage iron.

(5) Pull J650 upward, removing it, the VCO, from the radio.

To install the VCO, reverse the procedure given above.

Note
If you replace the VCO assembly with a new
one, readjust the compensation level, following
the procedure given in the Maintenance and
Troubleshooting Section of this manual.

3.5.5 Extender Front End Board

To remove the Extender front end board from the radio:

(1) Remove the two cover mounting screws and the cover.
(2) Unsolder the input wire from J300 (phono plug).

(3) Unsolder the output wire going to the first mixer board.
(4) Unsolder the DC feed wire from the high IF board.

(5) Unsolder the board from the three mounting tips.

(6) Unsolder the output coax leading to the Extender back
end board.

3.5.6 Extender Back End Board

To remove the Extender back end board from the radio:

(1) Remove the cover mounting screws and the cover.
(2) Unsolder the board from the three feedthrus.
(3) Unplug connector J200 from the RF board.

(4) Unsolder the input coax from the Extender front end
board.

(5) Remove the board mounting screws.
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.7 High IF Board

To remove the high IF board from the radio:

Remove the cover and gasket mounting screw.
Unsolder the output coax from the RF board.
Unsolder the input wire from the first mixer.

Unsolder the wire leading from the front end Extender
board.

Unsolder the board from the six mounting tips.

Remove the board mounting screw (standoff).

.8 TX Mixer

To remove the TX mixer from the radio:

Remove three screws to allow the common circuits board
to hinge.

Remove the TX buffer and unfasten the TX mixer output
coax from the TX buffer board.

Remove the remaining two coax cables from the RF
board.

Unsolder the two DC voltage supply wires from the TX
mixer hybrid.

Remove the two TX mixer hybrid plate mounting
SCTews.

Remove the input coax from the VCO.

REPLACEMENT OF TRANSISTOR DEVICES

.1 Driver Device (Q802)

To remove the driver device (Q802) from the PA board:

Remove the hex nut from the stud of Q802. The hex nutis
in a depression on the bottom of the radio.

Unsolder the flanges of the device from the board. Use a
four—pronged soldering iron if one is available. If not,
heat up each flange with a soldering iron and use a sharp
object such as a pick to pry up the flange from the board.
When all the flanges are clear of the board, lift the device
out of it.

To replace the driver device in the PA board:

If you are reinstalling the old Q802, clean old thermal
compound off the bottom of the device with a tissue or a
rag. Also clean that part of the chassis exposed through
the hole cut in the board for Q802 as well as possible. If
you are installing a new Q802, just clean the chassis.

Put a new, thin, even layer of thermal compound
(Wakefield 120-8 or equivalent) on the bottom of Q802.

Drop Q802 through the hole in the board, with the angled
flange pointing towards L807. Screw the hex nut finger
tightonthe stud. (Be careful not tostrip the threads on the
stud.)

Solder the flanges of Q802 to the board. Q802 will not
operate properly unless these flanges are well soldered.

(5) Tighten the hex nut to 6-8 inch-pounds.
3.6.2 Final Devices (Q803, Q804)

To remove Q803 and Q804:

(1) Remove the flange screws (two per device) from Q803
and Q804.

(2) Liftupone end of R808 to make iteasier to remove Q804.

(3) Unsolder the flanges, using the procedure given in Step 2
of Section 3.6.1, above.

To replace the final devices:

(1) Ifyouarereplacing old devices, clean off the old layer of
thermal compound with a tissue or a rag. Also clean the
chassis exposed through the hole in the board as well as
possible.

(2) Apply a new, thin, even layer of thermal compound
(Wakefield 120-8 or equivalent) to the bottoms of the
devices and drop them into their holes, making sure that
the angled flange of each is pointing towards T802.

(3) Install the flange screws. (Be sure to replace the
thermistor bracket, Part No. 07-80078A01, on Q803.)
Tighten the screws to 6-8 inch—pounds.

CAUTION
Tighten the flange screws before soldering the
transistor tabs to the circuit board. Do not use
more than six to seven inch—pounds of torque,
or you may damage the transistor.

(4) Solder the flanges of Q803 and Q804 to the board. The
flanges must be correctly soldered in place for Q803 and
Q804 to operate properly.

3.7 RF POWER AMPLIFIER CIRCUIT BOARD

To remove the PA circuit board;

(1) Unsolder the coaxial cable from the output connector
(MP801) on the PA board. Unsolder the coaxial cable
from the output connector (MP802) on the high—pass
filter preamp board.

(2) Disconnect the input cable (from the synthesizer) from
input connector J801 on the PA board.

(3) Remove the hex nut from the stud of Q802 on the bottom
of the radio.

(4) Remove the four flange screws from the final devices
(Q803 and Q804).

(5) Remove the screw from the collar heatsink of Q801.

(6) Take the hex nut off the standoff on the PA board (next to
T801).

(7) Remove the six remaining board screws.

(8) Unsolder all nine feedthrus, removing the solder with a
solder sucker.

(9) Lift the board out.




To reinstall the PA board:

(1) Cleanall old thermal compound off the bottoms of Q802,
Q803, and Q804. Also clean the chassis, removing any
thermal compound, dirt, grit, or other contamination.

(2) Apply a thin, even layer of thermal compound to Q802,
Q803, and Q804.

(3) Resolder the coaxial cable to the output connector
(MP801) on the PA board and to the output connector
(MP802) on the high—pass filter preamp board.

(4) Put the board back in the chassis, making sure it is in
properly.

(5) Install the flange screws in Q803 and Q804, making sure
that the thermistor bracket (Part No. 07-80078A01) is on
QQ803. Tighten to 6-8 inch—pounds.

(6) Install the screw for the collar heatsink of Q801, making
sure that the square plastic insulator (Part No.
14-80103B01) is under the heatsink. Also make sure
that the plastic shoulder washer (Part No. 04—82345A01)
is under the screw. Tighten the screw to 8-10
inch—pounds.

(7) Reinstall the hex nut on the standoff near T801. Tightenit
to 68 inch—pounds.

(8) [Install the remaining six board screws and tighten them
to 8-10 inch—pounds.

(9) Resolder all feedthrus. Do not flow excessive solder.

(10) Reconnect the input cable (from the synthesizer) to input
connector J8O1 on the PA board.

3.8 FRONT LATCH

To remove the front latch key mechanism, insert the key
into the lock, turn the key about 45 degrees clockwise, and
insert the special removal tool (Part No. 66-84909B01) with
the point directed away from the lock. Twist the tool 180
degrees clockwise. This releases the key mechanism, which
youcanthenremove. Toremove the black plastic part, remove
the single screw securing it.

3.9 DIRECTIONAL COUPLER
3.9.1 Directional Coupler Circuit Board

To remove the directional coupler circuit board:

(1) Remove the cover of the coupler casting and its gasket.
(2) Unsolder the three feedthrough capacitor leads.

(3) Unsolder the input and output coax leads.

(4) Remove the board.

To replace the directional coupler board, reverse the
removal procedure.

3.9.2 Directional Coupler Casting

Note
You should be able to solve most board-related
electrical problems without removing the
directional coupler casting from the radio
chassis.

To remove the directional coupler casting:

(1) Unsolder the output coax from the PA board output.

(2) Remove plug P953 from J953 on the common circuits
board.

(3) Remove the retaining nut from the antenna connector.

(4) Remove the two screws securing the coupler casting to
the chassis.

(5) Pull the coupler and antenna connector assembly out of
the chassis.

To reinstall the directional coupler casting, reverse the
removal procedure.

3.10 PREAMP CIRCUIT BOARD

To remove the high—pass filter circuit board:

(1) Removethe two screws holding the circuit board cover to
the radio housing.

(2) Unsolder the input coax from the PA board and slide it
through the HUB1077A radio housing.

(3) Disconnect the output coax from the internal casting.

(4) Remove the two remaining screws.

4. General System Troubleshooting Guide
4.1 GENERAL

A general system troubleshooting guide is provided in
Tables 1 through 10. Table 1 is divided into three sections:
symptoms of malfunction, possible cause of failure, and the
procedure to be adopted to clear the fault. The failure
symptoms deal with the following conditions: absence of
receive audio, distorted receive audio, low audio power, radio
does not squelch, radio does not unsquelch, improper squelch
sensitivity, no PL/DPL decode, noregulated 9.6 V or 5.0 V, no
RF power output, low RF power output, no transmitter
modulation, distorted transmitter modulation, improper mi-
crophone sensitivity, transmitter frequency shift with high—
level modulation, synthesizer does not lock, reference
frequency (6.25 kHz) heard in speaker or on transmitted
audio, synthesizer locks on wrong frequency, slow synthe-
sizer lock time, poor receive sensitivity, alternator while.




Table 1. General System Troubleshooting Guide

Symptom

Possible Source of Trouble

Chart or Diagram to be Referred to

No Receive Audio

Red or green lead fuse

None (Check the fuses.)

Audio PA Voltages and waveforms on audio schematic
Audio enable switch Squelch troubleshooting chart

Squelch Squelch troubleshooting chart

Regulator Regulator troubleshooting guide

Synthesizer (not locking)

Synthesizer troubleshooting chart

Microcomputer

Microcomputer troubleshooting chart

Quad detector

Receiver section schematic

Audio PA Audio schematic for voltages and waveforms
Distorted Receiver Audio Quad detector Receiver section schematic

IF Receiver section schematic

Audio PA Audio schematic

Low Audio Power

Red lead fuse

None (Check fuse.)

Quad detector

Receiver section schematic

IF

Receiver section schematic

Failure to Squelch

Squelch

Squelch troubleshooting chart

Microcomputer

Microcomputer troubleshooting chart

Audio enable switch

Squelch troubleshooting chart

Failure to Unsquelch

Refer to No Receive Audio Symptom Above

Improper Squelch IF Receiver section schematic
Sensitivity Quad detector (low recovery) Receiver section schematic
Squelch Squelch troubleshooting chart

Absence of PL/DPL

Personality board

Personality board schematic

Encode/Decode Microcomputer Microcomputer troubleshooting chart

IDC IDC portion of synthesizer troubleshooting chart
Absence of Regulated Short on printed circuit board —
9.6V or 5.0V Regulator Regulator troubleshooting guide

Absence of RF
Power Output

PA enable switch

Microcomputer schematic

Keyed 9.4 switch

Microcomputer schematic

Synthesizer (out of lock)

Synthesizer troubleshooting chart

Red or orange lead fuse

None (Check fuses.)

Power control

Power Control troubleshooting chart

PA PA troubleshooting chart
Absence of Power Control Power control Power control troubleshooting chart
Power Control Power control troubleshooting chart
Low RF Power Output PA PA troubleshooting chart
Antenna switch Antenna switch test procedure
Absence of Transmitter IDC IDC portion of synthesizer troubleshooting chart

Modulation

Power control

IDC portion of synthesizer troubleshooting chart

Distorted Transmitter
Modulation

Misadjusted compensation

Compensation adjustment procedure
(in radio alignment and adjustment)

IDC (PL/DPL distortion only)

IDC portion of synthesizer troubleshooting chart

Personality board

Personality board schematic

Reference oscillator

IDC portion of synthesizer troubleshooting chart

VCO IDC portion of synthesizer troubleshooting chart
Improper Microphone IDC IDC portion of synthesizer troubleshooting chart
Sensitivity VCO

Reference oscillator
Transmitter Frequency Shift IDC IDC portion of synthesizer troubleshooting chart

with High—Level Modulation

Failure of Synthesizer
to Lock

Synthesizer

Synthesizer troubleshooting chart

Microcomputer

Microcomputer troubleshooting chart

Memory module

Reference Frequency
(6.25 kHz) in Speaker or on
Transmitted Audio

Adaptive filter

Synthesizer troubleshooting procedure

Programming section of synthesizer troubleshooting chart




Table 1. General System Troubleshooting Guide (continued)

Possible Source of Trouble

Symptom

Chart or Diagram to be Referred to

Synthesizer

Microcomputer

Synthesizer Locking on Memory module

Synthesizer troubleshooting chart

Wrong Frequency Adjustment of reference

oscillator

Long Synthesizer Lock Time Synthesizer

VvCO

Synthesizer troubleshooting chart

High IF

Low IF

Quad detector

Receiver troubleshooting chart and receiver section

Poor Receive Sensitivity Preamplifier

schematic

First mixer

Second mixer

Antenna switch

Antenna switch test procedure

Short, chassis to A—
Alternator Whine

None (Disconnect control cable and check for a short
between chassis and A—.)

Excessive whine in vehicle

Manual 68P81109E33

4.2 REFERENCE

Depending on the cause of failure, the following
troubleshooting charts and schematic diagrams are referred to
for consultation:

e Schematicdiagram of the audio section of the personality
board; this diagram provides various voltage levels and
waveforms and is located in the Microcomputer System
section of this manual.

¢ Squelch troubleshooting chart; this is located in the
Common Circuits board section of this manual.

¢ Regulator troubleshooting guide; this is located in the
Common Circuits Board section of this manual.

e Synthesizer troubleshooting chart; this is located in the
Synthesizer section of this manual.

¢ Microcomputer troubleshooting chart; this is located in
the Microcomputer System section of this manual.

¢ Powercontrol troubleshooting chart; this is located in the
Common Circuits Board section.

¢ Power amplifier troubleshooting chart; this is located in
the Transmitter section.

¢ IDC troubleshooting chart; this is located in the Synthe-
sizer section.

¢ Radio alignment and adjustment procedures; this is
located in the General Maintenance section.

¢ Receiver troubleshooting chart; this is located in the
Receiver section.

4.3 SYSTEM SELF CHECK

When the radio system is turned on it displays “SELF
CHECK.” During this time each processor does a diagnostic

check. This includes checking ROM, RAM, EEPROMs, and
serial bus circuitry. If no errors are detected, the display shows
the selected mode. If there are any errors, they are displayed
for two seconds each, after the self check display.

The error code is divided into two parts. The first part,
“WX,” indicates the location of the error. The second part,
“YZ,” indicates the type of error. While the problem is not
necessarily located on the board indicated by the location
code, the troubleshooting guide for that board should be used
to initially locate the problem.

There are two types of errors. The first type does not stop
the system from operating. This error occurs if an option board
isnot communicating on the serial bus. In this case the display
indicates “ERROR WX/YZ.” WX/YZ specifies the error.
When this display appears, the operator is alerted by a beep.
The system continues to operate without the option.

The second type of error inhibits the operation of the
system. This occurs if the radio’s EEPROM is corrupted.
Since the data needed to operate the radio is stored in the
EEPROM (frequencies and PL codes) the system cannot
work if that data is invalid. This type of error is indicated by a
display of “FAIL WX/YZ.” WX/YZ specifies the type of
error. If there is a single error of this type, the display shows it
indefinitely. If there are multiple errors, and at least one of
them is of this type, each error display is shown for two
seconds and the display cycles through them.

A special case exists for error “FAIL 01/90.” This error
indicates the control unit did not receive a message from the
radio. If this error occurs, the control unit resets the system
after all the error displays are shown in an effort to correct the
failure.




Table 2. Radio Troubleshooting Display Codes

DISPLAY SHOWS DESCRIPTION OF PROBLEM
FAIL 01/81 Reprogram EEPROM or check J501/502. If “FAIL" shows after reprogram, replace U502.
FAIL 01/84
FAIL 01/83 Replace U501. Reprogram EEPROM or check J501/502.
FAIL 01/85 If “FAIL” shows after reprogram, replace U502.
FAIL 01/88 Replace U500.
FAIL 01/89 Replace U500 and U501.
FAIL 01/8A Replace U500. Reprogram EEPROM or check J501/502.
FAIL 01/8C If “FAIL” shows after reprogram, replace U502.
FAIL 01/8B Replace U500 and U501. Reprogram EEPROM or check J501/502. If “FAIL” shows after reprogram, repiace U502.
FAIL 01/8D
FAIL 01/90 Check cable kits. See Personality and Control Unit troubleshooting charts.

(Bus Failure)

Table 3. Control Unit Troubleshooting Display Codes

DISPLAY SHOWS DESCRIPTION OF PROBLEM
FAIL 05/82 Control Unit EEPROM corrupted. See Control Unit troubleshooting in this manual.
FAIL 05/84 Control Unit EEPROM blank. See Control Unit troubleshooting in this manual.
FAIL 05/90 Control Unit serial bus failure. See Control Unit troubleshooting in this manual.
Table 4. SECURENET-Capable Radio Troubleshooting Display Codes
DISPLAY SHOWS DESCRIPTION OF PROBLEM
FAIL 09/90 Option serial bus failure. See the appropriate SECURENET instruction manual.
ERROR 09/10
Table 5. Trunking System Troubleshooting Display Codes
DISPLAY SHOWS DESCRIPTION OF PROBLEM
FAIL 10/82 Option EEPROM corrupted. See the Trunking troubleshooting chart.
ERROR 10/02
FAIL 10/84 Option EEPROM blank. See the Trunking troubleshooting chart.
FAIL 10/10 Option serial bus failure. See the Trunking troubleshooting chart.
Table 6. Siren/PA Troubleshooting Display Codes
DISPLAY SHOWS DESCRIPTION OF PROBLEM
ERROR 08/10 Option serial bus failure. See the Systems 9000 Siren/PA option instruction manual.
Table 7. MDC-600 PTT ID or MVS Troubleshooting Display Codes

DISPLAY SHOWS DESCRIPTION OF PROBLEM
ERROR 0D/10 Option serial bus failure. See the appropriate instruction manual.

Table 8. MDC-600 Full-Feature Troubleshooting Display Codes
DISPLAY SHOWS DESCRIPTION OF PROBLEM
ERROR 0A/10 Option serial bus failure. See the MDC—600 Full-Feature option instruction manual.
ERROR 0B/10

10




Table 9. MDC-1200 Troubleshooting Display Codes

DISPLAY SHOWS DESCRIPTION OF PROBLEM

FAIL 0A/82 Option EEPROM corrupted. See the MDC-1200 Signalling option instruction manual.

FAIL 0A/84 Option EEPROM blank. See the MDC-1200 Signalling option instruction manual.

ERROR 0A/10 Option serial bus failure. See the MDC—1200 Signalling option instruction manual.
Table 10. DTMF Troubleshooting Display Codes

DISPLAY SHOWS DESCRIPTION OF PROBLEM

ERROR 0OE/10 Option serial bus failure. See the DTMF Option manual.

ERROR 0D/10 Option EEPROM failure. See the DTMF Option manual.

5. Antenna Switch Test Procedure

5.1 INTRODUCTION

When the radio is in the receive mode, the antenna switch
connects the antenna to the receiver via the directional
coupler, harmonic filter, receive pin diodes and coax cable. It
connects the antenna to the transmitter via the directional
coupler, harmonic filter, and transmit pin diode.

5.2 TEST EQUIPMENT

Use a regular analog VOM for checking continuity paths,
short circuits, and DC voltages. The list at the beginning of
Section 1 recommends the Motorola T1009A AC-DC VOM.

5.3 PROCEDURE

This procedure consists of a receive signal path test and a
transmit signal path test. Before conducting either, disconnect
the coaxial cable from the PA deck input. This allows the
antenna switch to change from one condition to the other
(fromreceive to transmit or vice versa) without causing the PA
to generate power output.

5.3.1 Receive Signal Path Test

(1) Use an chmmeter to verify receive path continuity by
checking between the antenna connector and the filter
side of C824. Verify that CR941 and CR97 are turned on
by measuring the resistance across both of the diodes.
Verify that there are no shorts to chassis or B—.

(2) Verify that the DC voltage between R970 and the
combination of L973 and .974 is approximately 1.1 Vin
the receive mode.

5.3.2 Transmit Signal Path Test

Important
Field servicing of the antenna switch assembly
is NOT recommended. Replace the entire unit if
it is defective.

(1) Verify that the coaxial cable is still disconnected from the
PA deck input.

(2) Key-upthe transmitter. Continuity through the harmonic
filter to the antenna connector is verified in the receive
signal path procedure. Measure the resistance across
CR920. If the resistance is greater than 1 ohm with the
radio keyed up, verify that voltages exist at the keyed 9.4
V and 9.6 V feedthru capacitors.

(3) Verify that there are no shorts between the transmit path,
the chassis, or B—.

6. Extender Tuneup Procedure

(1) If the tuneup frequency is higher than 40 MHz, remove
chip resistors (zero—ohm) R300, R301, and R302 from
the Extender front—end board. They may be replaced
with wire jumpers later if the Extender is returned to
below 40 MHz.

(2) Preset 1.300, L.301, and 1.302. See Figure 2.

h
Qo
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g~ N\ N RANGE
W oo AN
o N
© Low N
S RANGE \ N
< N
30 35 40 45 50 55
FREQ (MHz)
Note: slug flush with top of form equals zero turns

GPW-2180-A
Figure 2. Preset Chart for L300-L302.

The #W X code stands for the option code number. Table 3
gives the number codes for each option.

(3) Setthe frequency generator to the tuneup frequency and
connect it to the radio. Set the generator 1/4 MHz below
the tuneup frequency if you intend to use the
metal-tipped tuning tool on C321.
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Set the trim capacitor on the back—end board (C321) for
peak voltage at the Extender—tune test point. Use a hard
plastic tuning tool, if possible. Do not use a screwdriver.
During the tuneup process, adjust (and readjust as
required) the generator RF level to maintain the voltage
at the Extender—tune test point in its active region.

After removing the tuning tool from the trim capacitor,
adjust the generator frequency for peak out put at the
Extender—tune test point. (Little or no adjustment should
be required.)

Adjust L300 and L302 for peak voltage at the
Extender—tune test point.

Adjust L301 for peak voltage at the Extender—tune test
point.

Repeak L300 and L302.

&)

Repeak L301.

After completing this procedure, you may be able to get 2

or 3 dB additional sensitivity by doing the following:

)

2

3

“)

&)

Hook up a pulse generator to the radio connector.

Monitor the pulse output at J200-1 with an oscilloscope
with a 2 milliseconds—per—division sweep. Have it
externally triggered by the pulse generator, if possible.

Decrease the pulse generator amplitude until the J200-1
waveform starts to disappear.

Tune L301, L302, L303, and C321 until the waveform is
triggered solidly.

Repeat steps 3 and 4 until the procedure gives no further
improvement.




parts list
SYNTOR X 9000 Low-Band Exploded View MXW-4548-B MXW-4548-B (2)
REFERENCE MOTOROLA REFERENCE MOTOROLA
SYMBOL PART NO. DESCRIPTION SYMBOL PART NO. DESCRIPTION
1 15-84776M11 internal casting housing 108 14-84691M02 bottom cover insulator
2 14-80212B01 expansion nut, 4 used 109 15-80174B01 bottom cover
49(P20f) 3 03-80157J01 tapping screw (4.55 X 1.59 X 19 mm), 4 used i 07-80208G03 mounting tray
l\ 136(P200) 4 32-82796H01 wire mesh gasket 112 07-80173B02 guide rail, 2 used
[\I\ ~ 5 HLB4086A VCO substrate 113 26-80199K01 second mixer shield, solder side
'y \ 6 03-10943M10 tapping screw (3 X .5 X 8 mm) 114 26-80198K01 low iF shield, solder side
' I(JZ')I) R . 7 15-84817MO1 VCO cover 15 HLB40878B RF board
132 O 8 03-80132J02 tapping screw (3.5 X .6 X 23 mm), 4 used 116 26-80289H01 RF board detector shield
o133 NN 9 03-10943M14 tapping screw (3.5 X .6 X 6 mm), 19 used "7 26-80137K01 synthesizer divider shield
34 10 15-84851M01 buffer cover 118 26-80055K01 RF board shield, component side, 6 used
11 HLB1021A transmit mixer, substrate and carrier 119 26-84898M01 RF board shield, component side, 6 used
12 HFB4001A injection filter board 120 26-80288H02 fence shield, component side
13 42-80194H01 grounding clip 121 26-83595M01 quad detector shield, component side, 2 used
14 32-80207H01 injection filter gasket 122 09-83445L09 10-contact female connector, 2 used
15 15-80203H01 injection filter cover 123 26-80127K01 RF synthesizer shield
16 43-80190A03 standoff (3.5 X .6 X 7 mm), 4 used 124 26-80292H01 RF adaptive filter shield
120 144 13 117 17 HLB4085A receiver mixer board 125 26-80296H01 transmit doubler hybrid shield
118 18 32-80132K01 receiver mixer gasket 126 26-80293H01 receive injection double hybrid shield
19 15-80126K01 receiver mixer cover 127 26-80299H01 AGC extender fence shield
20 15-80204H01 RF extender cover 128 46-83948M01 guide post, 2 used
21 03-10943M16 tapping screw (3.5 X .6 X 10 mm), 4 used 129 42-82160N02 speed clip, 7 used
22 32-80208H01 extender front end gasket 130 09-80001F01 female phono connector, 2 used
32 33 34 85 34 33 32 23 43-80294H01 board mounting spacer, 2 used 131 09-83730MO1 7-contact socket
24 HLB4030A extender front end board 132 28-84324M03 5—contact connector
. ° 25 HLB4091A extender back end board 133 28-84324M01 2—contact connector
ITEM 115 ROTATED 180 26 32-80043D01 pre-amp gasket 134 26-80238K01 RF board high IF coil shield
27 15-84853M01 pre—amp cover 135 26-80121A01 transmitter buffer board shield, 2 used
28 15-80107H01 directional coupler housing 136 HKN4202A 2—contact interconnect cable assembly
29 HLB4092A directional coupler board 137 14-80165K01 harmonic filter shield insufator
30 32-80284H01 directional coupler gasket 138 26—-80287H02 harmonic filter shield
31 15-80108H01 directional coupler cover 139 26-80298H01 harmonic filter coil shield, 5 used
32 03-10911A11 machine screw (3 X .5 X 8 mm), 9 used 140 26-80149J01 PA board capacitor shield
33 04-84180C01 shoulder washer, 5 used 141 26-80237K01 synthesizer divider hybrid shield
34 14--83820M02 transistor insutator, 5 used 142 29-80146B01 amp mod terminal, 23 used
35 26-84835M01 regulator heatsink 143 26-80189M01 transmit buffer shield
63 36 55-83493M01 hinge, 2 used 144 26-80129K01 harmonic filter shield
37 HLN4817A common circuits board 145 25-80229J02 power transformer
38 30-83602M01 cable (includes P401) 146 55-80244C02 handle latch
39 28-80052D01 10—-contact right—-angle connector 147 03~10843R21 tapping screw (4 X .7 X 8 mm)
40 42-83503M01 screw retainer, 19 used 148 2900005292 solder lug
41 03-10943M15 tapping screw (3.5 X .6 X 8 mm), 33 used 150 14-80175M02 insulator shield, 3 used
42 HLN4251A VCO feedthrough plate
43 15-80125K01 high IF cover 6/30/89
44 32-80131K01 high IF gasket
45 HLB4098A high IF board
46 07-80152B01 handle pivot bracket, 2 used
47 22-83491MO1 spring pin, 2 used
48 55-80242D01 handie
49 01-80739T21 interconnect cable assembly
° 50 01-80739T01 antenna connector and cable
ITEM 93 ROTATED 180 51 32-80080A01 antenna connector gasket
52 02-80006A01 spanner nut
53 04-00114522 5/8" internal lock washer
41 54 55-84101B01 lock with key
55 75-00838826 rubber bumper, 2 used
56 38-80154B802 cover release button
57 41-80160B01 lock spring, 2 used
58 55-80161801 lock catch
103 59 15-80159802 lock housing
60 42-81056B01 retainer ring
61 55-80157B02 cover release catch
62 41-80155801 cover release spring
102 63 41-80206F01 cover lift spring
64 03-10908A46 machine screw (M5 X .8 X 16 mm), 2 used
65 04-00007652 5/16" lock washer, 2 used
101 66 HLN4461B PA wiring bus
67 43-80013B01 PA board standoff
68 HLN4913A power amplifier feedthrough board
105 97 69 29-83897MO1 wire receptacle terminal, 2 used
70 HLN4914A IPA feedthrough board
71 14-80297H01 PA insulator
72 HLN4094A power amplifier circuit board
73 14-80103B01 PA heatsink insulator
~ 74 26-80016B01 PA heatsink
g 75 04-84152B01 shoulder washer
> 76 03-10943M17 tapping screw (3.5 X .6 X 13 mm)
77 02-10971A63 machine nut (M3.5 X .6 mm)
§ 78 01-80244H02 PA shield
. 79 55-84300B04 PA shield handle
DETAIL A 80 32-80226D01 top cover gasket
81 15-84075N02 top cover
82 14-84691M0O1 top cover insulator
83 03-80132J01 tapping screw (3.5 X .6 X 28 mm), 2 used
84 03-10943M18 tapping screw (3.5 X .6 X 16 mm), 6 used
85 26-83498M01 audio PA heatsink
93 HLN4915A personality board
39(y932) 94 55-84300B03 short handle, 2 used
95 32-80219B01 front connector gasket
38(P401) o 9 01-80746779 37-contact male front connector assembly
ITEM 97 ROTATED 180 97 15-84763M02 radio housing
98 42-80201B01 bus wire clip
99 42-84367M0O1 wire hold-down clip, 2 used
100 02-00119913 nut (8-32 X 11/32 X 1/8)
101 HLB4000A high—pass filter preamp board ' . .
102 32-80283H01 high-pass fiter preamp gasket Exploded View and Mechanical Parts List for
103 15-80192H01 high—pass filter preamp cover .
104 HLB4083B transmitter butfer board SYNTOR X 9000 Low—Band Radio
105 03-10943M09 tapping screw (3.5 X .5 X 6 mm), 2 used
106 32-80225D01 bottom cover gasket PW—4546—B
107 04-80149A01 captive washer, 4 used 6/30/89
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Special Repair Procedures

1. Ceramic Microstrip Substrates

You should not attempt to repair the ceramic microstrip
substrates of the radio. If a module has a faulty component,
replace the whole module. Not only are repairs to the sub-
strates and replacements of substrate components difficult to
make without damaging the module, but also the factory uses
special fixtures in building and testing the radio to make cer-
tain that each module operates properly. Field repairs to the
microstrip substrates negate that initial factory adjustment.

The ceramic materials of the radio have properties simi-
lar to those of glass, and sharp blows and heat affect them the
same way they affect glass. Therefore, if you must solder
anything to ceramic microstrip modules, use as little heat and
pressure as possible. You must also use solder with a high
percentage of silver to avoid leaching the capacitors and non—
COppeT runners.

2. Chip Capacitors

The radio uses many chips capacitors as circuit ele-
ments. They are extremely sensitive to heat and must not be
re—used. Be very careful when making repairs to circuits near
these components. Heat from a soldering iron being applied
to a nearby component may “leach” the end metalization (ter-
minals) of a chip capacitor. Figure 1 shows what a leached
capacitor looks like.

To remove a chip capacitor, apply heat to both connect-
ing terminals simultaneously, either with two soldering irons
or a single iron with a special tip (Motorola #5T-1160).
When the connecting solder melts, lift the chip. Figures 2 and
3 illustrate this removal technique.

LEACHED

GPW-3060-A

Figure 1. “Leached” Chip Capacitor

3. Replacing Transistors in the Power Amplifier

To remove the power transistors, remove two transistor
mounting screws or one stud nut (accessible from the chassis
bottom). Unsolder and remove the clamped mica capacitors,
then unsolder an remove the transistors. Special soldering
iron tips ST1160 and ST1161 (available form Motorola parts
offices) make it easier to remove capacitors and transistors.

When replacing RF power transistors, you must take the
following steps. First, use a soft cloth or paper towel to re-
move all thermal compound and residue from both the chas-
sis and the transistor. Then apply a thin film of Wakefield
thermal compound to the bottom of the transistor mounting
flange. Replace the transistor in the center of the printed cir-
cuit board cutout, tightening the mounting hardware to a
maximum of 7 inch—pounds. With alow power soldering iron
(40-60W), solder the leads, using enough solder to com-
pletely cover the lead and solder pad. Make sure that the
solder is flowing freely both over and under the lead before

68P81111E97-C
5/20/88




removing the heat. If a lead tends to spring away from the cir-
cuit board, use the tips of a pair of pliers to hold the far end of
the lead down against the board until the solder hardens. After

TWO SOLDERING 1RONS

CHIP CAPACITOR

‘ GPW-3061-A

Figure 2. Capacitor Removal with Two Soldering Irons

replacing the transistors, replace the clamped mica capaci-
tors, being sure to position them exactly as they were with
respect to the transistor body.

SPECIAL
SOLDERING
IRON TiP

TWEEZERS

N

CHIP CAPACITOR

GPW-3062-A

Figure 3. Capacitor Removal with Special Soldering Tip
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Microcomputer System
(Radio)

1. General

This section covers the Microcomputer System section of
your radio.

2. Theory of Operation
2.1 INTRODUCTION

The SYNTOR X 9000 personality board consists of two
major sections; the digital section, and the analog section. The
digital section is notated by the 500 series part designators.
The analog section is notated by the 100, 200, 300, and 400
series part designators.

2.2 DIGITAL SECTION

The digital section communicates with the control head
and the options over a serial bus link to receive and transmit
information. This section also monitors parallel inputs from
the radio. The digital section microprocessor uses both serial
bus inputs and radio parallel inputs, to decide response to and
control of the system. The digital section controls the radio
since it controls the parallel outputs.

The outputs are controlled to perform various functions

including:

¢ Audio routing.

¢ Synthesizer programming.

¢ Transmitter enables.

¢ Audio volume level control.

e PL and DPL detection.

¢ PL and DPL generation.

¢ Squelch level control.

e Alert tone generation.

The major blocks in the digital section are:

¢ US00—microprocessor.
e U501—program ROM.
¢ U502—customer system/mode EEPROM.

e U503—synthesizer programming latch.

e U504—audio control latch.
e UUS506—address decoder.
¢ HY500—watchdog timer hybrid.

U505 and supporting circuitry-serial bus transceiver.

2.3 ANALOG SECTION

The personality board analog section contains all the
non-RFanalog circuitry in the radio, with the exception of the
voltage regulators and the RF power control. The analog
section circuitry is grouped by circuit designators as follows:

¢ 100 series transmit audio circuitry.
* 200 series receive audio circuitry.
® 300 series circuitry common to receive and transmit.

* 400 series audio power amplifier.

The analog section provides various audio and sub—audio
filtering, summing, and amplifying functions that include:

¢ Receive audio switching.

¢ Transmit audio switching.

® Microphone pre—emphasis and deviation limiting.
¢ VCO compensation adjustment.

* Discriminator de—emphasis filtering.

¢ Received PL/DPL filtering and detection.

e PL/DPL D/A converter and filtering (PL/DPL
generation).

* RF carrier detect/undetect (squelch).
¢ Digitally controlled audio attenuator.
¢ Audio power amplifier.

¢ Option receive and transmit summing/buffering.

W10002S35-F
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The major blocks of the analog section are:

o U300—custom switched capacitor filter 1C.
s 4 MHz crystal controlled oscillator (clocks U300).

¢ U301—quad opamp; microphone pre—emphasis/limiter;
option RX and TX summer/buffer; bias voltage buffer.

e HY300—audio switching hybrid.

¢ HY301—squelch hybrid.

e U302—pre—amplifier (digitally controlled attenuator).
* 400 series designator parts— audio power amplifier.

e Jumper selections.
3. Detailed Circuit Description
3.1 DIGITAL SECTION
3.1.1 Microprocessor System

The microprocessor (U500) with the program ROM
(U501), the programmable EEPROM (U502), address decod-
er (U507), and output latches (U503 and U504) make up the
microprocessor system.

The heart of the system is the high-speed CMOS
microprocessor that runs at 1.2288 MHz. The processor uses
Y500, a4.9152 MHz crystal, for its time base. This oscillator
is internally divided by four at the processor to obtain its
operating frequency of 1.2288 MHz.

3.1.2 Address Decoding (U506)

The microprocessor controls the address lines, A14 and
A1S5 output WR, to gain access to U501, U502, U503, and
U504. The processor does this through the address decoder
U506. The three inputs to U506 on Pins 2, 14, 3, 13, and 15
control U506 outputs to Pins 6, 7, 9, and 11. These signals,
zero to five volt logic levels, are active low. When U506—6 is
low, the processor is accessing U502 (EEPROM). When
U506-7 is low, the processor is accessing U501 (program
PROM). When U506-9 is low, U504 is accessed, and with
U506-11 low, U503 is accessed.

3.1.3 Program Memory (U501)

The program that the processor executes is contained in
the 16k by 8 UV-EEPROM. By manipulating the remaining
14 address lines (A13-A0), the processor can read the
instructions stored permanently in the EEPROM. The address
lines A14 and A 15 are used for address decoding.

3.1.4 Customer Mode EEPROM (U502)

All radio mode information is stored in U502
(EEPROM). The standard EEPROM is 2k by 8 in a 24—pin
package. This package is inserted in the rear 24 pins of the IC
socket (Pins 1, 2,27, and 28 are left open). The board design
accepts anoptional 8k by 8 EEPROM that is a 28—pin part. The
EEPROM is reprogrammable, and is read from like the
program memory IC (U501). It is also written to by the
EEPROM programming mode, described later.

3.1.5 Synthesizer Programming Latch (U503)

The synthesizer programming latch is an eight—bit static
latch whose outputs store the digital value (high or low) of its
inputs when a low to high transition occurs on U503-11. To
load data into the synthesizer, the latch stores correct data
(D3-D0) from the customer mode EEPROM, and the
corresponding address (A2—-AQ) with the strobe output high
(U503-19). Then the latch stores the same address and data
with the strobe output low, This clocks the four bits of datainto
the synthesizer. For valid programming to occur, this process
is repeated for five sets of data with five different addresses.
The synthesizer is continually updated to avoid corrupted data
passing on a power supply transient condition. The update rate
is approximately every 20 milliseconds.

3.1.6 Audio Control Latch (U504)

The audio control latch operates in the same manner as
the synthesizer programming latch (U503). In addition, the
audio control latch provides signals for five audio routing
paths, both squelch level controls, and a control line for audio
volume programming.

3.1.7 Watchdog Timer Hybrid (HY501)

The watchdog timer hybrid performs three functions.
This hybrid circuit controls the system reset line, monitors the
internal microprocessor reset line, and senses the system reset
line.

The first function is performed on power—up of the radio
system. The hybrid outputs a reset pulse approximately 30
milliseconds long to allow the crystal oscillators in the system
to stabilize. The pulse is high on system reset (HY500-10).

Secondly, the watchdog timer monitors its input. The
synthesizer strobe from US503-19 should toggle every 20
milliseconds. If the strobe pulse fails to toggle, the watchdog
timer times out and initiates a 30—millisecond reset pulse. This
is a failsafe in the event the radio’s microprocessor gets lost
due to a power supply transient.

The third function performed by the watchdog timer
hybrid is its sensing of the system reset line. This line is
bi—directional. If another processor in the system gets lost due
to atransient, that processor initiates a reset pulse torecover. If
the system reset line is pulsed, the watchdog timer stretches
the pulse to a 30—millisecond reset pulse.

3.1.8 Serial Bus Transceiver (U505 and supporting
circuitry)

Communication between processors in the system is
handled by the serial bus at a data rate of 9600 bits per second.
The signals generated are bus +, bus —, and busy. Bus + and bus
—carry the same serial data. Bus —is bus +inverted (bus + high,
bus — low). In using this pair of signals, the comparator U505
can differentiate between noise and valid data. In normal radio
transmission, the radio microprocessor reads the line busy in
(U500-9). If found to be HI, the processor pulls busy out high
(busy in active LO, busy out active HI), and transmits as
message out of TX data (U500-13). To further avoid a




collision on the serial bus, the radio processor reads serial RX
data (U500-12) as it transmits. If the processor does not read
back the same data that it sent out, some error occurred and the
radio processor attempts to re—transmit the message. When
receiving a transmission, (example: control head transmit-
ting), the radio processor would sense busy in (U500-9) going
LO and process the incoming message from serial RX data
(U500-12).

3.1.9 EEPROM Programming

The EEPROM (radio mode information) is programmed
by communication over the serial bus. Special commands are
sent to and from the radio microprocessor from the IBM PC
programmer interface.

Note
An IBM PC and Control Head/Radio
Programming Software Version 3.0 (or later)
are required to program this radio.

The EEPROM is equipped with an input called “write—
enable” that is active LO (LO writes to the EEPROM). This
input is at U502-23 for a 2k by 8 EEPROM or at U502-27 for
an 8k by 8 EEPROM. To protect the contents of the EEPROM
from being inadvertently written over, the write—enable line is
held in active by the microphone HI audio input.

The line is protected to eliminate the possibility of
corrupting the EEPROM data during power supply transients
or other temporary battery supply conditions that could
possibly alter the data. The microphone HI audio input is
normally biased up to 9.6 volts while receiving, and pulled to
approximately 4 volts when transmitting to power the active
element microphone cartridge. When connected to either of
the programmers, the microphone input is shorted to ground
and allows access to the EEPROM write—enable line.

The microphone line is input to the digital section by
R530 pulling the base of Q513 Hl and forcing Q513 to pull the
base of Q514 LO. With Q514 conducting, the input write—en-
able (U502-23 for 2k by 8 and U502-28 for 8k by 8) is held HI
by Q514. Note that CR502 and CR503 protect the write—en-
able line in the same manner. The diode CR502 protects the
EEPROM write line the instant the radio loses power
(switched off) since this signal senses when the 9.6 volt supply
falls off. The diode CR503 protects the EEPROM when the
system is being reset due to power supply transients.

3.1.10 Power Down Sequence

With the power off, the radio microprocessor is put in its
sleep mode. This mode requires to cut back the current drain
on the unswitched five—volt regulator from 15 milliamps to a
few micro—amps. The unswitched five—voltregulator remains
powered up while the radio is off so that the radio micropro-
cessorretains its memory and powers up in the last mode used.
The radio processor retains the last mode, volume level,
squelch level, and other operator—selected functions.

This eliminates the need for resetting all the controls
every time the radio is turned on. For the radio processor to

remember its last configuration, inputs are required that allow
the processor to store this information be fore power is shut off
to its memory and supporting circuitry (switched five volts
turning off). The inputs NMI and STBY are generated to tell
the processor that power is coming down.

The signals NMI and STBY are generated by the
transistor circuits involving Q516 and Q517. Both signals are
active LO, so when NMIis LO, the processor is putin the sleep
mode (standby). The transistor Q516 remains off while the
9.6—voltsupply is powered up. This is done through R542 that
pulls the base of Q516 HI. When the 9.6 volt supply begins to
fall off (radio is turned off), Q516 begins to conduct, since its
emitter is connected to the unswitched five—volt supply (this
supply remains powered). As Q516 begins to conduct, the
base of Q517 is pulled HI, and the collector is pulled LO. The
collector is connected to U500-8, the NMI input to the
processor. The signal STBY is generated by the R—C circuit
made by R547 and C521. This signal goes LO approximately
500 microseconds after the NMI signal goes LO. The STBY
input is at U500-7.

3.1.11 Test Mode

The radio test mode allows finer audio volume steps to be
input to the audio preamp. In standard operation, you can set
volume in 30 discrete steps. These steps increment the audio
level by approximately 3.2 dB. In the test mode, increments
are approximately .4 dB. This allows setting the volume closer
torated audio, more accurately setting the audio volume level,
and measuring receive parameters such as RX audio distor-
tion, received FM hum and noise, squelch sensitivity, and
other receive parameters.

Enter the test mode by shorting the two pins of jumper
JU500, and turn the radio on. The radio processor reads this
input (U500-21). By shorting this input, the processor reads
this port LO, enters the test mode, and enables the finer
volume increments. Jumper JU503 also disables the watchdog
timer. This is useful for troubleshooting. If a malfunction
causes the watchdog timer to time out, the timer sends out
reset pulses until the system recovers. By shorting JU500, the
reset pulses stop and the system resumes operation. This
allows you to troubleshoot and find the source of a problem
with out resetting the system.

3.2 ANALOG SECTION

The analog section of the personality board consists of
four groups of circuitry. They are transmit audio, receive
audio, common circuitry, and the audio power amplifier.

3.2.1 Transmit Audio Circuitry

To handle hardware options more efficiently, there are
three possible paths for audio to pass through while transmit-
ting. The first, the normal microphone path, follows the
standard pre—emphasis curve of +20 dB per decade from 300
Hz to 3 kHz, and rolls off sharply at frequencies above 3 kHz.

The second two transmit—audio routing paths are avail-
able for hardware options. Both of these paths are accessed
through the option TX buffer at J301-12 or J1-3. The input at




J301-12 provides for options internal to the radio, and J1-3
provides for options in the external options box. This input is
the null port of the opamp U301-1. The input allows summing
of multiple option outputs without interference.

The first transmit audio route is TX splatter. This port,
when enabled, displays a flat response from 300 Hz to 3 kHz,
and rolls off sharply at frequencies above 3 kHz.

The other transmit route available to the options is TX
flat. This port shows a flat response from approximately 2 Hz
to above 6 kHz, and does not roll off sharply.

3.2.2 Microphone Transmit Audio

The microphone path enters the radio through J1-27. The
resistors R101 and R 102 with the capacitor C108 provide DC
bias for the active microphone element. This signal is
available as an input to the options at J301-11.

Microphone HI, after entering the radio, goes to C100.
This capacitor blocks DC, and sets the pre—emphasis required
to an 18—kHz high—pass corner. The high—pass filter provides
the required +20 dB/decade pre—emphasis response. The
microphone path is switched in or out by the transmission gate
on HY300. The signal is input at HY300—6 and output at
HY300—4. The control line to turn the microphone path onis at
HY300-11, and microphone mute is active H1. HY300-6 and
HY300—4 are the summing node of the opamp unless the path
is open (HY300-11 H1).

The microphone signal is amplified by U301 by a factor
of 24 (at 1 kHz), so the nominal 80 mV input from the
microphone almost sends the opamp output into clip. A
slightly stronger signal causes the output to clip. The signal
can never be greater than the output swing of the opamp. The
output of the opamp is attenuated by the deviation potentiome-
ter R108. This adjustment is used to set deviation of the overall
system to below 5 kHz.

After the microphone signal has been pre~emphasized,
limited, and the level set through R108, the signal enters the
splatterfilter at U300-11. The splatter filter provides the sharp
roll-off required to frequencies above 3 kHz. The output of the
splatter filter (at U300-13) travels to the compensation
potentiometer R111. The compensation potentiometer is used
to adjust the sensitivity of the VCO modulation port to equal
the reference modulation port.

The VCO modulation port response has a high—pass
response, and the reference modulation port has a low—pass
response. The compensation potentiometer sets the sensitivity
of the VCO modulation port so that the overall response of the
VCO is flat.

The correct tuneup procedure is to set the compensation
potentiometer (R111) first, and then set the deviation poten-
tiometer (R108).

Then the audio signal travels through the series FET
(Q101) to the RF board where it is input to the VCO circuitry
to modulate the RF carrier during transmit. The series FET

(Q101) provides isolation to the VCO mode line during the
VCO’s receive mode of operation.

323 Opfion Transmit through Splatter

This option path is one of two paths that a hardware
option is able to route audio to be transmitted. The path is
enabled by the latch U504 from Pin 6. In normal operation, the
port is enabled when the option sends a command over the
serial bus. The radio processor then enables the port and keys
the radio. The option (for example PTT—-ID) enables its audio
portto send an audio signal into TX audio. This audio signal is
amplified by the opamp U301-A. The output of U301-A at
U301--3 appears at the switch input on U300-9. The switch on
U300 functions as an analog transmission gate.

The switch control is at U300-10, and closes the switch
when this input is low. The output of this switch is at U300—14.
Once routed through this switch, the signal is input to the same
limiter opamp used by the microphone path (U301-D). The
signal is amplified to almost clip the output at nominal levels
(just as the microphone path), but it is not pre—emphasized.
The output of the opamp follows the same path as the micro
phone path: through the deviation limit potentiometer,
through the splatter filter, and then to the VCO modulation
port through the compensation potentiometer.

3.2.4 Option Transmit Flat

This is the second of the TX audio paths available to the
hardware options. It is enabled by commands over the serial
bus in the same manner as the option transmit through splatter
path. This port is enabled by the output of the latch U504-5.

This audio port is named the flat TX port due to the
extended response it provides. The flat TX port displays a flat
frequency response from approximately 2 Hz to above 6 kHz.
This response is required for digital signaling schemes such as
the SECURENET option.

The audio for this path is input from the option the same as
the TX splatter path (through U301-A). In this case, the
splatter port is not enabled (the switch on U300-14 is open),
and the flat port is enabled. The switch enables when the
control at U300-22 is high. The audio input to the switch is at
U300-21, and the output is at U300-15. The IC provides +7.5
dB of gain from input to output, and also sums with the IC’s
internal D/A converter.

The D/A converter is used to generate PL and DPL
transmit signals with the data lines D3 through DO at Pins 32,
31,30and 29 of U500. These outputs of the processor drive the
inputs of the D/A on U300 at Pins 25, 26, 27, and 28. The D/A
on U300 requires the reference voltage at U300-1 to function
properly. The reference voltage is a resistive divider, formed
by R307 and R308, and provides the required 1.3 volts DC to
this input. The output of the D/A is at U300-15. As discussed
above, the D/A is summed with the TX flat path.

PL and DPL are used only when the microphone path or
the option TX through the splatter path are enabled. The only
signal present at U300-15 is a TX flat signal or a PL/DPL, but
not both. The output of U300-16 is normally 500 mV above




the analog ground voltage (Vag) at U300-7. The output, when
generating PL or DPL, swings symmetrically about this
normal voltage (Vag + 500 mV). The output at U300-15
follows the same paths as those described in the TX flat path
section, and the signal is input to both the VCO modulation
input and the reference modulation input to the RF board.

The output of the TX flat switch (U300-15) is routed to
two different inputs to the VCO. The first is the VCO
modulation port, and the second is the reference modulation
port.

The TX flat signal routing to the VCO modulation port is
from the output of the TX flat switch (U300-15). The signal is
attenuatedby R116 and R117. The attenuated signal is input to
U300-8. The inputis summed internally with the splatter filter
input, and is output at U300-13. This summing node allows
PL or DPL to be summed with normal audio from the micro
phone path, and, in this case, allows the TX flat audio to reach
the VCO modulation port. The output of U300-13 travels to
the VCO modulation port via the compensation adjust
potentiometer. The TX flat signal routing to the reference
modulation port is through resistive attenuators. The jumpers
JUI101, JU102, JU103, and JU104 select the proper attenua-
tion required for low—band, VHF, UHF, and 800-MHz bands
respectively. The TX flat signal passes through the DC
blocking capacitor C105, and then to the reference modulation
port. The transistor Q100 shunts the reference modulation
port to ground when the radio is powered up, and allows the
VCO to lock more quickly when first powered up.

Due to the high deviation required by SECURENET, the
transistor Q100 is removed from the circuit by removing
JU100 on SECURENET model radios. If not removed from
the circuit, the transistor Q 100 begins to conduct, and distorts
the signal.

3.2.5 Receive Audio Circuitry

There are four paths in the receive audio circuitry for
audio output through the speaker. These paths are the
discriminator path, the option through receive audio filter
path, the option through flat response path, and the alert tone
path.

The discriminator path is the recovered audio output from
an RF signal at the antenna input. This path exhibits a —20
dB/decade response from 300 Hz to 3 kHz. The response falls
oft sharply with frequencies below 300 Hz and above 3 kHz.

The Personality Board provides two inputs in the receive
audio path for hardware options for the receive audio string.
First is RX through received audio shaping that follows the
same response as the discriminator path, —20 dB/decade from
300 Hz to 3kHz. Second is the RX flat that displays frequency
response from 200 Hz to 10 kHz. The final path in the receive
audio string is the alert tone path. This path allows the radio
microprocessor to sound alert tones through the speaker.

3.2.6 Discriminator Audio

The discriminator audio path is input to the personality
board from the RF board via P601-3. The discriminator path is
then input to the transmission gate hybrid (HY300) through
C201. C201 provides DC blocking. The input to HY300 is at
HY300-7, and the output is at HY300-8. The control line for
disc mute is controlled by the output of US00-26. The control
line is input to HY300-11, and is active HI (HI mutes the
audio). The output of HY300-8 inputs to the receive audio
shaping filter on U300. The receive audio shaping filter input
is at U300--20, and is not switched. An input between 300 and
3kHzalways causes an output at U300-17. The filter provides
the standard de—emphasis response of —20 dB/decade from
300 to 3 kHz. The received audio shaping filter provides
band—pass filtering. The pass band is approximately 270 Hz to
3.5 kHz. The filter exhibits a loss of -3 dB at 1 kHz.

The radio microprocessor decodes received PL or DPL,
and determines if the proper code is present. The radio bases
this decision on its input from the comparator on U300. The
discriminator output from the RF board (P601-3) is input to
the PL/DPL filter on U300 through C200. Inputto the PL input
filteris at U300-19. The PL filter has a low pass response, and
changes its response when the selected mode is a PL. mode or a
DPL mode. The PL filter, when input PL/DPL is low (PL
response), rolls off at approximately 250 Hz. When on a DPL
mode (U300-23 is high), the PL filter rolls off at approximate-
ly 150 Hz. The output of the PL filter (U300-16) is averaged
by R205 and C209 for PL, and R205 and C210 for DPL. The
DC averaged signal is input to the negative input of the
comparator on U300. The negative input is at U300—4 and the
positive input is at U300-5. The PL filter output connects to
the positive input of the comparator. This causes the output of
the comparator (U300-3) to swing high when a positive going
signal is output from the discriminator. The comparator output
swings low when the discriminator output has a negative
going signal. The output of the comparator attenuates by R208
and R209, and is read by the processor input at U500-24.

The output of the receive audio shaping filter inputs to the
audio preamp (U302) through the audio summing node via
R200. The audio summing node consists of R200, R201,
R202,R203, and C202. The summing node provides attenua-
tion for the receive audio shaping path, RX flat path, and the
alert tone input. The summing node inputs to the audio
pre—amplifier U302-15. The preampis a digitally—controlled,
variable gain buffer whose gain can vary from —70 to +18 dB.
The gain is controlled by U500 and U503 through the control
lines, UCS data, UCS write—enable, and UCS clock. The
preamp gain is programmed with a serial data stream that
controls the volume. The serial data appears on the UCS data
line, and is clocked in bit by bit by the UCS clock when
write—enable is low. The preamp has another control to force
its output to mute at U302—13. The mute line is an output of
U500-25, and is active LO (LO mutes the preamp). The
output of U302 next feeds into the audio power amplifier
through C400 that blocks DC. The audio power amplifier is a
class A/B amplifier stage, and runs approximately 200
milliamps of bias to the collectors of final output transistors
(Q400 and Q401) while idling with no audio input. The audio
power amplifier provides +34 dB of gain and presents an




output impedance of 8 ohms to drive an 8—~ohm speaker. Atthe
nominal battery voltage of 13.8 volts, the power amp delivers

over 15 watts of power with total harmonic distortion below
3%.

3.2.7 Option Play through Receive Audio Shaping

The first option path available to the hardware options is
RX through receive audio shaping filter or RX—RAS. The
internal options access the RX audio ports through J301-10,
and the options residing in the external options box access the
RX audio ports through J1-33. Both RX audio ports,
RX-RAS and RX flat, are enabled in the same manner as TX
audio ports, by commands over the serial bus.

The RX audio signals are input through J301-10 and/or
J1-33, and are summed and buffered by the option RX buffer
opamp U301-C. The input is the null port at U301-8, and
allows options access without interference. The output of the
option RX buffer is connected to two inputs to HY300.

The input at HY300-9 is the input for RX-RAS. The
control input for RX-RAS is at HY300-2, and comes from the
output of U504-2. The control is active low (HI when the
switch is open). With the control low, the RX-RAS enables,
and the signal output drives the input of the receive audio
shaping filter. The signal path follows the same path as the
discriminator audio path discussed earlier.

3.2.8 Option Play Flat Response

The option play flat response is input to the option RX
buffer, the same as the option play through RAS. The option
RX buffer output (U301-10) connects to the RX flat switch
(HY300-9). This switch is controlled by U504-5, and is
active low (HI when the switch is open). The control line input
to the hybrid is at HY300-13. When enabled (closed), the RX
option buffer connects directly to the audio summing node by
R201. The summing node sets the correct attenuation for the
input to the audio pre—amplifier. The remainder of the path is
the same for the discriminator audio path.

3.2.9 Alert Tones

The alert tones are generated by the radio microprocessor
by toggling its output at US00-15. This output is AC coupled
by C208, and is summed directly into the audio summing node
through R202.

3.2.10 Power Amplifier

The power amplifier is biased to 5.0 volts at its positive
input by resistors R400 and R401. The dual output opamp

U400 drives the pre—driver transistors (Q403 and Q402). The
outputs of the opamp are approximately 2.1 volts apart, and
U400-4 is higher than U400-1. The banded transistor pairs,
Q403 and Q402, are graded NPN pairs and graded PNP pairs
respectively. The pairs are graded to match base to emitter
voltage drops. This transistors Q403—A and Q402— A form a
current mirror into transistors Q403-B and Q402-B. The
current is fixed through Q403—A and Q402-A by resistor
R406.

When unmuted transistor Q404 is conducting, the bias
current is higher than when muted. The mirrored current
through Q403-B and Q402-B provides the base drive for the
final output 6 transistors. The DC feedback for the opamp
U400 comes from the tap between R407 and R408. The
feedback DC biases the entire feedback winding of the
transformer (Pins 7, 8 of T400). The transformer input
windings (Pins 1, 6; Pins 2, 5) are driven by the final output
transistors Q401 and Q400 respectively. The output winding
of the transformer is routed from J1-37 and J1-22 in the radio,
through the cable kit, into the control head, and finally to the
speaker.

3.3 SUPPORT CIRCUITRY COMMON TO RECEIVE
AND TRANSMIT

Supporting circuitry appears throughout the analog
section of the personality board. All of the 300 series
designators provide functions such as supply by—passing, etc.
Two of the supporting sections are worthy of special note, the
4-MHz oscillator and the analog ground buffer opamp.

3.3.1 Oscillator (4-MHz)

The linear crystal oscillator provides the switched
capacitor filter IC (U300) with its clocking rate. The oscillator
provides a 4-MHz sine wave (distorted) at an amplitude of
approximately 700 mV peak—to—peak to the clock input
(U300-24). The oscillator uses Q300 and Y300 to produce the
signal.

3.3.2 Analog Ground Voltage Buffer

The opamp U301-B is a unity gain voltage follower. The
opamp output buffers the output of the Vag reference output
(U300-7). IC U300 biases internally to approximately half of
its 9.6-volt supply. To reduce audio transients when switching
an audio path in or out, the buffered analog ground voltage
biases all audio circuitry except the audio power amplifier.
The analog ground voltage is presented to the internal
hardware options via J301-8, so the options can use this DC
potential to bias their analog circuitry.
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ENABLE OPTION IN
PLAYBACK MODE
WITH MVS BY

CHECK RX MODE
AND GO TO OPTION

1S
AUDIO AT INPUT

s
BUSY LIGHT
RECORDING A TONE
AND REPLAYING
‘REPETITIVELY.
RESISTOR ON
OPTION CARD TROUBLE CHARTS.
TO RX,AUNO

SET SQUELCH
TO ZERO. LIT ON CONTROL
UNIT

GO TO OPTION
TROUBLE CHARTS.

REPAIR U301-C

IS
TONE AT INPUT
CIRCUITRY.

RESISTOR TO J301-10
(RX A’}}DIO)

IS
AUDIO AT U301-10
?

GO TO CONTROL s
UNIT TROUBLE BUSY LIGHT srsvT XO#LEUME
CHART. ON .
2

REPAIR U301-C
CIRCUITRY.
CHECK
PROGRAMMING AND
FOR PROPER KEY.

1S
HY300-13 LOW WHEN
RECEIVING WITH
SECUEENET

’ IS
TONE AT U301-10
?

IS
AUDIO AT HY300-14
?

2 NO

AUDIBLE TONE

HEARD THROUGH

SPEAKER
?

IS IS
JU200 OR JU201 P601-3 NOISY
2

INSTALL PROPER
INSTALLED
?

JUMPER AND
RESTART.

1S
CHECK C211-C213 1S 1S HY300-2 LOW REPLACE
GO TO RECEIVER TONE PROCEDURE PLACE GO TO RECEIVER AT P601-3 RECHECK
AN Dammace TROUBLE CHARTS. DISTORTED COMPLETE. R s00. TROUBLE CHARTS. TONE A7 WHILE OPERATING MODE. Usoa.
i ? 2
i CHECK R200, R203 s REPLACE OGRlsMMIN
, . - PROGRA G
AND €202, AUDIO A'!; U302-15 vy RA AEPROGRAM.
?
REPLACE IS STEP THROUGH RECHECK 18 - IS
DEFECTIVE SIGNAL AT P601-3 AUDIO LINE UP TO AT HY300-8 TONE AT U300-20 REPLACE
COMPONENT OR DISTORTED DETERMINE "“°§33§‘{1};‘H‘§“"° TONE 2 2 HY300.
REPLACE HY301. ? CONTRIBUTOR. )
S SET VOLUME REPLACE
R200~R203
REPAIR. oK TO #8. U504.
2
REPLACE IS 4 MH 'Z.GNAL REPAIR 4 MHz
GO TO RECEIVER TONE AT U302-15 z
TROUBLE CHARTS. LOGATE FALLT. 2 AT U300-24 OSCILLATOR CIRCUIT.
I 3 ?
1S
REPLACE : GO TO AUDIO PREAMP
u302. AUDIO A;_,r u302-14 TROUBLE CHART.
NO 1S CHECK R200, R203,
TONE AT U302-14 202 FOR SHORTS R LACE
? OR OPENS. :
> GO TO AUDIO PA
TROUBLE CHART.
4
GDW-2723-0
1S GO TO AUDIO SHORTS
RESET VOLUME SET POWER AMP OR
VOLUME. > #8 TROUBLE CHART. OPENS
Troubieshooting Charts for
HLN5299B Personality Board
(Sheet 3 of 4)
5/10/88

GO TO AUDIO PREAMP
TROUBLE CHART. REPAIR.

GEW-2718-0



(SECURENET TRANSMIT AUDIO)
START

ENABLE SECURENET
AND LOAD CODE.

KEY THE
RADIO.

1S

SIGNAL AT

U301-3
?

is
SIGNAL AT
U300-15
?

IS
SIGNAL AT INPUT
RESISTOR OF OPTION
CARD

?

IS
DC VOLTAGE AT
RESISTOR ABOUT
4.8v
?

REPAIR U301A
CIRCUITRY.

IS
4 MHz SIGNAL AT
U300-24
?

DOES

U300-22 GO HIGH

WHEN KEYED
?

REPLACE
U300.

GO TO OPTION
TROUBLE CHARTS.

U301-4 ABOUT
4.8v

?

GO TO OPTION
TROUBLE CHARTS.

REPAIR 4 MHz
OSCILLATOR
CIRCUITRY.

DOES
TRANSMIT LIGHT
BLINK WHEN
KEYED
?

REPLACE
uso04.

IS
U300-7 ABOUT
4.8V

REPAIR U301B
CIRCUITRY.

OPTION
NOT ENABLED.
GO TO OPTION

TROUBLE CHART.

CHECK FOR SHORTS
OR REPLACE U300
tF NECESSARY.

Troubleshooting Charts for
HLN5299B Personality Board
PW-4551-A

(Sheet 4 of 4)
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\ 4

IS

SIGNAL AT

U300-8
?

s
SIGNAL AT
U303~13

CHECK R116 AND
R117 FOR OPEN.

FROM SOLDER SIDE,
TURN R111 FULLY
CLOCKWISE.

CHECK FOR SHORTS
OR REPLACE U300.

1S
SIGNAL AT
J601-20
?

IS
SIGNAL AT
J601-2

?

REPAIR OR
REPLACE
DEFECTIVE

COMPONENT.

REPAIR SHORTS
OR OPENS.

CHECK JUMPER
CHART FOR J101,

TX ROUTING

4102, J103, AND
J104 FOR
CORRECT BAND.

CHECK JUMPER
CHART FOR J101,
4102, J103, AND
J104 FOR CORRECT
BAND (AUDIO
SECTION SCHEMATIC)

GO TO SYNTHESIZER
TROUBLE CHART.

CHECK FOR OPENS
OR SHORTS.

MICROPHONE
PATH

START

APPLY 1 kHz
200 mV RMS TONE
THROUGH A 560 Q

RESISTOR IN SERIES

WITH A 10 uF
CAPACITOR.

CHECK C100, R100,
AND CR100. REPAIR
AS NECESSARY.

S
SIGNAL AT HY300-6
IN RX MODE

SHORT J1-1
0B

TOB-.
THIS WILL KEY
THE RADIO.

CHECK TX AUDIO

CABLING. GO TO

OPTION TROUBLE
CHART IF NECIESSARY.

TX SPLATTER PATH
(MDC-PTT/ID OPTIONS)

START

g

KEY AND DEKEY
MICROPHONE TO
PRODUCE OPTION

SIGNALLING.

1S
SIGNAL AT INPUT
RESISTOR OF OPTION
CARD

is
SIGNAL AT
u300-9
?

s
SIGNAL AT
U300-14

?

REPAIR U301-A
CIRCUITRY.

UNSOLDER
U301-14.

[
SIGNAL AT
U301-12

?

FOR MIC PATH,
REPLACE
HY300.

REPAIR.

1S
SIGNAL AT
USO;-M

1S
SIGNAL AT R126
AND R108 NODE
?

CHECK FOR SHORTS
OR OPENS. REPAIR
AS NECESSARY.

IS
4 MHz SIGNAL AT
U300-24
?

REPLACE
uso4.

REPAIR 4 MHz
OSCILLATOR
CIRCUITRY.

CHECK FOR SHORTS
OR OPENS. REPAIR
AS NECESSARY.

IS
SIGNAL AT R111

REPLACE
AND R109 NODE U300.
?

FOR TX
SPLATTER PATH,
CHECK R121.

REPAIR U301-D
CIRCUITRY.

IS
SIGNAL AT
U300-11

?

@DW-2715-0

REPAIR 4 MHz
OSCILLATOR
CIRCUITRY.

U300-24
?

IS
4 MHz SIGNAL AT

t
SIGNAL AT
U300-13

?

REPLACE
u300.

TO A

|
DEV POIT
R108 FULLY
CLOSED

?

1S
REPLACE R111 FULLY
R108 OR COUNTERCLOCKWISE T”gt‘o'gx‘&‘g‘élw
LOCATE OPEN. FROM SOLDER g
SIDE

FROM SOLDER SIDE,
TURN R108 FULLY
CLOCKWUSE.

GO TO
THE SYNTHESIZER
TROUBLE CHARTS.

GDW-2716-0



WATCHDOG TIMER

SQUELCH HYBRID

parts list

TRANSMISSION GATE HYBRID

parts list

SW5V SW5V | _— Transmission Gate (p/o HLN5299B Personality Board) MXW-4562-A
k i Py ity B —456
SWBV 1t 16 MSEC 32MSEC Squelch Hybrid (p/o HLN5299B Personality Board) 3-C REFERENCE MOTOROLA ESCRIPTION
R3¢  TICKLE PERIOD R5s  PULSE WIDTH REFERENCE MOTOROLA DESCRIPTION HY300 SYMBOL PART NO.
180K ¢ CRI 160K 3 SYMBOL PART NO. 0180740715 CONNECTOR HY300 01-80739T59 includes the following
' L 1 i lowi it
1 c2 c4 C5 SWsv Hyso1 01-80740T15 ncludes the following Sw Mic H T resistor, fixed, ohm, +5%, 1/8 watt (uniess otherwise stated)
I iUF UI-B AUF ’L_l_ﬂ\ JUF capacitor, fixed, uF, +5%, 50V (unless otherwise stated) R7 06-11077B17 56k
- C1 21-13740B73 .001
o HY5OTOOR c1 = 14 = Swsv c2 21-13740B57 220 pF transistor (see note)
STR OE::E NNEC OIUF £ 2 TBasHo ne Q2 e 21-13740847 82 pF MIC HI Q14 48-80141L02 NPN
: 4 -13741 .
2 ‘1‘% z QB 9 ANN C5 21-13741N29 0022 integrated circuit (see note)
RY ) " cD R6 ce 2 “13;40357 ol 10% U1 51-80073C05 analog t-gate
S SWsv 10K Cc7 21-13741N37 .0047, +10%
13 — 5/4/88
_— - l l ce 21-13741N45 01 note: For best performance, order diodes, transistors, and integrated circuit devices by
TEST = diode (see note) MIC MUTE Motorola part number.
3 CR1-6 48-80236E08 silicon —_—]
resistor, fixed, ohm, +5%, 1/8 watt (uniess otherwise stated) 1
(5,6,7,8) NG R6 06-11077A58 RAS IN 1g VAG =
’ R9 06-11077B17 47k VAG —
Ri12 06~11077A58 220 -
SYSTEM RESET | o R16 06-11077A58 220 OET % 10&5“ %R"
UP RESET R25 06-11077B45 820k 7 ! 100K
1 R31 06-11077A98 10k 9.6 VOLTS 96Vy
SW5 VOLTS W 4 SW5V NOTE: transistor (see note) " . B R R R R B B2 B B R B VAG 10 géeg 12
Ul= 5182884L53 Q1,2 48-30141L04 NPN 5 VAG
DIGITAL GND 4 1 PIN 16 = VDD (SW5V) Q3 48-80141L01 PNP SUBSTRATE @ GPW-4356-A T MUT RS 30K
= PINS 1,8,15 = VSS (GND) integrated circuit (see note) OVERLAY — GPW-4357-A DET MUTE Tl AN Q3
- GCW-4150-0 U 51-80067C06 quad opamp 56K Qi 33?39?53
1/03/89 VAG =
note: For best performance, order diodes, transistors, and integrated circuit devices by t -——»U‘ "
Motorola part number. RX AUD 10%1'%;: 3 - 4 NOTE:
9 —» U1 = 5180073C05
5 PIN 14 = VDD (9.6V)
PIN 7 = VSS(GND)
AUDIO GND
AUDIO GND
RX
HY 301 FLAT MUTE
CONNECTOR R10 P/0 HY301
. 47 | DVP_SQUELCH SEK CONNECTOR RX FLAT
parts list 16 |- SQUELCH CENTER PIN e L [w
i i MXW—4 ONVENTIONAL SQUEICH 3} 220PF SUBSTRATE @ GPW-4354-A
Watchdog Timer (p/o HLN5299B Personality Board) 564—-C 14 (; — Q = 79[ : : OVERLAY — GPW4355.5
REFERENCE MOTOROLA | e e 5 ~
SYMBOL PART NO. DESCRIPTION 12 2 2UF 7 zzcozpF (;PF @7}(' 1 . RX-RAS MUTE SCW-2148.0
HY500 01-80739T60 includes the following 7 Al a1 c7 c8 R30
R2 7t I 4700PF XcCR2 O1UF 10K =
capacitor, fixed, uF, +5%, 50V (uniess otherwise stated) 47K R3 vy TN o =
(03] 21-13741B45 .01, +10% R1 rWA—e— WA b——AA—@ CRY 4l Vv
c2 21-13741C17 A, $20%, 25V Rgg 3‘3K[ 6 (33K R4 R5 | ca 7 AN 9.6V
c3 21-11032B13 1, +80, —20%, electrolytic 1 A6} 4|5.6K | 100K | O1UF R2) 96V R25
C4,5 21-13741C17 1, £20%, 25V 96y, Ci 5 YW RV s SK 10K 114 R22 R24 500K
ce 21-13741B45 01, +10% . 001 U1-B F_l 3 ”R o C/g VW» Ay—b.8 l\ho 150K 220k ¥YCR6
diode (see note) N 9 AAA—— @ AAA
CR1 48-80236E08 silicon g“ng Ul-A 220 $ 2200PF ut-C r_‘/‘f
jumper 3 10UF = = R28
Jut 06-11024823 0.ohm 26V 15K
transistor (see note) o |
Q1 48-80141L04 NPN ‘ K1 '} R14 |R13 :: F2'\’1220 R34
Q2 48-80141L03 PNP 6 [ADAPT | ! 6?5 10K 5 9.6V R19 2 R20 10K
Pr \'A4 V- b3 p:
integrated circuit (see note) s ¥ CR3 E $ g;g 150K 2 $ 68K
U1 51-82884L53 monostable multivibrator s L _K_Z. - 1 ¢ A CR4 P70 HY301
CONNECTOR
. . , 103589 SUBSTRATE @ GPW-4358-A Sris sors R18 Q2
note: For best performance, order diodes, transistors, and integrated circuit devices by OVERLAY — GPW—4359-A 3 oK . .jl_
Motorola part number. NC = 680
15 LYF B
41 | SQUELCH DECISION
3 CHANNEL ACTIVITY
9.6V
a NOTE:
9 AUDIO GROUND (CL?Q Mig':'t‘(‘)RJ g‘: ng RSJC;JNZAOLO';';J UggI\R H H H H
2 SHORT 14 - 16 FOR CONVENTIONAL SQUELCH Schenatics, Circuit Board Diagrams, and
5 SHORT 16 - 17 FOR DVP SQUELCH) Parts Lists for the Transmission Gate,
10 Squelch, and Watchdog Timer Hybrids
= GCW-41449-0 PW-4561-E
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swsv _~ _ OPTION RX THRU DEEMP r "B -‘I
OPTION RX FLAT N ] |
J300 OPTION TX_SPLATTER | c566 ol P |
COMMON CIRCUITS  sTROBE [rm————————— i’n— ———————————— 1 VR500 OPTION TX FLAT ’_’*’—1 ‘ CE '
CONNECTOR. FROM P601-4 | 2 INC 6.2V PREAMP WE | OPTION RX THRU DEEMP 2 1 E i
— N ., 500 go— - | C565 3|20 |
o6V |1 —» NG, .. WATCH-DOG TIMER | SQLs8 . OPTION RX FLAT |, D1 !
K94V | 8 NCL ., s PR I TEST » 70 US00 PIN 21 R , c584 D2 |
SW Bt | 4 b— ne | T MIC MUTE \ OPTION TX SPLATTER | o3 |
FA+ | 6 |—e e ] IO IR (| PREAMP DATA €563 8 |
a-|s |— Q504 R510 UP RESET P00 o T0 «SQUELCH DECISION AUDIO CONTROL BUS [ OPTION TX FLAT | o ML |
A ENALE | 5 100k N TEST MOOE ANALOG < ALERT TONE C562 _ Us04 w2 I
UNSW 5V | 8 —> Wov Chao0 SECTION DETECTED PL i PREAMP WE|. 3301 47|06 :
R511 ) T 61
swav |2 |— RS1 e PLBITO HES soLss LATCH g |07 _ |
0570 | 10 i ok TO U500 PIN6 UP RESET :_ :: ; : =555 15 3 :
SPARE | 7 — | o
L R513 «PL BIT3 || 5560 1 SMSE 116 e ) £C503 +.cs504 JU508 :
From [ o SYNTH ADAPT 22k Q505 BL/0PL FILTER SEL 3 WG MUTE [ R OWF  Ti5uF !
ANALOG < CHANNEL ACTIVITY 4102 <DETECTOR MUTE t 19 I | c559 10k 33l20 [a o I
SECTION R514 JUB09 wan
J1 SW 5V 100k +PREAMP CLOCK : 11 10 H Tﬁl_'] TEsT VCC MPO o Jus14 8 :
FRONT \_ _ AUDIO MUTE l TO HY500 PIN3 Tc55s 21 £ INFOR 2K OF 8K 4
CONNECTOR RIS ) SW 5V | = I ) 5 |27 EEPROM I
NECT e R516 i PREAMP DATA | drs o !
CHAN ACT |21 ‘ 15k R503% 513 c512 e —_— — | C557 52 JUS15 |
506 - TO U500 PIN 23 L5 D5 K o
Sw e | 7 |y s B+ Q50¢ CHANNEL ACTIVITY 2.2k OluF _1.50F ] saueLcH DEcissoN I~ 53 TN — csos L :
Sw B+ 6 o L) J7 | C556 54 D4 -0 Au O |
- = [ T e s e —_— ALERT TQ D3 =
8 ] Q500  $R%%0 ! 1 | ONE 1 55 W50t Jus02 !
B-| ¥ R502 N/ 41L03 "R50I ics44 ' €555 56 -02 SHORT FOR 2k r SHORT FOR 8K UR 16K ! 126 (28 t
o | 20 1 50! %0 s, ) 1 H} o DETECTED pi |, 57|01 EEPROM ONLY EEPROM ONLY AN s :
6 | i
B-|® 3 T o PLBIT O 58| 2. 7 !
) -~T4 U505 L ' Al
BUS + | 17 2 | 29 |
L Q502 Foe' 67c0s I | D P3P e A2 07 !
- Pl AUDIO —— :
BUs | = Y Q501 41L02 /7 R505 i | | conTROL 8US PLBIT 115 37 12 e |
B-SHLD | 19 RSOS  41L02 s 4Tk 158 " ' I"css2 39 21 18 I
et — N A
RESET | ¢ € 2.2 " l ' RS53 9.6\ | i 1 PLBIT 244 4022 Ag 24 ey :
BT | 1 e c:m : 252 POWER DOWN SENSE CIRCUIT P cs51 e 41 A: A: %5 s 16 g: X
WE 0k - ‘ E_w,___ s ) - "
WE | 18 3 OtuF csts : Q518 “ | | G850 2 U500 *le 26 Eroaou e :
KEY | 23 R550 C515 R507 41L03 - \ 290J04 44 4 13
KID | 28 Rsas 1100 1800pF 22k gygy  8209F | "g asie Rs42 | T—)l PL/OPLFLTRSEL., - 250000 *2[as as]t wEvory 12 [of |
susy | 5 1K  CRS04 g CR506 ¢ * |c543 R546 82k ! €949 _— COMPUTER v A4l 00 :
R548 @ CRS11 & 7.5V 75V B / DETECTOR MUTE 26 46 ey n
SPARE-2 | 13 {— o0 cﬁén&) 51V A/CRE06 L/ CRSO7 3?&3 I C548 a7p2 7 :
SPARE-1 | 24 |— 2 75v 75Y Y R536 ] M Q517 RS44 ‘ l—)l — PREAMP CLOICK salA2 Az g !
L N SETIRS 47k I csat R547 4iLo2 | [ €523 14 A1 At
CRS09 > R509 I OfF | 22k ‘ o AUDIO WETE (I 20l° 14 !
JUMPER _NORMALLY COMMENTS P — o pinul i et It sttt o ebots e ot i phuin B 4 W 4.7k [ ! e 25 50 10 1
Jusoo  OuT IN FOR TEST MODE h c524 €527 | C526 | 3C528 529 530 | cs77 v | Wy — —_ 63 R0 27 _
CR508 ! — UP_RES) I
JUSO1 IN FOR 2K EEPROM | o ) [ R U R U U R O | "owr ! RS45  zRE43 || Hvsoo e to < b ESET f¢ 6413 _ - oF |
JUs02  — IN FOR 8K OR 16K EEPROM I ! c525 . [t PA ENA €506 8" e I |
i OPTION | Q507 L5 1 . BLE |, uF | |
Juso3  OUT IN FOR LOWBAND TX BUFFER ! CONNECTOR | 41L03 : o l | C545 CRBO! o /"I “'\I | JUs07-1 ;JUSOG I
Juso4  IN OUT FOR TRUNKING | cpsol s i l L o mes < 7 | |cHANNEL AcTiviTY » T oz g 2799 I ] |
Jusos  OUT IN FOR TRUNKING [ S ! RS19 NoTE" SINGLE POINT I I I e N ey - s o e . ] ves ol ] : 2 o 20 22 !
Jusos  IN OUT FOR SP APPLICATIONS ONLY : o | 1 | 47k SND FROM SHIELD { SWLBY' 8 5 U506 oo OE or :
Jus07  OUT IN FOR SP APPLICATIONS ONLY | spare | 1s | 1 [-SHIELD BOUNDRY+ TO o1 PIN 31, ECT i T baTA ]/, o ats AT R >1° e |
Jus08 N OUT FOR SP APPLICATIONS ONLY 1 cew | s b 0 [ s st | SERTA R o 18 ez | MR B s 8 a3 C '8 '
Juso9  OUT IN FOR SP APPLICATIONS ONLY : g L cs31 [ ! lﬁ&me, 12 - I CR502 7 17 22 :
L » A4 D4
Jusio  OUT IN FOR SP APPLICATIONS ONLY | sow | 2Ll 10 o csza L 6 eeerom Q514 ness 2e s |
Jusit N OUT FOR SP APPLICATIONS ONLY D o oaTa | 20 S he NG CR513 ¥ RS3: ], WRITE FROTECT 4101 e CR503 5 15 23 i
Jusi2 N OUT FOR SP APPLICATIONS ONLY L e ono | s g . K94 ENABLE | 5 o ® RS32 " 2814 sor 13 !
Jusia  OuT IN FOR SP APPLICATIONS ONLY U swoy | g é Q508 T J0504]JUS05 IN FOR TRUNKING A+ LY :5; — 1 nsts ; A A; s U501 Lo :
M ) = R520 —_—— - L, 42 [~ CRSt6, JUS05 CR514 MIC HI A PROG 20
JUS14 N IN FOR 2K OR 8K EEPROI | onsw o | « e 403 oA FISToUT I 26 ] csos JUsto (FROM ANALOG SECTION) ! rssr LQ513 as| 2> meMory ! o !
JUsis  OuT IN FOR 16K EEPROM | ausy | 1 9y g o [, uF ' 2 B 1 RS0 = a7k (@404 o] 2} |
3
Jusie  ouT IN FOR UHF TRUNKING | TO US00-19 o1, é ) Justt 22 ol 2 1 |
| 5572k3 D2 8 TO Y500 All 2 27 !
b e e e 1 esa1 : BUSY IN D3 fq 2 28 T cso7 :
i CE A3 .
9.6V R554 9.6V | 3.3k Q509 STROBE [, U503 11 5 26 1WF |
1.2k I 41L04 A0 j1p  33MOt o [a2 14 ¢sog t
L501 R528 ! fee2 Aligs  LATOH o [Ar 3 |
regy | $47K ' R537 A2 | o 13 [0 e * |
P601/602 es01 12K : 4Tk [Rs3g g LD I
RF BOARD PN wgnww b2
CONNECTOR ‘OUFI Q512 25723 I R 3 z D :
41l02 ; ! == 00
l I l l OE 3 |
K9.4V | 1 | jm S j‘m © ~ @ N ’1 o Q frd
JU503 9 © 9 ] © N 0 b b 1 0 ©0,0,0 |
I ¥ 8| ¥@o| ¥o| ¥o| ¥o! ¥o L500 L502
Do | 10 1 PWR FOR | s 8 S TS| Te| To| Tel Tel Tey Te ' TO USO0 PIN2 e TO U500 PIN 3 stz — & st |
b1 |2 4 LOBAND NORMALLY NORMALLY i
"~ TX BUFFER e e e e T S T e —— — Tt Tt T T T T T T C567 cses = 4;155020MH ouT N |
b2 |13 | €510 = - z = C511
TO U500 PIN 19 |
D3 14 b= B A » 4 « > p 1
Ao | 7 SW5V sw sV : R551 CRS15 CRS16 R552 I
At 8 UNSW 5V SWS5V | C5|70 ¥ AUDIO GND :
. P ; ; R524 R526 »
Schematics, Circuit Board Diagrams, and Parts Lists smogé s peis 10k I @) OIGITAL GND WITHIN SHIELD I
. 4
for the HLN5299B Personality Board Q510 oo | |
PW-4553-E sNe e " R525 302 T 3709 L ¥ DIGITAL GND OUT OF SHIELD !
Pes N AIL0Z - Teropr ey b e O P ——— ————— e e e e o o e e e e — _J
(Sheet 1 of 3) wsis_ cworssan
3/31/90 6




SHOWH F
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SIS

HLN5299B PERSONALITY BOARD

ROM SOLDER SIDE

L e

e T
33

SOLDER SIDE @ GEW-4555-8B

SOLDER SIDE

COMPONENT SIDE
OVERLAY

GEW- 4555 -8B
GEW-4556~8
GEW- 4557~ 4

SHOWN FROM COMPONENT SIDE COMPONENT SIDE GEW- 455
- 4556 -B

OVERLAY ~ GEW-4558-A

Schematics, Circuit Board Diagrams, and Parts Lists
for the HLN5299B Personality Board
PW-4553-E
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e

+96V +9.6V
CCB CONN  P300
- R409
ne | 7 47K
|3 ———y
96V | 1 = 401 R400
+o, Q 100K cs71 L
swesV |2 b—- MI307 220PFT
FUSED A+ (HEATSINK 424 R410 €400
FA+| 6 MOUNTED) | . |R 82 ATuF
stol 10 Yerso2 oo 2 - i
co —
220PF -t-—_——_————— hal R401 C415.
swa+| 4 1 a0z BANDERWV 10K 3 220PF
K94 | 8 f— 1 (h\ 8 |
UNSW 5V | 9 —— 4 : = = = PRE - AMP WE h
PAENABLE | 5 |—— Eeleh (A 16 WE
R419 ca07 L I 1DATA PRE - AMP DATA
FRONTCONN 41 B&s L RAOT e b PRE - AMP_CLOCK
A 08 F = %ms 1 R420 07§ 220PF 408 2 cLock
A+ i [ 20 229PF | ca04 ! 13 MUTE AUDIO MUTE
SPRRHL ) 37 E 43fe ZE | e ga c2i8 R202 c208
R408 * 1500PF T
SPKRLO | 22 U85 35 it mzzg{ 20 -===—-— | ¥cr4oo 1 4 220FF 180K 01 ALERT TONE
A-[8 | 3811 1 A ] Toa0e — “
DET SHIELD | 11 ! ! Gao8 rR\BQ402 | 1 16K
15 A care c . : :
FILT AUD SHLD 22 | 2 : : ; Lcece ireos  $meoo
TX SHIELD | 18 1 RG22 — X | 04950 D + X Raoe I.ooasu 27k {82«
HIELD | 34 20 2\ 3 ! [ 308 N L BANDED 1V Q404 R403 £ c207 96V
RX SHIEL Ra N T pHEATSNK] | || T T #L02 47K VAG il ‘
Mc Lo | 14 MOUNTED)] R4t K .
TAL SECTION
SWB+| 7 SWB+ B3 4 47K c405 2;25 rRao4 | | I FROM DIGITAL SE
SW Be) 6 + 220er K {_ DET MUTE RX AUDDEEMP |9  RXAUDIOFLAT |1 {10 |
8- S c308 1’(:2300 e 1 | MUTE MUTE :
100 |25V = L
o 3 % ><] ><] > !
, 7
B | 32 i : lvag
8- 20 8- I :
DET AUDIO | 2 : 5 KEYED 94V (TO GATE OF Q100)
R AUDIO | 33 P v i HY300 13 : RX OPTION FLAT
TX AW | 3 16K 36K | 2 | RX OPTION DEEMP
}
MIC HI | 27 PAn CRIOT 4 CRZ0Z RI13 RI12 : 11| DET MUTE
10 LZV IZVJ 10K 24K sSQmss Lo e 1 | MIC MUTE
12— T it v RI23 RI22 saLsB s 12__INC ~
FILTAUD | 9 r 9.0k 47K t e -
Koay| U102 (VHF) we | r125 RI24 J_ ! ! lrwc/opnou N |
CHASSIS 1206 [ Q100 Juos. 27K 10K wyzor o1 FROM 200 = || LIMTER RI03 R0 ]
M3660 I * B
ANAGND | #° | )i D~ T SQUELCH 16 j JU200 SECTION 22 | b o et !
“REMOVE _[® HYBRD o] L weor vo8V , I e 4 1| S70PF | 5.1K1° XMIT IDC !
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parts list

HLN5299B Personality Board MXW—4559-F MXW-4559-F (2) MXW-4559—F (3) MXW—4559-F (4)
REFERENCE MOTOROLA REFERENCE MOTOROLA REFERENCE MOTOROLA REFERENCE MOTOROLA
SyMmBOL PART NO. DIESCRIPTION SYMBOL PART NO. DESCRIPTION SYMBOL PART NO. DESCRIPTION SYMBOL PART NO. DESCRIPTION
capacitor, fixed, uF, +§%, 50V (unless otherwistwe stated) JU501 09-80080L01 0 ohm R309 06-11077A60 270 14-83820M02 heat conductive insulator
C100 08-11051A07 071, 63V JU504 09-80080L01 0 ohm R400 06-11077823 100k 26-80033M01 RFI shield
cio1 21-13740B59 270 pF JUs06 06—11077A01 0 ohm resistor R401 06-11077B24 110k 26-80051K01 solder side option shield
c102 21-13740B41 47 pF Jus08 06-11077A01 0 ohm resistor R402 06-11077A84 2.7k 26-83498M01 heat sink
c103 21-13741N45 01, +10% JUS11,512 06-11077A01 0 ohm resistor R403,404 06-11077B15 47k 28-80264K01 top entry
C104 08-11051A02 0015, 63V Jus14 06-11077A01 0 ohm resistor R405 06-11077B09 27k 28-82647K02 10 pin
C105 23-11048C11 1), +20%, 35V, electrolytic coil. RF R406 06-11077B03 15k 28-83485M05 male plug assembly
C106 21-13740B41 47 pF L300 24-80293D02 terri R407,408 06-11077A33 20 29-10134A68 lug connector
c107 21-13740857 220 pF [200-403 54 B0036A0T fg:::tg 12 urm R409 06—11077A90 4.7k 29-10134A70 lug connector
c108 23-11048C11 10, +20%, 35V, electrolytic ’ R410 06-11077A48 82 32-80219B01 housing gasket
C109 21-13740B76 1500 pF. 45 pF v L500 24-80138G04 5.6 UH, +5% RA411 06-11077A90 4.7k 37-00132026 tubing
€200 21-11032B15 22, +80, -20% tgg; Sﬁg‘,’ggg‘é} ;eg"‘;;' ”%j/“f“ R412 06-11077A98 10k 37-00132026 3/16 clear heatshrink tubing
C201 08-11051A15 22, 63V -0 Ul 9% R413 06-11077A58 220 37-00132526 1/16 heatshrink tubing
C202 08-11051A04 01033, 63V connector plug R414,415 06-11077A33 20 42-82891K01 transistor clip, 2 used
C203 08-11051A15 212, 63V P300 28-80264K01 top entry R417 06-11077A74 1k 43-80054K02 support spacer
C204 23-11013D55 4.7, +20%, 20V, tantalum P601,602 28-80085E37 10 pin R418 06-11077A98 10k 54-80072G01 circuit board label
C204 23-11054N08 47, $10%, 35V, tantalum transistor (see note) R419 17-82350A14 08, +20%, W 55-84300B04 handle
C205 2113740841 47 pF Q100 48-00869660 P—Channel, JFET R420,423 06-11077A33 20 75-80051P01 crystal pad .
SRt ol Fer i o %, ooty e
S P P Q200 48-80141L.02 NPN R501 06-11077A50 100 84-80036N02 circuit boatd
- O, 4 201 48-80141L PNP
G200 21-13741N57 033 UF, £10% Q 6-60141L.03 e R502,503 06-11077A82 2.2
G210 08-11051A17 : Q202,203 48-80141L.02 R504 06-11077A50 100 3/31/90
5 47,83V i Q300 48-80141L02 NPN RS0 06-11077A90 4.7k note: For best performance, order diodes, transistors, and integrated circuit devices by
c211 23-11048C11 &, +20%, 35V, electrolytic —80734T PNP transistor & cli mbi 5 .
Q402 01 34T95 transistor & clip assembly Motorola part number.
Cc212 23-11048C05 1.. +20%, electrolytic Q4 — NPN transistor & cli mbl R506,507 06-11077A82 2.2k
03 01-80734T96 transistor & clip assembly
C213 23-11048C06 2.2, +20%, electrolytic Q404 48-80141L02 NPN R508 06-11077B0S 18k
C214 21-13741N45 .0, +10% Q448 4884413107 PNP R509 06-11077A90 4.7k
c215 21-13740B41 47 pF Qads 4554413106 NPN R510 06-11077823 100k
c216 08-11051A13 1,63V R511 06-11077B15 47k
5 Q500 48-801411.03 PNP
c217 23-11054N02 1.5, +10%, 35V, tantalum Q501,502 48-80141L04 NPN R512 06-11077A98 10k
C218 21-13740B57 220 pF Q503 48-80141L03 PNP R513 06-11077807 22k
€300 21-13741N21 001, £10% Q504,505 48-80141L02 NPN R514 0611077823 100k
C301 21-13740B53 150 pF Q506 48-80141L04 NPN R515 06-11077A90 47k
€302 21-13741N21 001, +10% Q507,508 48-80141L03 PNP R516 06-11077803 15k
©303 21-11032813 .10, +80, -20% Q509 48-80141L04 NPN R517,518 06-11077A98 10k
C304 2113740841 47 pF Q510 48-80141L02 NPN R519 06-11077A90 4.7k
R520 06-11077A82 2.2k
C305 21-11032B15 222, +80, —20% Q511 48-00869328 PNP g
€306 21-13741N45 0, £10% Q512,513 48-80141L04 NPN R521 06-11077A86 3.3k
7 ' R522 06-11077A74 1k
C307 23-84538G06 47, +20%, 20V, tantalum Q514 48-80141L01 PNP
i R523 06-11077A90 4.7k
C308 23-84669A08 1310, —10, +150%, 25V, electrolytic Q516 48-80141L03 PNP ‘
C309-316 21-13740B49 12 pF R524,525 06-11077B15 47k
2p Q517 48-80141L02 NPN Raoe e 11077A%8 Tok
C317 21-13740B57 220 pF Q518 48-80141L03 PNP Aoz Ho77ATE s
C400 08-11051A17 47,63V thermist 527 06-110 .
C401,402 21-13740B57 2210 pF ermistor . R528 06-11077B15 47k
Ca03 21-13740876 0015 UF, 45 pF RT100 06-80176D03 thermistor R529 06-11077A90 4.7k
404,409 21-13740B57 220 pF resistor, fixed, ohm, +5%, 1/8 watt (unless otherwise stated) RS530 06-11077B07 22k
C410 08-11051A15 22, 63V R100 06-11077A26 10 R531 06-11077B15 47k
cat1 23-82747L01 3310, ~10, +100%, 20V, electrolytic R101 06-11077A68 560 R532,533 06-11077B07 22k
c412 08-11051A15 22, 63V R102 06-11077A74 1K R534 06-11077A90 4.7k
Ca14 23-11054F10 22:,+10%, 15V, tantalum R103 06-11077813 39 R535 06-11077A98 10k
C415,416 21-13740B57 220 pF R104 06-11049B94 1K, +1%, 1/4W R536 06-11077B15 47k
C501 23-11048C11 103, +20%, 35V, electrolytic R105 06-11049C87 9090, +1%, 1/4W R537,538 06-11077A90 4.7k
C502 23-11054H10 15, £10%, 25V, tantalum R106 06-11077813 39k R542 06-11077821 82k
C503 21-13741N45 01, £10% R107 06-11077A92 5.6k R543,544 06-11077823 100k
C504 23-11054H10 185, +10%, 25V, tantalum R108 18-80087E08 10k potentiometer R545 06-11077815 47k
C505-509 21-11032B13 1, +80, —20% R109 06-11077A92 5.6k R546 06-11077807 22
C510,511 21-13740825 12 pF R110 06-11077B13 39k R547 06--11077A90 4.7k
c512 23-11054N02 1.5, £10%, 35V, tantalum R111 18-80087E08 10k potentiometer R548 06-11077A50 100
C513,514 21-13741N45 081, £10% R112 06-11077808 R549 06-11077A74 1k
C515 21-13740B78 0018 uF R113 06-11077A98 10k R550 06-11077A50 100
C516 21-11031G61 820 pF Ri14 06-11077A87 3.6k R551,552 06-11077A98 10k
C521 21-11032B13 .1, +80, -20% R115 06-11077B04 16k R553 06-11077B07 22k
C522-569 21-13741N07 270 pF, +10% R116 06-11077B10 30k R554 06-11077A76 1.2k
C570 21-13741N45 1., +80, ~20% R117 06-11077B03 15k transformer
C571-576 21-13740B57 220 pF R118 06-11077A50 100 T400 25-84083B03 audio
c577 21-13741N45 01, £10% R119 06-11077B07 22k integrated circuit (see note)
diode (see nde) R120 06-11077A90 4.7k U300 51-80103E02 switch fiter
CR100,101 48-80007E02 12V zener R121 06-11077B27 150k U301 51-80067C04 opam
CR200,201 48-83654H01 siliicon 2] §§ gg‘uggﬁgg 371“'( U301 51-80067C06 opamg
CR202,203 48-80007E02 12V zener Ri24 06:11 077A98 1 6k U302 51-83977M60 digital volume control
CR300 48-80236E07 28V zener Rise o 11077809 o7k U400 51-84621K14 driver
CR301 48-82178A01 germanium R126 06-11077A96 8.9k U500 51-80290J04 1.5 MHz microprocessor
CR302 48-80008E01 rewtifier silicon Ri27 0611077829 180k U501 — radio software (see model chart)
CR303 48-82178A01 germanium R128 06-11009A97 100k Us02 —_— EEPROM software (see model chart)
CR400 48-83654H01 siliicon R200 0611077896 8.2k U503 51-05133M01 octal latch
CR500-503 48-83654H01 siliicon R201 0611077804 1i5k us04 51-05133M01 octal latch
CR504-507 48-80140L11 5% zener R202 06-11077B29 180k U505 51-80067C05 opamp
82283— o1 zg—gg?igrgg ?lllicon Ro0s O 11077AB4 27K U506 51-84561L42 bipolar
- N/ .
GRa1a.814 48-83654H01 silicon R204 06-11077A98 10k voltage regulator (see note)
CR815516 48-80013E02 i , R205 06-11077B29 180k VR500 48-83696E07 6.2V zener
: con pin R206 06-11077809 27k ral :
: n
hybrid (see note) o ! R208,209 06-11077B15 47k %ﬁa (see note) 48-80173D01 4 MHz
HY300 01-80739T59 trainsmission gate, see parts list MXW—4562 R210 06—11077A50 100 Y500 48-80173D12 4.9152 MHz
HY301 01-80740T15 sguelch, see parts list MXW—4563 R211 06-11077B04 16K -
HY500 01-80739T60 waatchdog timer, see parts list MXW—4564 R212 06-11077A86 3.3k mechanical parts
connector receptacle R213 18-05500L17 1.5k, +20%, 100V, potentiometer 03-10943M10 tapping screw (3 x 0.5 x 8)
J1 01-80746T79 front connector assembly R214 06-11077A90 4.7k 03-10911A11 machine screw (3 x 0.5 x 8)
J100,101 28-84318M07 3 jpin R215-217 06-11077815 47k 04-84180C01 nylon shoulder washer
J103 28-84318M07 3 pin R218 06-11077A98 10k 07-05375P09 plated lead
J200 28-84318M07 3 pin R300 06-11077A96 8.2k 07-80042L01 hybrid support
J301 09-80269B05 duial socket R301 06-11077A85 3K 0980269803 dual socket
J500 28-84318M06 2 pin R302 06-11077819 68k 09-82808R10 28 contact
J501 28-84318M07 3 pin R303 06-11077A90 4.7k 09-80269B01 dual socket
J504 28-84318M07 3 pin R304 06-11077A98 10k 09-82808R04 16 contact
J516 28-84318M06 2 pin R305 06-11077A91 5.1k 09-80002K01 socket
; R306 06-11077A98 10k 14-80175M01 insulator shield
Juraper R307 06-11077B18 62k 14-80175M03 insulator shield
JU100,101 09-80080L01 0 ohm
JU200 09-80080L01 0 ohm Rso8 06-11077A98 10 14-80179N01 crystal pad
14-80206M01 heat sink insulator
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Synthesizer

1. General

The SYNTOR X frequency synthesizer generates injec-
tion frequencies for both first and second receive mixers as
well as generating the transmitter carrier. It is composed of the
receive injection doubler, the transmit injection doubler, the
transmit mixer and buffer, and a phase—locked loop (PLL)
consisting of a 14.4 MHz reference oscillator, a phase
modulator, a low-noise voltage—controlled oscillator (VCO),
a programmable divider, a sample—and-hold phase detector,
and an adaptive loop filter. In the receive mode, the PLL locks
on a frequency 75.7 MHz (first IF) above the receive
frequency for injection into the first mixer. The receive
injection doubler doubles the third harmonic of the 14.4 MHz
reference oscillator, and the result is the second mixer
injection frequency.

In the transmit mode, the the transmit injection doubler
redoubles the signal from the receive injection coupler and
amplifies it, and the result is high—side injection to the trans-
mit mixer. The PLL generates the frequency which, when
mixed with the transmit injection, yields the transmitter
carrier. The VCO and phase modulator modulate the transmit-
ter carrier.

The synthesizer circuits are on the RF board, in the inter-
nal casting, and on a small board above the personality board.

2. Theory of Operation
2.1 INTRODUCTION

The PLL synthesizer is a single negative—feedback loop
thatuses the phase of the input signals to the phase detector as
the controlling variable. The out put of a high—accuracy, tem-
perature—compensated crystal reference oscillator (U608) is
divided down in frequency by the reference divider (part of
U602). The reference divider puts out a high—stability 5.00
kHz (6.25 kHz for some customer frequencies) squarewave
signal that is routed from the reference divider through the
phase modulator to the phase detector (U603-2) to serve as the
reference frequency input.

The loop frequency input of the phase detector
(U603-23) receives the negative feedback for the PLL. This

comes from the VCO, the output frequency of which is pro-
portional to the voltage on the VCO’s steering line (P650-2).

The VCO is a FET RF oscillator (Q1401) that covers the
frequency range from 105.4 MHz to 139.8 MHz. A program-
mable N divider divides the VCO frequency down to the loop
frequencies as follows:

Jioop =Frco IN

where : f,,,, = N divider loop frequency output
fvco = VCO output frequency

N = integer

The loop frequency and the reference frequency are ap-
plied to the phase detector (U603-23 and U603-2, respec-
tively), whose function is to generate a DC output voltage
proportional to the phase difference between these two fre-
quencies. Phase is the controlling variable, since there may be
small phase errors in the locked loop, but frequency errors
cannot occur. The DC output voltage of the phase detector
(PHASE DET OUT at U603-15) is applied via the loop adap-
tive filter to the VCO steering line, thus completing the feed
back loop. The loop filter controls the PLL closed loop re-
sponse and removes noise from the phase detector output.

If the VCO output frequency goes high, the N divider
loop frequency output also goes high, thus causing a leading
phase displacement at the phase detector loop input. Since the
reference signal phase does not change, the internal circuits of
the phase detector detect this condition and lower the DC volt-
age at the out put U603—15. This signal goes to the VCO steer-
ing line via the loop adaptive filter, causing a reduction in fre-
quency. This compensates for the original frequency
difference.

2.2 LOOP PROGRAMMING AND CONTROL

For frequency generation and control, the microcomputer
reads the programming informa tion from the personality
board memory module, com bines it with the synthesizer con-
trol information, and multiplexes this information to the pro-
grammable divider (U602). The programming information,
contained in six four-bit words, goes to the multiplex pro-
grammed divider viafourdatalines (DO, D1,D2,and D3)and
via three data word address lines (A0, A1, and A2). Address

W10001S27-F
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lines A0, Al, and A2 in the multiplexing sequence tell the di-
vider which of the six four-bit words the microcom puter is
sending on the data lines.

Of the bits sent to the divider, two determine the
frequency range of the VCO. These bits are transferred from
the divider (U602-19 and U602-20) to the synthesizer
switching hybrids (HY604-5 and HY605-5, respectively),
whichsupply 9.6V to the VCO pin switch circuitry viaP650-5
and P650-6. These switching hybrids also load the modula-
tion circuitry of the VCO via P650—4 to maintain level
modulation across the frequency range. Sixteen bits program
the A and B counters, which are inside the programmable
divider. Two bits program a reference divider. One latched bit
goes from the divider (U602-15) to the extender circuitry
(Q241) to enable or disable the extender. The sample—and—
hold phase detector uses two other latched outputs (U603-3
and U603-5) from the divider to con trol the adaptive loop
filter. When set high, U603-5 in dicates a change in
frequency. In this case, the seventh word clears the frequency
change indication by setting U602-18 (same as U603-5) low,
thus generating a con trol pulse. U602—17 switches between
the transmit and receive loop filters (high for transmit filter).
One bit is not used.

The six four—bit words on the data lines remain the same
once the condition of synthesizer oper ation and the frequency
have been selected. Any change in radio mode makes the
microcomputer address differ ent memory locations in the
memory module. Conse quently, the six four—bit words may
send different information to the divider via the datalines. The
microcomputer notifies the divider, via the STROBE line,
when the binary information on the data and ad dress lines can
be read into the divider and latched in without any chance of
€ITor.

2.3 DIVIDER

The programmable N divider works by “dual-modulus
prescaling,” using a divide-by—63-or-64 prescaler. The
divide-by—63-or-64 prescaler, with programmable counters
A and B, is inside divider U602. The input frequency of each
prescaler is first divided by one divisor to obtain a fixed
number of counts, then divided by a second divisor to obtain a
different number of counts. The total division performed by
this system may be set to an integral value N by the program-
ming of counters A and B.

Each PLL output frequency requires that a different value
of N be programmed into the programmable counters. On the
positive—going loop pulse edge, the divide-by-63—or—64
starts dividing by 64 for the number of times programmed by
the A counter. When the A counter counts to zero, the loop
pulse goes low and the prescaler changes to the divide—by—63
mode. It stays in this mode until the B counter reaches zero. At
this time the loop pulse goes high and the cycle repeats.

Another programmable divider acts on the 14.4 MHz ref-
erence oscillator input frequency at U602-2 to produce one of

two reference frequencies: 5 kHzor 6.25 kHz. One word of the
frequency select datacontains two bits (DOand D1) that select
one reference frequency, as shown in Table 1.

Table 1. Reference Frequency Selection

Do Dt Reference Frequency
0 0 unused
1 0 6.25 kHz
1 1 5.00 kHz

The frequency select data also contains bits VCO1 and
VCO2 which, through synthesizer switching hybrids HY 604
and HY605, select the operating range of the VCO. When the
VCO bits are latched into the divider, VCO1 and VCO2 go
from U602-19 and U602-20 to HY604-5 and HY605-5.
Each hybrid inverts its bit and then sends it out through Pin 9
to the VCO via P650-5 and P650-6, respectively. Also, when
either VCO bit goes high, an NPN transistor on its hybrid turns
on, adding in a shunt resistance on the VCO modulation line,
which has the effect of reducing the level of the audio signal to
the VCO. This maintains a constant level of deviation across
the entire frequency band.

2.4 PHASE DETECTOR

Phase detector U603 compares the reference and loop
frequency outputs of the divider circuit and uses this
information to generate a DC output signal that controls the
VCO frequency. The phase detector also monitors the
FREQUENCY CHANGE line (U602-18) and the LOW
BANDWIDTH SELECT line (U602-17) and uses this
information to generate control signals for the adaptive filter.

The phase detector output signal level is con—trolled by
the length of time between the positive transition of the
reference signal and the positive transition of the loop signal.
When the reference signal goes high (at U603-2), ramp
generator Q600 turns on, maintaining a constant current
through C630. This constant current generates a linear rise
(ramp) in the voltage at U603—24. The rise of the ramp voltage
halts when the LOOP signal (at U603-23) switches to a high
level, causing Q600 to turn off.

The positive transition of the loop signal, in addition to
halting the ramp generator, resets an internal sample timing
circuit. The ramp voltage is held constant for a time
determined by sample timing capacitor C631. During this
time, the hold capacitor (C632) is charged to a level
determined by the ramp voltage. At the end of the sample time,
the ramp capacitor is discharged in preparation for the next
cycle.

The accumulated charge on the hold capacitors controls
the conduction of a push—pull output driver. The output driver
consists of an internal NPN transistor and an external PNP
transistor controlled by the signal at U603-17. The PHASE
DETECTOR OUT PUT signal at U603-15 is coupled, via the
adaptive filter, to the VCO, where it controls the generation of
injection frequencies.




The phase detector also generates control signals for the
adaptive filter. It decodes the FREQUENCY CHANGE
signal at U603-5 and the LOW BANDWIDTH SELECT
signal at U603-3 to generate four control signals that are
coupled to the adaptive filter. These four control signals are:
ADAPT, ADAPT, RX, and TX (appearing at U603-10, 7,
—12, and -6, respectively).

When operating channels are being changed in the
receive mode or the mode is being changed from transmit to
receive, the FREQUENCY CHANGE pulse at U603-5
causes the ADAPT line to go high and the ADAPT line to go
low. Since the LOW BAND-WIDTH SELECT line is low,
the RX line is driven high, the TX is driven low, and the
adaptive filter is forced into the receive—adapt mode. The
ADAPT line returns to a high level and the ADAPT line
returns to a low level after approximately 3.0 milliseconds
under phase detector control, forcing the adaptive filter to
enter into the normal receive mode.

When the PTT button is pushed, the FREQUENCY
CHANGE pulse causes the ADAPT line to go high and the
ADAPT line to go low. Since the LOW BANDWIDTH
SELECT line is high, the TX line is driven high, the RX is
driven low, and the adaptive filter is forced into the
transmit-adapt mode. The ADAPT and ADAPT lines switch
states after approximately 12 milliseconds under control of
the phase detector, and the adaptive filter is forced to enter into
the normal transmit mode.

While the ADAPT line is high during the transmit—adapt
mode, the power amplifier is disabled. (This line is connected
to the personality board viaJ602-11.) Moreover, the ADAPT
line is forced to switch to a high state when the synthesizer
cannot achieve lock, thus preventing the radio from transmit-
ting unstable or off—frequency signals.

For maximum switching speed, the microcomputer sends
new data to the synthesizer at the appropriate time of the
divide cycle. The phase detector forwards a SYNTHESIZER
SYNC signal, from U603—4 via J601-9, notifying the
microcomputer of the appropriate time to send new frequency
programming information.

2.5 ADAPTIVE FILTER
2.5.1 General

The adaptive filter is a low—pass filter in the steering line
between the phase detector and the VCO. Itremoves noise and
variations in the steering line level to preventunwanted modu-
lation of the VCO.

The phase detector controls the adaptive filter through
PHASE DETECTOR OUTPUT line U603~I5 to operate in
one of the four selectable modes, depending upon the state of
the synthesizer at a given time. The modes are transmit adapt,
receive adapt, transmit, and receive. The transmit adapt mode
and the receive adapt mode ditfer only in the amount of time
spentin the adapt condition, whereas the transmit mode and
receive mode each require different filter characteristics.
These characteristics are selected by transmission gates that

switch the filter components into and out of the steering line
signal path, as required.

2.5.2 Filter Mode Selection

Each of the four selectable modes, transmit, receive,
transmit-adapt, and receive—adapt, is selected by a unique
combination of states of the RX, TX, and ADAPT lines. These
lines are coupled from the phase detector (U603-12, -6, and
—10, respectively) to transmission gates U605A-D and
U606A-D. Transmission gates U605A-D have ON imped-
ances of less than 200 ohms, and gates U606A-D have ON
impedances of less than 500 ohms.

2.5.3 Transmit Mode

When the synthesizer is in the normal transmit mode, the
phase detectordrives the TX line high and the RX and ADAPT
lines low. The high on the TX line turns on transmission gates
U605A, U606A, and U606D. The natural loop frequency in
this mode is approximately 15 Hz. The adaptive filter stays in
this mode as long as the radio is transmitting.

In this mode, the steering line is filtered by R652 and a
shunt path to ground consisting of R653 in parallel with C649
and C641, and C637 and C654. This signal passes through the
VCO via a test jumper (JU600) and J650-2.

2.5.4 Receive Mode

When the synthesizer is in the receive mode, the phase de-
tector drives the RX line high and the TX and ADAPT lines
low. With the RX line high, transmission gates U605C and
U606C are turned on. The natural loop frequency in this mode
is 75 Hz. The adaptive filter remains in this mode while the
radio is in the receive mode.

In this mode, the steering line is filtered by R635, a shunt
path consisting of R637, C641, C654, C637 and of R636 in
parallel with C540. (The ON impedance of the transmission
gates is neglected.) The signal passes through the test jumper
(J600) to the VCO via J650-2.

2.5.5 Transmit—Adapt Mode

When the synthesizer is in the transmit—adapt mode, the
TX and ADAPT lines are driven high by the phase detector,
and their respective complements, RX and ADAPT, are
driven low. Transmission gates U605B. U605D, and U606B
are directly turned on by the ADAPT line. The synthesizer has
a high natural loop frequency in this mode, allowing it to
change frequencies rapidly. The adaptive filter is switched
into this mode for approximately 15 milliseconds while the ra-
dio changes from the receive mode to the transmit mode. The
transmitter is inhibited in this mode by the SYNTHESIZER
ADAPT line.

In this mode, transmission gate U606B by—passes the
greater partof the adaptive filter. A grounded capacitor, C641,
is connected to the steering line. While the filter is in this
mode, C64 1 and C654 are being charged. The charge on C654
prevents the VCO from changing frequency during the transi-
tion from the transmit—adapt mode to the transmit mode. C654




always remains connected to the steering line. The steering
line passes to the VCO through the test jumper via J650-2.

2.5.6 Receive—Adapt Mode

When the synthesizer is in the receive—-adapt mode, the
RX and ADAPT lines are driven high by the phase detector,
and their respective complements, TX and ADAPT, are
driven low. Transmission gates U605B, U605D, and U606B
are directly turned on by the ADAPT line. The synthesizer has
a high natural loop frequency in this mode, allowing it to
change injection frequencies rapidly. The adaptive filter
switches into this mode for approximately 2.4 milliseconds
while the radio changes from the transmit mode to the receive
mode or from one receive frequency to another (as when
changing the operating channel).

In this mode, the greater part of the adaptive filter is
shorted by transmission gate U606B, and the steering line is
connected to C641. When the filter is in the receive—adapt
mode, C641 and C654 are being charged. The accumulated
charge on C654 pre vents the VCO from changing frequencies
during the transition from the receive—adapt mode to the re-
ceive mode. C654 always remains connected to the steering
line. The steering line passes to the VCO through the test
jumper and J650-2.

When the frequency is changed (or if, for any reason, the
loop falls out of lock), the phase detector makes the adaptive
filter switch to the ADAPT mode. Consequently, the ADAPT
line switches to a low state, which turns on the LED indicating
out—of—lock. Therefore, in normal operation of the frequency
synthesizer, the out—of-lock LED flashes briefly whenever
the frequency is being changed. During Channel Scan
operation, the radio can be changing frequencies continuously
and fast, making the out—of—lock LED glow dimly. A brightly
lighted LED points to the presence of an out—of-lock fault in
the frequency synthesizer, making this LED useful for
troubleshooting.

Various radio functions are deactivated each time the fre-
quency synthesizer goes into the ADAPT mode. First the high
ADAPT output disables the radio audio stages via the squelch
circuits on the common circuits board. In addition, the trans-
mitter and IDC circuits are disabled via the personality board.
This fail-safe feature prevents transmitter key—up (if a loss—
of—lock malfunction occurs), thus preventing the generation
and transmission of uncontrolled RF signals.

2.5.7 Super Filter

Because the VCO requires a very pure DC sup—ply volt-
age, an ultra-low—pass filter (U600) supplies the VCO with a
very—low—noise +8.6V out put voltage. The filter removes any
ripple or noise present on the +9.6V supply line, thus prevent-
ing unwanted modulation of the VCO. It also lowers the volt-
age from 4+9.6 to +8.6V.

The super filter consists of a low—pass filter, an error
amplifier, and an external series—pass transistor (Q603). The
+9.6V supply is connected to U600-1 as well as to the emitter
of Q603. Internally, the input from U600-1 passes through a

low—pass filter to the non—inverting input of the error
amplifier. C603, connected to U600-2, forms part of the
low—pass filter. The output line (also connected to the
collector of Q601) is fed back to the inverting input of the
error amplifier through U600—4. The error amplifier output,
connected to the base of Q603 via U600-3, controls the
conduction of the transistor. These connections enable the
super filter to compare the output line voltage with the filtered
input line voltage and to increase or decrease the conduction of
Q603 to remove any ripple or noise from the VCO supply line.
The VCO supply is further filtered by C604, which is
connected to ground. This filtered supply is then forwarded to
the VCO via P650-1 and P650-3. It is also applied to
synthesizer switching hybrids HY604—4 and HY605-4.

2.5.8 Divider Buffer

A feedback signal from the VCO is routed back into the
PLL (to J600 on the RF board) through a coaxial cable from
the TX mixer compartment of the internal casting to the
divider buffer hybrid (HY600—4). Here the VCO signal is
attenuated to a level acceptable to the programmable divider.
Signal is then routed out of HY600-8 through a coaxial cable
to the divider’s prescaler input (U602-25).

2.6 VOLTAGE-CONTROLLED OSCILLATOR (VCO)
2.6.1 General

Voltage from the phase detector controls the output of the
HLB4086A VCO. Its pin switch circuitry allows it to generate
frequencies from 105.4 to 139.8 MHz, which covers the
receive first injection as well as a frequency modulated
transmit injection. The oscillator, buffer, pin switch, and
associated circuitry are constructed on an 0.1-inch alumina
substrate in the internal casting.

2.6.2 Oscillator Circuit

The VCO is a Colpitts oscillator that uses a low—noise
JFET (Q1401) as the amplifying element. Pin diode switching
circuitry gives the VCO arelatively large tuning bandwidth by
adding additional lengths of transmission line to the tank’s
main transmission line resonator. The amount of transmission
line added depends on four pin states, which are dictated by the
switching hybrids (HY604 and HY605).

With PS1 (J650-5) and PS2 (J650-6) both high, only the
main resonator is present in the oscillator tank. In this mode,
the oscillator’s output frequency ranges from 105.4 to 113.8
MHz over a steering line range from three to eight volts. With
PS1 high and PS2 low, pin diode CR1415 is turned on, adding
the pinshift 2 transmission line in parallel with a portion of the
main resonator. In this mode, the oscillator can be tuned from
113.8 to 122.8 MHz over the range of steering line voltages.
With PS1 low and PS2 high, CR1413 is turned on, adding the
pinshift 1 T-line in parallel with a portion of the main resona-
tor. In this mode, the oscillator tunes from 122.8 to 132.6
MHz. In the fourth state, both PS1 and PS2 are low. In this
state, all PIN diodes are on, so the pinshift 1 T=line is added in
as well as a portion of the pinshift 2 T-line. In this mode, the
VCO tunes from 132.6 to 139.8 MHz. If actually given an in-
dependent steering line supply, the VCO would tune over a




wider frequency range, but PROM programming dictates that
steering line voltages stay between three and eight volts.

2.6.3 VCO Buffer

The VCO buffer uses a saturated NPN transistor (Q1402)
to maintain a constant level of VCO out put power across the
frequency range. The output of the buffer amplifier goes
through a low—pass filter to attenuate higher—order harmonics
before going out of the VCO compartment of the internal
casting to the TX mixer compartment through a short coaxial
cable.

2.6.4 Steering Line Circuit

The steering line, in conjunction with the pinshift lines,
determines the operating frequency of the VCO. The steering
line is driven by the phase detector (U603) and is coupled to
the VCO via the adaptive filter. The phase detector supplies a
DC output voltage to maintain the VCO output at the desired
frequency. When the frequency is changed, the phase detector
DC output voltage shifts to change the oscillator frequency
and then maintain this new frequency. Figure 1 shows the
transmit and receive oscillator frequencies as functions of the
steering line DC voltage.
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Figure 1. VCO Response to Steering Line Voltage

The steering line is coupled from the RF board via J650-2
and the VCO interconnect plate. The plate contains the RF
filters that shield the VCO. The steering line DC voltage level
determines the capacitance of diodes CR1401 through
CR1410. An in crease in the steering line voltage causes the
capacitance of these diodes to decrease and the corresponding
oscillator frequency to increase. On the other hand, a decrease
in the steering line voltage causes an increase in the
capacitance of the diodes and a reduction in the oscillator
frequency.

2.6.5 Modulation Line

During transmit, the transmit audio signals modulate the
VCO directly, using varactor diode CR1411. The transmit
audio signal is coupled, via Pin 4 of the VCO interconnect
plate, to CR1411, which modulates the oscillator frequency.

2.7 TRANSMIT AUDIO CIRCUITS

Note
While reading the following, refer to the IDC
portion of the Common Circuits Board
Schematic attached to the Common Circuits
Board section of this manual.

The transmit audio circuits consist of four stages that con-
dition the microphone audio signal for direct frequency modu-
lation of the transmit injection signal. The greater part of the
audio path is controlled by the IDC ENABLE signal that is
coupledto the IDC (instantancous deviation control) circuitry
via J401-6. This signal controls transmission gate U501A,
which enables the transmit audio circuits only when the radio
isinthe transmit mode. (Transmit+9.5V is applied to the IDC
ENABLE line.)

The MIC HI signal is coupled into pre—emphasis
amplifier US02D via J401-5. This amplifier has a frequency
response that enhances the audio frequencies toward the high
end of the transmit audio frequency range (approximately
300-3000 Hz). The amplifier output (at U502—12) is coupled
to U501-1. When PTT is activated, the transmission gate
control line (at U501-13) switches to a high level and the
signal passes through the gate to limiter/amplifier US02A.

The limiter/amplifier clips the audio signals at seven
volts peak—to—peak, thus preventing excessive audio modula-
tion of the transmitted signal. (With lower audio input levels,
this amplifier acts as a linear gain stage.) The limited transmit
audio signal is coupled from U502-3 to splatter filter stage
U502C.

The splatter filter is a 3 kHz low—pass filter that removes
higher—order harmonics from the audio signal. With unity
gain, this filter attenuates high—frequency harmonics on the
clipped audio signal from the limiter stage. The splatter filter
output passes from U502-10 to combiner U502B, the gain of
which is set by the deviation adjust potentiometer (R517).

External modulation, such as PL or DPL, passes throu gh
gates US01B and U501C. These gates are connected in series
with the external modulation in puts, and can therefore disable
these modulation inputs to circuits that may require such a
function. Normally, these enable lines are pulled high by the
HY501 resistors. The output of each gate passes to US02B via
the resistors that form part of HY502.

The output of combiner US02B is routed to the phase
modulator (HY601) via P401-17, and also to the compensa-
tion adjust potentiometer (R516). The wiper arm of the
compensation adjust potentiometer is routed to the VCO via
P401-14. PL and DPL signals at HY601 phase-modulate the
reference input to the phase detector, thus preventing the
phase detector out put from defeating the direct low—fre-
quency modulation of the VCO generated by the PL/DPL
signal. (The phase modulator and phase detector form part of
the synthesizer schematic.) The compensation adjustment
potentiometer, R516, is adjusted at the factory and should be
readjusted only if the common circuits board, phase modula-
tor, or VCO is changed. R516 can be readjusted by the




procedure presented in the Radio Alignment and Adjustments
part of the Maintenance and Troubleshooting Section of this
manual.

VCO modulation inhibit switch Q502 is allowed to con-
duct while the radio is in the receive mode, effectively short-
ing the VCO modulation signal line to ground. This prevents
any noise induced on the line in receive mode from affecting
the receive injection frequency. During initial turn—on, C600
is charged through Q602. This action allows a stable receive
frequency to be attained almost immediately. Q602 is turned
off by TX +9.4V during transmit, enabling the VCO modula-
tion signal line.

2.8 RECEIVE INJECTION DOUBLER

The receive injection doubler, HY602, supplies 9.6 VDC
to the reference oscillator, U608. It also has diplexing circuitry
which, along with that on the RF board, presents to the
reference oscillator terminating impedances that accent its
fundamental (14.4 MHz) and third harmonic (43.2 MHz)
outputs. The 43.2 MHz signal from the reference oscillator
goes to the receive injection doubler at HY602-2, where a
two—pole monolithic crystal filter (Y1300) filters it to reduce
adjacent channel noise levels and 14.4 MHz harmonics. Class
CNPN transistor Q1300 doubles and amplifies the signal, and
a three—pole tuneable bandpass filter reduces the level of any
remaining and undesired harmonics. This filter is factory
tuned and does not require readjustment. The 86.4 MHz signal
goes to pinswitch circuitry via C1318. In the receive mode,
9.4V is present at HY602-19, forward biasing CR1300. This
opens up an RF signal path to the receiver’s second mixer via
C1319, HY602-21, and a short coaxial cable. In the transmit
mode, 9.4V is present at HY602-26, forward biasing
CR1301. Resistive padding is present in this path to get the
proper drive level to the transmit injection doubler, HY603.
Transmit 86.4 MHz output is routed from HY602-24 through
JUG604 to HY603-3.

2.9 TRANSMIT INJECTION DOUBLER

The transmit injection doubler, HY603, works like the
receive doubler, but it runs entirely off of keyed 9.4V and
therefore only operates in the transmit mode, It takes the 86.4
MH:z signal from the receive doubler and doubles and
amplifies it in Class C NPN transistor Q1351. A two—pole
filter now reduces unwanted harmonic levels and passes only
172.8 MHz. The resulting signal now goes through a saturated
amplifier, Q1352, to hold a constant power output level.
Additional filtering at the output and on the RF board reduces
the levels of undesired signals. You can measure power
conveniently at J603, where it should measure 21.0 +1 dBm.

2.10 TRANSMIT MIXER AND RECEIVE BUFFER

The transmit mixer and the receiver’s first injection
buffer amplifier are in the internal casting adjacent to the VCO
compartment. Signal from the VCO goes to the transmit mixer
compartment via a short coaxial cable. Here part of the signal
is tapped off to become synthesizer feedback, going via a
coaxial cable to the RF board (P600). The rest of the signal
goes through a lowpass filter to reduce the levels of VCO
harmonics.

The transmit mode forward—biases CR1451, opening an
RF path to diode quad CR1452 via aresistive pad and trans-
former T1450. Transmit mixer injection to CR1425 is sup-
plied by the transmit injection doubler, HY603, through a co-
axial cable to the RF board (P603). The resulting frequency
spectrum is coupled out through transformer T1451 to the
transmitter buffer board through a coaxial cable (P1501).
Among the various signals that can be seen at this point is the

transmit frequency (172.8 MHz — fvco )

In the receive mode, CR1451 is off and CR1450 is on,
opening an RF path for the VCO signal to amplifier Q1451.
This saturated amplifier sends a minimum 20—dBm injection
to the receiver’s first mixer via J125.

2.11 TRANSMIT BUFFER

The transmit buffer board is above the audio transformer
on the personality board. The transmit mixer output is injected
at J1501 and filtered by a seven—pole lowpass filter to reduce
the levels of 172.8 MHz, VCO signal, and other mixing
products present at the TX mixer output. The transmit
frequency then goes through atwo—stage amplifier consisting
of Q1501 and Q1502 to become a minimum +17—-dBm output
to the radio’s PA. The signal goes to the PA compartment via a
short coaxial cable (P801).

3. Synthesizer Troubleshooting Procedure
3.1 GENERAL

The troubleshooting chart at the end of this section gives a
comprehensive procedure for troubleshooting the frequency
synthesizer.

Major problems that may occur in the frequency synthe-
sizer are:

¢ Synthesizer does not lock.

¢ Synthesizer locks on wrong frequency.

* Excessive reference frequency feeds through (spurs).
e Frequency lock is noisy.

¢ Switching response is slow.




Table 2. Problems in Synthesizer and Their Possible Causes

Problems Possible Source of Trouble
Synthesizer does not lock. (See synthesizer troubleshooting chart.)
‘ Synthesizer locks on wrong frequency. reference oscillator (U608) frequency off (shouid be 14.4 MHz +2 72 Hz)

erroneous divider programming from microcomputer (possible defective
memory module, or code plug, or microcomputer)

defective divider U602

defective hold capacitor C632 (open or leaky)
defective ramp capacitor C630

. defective phase detector U603

adaptive filter in ADAPTIVE mode or shorted input to output; guard band
shorted to VCO steering line or other adaptive filter mode

Frequency lock is noisy. marginal input level to loop divider (U602—-25) or reference divider
- (U602-2)

loose connection, cold solder joint, or faulty component

noisy Q600

defective phase detector U603

defective divider U602 (jittery)

noisy 5V or 9.6V supplies

defective adaptive filter (open capacitors)

improper synchronization from microcomputer (Check divider
programming.)

malfunctioning adaptive filter (Check U604, U605, and U606.)

b phase detector U603 gain too low (overdamped response) or too high
(underdamped response) (Check R625, R626, RT600, C630, and Q600.)

leaky adaptive filter capacitors or transmission gates (U605, U606, and
C641)

Excessive reference frequency feeds through (spurs).

Switching response is slow.

leaky VCO varactor diodes

Table 2 summarizes these problems and their possible
causes. Other tables show pin connections and voltages for the
phase detector, divider, and super filter.

The frequency synthesizer troubleshooting chart men-
tions an open—loop test and the checking of the divider
programming. The following paragraphs describe these
procedures without using a flowchart.

3.2 OPEN-LOOP TEST
3.2.1 Introduction

This test requires a variable power supply, a frequency
counter, a dual—trace oscilloscope, a DC voltmeter, and an RF
voltmeter. The Maintenance and Troubleshooting Section of

this manual recommends specific models of some of these.

The open—loop test consists of four procedures:

VCO frequency test

Loop and reference waveforms check

Phase detector check

Adaptive filter check
3.2.2 VCO Frequency Test

(1) Remove jumper JU603 to open the STEERING LINE
loop. Connect a one—kilohm resistor to the plus terminal

of a 010V adjustable power supply and connect the free
end of the resistor to the VCO side from which JU603
was removed (the side not connected to C637). Connect
the negative terminal to B—. This power supply serves as
a steering line in this test.

(2) Connect a frequency counter to the VCO feedback from
the internal casting (P600). Check the pinshift lines to
determine the expected VCO operating range. Verify that
the lines are either high (Z29V) or low (<0.5V).
Slowly vary the steering line voltage from 3V to 8V.
Verify that the VCO covers its intended frequency range
(see2.6.2.2 and Figure 1). Alsocheck the power level and
verify that it is greater than —4 dBm. Check for proper
operation in all pin states. If the pinshift lines are all right
and the output level to the divider port is adequate but the
VCO cannot be tuned over the desired frequency range
with the steering line voltage, then the VCO is faulty and
should be replaced.

3.2.3 Loop and Reference Waveforms Check

(1) Connect one channel of a dual-trace oscilloscope to
U602-5 (REF OUT) and the other to U602-9 (LOOP
OUT). Adjust the oscilloscope so that it triggers on the
REFERENCE waveform. The oscilloscope trace should
be in the chopped mode.

(2) Observe the LOOP waveform and verify that it is moving
smoothly across the screen without any jitter when the
steering line is varied from 1.0V to 9.6V.




(3) Observe the REFERENCE signal and verify that its
period is correct, that it has no jitter, and that one steering
line voltage from 2.5to 9.0V yields exactly this period on
the loop divider output. (The period de pends on the
customer’s programming requirements. In most cases, it
is 200 microseconds for a 5 kHz reference.)

(4) If the conditions specified in Steps 2 and 3 are met, then
check the divider buffer (HY600), the divider (Ue602),
the reference oscillator (U608), and the divider
programming,.

3.2.4 Phase Detector Check

Check the phase detector (U603) by adjustin g the steering
line voltage foraloop period slightly longer than the reference
period and then for a slightly shorter period. With a longer
loop period, the phase detector output (U603-15) should
switch to a high state (greater than 9V); with a shorter loop
period, the phase detector output should switch to a low state
(1.2V). If this does not happen, then check the phase detector
and associated circuitry.

3.2.5 Adaptive Filter Check

Check the adaptive filter for short or open circuits by
removing jumper JU600 and then checking for a high voltage
on the adaptive filter side when the phase detector output is
high. The absence of a high voltage is an indication of a faulty
condition.

3.2.6 VCO Steering Line Leakage

Note
Be sure to use a shielded cable with the
voltmeter when making these measurements.

Check the VCO steering line leakage by removing
jumper JU600 and connecting a one-megohm resistor to the
VCOside. Connect the free end of the resistor to an adjustable
power supply set to 9.5V. Use a high-impedance voltmeter
(impedance greater than 10 megohms) to verify that the
voltage drop across the resistor is less than 18 mV. A higher
voltage drop (greater than 18 mV) is an indication of either a
leaky VCO interconnection plate or defective VCO steering
line varactors (CR1400-1410). To determine which is defec-
tive, remove the VCO from the RF internal casting and
perform the test again. If the voltage drop is greater than two
millivolts, replace the interconnection plate.

3.3 DIVIDER PROGRAMMING TEST

The synthesizer troubleshooting chart refers to the
divider programming test. For this test, use a dual—trace

oscilloscope and a test memory module (Motorola Kit No.
HLN1127A). The Maintenance and Troubleshooting Section
of this manual recommends specific models. Table 4 gives the
pin numbers and functions of the divider (U602). The timing
diagram on the synthesizer troubleshooting chart shows the
waveforms generated under Mode 4 of the test memory
module.

(1) Connect Channel 1 of a dual-trace oscilloscope to the
STROBE line (U602-27) of the divider. Trigger the
oscilloscope on the rising edge of the strobe signal.

(2) Connect Channel 2 of the oscilloscope to the AO line
(U602-23) of the divider.

(3) Compare the waveforms on the oscilloscope with those
in the timing diagram, and verify that the relationship
between the STROBE and AO signals is the same.

(4) Connect Channel 2 of the oscilloscope to the Al line
(U602-24) and compare the pattern on the oscilloscope
with the one in the timing diagram.

(5) Repeat the procedure for A2 (U602-26), DO (U602-11),
D1 (U602-12), D2 (U602-13), and D3 (U602-14).

Note

To check the programming in another way, use a
single~trace  oscilloscope with an external
triggerinput. Connect the external trigger to the
strobe line and display the strobe signal on the
oscilloscope to verify proper triggering. (See
the timing diagram on the troubleshooting
chart.) Each of the address and data lines can
then be checked as in Steps 1 through 5, above.

3.4 INJECTION STRING TESTS

Problems likely to occur because of improper injection
string operation are:

¢ Failure of synthesizer to lock
¢ Low or no transmitter power output

¢ Poor receiver sensitivity

The best way to find injection string problems is to oper-
ate the radio in the transmit mode and working back from the
transmit buffer toward the reference oscillator. See also the
synthesizer troubleshooting chart at the end of this section,
which gives a comprehensive procedure for troubleshooting
the injection string.




Table 3. Phase Detector (U603) Pin Connections and Voltages

Pin No. Function To/From Nominal Voltage
1 high current ground — 0VDC
2 REFERENCE IN from HY601-8 0V to 4.3V square wave (200 ms period for 5 kHz
reference frequency)
3 LOW BANDWIDTH from U602-17 0 VDC receive; 5 VDC transmit
4 SYNTHESIZER SYNC to microcomputer 60 ms positive pulse 0 5V at loop pulse rate; equal
to Pin 2 if Pin 11 is low
5 FREQUENCY CHANGE from U602—18 0.5V, 11.1 ms when frequency changes
6 TX to adaptive filter 0 VDC receive, 9.6 VDC transmit
7 ADAPT to adaptive filter 9.6 to 0.6V single pulse, 3.0 ms (RX) dekey; 15 ms
(TX) key
8 no connection — —
9 no connection — —
10 ADAPT to adaptive filter 0 9.0V single pulse, 3.0 ms (RX) dekey; 15 ms (TX) key
11 no connection — —
12 RX to adaptive filter 9.6 VDC receive, 0 VDC transmit
13 HOLD 2 C632 1.4 to 8 VDC (use high—input-impedance voltmeter)
14 Guard Band — —
15 PHASE DET OUTPUT to adaptive filter 1.2 t0 9.5 VDC (depending on loop output frequency)
16 low current ground 0VvDC
17 EXT PNP BASE to PNP Q604 base 8.9VvDC
18 VCC from regulator 9.6 VDC
19 RAMP BASE to PNP Q603 base 9.1 VDC
(ramp generator)
20 FILTERED 9.1V to R624, R625, RT600, C629 9.1 VDC
21 RAMP RES to R626, PNP Q603 emitter 8.0 to 8.7 VDC rectangular wave @ reference rate
22 SAMPLE TIMING CAP to C631 0 to 2V sawtooth wave at loop pulse rate
23 LOOP IN PULSE from U602-9 via C628 1.4V pulse riding on 1.6 VDC (200 ms, typical period)
24 RAMP CAP from C630 and ramp PNP Q603  collector flat—top ramp waveform at reference rate, top

voltage 1.4 to 7V (depending on loop output frequency)




Table 4. Divider (U602) Pin Connections and Voltages

Pin No. Function To/From Nominal Voltages

1* GND — 0 VDC

2 REF IN from U608 (reference oscillator) 1.5 VDC +0.6V pp AC (14.4 MHz)

3 3.6 MHz OQUT NC —

4 GND — 0 vDC

5" REFERENCE OUT  to HY601 (phase modulator) 0 to 4.3V square wave (5.0 or 6.25 kHz)
6 NC — —

7 NC — —

8 NC — —

9* LOOP OUT to phase detector 2.9V to 4.3V narrow pulse (1.4V pp) (200 ms nominal period)
10" VCC from regulator 5 VDC

11 DO from microcomputer 0 to 5V pulse train

12 D1 from microcomputer 0 to 5V pulse train

13 D2 from microcomputer 0 to 5V pulse train

14 D3 from microcomputer 0 to 5V puise train

15 Co to Q241 (extender) 0to5VDC

16 NC — —

17 LOW BANDWIDTH  to phase detector 0to 5VDC

18 FREQ CHANGE to phase detector 0to5VDC

19 VCO1 to HY604-5 0to 0.7 VDC

20 VCO2 to HY605-5 010 0.7 VDC

21 NC — —

22 VBB to divider 1.5VDC

23 A0 from microcomputer 0 to 5V pulse train

24 A1 from microcomputer 0 to 5V pulse train

25 PRESCALE IN from HY601-8 via coaxial cable 1.5 VDC +0.7V pp AC (approx. 50 80 MHz)
26 A2 from microcomputer 0 to 5V pulse train

27 STROBE from microcomputer 0 to 5V pulse train (7 pulses/train)

*SHOULD BE CHECKED FIRST

Table 5. Superfilter Pin Connections and Voltages

Pin No. Function To/From Nominal Voltage
1 VCC from 9.6V regulator 9.6 VDC
2 FILTER CAP C603 7.1 VDC
3 EXT DRIVER CONTROL Q601 base 8.9VvDC
4 8.6V OUT to VCO switching 8.6 VDC
5 Ground (internal NPN emitter) from regulator 0VDC
6 no connection — —
7 no connection — —
8 no connection — —
10
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parts list

HLB4109A RF Board (Synthesizer section) MXW-5115-B MXW-5115-B (2) HLB4084A Transmit Mixer MXW-1954-C
REFERENCE MOTOROLA REFERENCE MOTOROLA REFERENCE MOTOROLA
SYMBOL PART NO. DESCRIPTION SYMBOL PART NO. DESCRIPTION SYMBOL DARTNO. DESCRIPTION
capacitor, fixed (unless otherwise stated) jumper . o .
€600 23-13749D79 10 uF, +10%, tantalum JU603-605 06-11009823 0 ohm g:astglor, fixed, pF, 152/-1,,_ 5:2\7/ ;ml:;s otherw:;&: it?ti(:)o .
C602 08-11051A07 .01 UF, +5%, 63V JU626 06-11009F23 0ohm G141 51_13740A48 51 T
C603 23-13749D79 10 uF, +10%, tantalum il. RF 4
C604 23-84538G06 47 UF, +20%, 20V, tantalum cot G452 21-13740A43 39
Coos 111015505 2P0 oF 10 100V 1602 24-80293D02 ferrite C1453-1458 21-13741M45 .01 uF, +10%
CR08 610 81105101 001%,;*— o 63V 1603 24-80138G05 10 uH C1459 21-13740A29 10
prerd 2111015805 20 oF o 100V L604 24-83397L12 1.2 uH, white C1460,1461 21-13741M45 .01 uF, +10%
Seia o 11081A0] o1 Pu'; 63y L606 24-80293D02 ferrite C1462 21-13740A41 33
C615 23-13749D79 10 UF, 120%, 25V, tantal L607-611 24-80138G05 10.uHd i
uF, £20%, 25V, tantalum L612 24-833971.12 1.2 uH, white diode (see note) .
C616 08-11051A07 .01 UF, 5%, 63V 1613 2411030005 bive CR1450,1451 48-84622E02 silicon
C617,618 21-82372C10 .05 UF, +80, ~20%, 25V ; CR1452 48-80236E09 il d (early version
140E13 silicon, quad (early version)
P ), L1300 24-80140E1 820 nH inductor ili >
619 21-11014H49 100 pF, +5%, 100V L1301 24-80140E01 1.2 uH inductor CR1452 48-80236E17 silicon, quad (later version)
A . i Aa
€620 08-11051A13 1 uF, +5%, 63V L1 OEO 1’5 uH ind CR1453 48-05129M17 silicon rectifier
TX MIXER ce21 08-11051A01 001 UF, +5%, 63V 302 24-80140E08 5 uH inductor
Cona o 11051713 Ry L1303 24-80140E01 1.2 uH inductor coil, RF
C625 21-11015B05 228 Fi 1"00/ 100V L1304 24-80140E15 275 nH inductor L1450 24-80091G23 airwound
PE, £10%, L1305 24-80091G36 airwound ;
C626 23-13749D39 .56 UF, +10%, tantalum (1307 54-80723H27 12 uH L1451 24-80091G32 airwound
ce27 23-13749D71 4.7 UF, +20%, 35V, tantalum 2 green L1452,1453 24-82723H27 1.2 uH, green
piond 5111015801 100 o 10%. 100V 113081310 24-80091G36 airwound (1454 24_80140E10 100 nH
PF, +10%, L1311,1312 24-80140E16 10 uH inductor
N €629 23-84538G06 47 uF, +20%, 20V, tantalum : L1455 24-80140E02 1.8 uH
TX 172.8 INJECTION | Coso 80097805 Sone e 100y L1351 24-80140E11 360 nH inductor
% ouT 172.8 MHz MIXER LO COAX_CONN Ce31 08-11051A06 10068 uF, 5%, 63V e eSS 130 i inductor gonnector plug
- KEYED KEYED C632 08—11051A05 0047 uF 150/‘" sav L1353 24-80140E01 1.2 uH inductor P101 28-84227B04 power connector
4y 94V - uF, £9%, L1354,1355 24-80091G07 airwound .
. C634 08-11051A07 .01 uF, +5%, 63V L1356 24-80140E15 275 nH inductor transistor (see note)
KEVED 9.4V C635 21-11015B05 220 pF, +10%, 100V (1357 24-80091G36 airwound Q1450 48-84939C23 PNP
- C637 21-11015B05 220 pF, +10%, 100V (1358 24-80091G21 airwound Q1451 48-80182D30 NPN
¥ 638,639 21-11014H31 18 pF, +5%, 100V !
0640’ 08—11051A17 47 |’:— 59/’ 83V 1.1359,1360 24-80091G07 airwound transformer
Ce41 08-80206H01 2 u; ;210%7’100\1 L1361 24-80140E01 1.2 uH inductor T1450,1451 2580125401 toroid
C642 21-11014H43 56 pF, +5%, 100V connector plug
%c&m& 1:7;:45‘ 23456 C643 21-11015B05 220ppF, £10%, 100V P1300 29-80215H01 terminal mechanical parts
’ C646 21-11015B05 220 pF, +10%, 100V P1701 29-80215HO1 terminal
"INLE SS OTHERWISE INDICATED, ALL = C649 23-13749D31 39 uF, +10%, 50V, tantalum transistor (see note) éﬁg;‘ggﬂg} Gonmector lug
RESISTANCES ARE MEASURED IN ¥ CR1453 C650 21-11015B05 220 pF, +10%, 100V Q600 48-11043C28 PNP
OHMS, ALL CAPALITANCES IN PICO- Q1450 c1461 Ce51 21-80067A30 11.5 pF, +.25 pF, 500V Q601 48-00869643 PNP 9/29/89
mg:%sﬁg“r:‘glélélf INDUS TANCI M3923 L04vF C654 08-80027B04 .039 uF, £5%, 100V Q602 48-00869660 JFET note: For best performance, order diodes, transistors, and integrated circuit devices by
RX OUTPUT €657 08-11051A07 01 uF, +5%, 63V Q603 48-00869681 PNP Motorola part number.
L1453 R1455 LR1460 L1465 = Ces8 23-13749D79 10 uF, +10%, tantalum Q660 48-84939C24 NPN
SYNTHESIZER % 1.2 27K 34K E 18 8223 g;:ug;“:gg 10010 PFF: g;k,geoev Q661,662 48-84939C25 NPN
01 uF, +5%, Q670 48-84939C24 NPN .
FEEDRACK L1454 | c1a60 R1462 C680-682 21-84547A01 001 UF, +20%, 50V Q871672 4884930025 NN HLN4909B Transmit Mixer Coax Cables MXW-1957-A
e 100nH .OluF 5.8 P4014 C691 21-13740A55 100 pF, +5%, 50V Q680 48-84939C25 NPN
c1a85 —] RX 4st. INJECTION C692 23-84677D13 10 uF, +10%, 35V, tantalum Q691,692 4884930024 NPN gs;EBROELNCE rg;_‘r-’:gl-‘ DESCRIPTION
ST R R -
O1uF ¢ 10 , +10%, 20V, Q1300 48-84939C31 NPN connector plu
21— 1 . —209 plug
"2 ciuso o cuss OO Q148 . o fiwews oo o e ) soesone  comcack
= = C a
INPUT O1uF 39 L1450 L1454 .OlF o1go1 21-11002813 P ;‘50';20%\:/50V Q1353,1354 48-84939C26 PNP P1500 5882365002 coax }ack
rrof 8 oS SR ) o e Era
GND 105.4 - - > £9 70,
= 143.1 MHz R1461 | C1451 | C1452 LR1453 & criasq C1304 21-13740B26 11 pF, +5%, 50V RT600 06-80275N01 rod type mechanical parts
33 51 39 15K R1458 C1305 21-11078A09 1.8 pF, +.25 100V resistor, fixed, chm, +5%, 1/4 watt (unless otherwise stated) I bl
o, 01-80750T27 coax cable assembly
' 173 T1450 c1306 21-13740817 47 pF, £5%, 50V R601 06-11009A97 100k 01-80750T28 coax cable assembly
= = = = 16 Vv - .3 pF, +5%, R603 06—~11009A65 4.7k 01-80750T29 coax cable assembly
L4452 c01?5F6 R1457 L R4459 C1308 21-13740B37 33 pF, +56%, 50V R607 18-80087E01 25k, potentiometer 37-00134165 3/8" heatshrink
ts § OWF 3gg 66 || C1309 21-13740B39 39 pF, +5%, 50V R617 06-11009A18 51 37-00135566 1/4” heatshrink tubing
c1312 21-13740A60 160 pF, +5%, 50V R619 06-11009A29 150 . 76-83466K01 ferrite
KEYED 9.4V = L % C1313 21-05157A87 47 pF, +2%, 50V R620 06—11009E65 4.7k
c1457 C1314 21-13740B13 3.3 pF, +5%, 50V R622,623 06—11009E67 5.6k 12/15/88
Choes 2
= .7 pF, +5%, R625 06-11009E44 620
NOTE: ]: A  Peo3 C1317 21-13740A40 30 pF, +5%, 50V R627 06-11009E57 2.2k
: < < TX MIIER INJECTION - %
UNLESS OTHERWISE INDICATED, ALL RESISTANCES 172.8 WHz IN g iyt U, +10%, oo R628 06-11009E49 1K
ARE MEASURED IN OHMS, ALL CAPACITANCES IN c1462 o a7a1Mas P v B0V R629 06-11009E01 10
PICOFARADS, AND ALL INDUCTANCES IN MICRO - A 33 C1320-1322 21-1 01 uF, +10 %, 50 R635 06-11009A75 12k
HENRIES . T1451 : 813212 gt& gzggﬁg% gg p'lj :g ;e ggzll R636 06-11 oogﬁse 2k
pF, +2%, R637 06—11009A57 2.2k
= = 21353 3}—021;73;15 (; p’li, 1.25 gg,v 25V R638 06-11009E53 1.5k
v 0113325 21:35?5:;A86 43pp'Fi'+2i/o 50V 222% 82“11833?17’7 ?22"
. TX OUT C1356 2182450847 1, +5%, 500V -
SYN FDBK COAX CONN SOLDER SIDE ¢} G6CW-1926-0 29.7-50 MHz c13 , #5%, R654 06-11009A32 200
OM VCO P4500 GCW-1930-A C1357 21-13740B26 11 pF, 5%, 50V R655,656 06-11009A40 430
INPUT FR OVERLAY — GCW-1927-0 C1358 21-05157A87 47 PF, +2%, 50V R657 06-11009E03 12
C1359 21-13740B26 11 pF, +5%, 50V R658 06—11009E40 430
C1360,1361 21-13740A71 470 pF, +5%, 50V R660 06-11077B15 47k, 1/8W
C1362 21-13740A31 12 pF, +5%, 50V R670 06-11077B19 68k, 1/8W
C1363 21-13740A40 30 pF, +5%, 50V R700 06-11009C51 1.2k
C1364 21-13740A36 20 pF, +5%, 50V R1301 06-11077805 18k, 1/8W
C1365 21-13741M45 .01 uF, +10%, 50V R1351 06-11009C34 240
C1368 21-1 3740&71 470 pF, +5%, 50V R1352 06-11077809 27Kk, 1/8W
Cee Fomii GRSl moged oo soeraie)
’ 0o B 600 1-8476 owpass filter
c1371 21-84547A13 1 uF, +10%, 50V Ueos 1_sdTeares synihosizer
diode (see note) U603 51-83977M36 phase detector
CR602 48-84404E01 LED U605 51-80073C02 quad switch
CR1300 48-80010E02 pin U606 51-80073C03 quad switch
CR1301 48-80010E02 pin Us08 51-80291B05 reference oscillator
hybrid (see note) crystal (see note)
HY600 01-80739T79 buffer/divider assembly Y1300 91-80160J01 filter crystal
HY601 01-80736T10 phase modulator assembly /25789
HY603 01-80736708 TX injection doubler assembt
HY604 01-80737T91 synthlesizer switch 1 assembl))’/ note: For best performance, order diodes, transistors, and integrated circuit devices by S h . . s .
HY605 01-80737T92 synthesizer switch 2 assembly Motorola part number. chematics, Circuit Board Diagrams, and
connector receptacle Parts Lists for RF Board and Transmitter Mixer
J601,602 09-83445L09 10 contact PW-1684-F
J603,604 09-80001F01 phono jack -
J610-618 29-10134A70 lug connector
J650 09-83730M01 7 contact (Sheet 20t2)

9/29/89



+8.6V

RF OUT +——

RF COAX GND &—

Schematic, Circuit Board Diagrams, and

Parts Lists for the VCO and VCO Carrier

PW-3468-D
4/15/90

+B8.6V
MOD IN

ADAPT PIN SHIFT

(THIS CONNECTION ON THE VCO CARRIER BOARD)

PIN SHIFT 2
+8.6V

<

SOLDER SIDE #: GDW-1924-aA
OVERLAY — GDW-1925-0

vCO

——— PIN SHIFT 1

—— STEERING LINE

PIN SHIFT 2 T-LINE Zo=78.75
1 ci445
7 1000 L1408
1.2
-
% CR1414 +8.6V
[1307 Q1403 1407
1.2 $R1406 M3928 4.7K
Cc1414 $390 ’ < PIN5 PS1
1000 101411
11y 1000
AL c1a48 L cia13 fria0s $R1405 I
1000 T51000 320K 250 =
Q1404
M3926 RG10 L1409
+8.5V > <) v . - R PIN SHIFT 2 T-LINE Zo*54.85
- 0" .
1417
:2?,‘.‘(“ ==$0°0 caﬁn c1J]4{12 Fo=430 MHz L=1.848"
R1409 ¥ CRA415 et l0=.0496 W=33 mils
10K
3 L14810
PING ;
Ps2> ? A
.]_ C1418 1 c1409 4 c1440
I 1000 T 1000 T~ 1000
= MAIN RESONATOR Zo =64 TAP 2 TAP 1
Fo = 130 MHz Lo=.0900A Lo=.0504x Lo=.0482)
W = 58 mils =
TUNING AREA CAPS
1 1 1 1 31 1 3 ] | {
| S R U R U I E R R R A B I B I B
C1405 L1402 +8.6V L1443
+8.6v 100 1.8 ¥ 18
l'( o o N ° ® Faaaal
"'»Z‘o% — 01429033 _l_c14os  R14413 _{_c1423 1420 CHa24
J_c14za R1403} R1404 1 c1a01 I'O“'F 10K I'O“‘F 33 4.7
1000 20K$ 20K 24 4 1 i mn
I CR4411 = = N N
= H— ¢
J_c14ze 1 c1427 €908 | c1404 Q1402 Sioan | ook
15 T2z . Tes cradiz ciae | m3ost e ~—4——» RF OUT
1 - 1 cla25
= Bl LAY % ™45
CR1406 | CR1407 | CR1408 ICR1409 [CR1410 ¢L1403 }SR1402 | C1403 (L4401 | C1429 | C1402
4 4 4 4 4 18 10K T4000 £18 T20 T
L1404  R1449 R1418 | R1447
PIN 2 1.2 10 10 10 .
S.L. Y ==C0114 2! "(1:342‘
€1407 CRi401 ICRI402 1CR1403 LCR1404 LcRi405 R1401 § R4446 Lria1a Lriase TO%F
Iwoo X 3 F 3 3 3 75 2 5.0 1K 3470
= L L 4 GDW-1932-B

NOTES:
1. UNLESS OTHERWISE NOTED, ALL RESISTANCES
ARE MEASURED IN OHMS, ALL CAPACITANCES
IN PICO FARADS, AND ALL INDUCTANCES IN
MICROHENRIES .

2. ALL RESISTORS ARE SCREENED DIRECTLY
UPON THE SUBSTRATE.

VCO CARRIER

s

@
&
&
&
&
&
&

parts list

HLB4086A VCO MXW-1690-C
REFERENCE MOTOROLA
SYMBOL PART NO. DESCRIPTION
capacitor, fixed, pF, +5%, 100V (unless otherwise stated)
C1401 21-11078B23 24
C1402 21-84873H75 7, +£.25 pF, 50V
C1403 21-84873H13 .001 uF
C1404 21-11078B38 68
C1405 21-11078B42 100
C1406 21-13741M45 .01 uF, +10%, 50V
C1407 21-84873H13 .001 uF
C1408 21-11078A21 4.7, +.25 pF
C1409-1413 21-84547A01 .001 uF, +20%, 50V
C1415,1416 21-84547A01 .001 uF, +20%, 50V
C1419 21-13740A13 27,50V
C1420 21-13740B13 3.3, 50V
C1421 21-13741M45 .01 uF, +10%, 50V
C1422 21-13740A29 12, 50V
C1423 21-13741M45 .01 uF, +10%, 50V
Cl1424 21-11078A21 4.7, +.25 pF
C1425 - 21-11078A06 1.5, +.25 pF
C1426 21-11078A06 1.5, +.25 pF
C1427 21-11078A15 2.7, +.25 pF
C1428 21-13741M21 .001 uF, +10%, 50V
C1429 21-13740A36 20, 50V
diode (see note)
CR1401-1411 48-80006E10 varactor
CR1412 48-80236E05 hot carrier
CR1413 48-84622E03 silicon
CR1414,1415 48-84622E02 silicon
connector receptacie
J1400 09-83729M01 7 contact
coil, RF
L1401-1403 24-80140E02 1.8 uH
L1404 24-82723H27 1.2 uH, green
L1405,1406 24-80140E02 1.8 uH
L1407,1408 24-82723H27 1.2 uH, green
L1409,1410 24-80140E02 1.8 uH
L1411 24-80140E06 130 nH
L1412 24-80140E04 65 nH
L1413 24-80140E02 1.8 uH
connector plug
P1400 07-80162D01 formed lead
transistor (see note)
Q1401 48-84939C30 FET, N—channel!
Q1402 48-84939C31 NPN
Q1403,1404 48-84939C26 PNP

12/15/88

note: For best performance, order diodes, transistors, and integrated circuit devices by

Motorola part number.

8.6V
SOLDER SIDE GPW-6278-0
COMPONENT SIDE  #  GPW-6279-0O
OVERLAY — GPW-6280-0O
HLN4813A Internal Casting Hardware MXW-1697-C
REFERENCE MOTOROLA
SYMBOL PART NO. DESCRIPTION
capacitor, fixed, pF, +20%, 250V (unless otherwise stated)
C1463 23-13749079 10 uF, 35V, +10%, tantalum
C1900 21-84874K01 470, feedthru
C1902 21-84874K01 470, feedthru
C1903-1905 21-82812H04 .001 uF, +100, —0%, feedthru
C1906 21-84874K01 470, feedthru
coil, RF
L200,201 76-83960B01 ferrite core
£1400,1401 76-83960B01 ferrite core
connector plug
P204-208 39-82717M01 receptacle contact
P320 15-84301K16 2 contact housing
P1900,1901 09-84135B02 connector
mechanical parts
03-10943M15 tapping screw (3.5 x 0.6 x 8)
03-10943M16 tapping screw (3.5 x 0.6 x 10), 2 used
03-10943M17 tapping screw (3.5 x 0.6 x 13), 2 used

03-10943M10
03-10943M14
03-80132J02
04-83755H01
14-80175M02
14-80191C01
15-84301K03
15~80203H01
15-80204H01
15-83214M01
15-84776M11
15-84817M01
15-84851M0O1
15-80126K01
15-84853M01
15-80125K01
2900005227
32-80131K01
32-80132K01
32-82796H01
32-80207H01
39-82717M01
43-80294H01
43-80294H01
32-80007L01
32-82796H01
3700132562
42-10217A02
42-80194H01
43-80190A04
54-84697B01

tapping screw (3 x 0.5 x 8)
tapping screw (3.5 x 0.6 x 6), 18 used
pan head screw, 6 used

shoulder washer

insulator shield

preamp feedthru plate

5 contact connector housing
injection filter cover

EXTENDER cover

plug cover

plated internal casting

VCO cover

buffer cover

mixer cover

preamp cover

high-IF cover

lug
high—IF gasket

mixer cover gasket
gasket

injection filter gasket
contact receptacle, 2 used
PCB mounting speaker
PCB mounting spacer
transmit mixer gasket
gasket

1/8" heatshrink tubing
nylon tie strap

ground clip

standoff, 4 used

label

4/15/90

note: For best performance, order diodes, transistors, and integrated circuit devices by

Motorola part number.



SUBSTRATE
OVERLAY — GCW-2001-0

PHASE MODULATOR

GCW-2000-0

UNMODULATED__
INPUT ™

9.6V
p
l.__._.__. ____________ 3 4 _ ___.__I
|
| R693 RE94 R696
| 47K 2.2K 6.8K
| J
+C692 RE97

! Regs T 10F 20K
- 20K =
I ] ceor R691
| 75 100pF 3 47K
| Q692 Q693| Q694
| {L )ass4 M3924 M3926 | M3926

RE92 M3924 1 ceo3 +] ce9s
| 4.7K T .00450F | 22uF
|
|
) P [ |

T Te 7 a2
1 MODULATION

PUT

MODULATION
INPUT

GCW-2002-0

EARLY VERSION

SUBSTRATE & GCW-1922-A

OVERLAY — GCW-1923-A

43.2MHZ
INPUT

R
86.4

OUTPUT

RX INJECTION DOUBLER

X
MHZ

OUTPUT

L

L4308
7 TURN

T

€1312 _L C4343
43

L1309 L C1345 £Li30 | 61347
7TURN T 27 7TURN T 30

L1300 _I_ €4300 .l. 4304 R1300 %
0.82 I 0.01uF I O.AuF I 470pF 220
§ L1307 101311
10 I 0.01uF
:‘12301 T e3303 R1301 =
- 18K
Q1300
c1304 c1307 1309 M3931
PIN 2 39 Y4300 7 Ol
432 MHze {¢ -6 € )
INPUT 11 by
1c1306 §L1303 £L1304 £LA305 L R1303
? T2z 1.2 275nH £ 7 TURN $2.2¢ 160
L1302 _L c1305 C4308 $R1302 %
15 1.8 39 4.7k
PIN 1 ! S -
R1307
1K =
NOTES:

1. UNLESS OTHERWISE INDICATED, ALL RESISTANCES
ARE MEASURED IN OHMS, ALL INDUCTANCE iN MICRO-
HENRIES, AND ALL CAPACITANCES IN PiCOFARADS

2. ALL COMPONENTS MARKED WITH AN (%) ARE
SCREENED DIRECTLY ON THE SUBSTRATE.

PIN 26
KEYED 9.4V

L1344
10
—'"'\—l——v PIN 49-KS 4V
c1320
0.04uF
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iy
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L
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&
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43.2 MHZ
INPUT

PIN 8
REG 9.6V
3
L1300 J_ €300 J_ C4301 l c1302 RA300 3
0.82 I 0.01uF I 0.4uF I 470pF 220 TUNING CAPS
: s -t
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L1307
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NOTES:
1. UNLESS OTHERWISE INDICATED, ALL RESISTANCES C1319 =
ARE MEASURED IN OHMS, ALL INDUCTANCE IN MICRO- 8.2 PIN 21
HENRIES, AND ALL CAPACITANCES IN PICOFARADS " 10 ’x 2nd MixeR
2. ALL COMPONENTS MARKED WITH AN (%) ARE c1318 ¥ CR1300
SCREENED DIRECTLY ON THE SUBSTRATE. 0OMF | R1304 *
o 33K
LY J_
CR1301 & =
L4342 | C4322  R4305 %
PiN2e, o MO | OGWF 470 54
KEYED 9.4V 1€ TO TX. INJ. DOUBLER
c4324 R4306 *
0.01uF 390

"

= GCW-5820-0

DIVIDER/BUFFER

SUBSTRATE { GCW-1997-0

OVERLAY -— GCW-1998-0

—» QUTPUT

6CW-1999-0

Schematics and Circuit Board Diagrams

for Synthesizer Hybrids
PW-3469-C

(Sheet 1 of 2)
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UNLESS OTHERWISE SPECIFIED, ALL RESISTANCES ARE
MEASURED IN OHMS, ALL INDUCTANCES IN MICROHENRIES,
AND ALL CAPACITANCES IN PICOFARADS.

Schematics and Circuit Board Diagrams

for Synthesizer Hybrids
PW-3469-C

(Sheet 2 of 2)
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@ MOTOROLA

Receiver and Extender

%

1. Receiver
1.1 DESCRIPTION

The low band SYNTOR X radio has a dual conversion re-
ceiver with intermediate frequencies of 75.7 MHz and 10.7
MHz:z. The cascade of PA lowpass harmonic filter, antenna
switch, and receive high—pass filter is wide enough to accom-
modate all frequencies in the receive bandwidth without tun-
ing. However, the high IF board does get three tuning adjust-
ments at the factory. Because proper tuning of these
adjustments is critical for Extender and IF operation, field
tuning of the high IF filter is not recommended. The receiver
circuits are in the RF internal casting and on the PA board, the
RF board, the Personality board, and the Common Circuits
board.

1.2 THEORY OF OPERATION
1.2.1 Front End and High IF

The low band preselector is a cascade of two filters sepa-
rated by the antenna switch. The receive signal goes first toa
lowpass filter with a cutoff frequency of approximately 54
MHez. (This filter also serves as the transmitter harmonic fil-
ter.) If the radio is in the receive mode, the antenna switch
passes the receive signal and applies it to the high—pass por-
tion of the preselector, a seventh—order elliptical filter with a
cutoff frequency of approximately 29 MHz. The signal then
goes to a standard NPN BJT preamplifier in a common emit-
ter configuration.

The signal leaving the preamp goes to the Extender
front—end board, where it divides into two parts. One goes to
the Extender and the other to the RX first mixer. The synthe-
sizer injection output of 105.4-125.7 MHz also goes to the
first mixer via a three—pole injection filter. The first mixer is a
double-balanced diode design that uses an up—conversion
scheme to generate the 75.7 MHz first IF.

The 75.7 MHz IF signal leaving the first mixer goes to
the high IF board, where it goes through the first IF amplifier,
an NPN BJT operating in a common-emitter configuration.
The amplified output signal goes on to a tunable three—pole
bandpass filter with a 4 MHz bandwidth and then to a surface

acoustical wave (SAW) filter. The SAW device gives the ra-
dio IF selectivity, and also generates a 2.5 microsecond delay
that gives the Extender circuitry time to shut off the blanker
switches if noise pulses are present.

The 75.7 MHz IF signal leaving the high-IF board and
RF internal casting goes to the RF board and the second
mixer. The third harmonic of the frequency synthesizer’s
14.4 MHz reference oscillator is picked off and applied to the
RX doubler hybrid, which generates the injection frequency
of 86.4 MHz for the second mixer. The second mixer, a JFET
device in a common-gate configuration, uses these two input
signals (86.4 MHz and 75.7 MHz) to produce the second in-
termediate frequency, 10.7 MHz.

1.2.2 Second IF

The second IF circuitry uses several stages of filtering
and amplification, performing selective IF filtering with
dual-resonator, mode—coupled monolithic crystals cut to a
fundamental frequency of 10.7 MHz. This circuitry requires
no tuning.

The second mixer’s output goes to two blanking
switches (Q203 and Q204) which, in conjunction with the
Extender circuitry, shunt ignition noise in the IF to ground.
Following the blanking switches are a two—pole crystal filter
(Y250) and the first 10.7 MHz IF amplifier (Q250), a FET
device used in a common gate configuration. The output of
the first 10.7 MHz IF amplifier goes to an additional four
poles of crystal filtering (Y251 and Y252). At this point in the
IF, the receive signal strength is monitored by the circuitry on
the AGC hybrid (HY200) and used to control the Extender’s
noise blanking circuitry. Also following Y251 and Y252 is
the high—gain (approximately 50 dB) second 10.7 MHz IF
amplifier (U250), the output of which goes to the final four
poles of crystal filtering (Y253 and Y254) and then to the
limiter/detector (U251).

1.2.3 DC Supply Hybrids

The receive switch hybrid (HY201) is supplied with
switched B+ (13.6V), regulated 9.6V, and keyed 9.4V from
the personality board. Using these voltages, the circuitry on
the hybrid generates: (1) switched filtered B+ to be used on
the front—end bias hybrid, the first 10.7 MHz IF amplifier,

W10001523-F
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and the second mixer; and (2) not keyed 9.4V (RX 9.4) tobe
used on the Extender back end and Extender frontend, and on
the TX mixer. The front—end bias hybrid (HY 160), which re-
ceives switched filtered B+ from the RX switch hybrid,
serves as a current source for the 75.7 MHz IF amplifier and
the preamplifier.

1.2.4 Limiter/Detector

The limiter/detector (U251) generates a limiting func-
tion. It also has a quadrature detector which, with an external
two—pole dual-resonator crystal, recovers the audio from the
second IF signal. The recovered audio then passes through an
emitter—follower buffer (Q250) and goes to the audio stages
on the personality board (via the personality board and the
control head). The detector buffer supplies approximately
650 millivolts RMS to the control head. No tuning is required
in the detector circuitry.

1.3 RECEIVER TROUBLESHOOTING

If the receiver does not receive any signal, check power
supplies 9.6V, 5.0V, A+, RX 9.4, and switched filtered A+.
Check the audio power out (15 watts with no input signal),
and check for proper injection frequencies at the first and sec-
ond mixers. Also, determine the injection level at the first
mixer by measuring the resistance across R153. Use an ohm-
meter probe with a 10—~uH choke in series with the + lead. A
resistance of less than 10 ohms (in the receive mode) indi-
cates adequate injection power. Determine the injection level
in the second mixer by measuring the DC voltage at the
source of Q202. A voltage reading of 3.5-4.0V indicates a
proper injection level. A reading of approximately 2.5V indi-
cates no injection signal is present. The receiver sensitivity
(12 dB SINAD) can be measured at several points to help iso-
late a receiver malfunction.

If the sensitivity has degraded by 20 to 40 dB, one of the
first RF stages is probably defective. Check the bias to the
preamp by unplugging P300 and measuring the current from
J300 center conductor to ground. It should be 30 to 38 mA.
This indicates that the biasing circuitry is working correctly.
If the DC voltages do not agree with the schematic, the prob-
lem is with the preamp.

Measure the sensitivity at J300 through an attenuator
(preferably 10 dB) to insure a DC path from J300 to ground.
The sensitivity should be better than —103 dBm (1.5 uV).
Measure sensitivity at the high—IF in put by removing the
lead from the first mixer, and soldering in a coax at this point.
The sensitivity should be better than —119 dBm (.25 uV). To
measure sensitivity at the RF board, remove the coax that
comes out of the internal casting and goes to the RF board.
Insert the resistor network shown below. The sensitivity
should be better than —~110 dBm (1.2 uVr).

COAX TO 33 ohm
SIGNAL T0
GENERALTOR RF BOARD
33 ohm
GPW-2185-A

When the problem is isolated to a circuit board, restore
the receiver’s normal wiring configuration. See the voltages
listed on the schematic to find what component is defective.
Test the blanker switches by first unplugging J200. The sensi-
tivity should be unchanged. Now, short J200-1t0 9.6V, If the
sensitivity degrades by 55 to 60 dB, the blanker switches are
operating properly.

2. Extender
2.1 DESCRIPTION

The Extender receives, detects, and blanks wide band
noise pulses from ignition systems and other man-made
sources. It can be tuned through the entire receive bandwidth
(29.7-50 MHz) in two ranges.

Extender circuits are in the RF internal casting (Extender
front—end and back—end boards and the SAW filter on the
high IF board) and on the RF board (blanking switches Q203
and Q204 and the Extender AGC hybrid HY200).

2.2 THEORY OF OPERATION
2.2.1 RF and Detector Circuitry

The Extender front—end board splits the receive input
signal into two equal signals. One signal goes to the first re-
ceive mixer and the other goes to the three—pole bandpass fil-
ter on the Extender front end. The three—pole filter, which
limits the input signal, is tunable (L300, L301, L302) over the
entire receive bandwidth in two ranges. (The first range, 29.7
to 40 MHz, requires chip resistors R300, R301, and R302 to
be in place. The second range, 39.0 to 50 MHz, requires the
same chip resistors to be removed.) The division of the
Extender into two ranges and the proper selection of tuning
coil polarity have made it possible to maintain a constant
Extender front—end bandwidth of approximately one MHz
over the Extender’s entire bandwidth.

The signal leaving the bandpass filter goes to the first
Extender RF amplifier (Q300), an NPN BJT device in acom-
mon-base configuration. At this point, the signal leaves the
Extender front—end board and goes via a small coax to the
high-gain (approximately 50 dB) second RF amplifier
(U318) on the Extender back—end board. The gain of this am-
plifier is controlled by the Extender AGC hybrid (HY200) on
the RF board, which greatly reduces this gain when it senses
relatively high RF levels in the second IF.

When it leaves the second RF amplifier, the signal goes
to a one—pole capacitively—tuned resonant circuit. (To tune
the Extender, insert the tuning tool through the hole in the




internal casting and the hole in the RF board and adjust C321.
These holes are aligned, so that you need not remove the in-
ternal casting to make this adjustment.) The output of the
resonant circuit goes to a balanced AM detector that detects
noise pulses. The output of the detector is monitored via the
Extender test point (P201—4) that is used in conjunction with
L300, L301, L302, and C321 to tune the Extender channel.
Q330 follows the Extender detector and serves as an imped-
ance buffer between the detector and the pulse shaping cir-
cuitry.

2.2.2 Pulse—Shaping Circuitry

The pulse—shaping section has circuits that generate, am-
plify, shape, and filter pulses, and limit the maximum pulse
rate. When the detector circuitry detects a pulse greater than
approximately 0.65 volt in amplitude and 1.5 microseconds
in period, the detector buffer, Q330, applies a pulse to ampli-
fier Q331, an NPN BIT device ina common-emitter configu-
ration. Q331 drives a retriggerable monostable multivibrator.
The multivibrator sends a rectangular pulse to transistor
Q350, which acts as an integrator to convert it to a triangular
pulse with its time constants governed by R350, R351, and
C351. This triangular output goes to transistor Q360. Q360 is
biased near saturation so that when the output of the preced-
ing integrator circuit begins to go negative, the leading edge
of the trapezoidal blanker pulse follows immediately. Q360
(collector) continues to rise until it reaches cutoff, effectively
clipping the triangular drive waveform and turning it into a
trapezoidal waveform. This waveform goes through a one
MHz cutoff lowpass filter (R363 and C361) that removes ex-
cessive noise, and then to the blanker switches.

The pulse—shaping circuitry of the Extender also in-
cludes a Schmitt trigger formed by Q370 and Q371. It senses
the duty cycle of the monostable multivibrator, and disables
the integrator at pulse rates greater than 110kHz. The monos-
table multivibrator continues to run, and when the pulse rate
drops to below 110 kHz, the integrator is again enabled.

2.2.3 Programming

The low band SYNTOR X Extender can be programmed
on or off for any mode, because the CO receive frequency bit
in the EEPROM has been defined as the Extender ON/OFF
bit. (The low band radio does not use a prescaler, and that
leaves CO available for this purpose.) The divider latches
“CO0” to Q241 (RF board) for Extender ONJOFF control,
rather than to the prescaler.

2.3 TROUBLESHOOTING

2.3.1 General

If the radio has problems that could originate in the
Extender, first measure receiver sensitivity and distortion.
Correct any receiver problems before troubleshooting the
Extender. When testing the Extender in the shop, add pulses
from the Pulse Generator resembling the one shown below,
with the selected carrier.

A ey

I-—UZA—O

l-— AMPLITUDE

10 nSEC
PULSE REPETITION FREQ = 10KHz

GPW-2184-A

You can switch off the Extender (for comparison) (a)
from the control head if the EEPROM is so programmed, (b)
by forcing the AGC voltage to 9.5V, or (c) by disconnecting
J200 from the RF board.

2.3.2 Troubleshooting Diagram

Use the troubleshooting diagram at the end of this sec-
tion for identifying and correcting faults in the Extender.

2.3.3 Troubleshooting the Extender AGC

(1) Check receiver performance. Low gain or oscillation
affects AGC operation.

(2) Disconnect J201 (5-pin molex connector to internal
casting), isolating the AGC circuit on RF board from the
Extender back—end board.

(3) Measure the AGC voltage at pin 3 (red wire) with:

a. Extender “OFF,” no on—channel signal, VAGC
should be approximately 9V (Ve Q241 = 9V).

b. Extender “ON,” vary the on—channel signal level
and verify performance per the graph below (V¢
Q241 = 0.2V).

vasc (V)
3.7

l
-70 —40
ON— CHANNEL SIGNAL (dBm)
GPW-2183-A

If the above is not the case, check DC inputs to the AGC
amplifier hybrid on the RF board (HY 200). Troubleshoot or
replace the hybrid if the problem still persists.




2.3.4 Troubleshooting the Extender RF Circuits

When troubleshooting an Extender sensitivity problem
(after checking receive performance, AGC voltage, supply
voltages, and detector biasing), it may be necessary to RF
troubleshoot the Extender. The first step is to isolate the prob-
lem to the correct board. The impedance at the front-end/
back—end interface is approximately 400 ohms. For ease of
measurement, use the following procedure, which tests the
Extender front—end board with a 50—ohm load.

(1) Lift the center conductor of the coax from the back—end
board.

(2) Connect the signal generator to the phono connector
where the preamp/high—pass—filter board was previ-
ously connected.

1ufF

0
- I¢
96V - €

10uH -

2200 pF
COAX FROM | COAX TO
Extender = |6——> spPECTRUM
FRONT-END ANALYZER
BOARD (50 ohm 2)
GPW-2181-A

(3) Set the frequency of the generator to the Extender
tune—up frequency.

(4) Set the generator level to —30 dBm.

(5) Check that the level is approximately —33 dBm at 30-40
MHz and —-35 dBm at 50 MHz.

2.3.5 Checking the Extender Front—End Board

To check the Extender front—end board separately:

(1) Supply 9.6V to the input, ground the AGC input, and
connect the following network to the input of the
Extender back—end board.

COAX TO €80 ohm
SIGNAL AN » COAX TO
GENERALTOR Extender
BACK—END
BOARD
51 ohm I 5pF

GPW-2182-A

(2) Tune the signal generator to the center frequency of the
Extender, as determined by peaking the meter—out
voltage.

(3) With the signal generator set for —25 dBm, 100% AM,
and 1 kHz modulation frequency, check that the
Extender puts out a pulse that is somewhat longer than
shown on the schematic.

When troubleshooting the front-end board, check for
tuning slugs out of place, possibly indicating a bad capacitor
or shorted coil. Check the R—pad resistors with an ohmmeter.
When changing L300, L301, or L302, be sure the coils are
properly oriented. (See schematic for details.)

2.3.6 Checking the Extender Back—End Board

When troubleshooting the back—end board, watch for
shorted/open chip inductors. A defective L316 can make
front—end board gain appear low. L321 and L322 feed DC to
the gain block and partially resonate C321. DC voltage meas-
urements cannot identify a single defective coil. If ahigh—im-
pedance probe is available, balance can be checked at the
Junction of L321, L322, and R324. The RF level should be
near zero because of symmetry (compared to pins 5 and 6 of
U315). Balance can also be degraded by defective U315,
C321, or C322, or a defective detector circuit (Q320 and

Q321).
2.3.7 Troubleshooting the Rate Shut—Off Circuitry

This circuit consists of a rectifier and integrator that gen-
erate a DC level proportional to the pulse repetition fre-
quency (CR370, R370, R371, and C370), a Schmitt trigger
(Q370 and Q371), and a buffer amplifier (Q372).

Rate shut—off can be measured with a pulse of any ampli-
tude that triggers the Extender. When the repetition
frequency approaches 120 kHz, Q370 should snap “ON” and
Q371 should snap “OFF,” switching Q372 “ON.” Note that a
shorted or permanently “ON” Q372 causes all Extender
operation to cease. An open Q372 causes rate shut—off opera-
tion to cease.

Measurement of DC voltages should identify defective
components in this circuit. (See schematic.)
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EXTENDER WORKS ON 5mV
PULSES BUT NOT ON 200mV

PULSES.
START

CHECK
WAVEFORM AT J200. (SEE
DETAIL 2.)

CHECK MONOSTABLE (Q340,
Q341, C340).

MONOSTABLE
OK?

TROUBLESHOOT
MONOSTABLE.

NOTE: PROPER TUNING OF
THE 75.7 MHz [F IS IMPOR-
TANT FOR CORRECT EX-
TENDER OPERATION. MIS-
TUNING SAW INPUT AGGRA-
VATES SPURIOUS RESPONSES
THAT MAY NOT BE ATTENUAT-
ED BY BLANKER SWITCHES.
SEE RECEIVER SECTION FOR
PROPER IF TUNING PRO-
CEDURE, WHICH IS REQUIRED
ONLY AFTER IF BOARD
REPAIR.

PULSE WIDTH
CORRECT?

SHAPE
CORRECT?

CHECK OUTPUT
AMPLIFIER/PULSE SHAPE
(Q350, Q360).

A

CHECK BLANKER SWITCH

MEASURING RECEIVE
SENSITIVITY WITH VOLTAGE
AT J200 TIED TO 9.6V,
RECEIVE SENSITIVITY
DEGRADATION SHOULD BE

ATTENUATION BY

> 60 dB.

BLANKER
SWITCH
ATTENUATION
OK?

SEE NOTE.

Q350, Q360,
OK?

REPLACE
AULTY
COMPONENTS

TROUBLESHOOT
BLANKER SWITCH
NETWORK ON RF BOARD
(L2186, L217, C224, C230,
Q203, Q204, R211, AND
R214).

GCW-2187-0

SHORT
AGC
LINE.

YES

TROUBLESHOOT
AGC CIRCUIT.
(SEE NOTE 2.)

EXTENDER “‘ON?"
(SEE NOTE 1.)

YES

REPLACE
Q241.

YES

GO TO TROUBLE=~
SHOOTING DIAGRAM
FOR “EXTENDER WCRKS
ONLY FOR SMALL,
PULSES.”

CHECK VOLTAGE, @241
BASE (RF BOARD).

CHECK VOLTAGE, Q241
COLLECTOR.

EXTENDER DOES
NOT WORK OR
WORKS WITH 200mV
PULSES, BUT NOT WITH
5mV PULSES.

START

AP

APPLY PULSE,
AMPLITUDE =

10 mv,
(SEE DETAIL 1.)

I

CHECK WAVEFORM AT
J4200-1.

1S
WAVEFORM
PRESENT?

IS
WAVEFORM LIKE DETAIL
2?

YES

REPLACE DEFECTIVE
FEED COMPONENT,
TRANSISTOR, OR IC.

CHECK AGC LINE AT
INTERFACE BETWEEN
INTERNAL CASTING AND
BACK-END BOARD.

CHICK DETECTOR BIASING
(Q22-R326) AND CHIP INDUC-
TOR L323. BOTH DETECTOR
TRANSISTORS SHOULD BE
SLIGHTLY “ON.” V ACROSS
€324 AND C325 SHOULD BE ~
50 mv.

CORRECT ANY BAD CON-
NECTIONS.

REPLACE ANY FAULTY COM-
PONENTS.

Vage = 4.3v?

YES

TROUBLESHOOT
RF GAIN IN EXTENDER
CHANNEL.

CHECK DC VOLTAGE AT
9.6V FEEDTHRU TO
BACK-END BOARD, AT
INTERFACE BETWEEN
FRONT-END AND BACK-
END BOARDS, AND
U316-5, 6, AND 7.

VOLTAGES > 8V?

CHECK EXTENDER TEST
POINT VOLTAGE WITH
NO RF OR PULSE INPUT.

YES

CHECK WAVEFORMS AT
Q330 BASE, Q331 (PULSE
AMPLIFIER) COLLECTOR.

TROUBLESHOOT PULSE
AMPLIFIER.

NO " WAVEFORMS OK? (SEE

ARE

SCHEMATIC.)

CHECK WAVEFORMS IN
MONOSTABLE (Q340 AND
Q341).

TROUBLESHOOT
MONOSTABLE.

TUNE EXTENDER. WATCH
FOR ABNORMAL SLUG
POSITION. BE SURE
EXTENDER FRONT-END
BOARD IS IN CORRECT
RANGE. LOOK FOR BROKEN
OR BADLY CONNECTED CHIP
CAPACITORS ON FRONT-END
BOARD, AND BE SURE
COVER IS NOT SHORTING
COMPONENTS ON FRONT-
END BOARD.

|

APPLY SINUSOIDAL -85
dBm SIGNAL AT TUNEUP
FREQUENCY TO FRONT-
PANEL CONNECTOR.
MEASURE VOLTAGE AT
EXTENDER TEST POINT.

DOES
TEST POINT
VOLTAGE RISE
ABOVE QUIESCENT
VALUE?

APPLY 10-mV PULSES
(DETAIL 1) AT FRONT-PANEL
CONNECTOR.

NOTES!

ARE
WAVEFORMS OK? (SEE
SCHEMATIC.)

CHECK WAVEFORMS IN
OUTPUT AMPLIFIER
PULSE SHAPER (Q350,
Q360). CHECK RATE
CUTOFF CIRCUITRY.
TROUBLESHOOT AS
NECESSARY.

1. EEPROM CAN PROGRAM EXTENDER
OFF OR ON FOR EACH MODE.
2.UPON COMPLETION, UNSHORT AGC

AND CHECK IT.

GEW-2186-0
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parts list

HLB4109A RF Board (Receiver Section) MXW-4100-B MXW-4100-B (2)
REFERENCE MOTOROLA REFERENCE MOTOROLA
SYMBOL PART NO. DESCRIPTION SYMBOL PART NO. DESCRIPTION
capacitor, fixed, pF, +5%, 50V (unless otherwise stated) Q291 48-05148G48 NPN, Darlington
C219 21-11014H40 43, 100V Q292 48-80182036 PNP
C220 21-11014H46 75, 100V Q381,382 48-84939C31 NPN
Ce21 08-11051A07 01 uF, 63V resistor, fixed, ohm, +5%, 1/4 watt (unless otherwise stated)
ca22 21-11014H18 5.1, +.5 pF, 100V

R206 06-11009A37 330
ca23 08-11051A07 .01 uF, 63V

R207 06—11009A43 560
C224 21-83406D3%4 9, +.5 pF, 500V

R208 06—11009A61 3.3k
C225 08-11051A01 .001 uF, 63V

R209-211 06—-11009A73 10k
C226 08-11051A07 .01 uF, 63V

R213 06—11009A73 10k
ca227 21-11014H19 5.6, +.5 pF, 100V

R214 06-11009A97 100k
c228 08-11051A07 .01 uF, 63V

R216 06-11009F05 200k
C230 21-11014H23 8.2, +5pF, 100V

R250 06—11009A31 180
C250 21-11014H21 6.8, +.5 pF, 100V

R251 06—11009A52 1.3k
C251 21-11014H25 10, +.5 pF, 100V

R252 06—11009A45 680
Ca52 08-11051A07 .01 uF, 63V

R253,254 06—-11009A85 33k
G253 21-11014H30 16, 100V

R255 06-11009A49 1k
C255,256 08-11051A07 .01 uF, 63V

R256,256 06—11009A81 22k
C258 21-11014H17 4.7, +.25 pF, 100V

R258 06-11009A49 1K
C259 21-11014H22 7.5, +.5 pF, 100V

R259 06-11009A89 47k
C260 21-00842041 .36, 500V

R260 06—11009A66 5.1k
c262 21-82450B48 .75, 500V

R261 06-11009A73 10k
C263 21-84493B35 19, 500V

R262 06-11009A63 3.9k
C264 21-11014H17 4.7, +.25 pF, 100V

R263 06—11009E79 18k
C265-267 08-11051A07 .01 uF, 63V

R264 06—11009A49 1k
Cc268 08-11051A13 .1 uF, 63V

R266 06-11009A49 1k
C269 08-11051A07 .01 uF, 83V

R267 06-1100SA73 10k
270 21-11014H41 47, 100v R386 06-11077A36 27, 1/8W
c271 21-11014H37 33, 100V ’
ca7z 21-82450B48 .75, 500V transformer
Ca74 21-11014H09 2.2, +.25 pF, 100V TP200 29-10134A70 lug connector
ca75 21-11014H33 22, 100V ) o
C276 21-11014H40 43, 100V integrated circuit (see note)
ca77 21-11014H36 30, 100V U250 51-83977M55 amplifier
C278-283 08-11051A07 .01 uF, 63V U251 51-80069C05 quad detector
C284 21-11014H28 13, 100V crystal (see note)
Cc285 21-11014H40 43, 100V

Y250 91-80011E04 10 MHz
c286 21-11014H20 62, +5pF, 100V Y251-255 91-80011E05 10 MHz
C287-289 08-11051A07 .01 uF, 63V
C290 21-13741C17 .001 uF, +10% 1/10/89
€290 21-11015B09 470, £10%, 100V note: For best performance, order diodes, transistors, and integrated circuit devices by
C291 23-84677D13 10 uF, £10%, 35V, tantalum Motorola part number.
C291 21-11015B09 470, +10%, 100V
C292 08-11051AQ7 .01 uF, 63V
C293 21-82450B39 .91, 500V
C294 08-11051A07 .01 uF, 83V
C285 21-11014H41 47, 100V
C296 21-11014H42 51, 100V
C381 21-84547A22 470, +10%, 25V
C382 21-13740A55 12
€383 21-84547A22 470, +10%, 25V
C384 21-13741M45 .01 uF, +10%
C386 21-13741C17 .001 uF, +10%
387,388 21-84547A22 470, +10%, 25V
diode (see note)
CR225 48-83654H01 silicon
CR230 48-05129M12 silicon rectifier
CR291 48-82958R01 0.5 Watt, 2.4 V
CR292 48-84939C29 selecon rectifier
CR331 48-84939C35 hot carrier
CR382 48-84939C35 hot carrier
hybrid (see note)
HY200 01-80736T09 Extender hybrid
HY201 01-80737T82 RX swich hybrid
connector receptacle
J200 28-84324M01 2 contact
J201 28-84324M03 connector
J210-220 29-10134A70 lug connector
jumper
Ju200 06-11009B23 0 ohm
coil, RF
L208 24-11030D03 yeliow
L209 24-82723H11 .2 uH, brown brown
L211 24-82723H11 .2 uH, brown brown
L215 24-80138G05 10 uH. +5%
L216 24-83397L07 10 uH blue blue
L217 24-83397L08 15 uH gray gray
1250 24-83397L08 15 uH gray gray
L251 24-82723H19 2.6 uH, red gold blue
L252 24-833971.08 15 uH, gray gray
L253 24-80138G05 10 uH, +5%
L254 01-80725T04 assembly
1255 76-83960B01 ferrite core
L256 24-83397L08 15 uH, gray gray
1257 24-83397L07 10 uH, blue blue
L258,259 24-80138G05 10 uH, +5%
L260 24-83397L07 10 uH, blue blue
L261 24-83397L08 15 uH, gray gray
L262 01-80746T71 choke & sleeve assembly
L263,264 24-82549D24 15 uH
1265 24-80138G05 10 uH, +5%
L290 24-80140E16 10,uK
transistor (see note)
Q202-204 48-00869839 N—channel
Q241 48-00869642 NPN
Q250 48-00869839 FET, N—hannel
Q251 48-00869643 PNP
Q290 48-84939C24 NPN

RF BOARD

SHOWN FROM COMPONENT SIDE

TOTX
MIXER

FROM VCO
BUFFER

SOLDER SIDE GW-1687-A
COMPONENT SIDE GW-1688-A
OVERLAY == GW-1689-B

NOTE:

COAXIAL CABLE (NOT SHOWN) CONNECTS THE

FOLLOWING POINTS:

A1 TO A2: SYNTHESIZER FEEDBACK
B1 TO B2: SECOND MIXER INJECTION

&) PLATING CUT ON SOLDER SIDE

Schematic, Circuit Board Diagram, and
Parts List for RF Board

PW-1692-F
{Sheet 2 of 2)
9/29/89



HFB4000A arts list HFB4000B arts li
HIGH-PASS FILTER/PREAMP £B4000A High Pass Filter/Preamp Board MXW-1960-B HIGH-PASS FILTER/PREAMP E:Bmo:asniglhlist Filter/Preamp Board MXW-6238-O

REFERENCE MOTOROLA
DESCRIPTION REFERENCE MOTOROLA
SYMBOL PART NO. SC 0 SYMBOL PART NO. DESCRIPTION
capacitor, fixed, pF, +5%, 50V (unless otherwise stated) capacitor, fixed, pF, +5%, 50V (unless otherwise stated)
C100 21-11031A47 220 C100 21-11031A47 220
Cc101 21-11031A58 620 c101 21-11031A58 620
T SIDE VIEW e ARTITR
- s £2% Cc103 21-11031H22 82, +2%
COMPONEN INPUT FROM PA C104 21-11031A35 68 COMPONENT SIDE VIEW INPUT FROM PA c104 21-11031A35 68 °
C105 21-11031A41 120 C105 21-11031A41 120
C106 21-11031A47 220 C106 21-11031A47 220
C107 21-11032B07 .01 uF, +80, -20% Cc107 21-11032B07 .01 uF, +80, -20%
C108 21-11031A23 22 c108 21-11031A23 22
C109,110 21-11031813 -1 uF, +80, —20% C109,110 21-11031B13 .1 uF, +80, —20%
diode (see note) ) diode (see note)
CR101 48-80012E0t hot carrier CR101-103 48-80012E01 hot carrier
coil coil
L100 24-84411B02 14.5 turns, ygllow L100 24-84411B02 14.5 turns, yeliow
1101,102 24-84411B08 17.5 turns, violet , ‘ i e . . . : L101,102 24-84411B08 17.5 turns, violet
Lt103 24-82723H36 .41 uH, yellow g L103 24-82723H36 .41 uH, yellow
connector plug connector plug
SOLDER Sl w- -
SOLDER SIDE <. GCW-1946-0 TO INTERNAL CASTING P100 28-82331GO1 phono SIDE GCW-1916-0 TO INTERNAL CASTING P100 28-82331G01 phono
. COMPONENT. SIDE :# GCW-1947-0
COMPONENT. SIDE GCW-1917-0 transistor (see note) ’ transistor (see note)
OVERLAY — GCW-1919-0 Q100 48-80182D39 NPN, type M8239 OVERLAY — GCW-1919-0 Q100 48-80182D39 NPN, type M8239
resistor, fixed, ohm, +5%, 1/8W (unless otherwise stated) resistor, fixed, ohm, +5%, 1/8W (uniess otherwise stated)
R100 06—11024A66 5.1k R100 06-11024A66 5.1k
R101-103 06—-11024A05 15 R101-103 06-11024A05 15
R104 06-11024A55 1.8k R104 06-11024A55 1.8k
voltage regulator voltage regulator
VR100 48-80007E01 zener 5.1V VR100 48-80007E01 zener 5.1V
SOLDER SIDE VIEW 1125/89 1725189
note: For best performance, order diodes, transistors, and integrated circuit devices by SOLDER S'DE V|Ew note: For best performance, order diodes, transistors, and integrated circuit devices by
Motorola part number. Motorola part number.
SOLDER SIDE .~ GCW-1916-C SOLDER SIDE GCW-1946-0
COMPONENT SIDE GCW-1917-0 COMPONENT SIDE GCW-1917-0
OVERLAY — GCW-1918-O OVERLAY — GCW-1918-4
€107
O4uF
c107 ’ ]
O4uF ]
1L
N CR100
5.v 6.3V ::S:H TO
CR100 L103 —pf—e— INTERNAL
5.4v 410nH i c108 CASTING
6.3V n To - 2 2pF
S INTERNAL IR104 T2?
c108 CASTING INPUT C100 c102 c104 €106 T 4.8k L
$r10a I FroM PA 220er oM | % T | (/) Q400
INPUT €100 c102 Cloa  ctoe 3 1.8k = 29»7‘500"(‘)';1 < - 1t it o M8239
FROM PA 220pF  100pF  68p P Q100 CRIOZ,CRI . R100 €101 103 c105 4
297-50 O MHz ¢ it l {¢ _L i€ J_ als oV M82393 CRI024 YCRIO3 2 5.1k 620pF T~ B29F 120pF § CR101 c110
Ny i AuF
CRI02,CRIO3 R100 c101 c103 €105 4 L100 L104 L4102 < R101 .25 V ]",
5.1K 620pF 82pF 120pF F CR101 c11 19 265nH 490NH  { 490nH 7 15 1€ _I_
tu
L100 £ L104 L102  $R101 | .25V by: M 1 L 1 L L R102  SRi03 ,J, L
265nH 490nH ¢ 490nH 315 lj A l 15 15 €109
L = = = —.\_.— R102 R103 = 1 1 AuF
= 15 15 c109 = = 1€
AuF GCW - 1938 -A
= — 1L

GCW-1938_C

Schematics, Circuit Board Diagrams, and

Parts Lists for HFB4000A/B High Pass Filter Preamp
PW-3471-A

1/25/89









parts list

HLB4091B Extender Back End

REFERENCE
SYMBOL

MOTOROLA
PART NO.

DESCRIPTION

capacitor, fixed, pF, 5%, 50V (unless otherwise stated)

C315-319 21-11032B07 .01 uF, +80, -20%
c321 20-82399D07 15-60 pF, 200V, variable
C322,323 21-13740B33 22

C324,325 23-11049A08 1 uF, +10%, 35V, tantalum
C326 21-11032B07 .01 uF, +80, ~20%
c327 21-13740B29 15

C328 21-13740B49 100

C329 21-11032B07 .01 uF, +80, ~20%
C330 21-13740B42 51

C331 21-11032B07 .01 uF, +80, ~20%
C332 23-11049A08 1 uF, +10%, 35V, tantalum
C340 21-13740B61 330

C351 21-13740B65 470

€360 23-11049A08 1 uF, +10%, 35V, tantalum
C361 21-13740B47 82

C361 23-11049A08 1 uF, +10%, 20V, tantaium
C370 21-11032B13 .1 uF, +80, —20%
C372 23-11049A08 1 uF, +10% 35V, tantalum
diode (see note)

CR330 48-05129M40 step recovery
CR340-342 48-80154K04 schottky

CR344 48-80154K04 schottky
CR350,351 48-80154K04 schottky

CR360 48-82256C26 3.3V, zener
CR370 48-05129M40 step recovery
jumper

Ju320 06-11009B23 0 ohm

coil, RF

L3156 24-80140E01 1.2 uH

L320 24-84411B08 500 nH

L321,322 24-80140E02 1.8 uH

L323 24-80140E16 10 uH

L370 24-82549D27 470 uH

transistor (see note)

Q320-322 48-80141L01 PNP

Q330,331 48-80141L02 NPN

Q340,341 48-80141L01 PNP

Q350 48-80141L01 PNP

Q360 48-80141L02 NPN

Q370-372 48-80141L02 NPN

resistor, fixed, ohm, +5%, 1/8 watt (unless otherwise stated)
R315 06-11077A66 470

R316 06—-11077A36 27

R317 06-11077A26 10

R318 06-11077A96 8.2k

R320,321 06-11077A96 8.2k

R322 06-11077A42 47

R322,323 06-11077A60 270

R324 06-11077A43 51

R325 06-11077A96 8.2k

R326 06—11077A30 4.7k

R327 06-11077B15 47k

R330 06-11077B33 270k

R331 06-11077811 33k

R333 06-11077A74 1k

R334 06-11077A86 3.3k

R335 06-11077A74 1k

R336 06-11077A42 47

R337 06—-11077B03 15k

R340 06-11077A82 2.2k

R341 06-11077A86 3.3k

R342 06-11077B07 22k

R343 06—-11077A92 5.6k

R344 06-11077A890 4.7k

R345 06-11077A88 3.9k

R350 06-11077A86 3.3k

R351 06-11077A82 2.2k

R352 06-11077A65 430

R353,354 06-11077A66 470

R360 06-11077A72 820

R361 06-11077A74 1k

R362 06-11077A50 100

R363 06-11077A82 2.2k

R370 06-11077A96 8.2k

R371 06-11077A98 10k

R372 06-11077A86 3.3k

R373 06-11077A74 1k

R374 06-11077A62 330

R375 06—11077A82 2.2k

R376 06-11077A90 4.7k

R377 06-11077A74 1k

R378 06-11077A96 8.2k

R379 06—-11077A74 1k

integrated circuit (see note)

u3is 51-84320A22 AGC amplifier

mechanical parts

IF shield

26-80121A01

1/10/89
note: For best performance, order diodes, transistors, and integrated circuit devices by
Motorola part number.

9.

4v

EXTENDER BACK END

9.4V Q322 ~_.| ’.f
4 M1401 T_ 9.4V 9.4V
9.4v CR330 —_—— 7.8V 9.4v <2 sv-—J—_\‘
_ 8322 9.av 1.5Ms 4 c29 '
¢ CR341%* R352 R361 25
326 ‘ [ O £05 R 38 5uS 90u
YO ook ol I gR324x N B35er 65V R337 " AP e 0 11.5u8
o0z + ' ' = | < R33415K ¢ R336 L (;':?542* 94v 9.4V A‘ o "‘ <2.5vy| EXTENDER
c317% ' *i e 1508 $R330%  SR332% 3.3K 47 ‘ o ULSE
o1 322 Q320 270K 347 iR340% R341% 9.4V uTeuT —l At
: 22pF A c324 R C331 322K 33K Q341+ . R363
3 11 c330% g 9.4v 5.4v 01 : M1401 9350 283 woszl
ES 5ipF CR351 A
L . 1LV 7\ Q330+ i 1 &/ mison
L322 SR320% * M1402
22 82K % Q340 R34z O | Rasos| a3 cR350 cR360
c316 Ju320 Q331 M40 3K 2K .
L1323 AA A e c36
50mV SEE NOTE 4 g 4y o1 | c32t L320 25y 16 M1402 ¢ ¢ 829!;
> I R 15-60pF ¢ 500nH — - —rn R331% bR333% ov CR340* ¢35t
RF INPUT FROM EO5 R345 * T
EXTENDER F/E L csa7x A Cc328% $R326% L R327% 33K 31K 3.9!(5 4700F R;ga €360 e = =
BOARD SR315  £L315 9.4V 5 |7 e $R320% 15pF 100pF 51K ¢ 47K R335; 7O €340 S & Q360+
< 3 . $ 82K 1K S R343* . M1402
1 3470 fi2 | - e vl 58K ) Q | R360
= = vl ir354 4 R362%
3 Qa3 reszek N garc.  $s20 100 cEmTER
c323 Qx M1401 .01 ' CR344 P200-1
22pF L 2.5V
) £05 SHIELD TO
R316 R317 \ = = 710 = P200-2
Lcais 27 10 Ac319 ] 1905
.01 01 30MHZ } R323 €325 9.4V 4.5v
4 L ¥ 270 I’
AVpp v = 2.5V =
w0324 . l
TO C1900 BLK I.. Bus ..i « o} 6uS 10uS
9.4V IN U R370 CR370
8.2K c29
) SHOWN AT
MAX PULSE
L370
TO RF < AT ) _ TO PULSE %Y
SECTION J_ * AMP SECTION AN R373 T R377
1 1K 1K
o §371 1cz»72 . NOTES:
1 58
o _
201~ < L 28y 82K 0.3y 1. UNLESS OTHERWISE SPECIFIED, ALL RESISTANCES ‘ARE
L il 2 BLK = > K9.4 TO 9.4V IN WA Vi 03‘;’2* MEASURED IN OHMS, ALL CAPACITANCES ARE IN
R375 \a,/ Mi402 MICROFARADS, AND ALL INDUCTANCES ARE IN MICRO-
gisoe 7.7V 2.2K N Q371 HENRIES.
201 —3 RED < L PF o acc TOR3IE R372 M1402 2. UNLESS OTHERWISE SPECIFIED, ALL WAVEFORMS SHOWN
3.3K E AT MINIMUM PULSE SENSITIVITY, AGC VOLTAGE < 4.5V,
Q370+ TUNED TO 36 MHz. s 4oy
€1905 Mi402 3. ALL COMPONENTS MAR
c1905 %, . KED WITH AN ASTERISK (%) ARE
P201 — 4 WHT @ e P & TP TOC329 CBT? = S R3T 2.7V LOCATED ON THE SOLDER SIDE OF THE BOARD. b
. $ 10K
4. MEASURED WITH 1000 pV INTO ANTENNA CONNECTOR AT 30
s R374 $R376x $R379 MHz.
" >330 347K 21K
L 4
GEW-1933-C
SOLDER SIDE j; GDW-1508-A - SOLDER SIDE GDW-1908 - A
‘ COMPONENT SIDE GDW - 1909- A
SOLDER SIDE VIEW CONMPONENT SIDE GDW-1909- A
OVERLAY GOW -1910-A OVERLAY — GDW-1941-0 COMPONENT SIDE VIEW

IN FROM
—< EXTENDER
FRONT END

Schematic, Circuit Board Diagrams, and Parts
List for HLB4091B Extender Back End Board

PW-3472-D
6/30/89



Schematic, Circuit Board Diagrams, and Parts
List for HLB4091C Extender Back End Board
PW-6691-O0

6/30/89

parts list

HLB4091C Extender Back End MXW-6685-O
REFERENCE MOTOROLA
SYMBOL PART NO. DESCRIPTION
capacitor, fixed pF, +5%, 50V (unless otherwise stated)
C315,316 21-11032B07 0.01 uF, +80, —20%
C317 21-11032B15 .22, +80, -20%
C318,319 21-11032B07 0.01 uF, +80, -20%
Cc321 20-82399D07 variable, 15-60 pF, 200V
C322,323 21-11031A23 22
C324,325 23-84677D06 1 uF, +10%, 20V, tantalum
C326 21-11032B07 0.01 UF, +80, ~20%
C327 21-11031A19 15
C328 21-11031A39 100
C329 21-11032B07 0.01 UF, +80, ~20%
€330 21-11031A32 51
C331 21-11032B07 0.01 UF, +80, —20%
C332 23-84677D06 1 uF, +10%, 20V, tantalum
C340 21-11031A51 330
C351 21-11031A55 470
C360 23-84677D06 1 uF, +10%, 20V, tantalum
C361 21-11031A37 82
C370 21-11032B13 0.10 UF, +80, —-20%
C371,372 23-84677D06 1 uF, +10%, 20V, tantalum
diode (see note)
CR330 48-84939C29 silicon
CR340-342 48-80154K04 hot carrier
CR344 48-80154K04 hot carrier
CR350,351 48-80154K04 hot carrier
CR360 48-82256C26 zener, 3.3V
CR370 48-84939C29 silicon
connector receptacle
Ju320 06-11009B23 jumper
coil, inductor, RF
L315 24-80140E01 1.2uH
L320 24-84411B08 500 nH
L321,322 24-80140E02 1.8 uH
L323 24-82549D25 10 uH
L370 24-82549D27 470 uH
transistor (see note)
Q320-322 48-80141L01 PNP, type 41L01
Q330,331 48-80141L02 NPN, type 41L02
Q340,341 48-80141L01 PNP, type 41L01
Q350 48-80141L01 PNP, type 41L01
Q360 48-80141L02 NPN, type 41L02
Q370-372 48-80141L02 NPN, type 41L02
integrated circuit (see note)
U315 51-84320A22 amplifier
resistor, fixed Q, +5%, 1/8 watt (unless otherwise stated)
R315 06-11024A41 470
R316 06-11024A11 27
R317 06-11024A01 10
R318 06-11024A71 8.2k
R320,321 06-11024A71 8.2k
R322,323 06-11024A35 270
R324 06-11024A18 51
R325 06~11024A71 8.2k
R326 06-11024A65 4.7k
R327 06-11024A89 47K
R330 06-11024B08 270k
R331 06-11024A85 33k
R332 06-11024A17 47
R333 06-11024A49 1k
R334 06—-11024A61 3.3k
R335 06-11024A49 1k
R336 06—11024A17 47
R337 06-11024A77 15k
R340 06—11024A57 2.2k
R341 06-11024A61 3.3k
R342 06-11024A81 22k
R343 06-11024A67 5.6k
R344 06-11024A65 4.7k
R345 06-11024A63 3.9k
R350 06—11024A61 3.3k
R351 06-11024A57 2.2k
R352 06-11024A40 430
R354 06-11024A41 470
R360 06-11024A47 820
R361 06—11024A49 1k
R362 06-11024A25 100
R363 06-11024A57 2.2k
R370 06-11024A71 8.2k
R371 06-11024A73 10k
R372 06-11024A61 3.3k
R373 06-11024A49 1k
R374 06-11024A37 330
R375 06-11024A57 2.2k
R376 06-11024A65 4.7k
R377 06-11024A49 1k
R378 06-11024A71 8.2k
R379 06--11024A49 1k

non-referenced parts

26-80121A01 IF shield
6/30/89

note: For best performance, order diodes, transistors, and integrated circuit devices by

Motorola part number.

8.4v EXTENDER BACK END
9.4V Q322 ].—
I L4101 — /— - s.av 9.4v
9.4V CR330 - — 7.6V 9.4V <2.5V—
R325 15
| 82K 94V SMs -
4 ™ g CR341% R352 R361 25uS 90u
*C326 A o e v X [¢] 11508
AGCIN ol I R324% = R3z2* 65V R337 v
10 Y 51 4, 15K CR342 % —-l 6usS EXTENDER
i = ~— R33 L R336 3 9.4V 94V <2.5V|
c1902 § 334 $ PULSE
———1 '._ 1.5uS :;gg* R332 3.3K P47 OUTRUT
c3z2 47 R340 * R341% 4V ( X
22 pF ezao Vs c324 s.av A C331 EXY'e 33K Q341+ o4 R363* o7
3 1 c330% - 9.4v To L4101 R 2.2K 21
4 SIpF CR35t Q350
R320% i 3 1oV Q330+ i i &/ Lat01
-2 82K G,/ L4102 Q340 R342% 0\ | R3sox R351 CR350 cR360
. L3e3 Juzzo | N Q331 L4101 (Q 22K 3.3K 22K * . 361
50mV SEE NOTE 4 g 4y wL c3zt L320 26V 10 L4102 -/ 82pF
> & R.15-60pF £ 500nH ] | A In gl ¥ cRsaox R345% C351%  Rass
RF INPUT FROM 6 33K $I1K 470pF c360 = =
B TENDER FrE Lczarx Lcazex SR326%  SR327T* cas2 3.9K 470 36 7 q360+
L321 $R321% 15pF 100 pF 4.7K 47K c340 1y
BOARD R315 I8 LRV, e R343 L Q 1 &,/ Lat02
; | 56 =
| R31 3 ] R354 R360 R362x CENTER
M /ya321 e Raad 470 820 100 COND TO
c3z3 b,/ L4t0! o1 T : CR344 P200-1
ooF TN 2.5y SHIELD TO
R316 R317 l | = = ch:% = P200-2
Ac3is c319 I )
T o 01 30MHZ R3z3 A C325 9.4v 4.8v
= = ' 270 I‘
AVpp v = | — 2.5V
T0'61980 BLK - , ¢ 0 6us 10uS
9.4V IN 8us :3273 CR370
. 29
SHOWN AT
MAX PULSE
L370
9.4V
470
T0 RF ) TO PULSE ~ N Ra77
SECTION J_ Y _l_ —> AMP SECTION Ay 37 37
c3n care ‘ NOTES:
! ! 160007 e P 1. UNLESS OTHERWISE SPECIFIED, ALL R
- P ! ) ) . , ESISTANCES ARE
P201-2 BLK -3 » K9.4 TO 9.4V IN 2.8V o3V ) @372+* MEASURED IN OHMS, ALL CAPACITANCES ARE IN
= = R375 &,/ Lat02 MICROFARADS, AND. ALL INDUCTANCES ARE IN MICRO-
[ ?ng 7.7V 2.2K p Q371 ENRIES.
B ‘ 1000pF L4102 2. UNLESS OTHERWISE SPECIFIED, ALL WAVEFORMS SHOWN
it T AGC TOR318 RE Ve ARE AT MINIMUM PULSE SENSITIVITY, AGC VOLTAGE < 4.5V,
A Q370 TUNED TO 30 MHz.
g L4102
61905 27v 3. ALL COMPONENTS MARKED WITH AN ASTERISK (+) ARE
P201 - 4 WHT < L 1000pF | 15 70 c329 70k R3M : LOCATED ON THE SOLDER SIDE OF THE BOARD.
’ 1ok 4. MEASURED WITH 1000 u¥ INTO ANTENNA CONNECTOR AT 30
3 5%4 R376% R379 MHz.
ne 47K 1K
GEW-6690-0

SOLDER SIDE % GDW -6686-0

COMPONENT SIDE GDW -6687-0

SOLDER SIDE VIEW OVERLAY — GDW-6688-0

L

S

SOLDER SIDE %
COMPONENT SIDE z
OVERLAY ~—

GDW -6686-0

GDW-6687-0

GDW -6689-0

COMPONENT SIDE VIEW

<

IN FROM
EXTENDER
FRONT END



HI-IF

FIRST MIXER
FRONT END BIAS

COMPONENT SIDE VIEW SOLDER SIDE VIEW

COMPONENT SIDE VIEW SOLDER SIDE VIEW

SUBSTRATE GCW-2009-0
OVERLAY — GCW-2010-0

SOLDER SIDE GCw-1912-A SOLDER SIDE GCW-1912-A
COMPONENT SIDE GCW-1913-A COMPONENT SIDE GCW-1913-4
OVERLAY ~— GCW 1915-0 OVERLAY — GCW-1914-0
= 75.7 IF AMP :‘,: i J; = = A+
PREAMP ;
SOLDER SIDE ~° 6CW-1900-8 SOLDER SIiDE ' GCW-1900-B
COMPONENT SIDE % GCW-1901-B COMPONENT SIDE GCW-1901-8
OVERLAY — GCW-1903-B OVERLAY — GCW-1902-B
arts list o 1 i
P = N L A
‘ R450 L150 L151 R151 ! 1
HLB4108A Hi-IF Circuit Board MXW-4099-8 (NTERNAL RF INPUT 33 2780H  275nH 13 50 : : n15575'7 MH2
29.7-50.0 MH
N REFERENCE MOTOROLA DESCRIPTION Imoa 9:7-50.0 Mhz : ! 150
1 SYMBOL PART NO. 100 GRN | P201-5 | |
—» SWITCHED ' | =
capacitor, fixed, pF, +5%, 50V (unless otherwise stated) I FILTERED A+ 1 |
C160 21-13740B43 56 T |
C161 21-13740B48 91 c164 12 ! !
C162 21-13740B42 51 ONF L2 Lier 0 ExT ! |
C163-166 21-11032B07 .01 uF, +80, -20% Y o 3 HY{60 1 £.E. BOARD t
r180 5 SR80 Ris1 167 21-13740B21 6.8 h J_ AND PREAMP
’ C169 21-13740B44 62 c165 2 |5 16 |7 |9 Ji0 €166
n:gz c172 21-13740B19 56 CR160 T O1uF | T omr F”?"SJE’CMT%:
180 Q184 C173 20-80280D05 3-15, variable SV = £ = B
MQBQZS M3926 C174 21-13740B41 47 bR 105.4 -125.7 MHz .
C175 21-13740B17 47 22
C176 21-13740B48 91 S RS0 L163  C167 c170
C179 21-13740B55 180 L160  L1st c163 6.3V 680 5. _OWF = GCW-1928-0
1 1 C180,181 21-13741M45 .01 UF, +10% FROM 130 130 OluF .160 —rren. it . i
c480 L180 R483 L4814 c181 diode (see note) MIXER 160 I 164 I ciez 1ov 33239 J. €169 L164 | ci72
-01uF 10 uH ® 10 uH -O1uF CR160 48-82958R01 5.1V & s\ & 25V Tee 657 T s
1 CR180 48-82958R39 3.3V l :_[ I : R163 = L t | : t
= = = . - = = 270 pal‘ S IS
coil, RF SAR
PREAMP 75.7 L160,161 24-80140E06 130 nH ! HLB4085A First Mixer Circuit Board MXW-1698-B
IF AMP GCW-2011-0 L162 24-80140E16 10 uH :'1?;61 5362
L163 24-80140E07 680 nH REFERENCE MOTOROLA DESCRIPTION
L164-166 24-11030D05 65.7 nH, blue SYMBOL PART NO.
L167 24-80140E16 10 uH 1
L180,181 24-80140E16 10 uH = capacitor, fixed, pF, +5%, 50V (unless otherwise stated)
transistor (see note) 150 21-13740B43 56
C151 21-13740B49 100
Q160 48-80182D39 NPN c152 21-13740B43 56
Q180,181 48-84939C26 PNP
i i hi %, 1/ herwi d diode (see note)
resistor, fixed, ohm, +5%, 1/4 watt (unless otherwise stated) SAW FILTER CR150 48-80236E09 silicon (early version)
R160 06-11077A80 1.8k v201 " °
R161,162 06-11077A30 15 CR150 48-80236E17 silicon (later version)
R163 06—-11077A60 270 coil, RF
R182 06-11077A26 10 c17s c176 L150 24-80140E15 275 nH
47 94 . . .
mechanical parts . It ! e 14 4 > F resistor, fixed, ohm, +5%, 1/8 watt (unless otherwise stated)
- L165 J_ c474 c17“3 L1e:s‘ J_ c179 > 7O RF Bokwe R150,151 06-11077A38 33
26-80238K01 fence shield 65.7 47 3-45 657 180 R152 06-11077A50 100
29-80215H01 terminal T T R153-155 06-11077A34 22
01-80739T15 output coax assembly = = = = = "
29-10134A89 lug terminal . GCW -1929-B transformer .
NOTE: T150,151 25-80125J01 toroid
te: For best performance, order diodes, transistors, and integrated circuit dev:é;g/?)?/ UNLESS OTHERWISE INDICATED. ALL RESISTANCES ARE 6/30/89
n H r S 3 'y , - : . N . . N
M%t?)rolg part nupmber. 9 ?f:f:,’fﬁ,}'; gtrs'hgb:T:::;:'T:NN‘;EN%JE‘N:.':: note: For best performance, order diodes, transistors, and integrated circuit devices by

Motorola part number.

Schematics, Circuit Board Diagrams, and
Parts Lists for Hi—IF and First Mixer
PW-3470-D

6/30/89



@ MOTOROLA

Transmitter

1. Theory of Operation

The SYNTOR X low—band transmitter uses discrete com-
ponent design. It consists of four major blocks: the low—level
amplifier (LLA), the power amplifier (PA), the PIN diode an-
tenna—switch/harmonic—filter (HF) combination, and the di-
rectional coupler (DC). The harmonic filter also acts as the
first low—pass section for the receiver.

The frequency synthesizer generates a 75-mW RF output
at the transmit carrier frequency. This is applied to the con-
trolled, one—stage LLA (Q801). The gain of the LLA and the
output power of the radio change with variations in the control
voltage.

The RF signal passes from the LLA to the final amplifier,
whereitis applied to the driver stage (Q802). The driver deliv-
ers as much as 30 watts of RF power to the input of the final
amplifier. Consisting of two devices (Q803 and Q804) in a
push—pull configuration, the final amplifier boosts the final
output power to the rated 100 watts.

The power control circuit on the common circuits board
monitors the following parameters: forward power, reflected
power, current to the finals, temperature of the finals, and con-
trol voltage. It does so in order to level RF power and protect
the PA from burnout.

The power control circuit monitors forward and reflected
power with the help of the directional coupler. The directional
couplerdetects forward and reflected power and sends any de-
tected DC voltage to the power control circuit. When forward
power is above or below the set point, the power control circuit
adjusts the gain of the low—level amplifier by adjusting the
control voltage to that stage. This monitoring holds output
power constant over many operating conditions. However,
when reflected power reaches levels that may damage the
transmitter, the power control circuit reduces the output power
until the reflected power returns to a safe level. (Excessive re-
flected power is usually due to a poor antenna installation or a
bad RF connection.)

The power control circuit monitors DC current to final
devices Q803 and Q804 in order to protect them from over—
dissipation. It senses this current by measuring the voltage

drop across R813. The current limit cut—in point is set by
R917. When current to the finals exceeds the limit set by
R917, the control circuit reduces the control voltage, thus re-
ducing power out and current drain.

The power control circuit senses the temperature of the
PA through thermistor RT801, which is near the flange of
Q803. When the flange temperature exceeds 95°C, the control
circuit lowers the control voltage in order to protect the PA
from excessive temperatures. The feedback loop through
VR900 always limits the control voltage to a maximum of 11
volts, thus protecting low—level amplifier device Q801 from
over—dissipation.

2. Functional Tests

Note
The Synthesizer Section of this manual has
information on troubleshooting the transmit
frequency, audio deviation, and modulation.

2.1 PRELIMINARY

Connect the radio to a proper wattmeter, dummy load,
and 13.4 VDC supply. Make adjustments toR917 and R908 on
the solder side of the common circuits board.

CAUTION
Key the transmitter only while making
adjustments.

2.2 CONTROL AND PROTECTION TESTS

2.2.1 Power Set (R908)

(1) Set CURRENT LIMIT (R917) fully clockwise.
(2) Set POWER SET (R908) fully clockwise.

(3) Key the transmitter and observe the wattmeter. The
power output should be 2030 W and should increase to
more than 120 W as you turn POWER SET (R908)
counterclockwise.

2.2.2 Thermal Protection

(1) Set CURRENT LIMIT (R917) fully clockwise.

W10001S24-F
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(2) Adjust POWER SET (R908) to 105 W.
(3) Touch a soldering iron to RT801 (near the flange of

Q803). The power output should decrease as RT801
heats up.

2.2.3 Reflected Power (VSWR) Protection
(1) Set CURRENT LIMIT (R917) fully clockwise.

(2) Key the transmitter and adjust POWER SET (R908) for
110 W.

CAUTION
The following test requires transmission
without a dummy load. Therefore be careful to
key the transmitter only long enough verify
proper operation of the equipment.

(3) Remove the 50—ohm load from the radio. Key the
transmitter briefly and verify that the output power is
30-60 watts.

2.3 RF AMPLIFICATION TESTS

2.3.1 Injection

(1) Disconnect the RF drive signal to the Low-Level
Amplifier from the synthesizer (J801).

(2) Connect a 50—ohm terminated RF millivoltmeter to the
synthesizer’s transmitter injection plug (P801). Residual
RF drive to the Low—Level Amplifier in the receive
mode should be less than —5 dBm. Transmitter injection
in the transmit mode should be greater than +17 dBm.

2.3.2 Low-Level Amplifier

(1) Set the POWER SET (R908) and CURRENT LIMIT
(R917) to maximum,

(2) Key the transmitter. Using a millivoltmeter with a
high—impedance probe, check the base and collector of
the LLA (Q801), getting as close to the device as
possible, and verify that the LLA has at least 10 dB of
gain. (The collector pad should be 10 dB higher than the
base.)

3. Power Amplifier Troubleshooting Procedure

3.1 NO POWER, LOW POWER (LESS THAN 20%
RATED POWER)

If the radio has no power, or has low power, use the Power
Amplifier Troubleshooting Table to help locate the problem.
If that fails, check transistors Q802, Q803, and Q804 while
still in the circuit. The following paragraphs detail the proce-
dure for in—circuit transistor checkout. Do not replace these
transistors unless absolutely necessary.

To check Q802 driver, isolate it from the circuit by
removing the following:

L806 — base choke
R805 — base resistor

To check Q803 final amplifier, isolate it by removing the
following:

L809 —base choke
R809 — base resistor
T801 - input transformer

To check Q804 final amplifier, isolate it by removing the
following:

L808 — base choke
R807 — base resistor
T801 — input transformer

Measure the resistance of the base—to—emitter junction
with a precise multimeter. If the resistance is less than 0.4
ohms or greater than 1.0 ohms, the transistor is defective and
must be replaced.

3.2 MAXIMUM POWER LESS THAN 120 WATTS

3.2.1 Q802 Driver Test

(1) Remove all power to the radio. Measure the in—circuit
resistance of Q802 driver’s base—to—emitter junction. If
resistance is greater than 1 ohm, replace coil L806.

(2) If the resistance is 1 ohm or less, remove coil L806 and
measure Q802 base—to—emitter junction again. If that
resistance is less than 9.5 ohms or greater than 10.5 ohms,
either R805 is defective or there may be a short on the
printed circuit board.

(3) Ifyouhavenotlocated the problemusing the above steps,
replace L806 and apply power to the radio. On the
common circuits board, adjust R907 fully clock wise and
R908 fully counterclockwise for maximum power.
Remove one lead of L814 from the board. Put a loop of
wire between L814 and the PC board. Measure the
current of Q802 with a DC clip—on milli-ammeter.

Currentdrain of Q802 should be 4 to 5 amps. If less than 4
amps, Q802 is faulty and must be replaced.

3.2.2 Q803 and Q804 Final Amplifier Check

(1) Remove all power to the radio. Measure the resistance of
the base—to—emitter junction of the transistor. If the
resistance is greater than 1 ohm, replace the base choke
(L809 for Q803, or L808 for Q804).

(2) If the resistance is 1 ohm or less, remove the base choke
and measure the resistance of the base—to—emitter
junction again. If the resistance is less than 3 ohms or
greater than 3.5 ohms, the base resistor (R807 for Q803,
or R809 for Q804) may be defective or there may be a
short on the printed circuit board.
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If you have not located the problem using the above steps,
replace the base choke (L808 or L809) and apply power
to the radio. On the common circuits board, adjust R907
fully clockwise and R908 fully counter clockwise for
maximum power. Proceed with the following:

Remove C817 and C842. Unsolder Q804’s collector tab,
making sure it is not in contact with the pad.

Solder a 2500 pF silver mica capacitor (Motorola Part
#21-00859773 or equivalent) between the PC pad for
Q804’s collector and the emitter lead of Q804. Measure
the power output of Q803, and compare that value with
the value in Table 1. If the power output is less than the
value specified, remove power to the radio and replace
Q804. Remove the 2500 pF silver mica capacitor from
the PC board. Resolder Q804, C817, and C842 to the PC
board.

e Remove capacitors C818 and C843. Unsolder Q803’s

collector tab, making sure it is not in contact with the pad.
Solder a 2500 pF silver mica capacitor (Motorola Part
#21-00859773 or equivalent) between the PC pad for
Q803’s collector and the emitter lead of Q803. Measure
the power output of Q803, and compare that value with
the value in Table 1. If the power output is less than the
value specified, remove power to the radio and replace
Q804. Remove the 2500 pF silver mica capacitor from
the PC board. Resolder Q803, C818, and C843 to the PC
board.

Table 1. Minimum Power Output of Q803 and Q804

Frequency (MHz) Power Output (W)
33.0-37.999 45
38.0 — 43.999 50
44.0-50.000 30

Table 2. PA Troubleshooting Table

Step Symptom Procedure Normal If Normal If Abnormal
Indication
1 Suspected Transmitter Measure RF output power Rated power No transmitter High power — perform
Failure at antenna connector. malfunction. Transmitter Power Control
and Protection Circuit
Troubleshooting Procedure.
No power - go to 2.
Low — power —go to 3.
2 Noorlow a. Check TX injection from Greater that +17dBm Goto b. Go to Synthesizer
Output Power synthesizer at J801. Troubleshooting Procedure

b. Measure DC voltage 511V Gotoc. Check for shorts and opens
at collector of Q801 in DC path. If none, go to
when keyed. Transmitter Power Control

and Protection Circuit
Troubleshooting Procedure.

c. Check for keyed 9.4V and 9.4V, 9.6V Gotod. Repair either K9.4 V or
+ 9.6V on PA board. regulated 9.6V circuitry.

d. Check A+ on collectors Greater than 12.5 V. Gotoe. Check for continuity in both
of Q802, Q803, and Q804. the collectors of Q802, red

lead (A+) and the black lead
(A-). Check for shorts and
opens DC in paths.

e. Check for shorts and See schematic. Goto f. Repair defect.
opens on PA board.

f.  Check for continuity RF short Perform Power Go to Directional Coupler
through directional through coupler Amplifier Troubleshooting Procedure
coupler. out to antenna Troubleshooting

connector. Procedure.




Table 3. Troubleshooting Table for Power Control and Protection Circuitry

PRELIMINARY: Set R917 fully clockwise and R908 fully counterclockwise as viewed on the solder side of the
common circuits board. Key the transmitter for the following tests. Voltage reference is B— (the internal casting).

Step Symptom Procedure Normal If Normal If Abnormal
Indication
1 No Control Voltage or a. Measure keyed 9.4V, J300-8. 94V Gotob. Check Q3 and Q4 on personality
Low Control Voltage board.
b. Measure PA ENABLE, J300-5. Ovoltsduring  Gotoc. Check adapt line, Q5 or Q6 -
transmit
c. Measure U900-1. 1.5~7.5 volts Replace Q906 If 0 volts, go tod.
or Q904.
d. Measure U900-3 1.67 volts Gotoe. Check R905 and R906. -
e. Measure U900-2. 0-1.67 volts Replace U900. If greater than 1.67V, gotof.
f. Remove CR901. Measure U900-1. 1.5-7.5 volts Go to 2a. Gotog.
g. Remove CR903. Measure U900-1. 1.5-7.5 volts Go to 3a. Goto h.
h. Remove CR900. Measure U900-1.1.5-7.5 volts Check VR900. Gotoi.
& R907 for
shorts
i. Remove CR902. Measure U900-1. 1.5-7.5 volts Go to 4g. Gotoj.
j- Unplug P953 from the 0-1.67 volts Check the Determine source that holds *
directional coupler. directional U900—-2 above 1.67 volts.
Measure U900 — 2. coupler.
2 Current Limit Amplifier ~ a. Set R917 fully clockwise. 0-1.5 volts Reconnect Go to 2b. -
Failure Disconnect cathode of CR901. CR901.
Measure cathode of CR901.
Measure voltage across R930. .46—.60 volts Check R923. Go to 2¢c.
Measure base of Q905. .86—1.4 volts Check R918. If base is greater than 1.4 volts,

replace Q905. If base is less than
.86 volt, go to 2e.

d. Measure U900-7. 7.5-8.5 volts Check R928 Go to 2e.

and VR901.
e. Measure U900-6. 4.0-5.9 volts Go to 2f. Check A+, R915, or R916.
f.  Measure U900-5. 4.0-5.9 volts Replace U900. Check R922, R924, R910,

R920, R917, R919, R814,
L816, and R813.

3 Thermal Protection a. Disconnect cathode CR903. 0-1.6 volts Check CR903. Go to 3b.
Failure Measure U900 —-14. and R909.
b. Measure U900 -12. 1.67 volts Go to 3c. Check R905 and R906. -
c. Measure U900 -13. 2.3 volts Replace U900. Go to 3d.
d. Turn off power to radio. Discon— 101k ohms Check R901, Check L818, RT801, and R815
nect P951 from common circuits (less if chassis R903, R934, on the PA.
board. Measure resistance be— is warm) and R904. ’
tween B — & black temp—sense
wire at P951.
4 Reverse—Power— a. Disconnect cathode of CR902. 0 volts Go to 4c. Go to 4b.
Protection Failure Disconnect RF drive from PA.
Measure U900 - 8.
b. Unplug J953 from directional. 0 volts Go to 4c. Determine source that holds
coupler Measure U900 — 10. pin 10 above 0 volts.
c. Connect RF drive to transmitter. 3 6 volts System o.k. Check R914 and R911 or
Disconnect dummy load from replace U900. -

antenna connector. Key up briefly
and measure U900 — 8.




4. HLB4092A Directional Coupler
4.1 DESCRIPTION

The HLB4092A directional coupler detects forward and
reflected power. Three color coded wires on P953 connect the
directional coupler to the common circuits board, and one co-
axial cable connects it to the output of the PA board while an-
other connects it to the antenna connector.

4.2 THEORY OF OPERATION

Transformer T950 induces RF voltages on the forward
port and on the reflected port proportional to the forward and
reflected power levels, respectively. Each port consists of a
50—ohm load and an RF—to-DC detector circuit, and both op-
erate in the same way.

The 50—ohm load of the forward port consists of R952
and R953, and that of the reflected port consists of R954 and
R955. The RF voltage on the forward port is detected, recti-
fied, and converted to a DC level by R950, CR950, and C957.
Likewise, the RF voltage on the reflected port is detected, rec-
tified, and converted to DC by R951, CR951, and C958.

4.3 FUNCTIONAL TESTS
4.3.1 Preliminary

Connect the radio to a proper wattmeter, dummy load,
and a 13.4—volt DC supply.

CAUTION
Key the transmitter only while making
adjustments. (Make adjustments from the
bottom of the radio and through the common
circuits board.)

4.3.2 Forward DC Detected Voltage Test
(1) Set POWER SET (R908) fully clockwise.
(2) Set CURRENT LIMIT (R917) fully counter clockwise.

(3) Remove plug P953 from the common circuits board.
Connect a voltmeter across FORWARD DETECT, pin 1
(brown), and REFERENCE, pin 2 (black), with pin 2
being the negative connection.

(4) Key the transmitter and observe radio output power.
Slowly turn CURRENT LIMIT (R917) clockwise until
the output power rises to 100 +5 watts. The voltmeter
should read between 4.0 and 6.0 DC volts.

4.3.3 Reflected DC Detected Voltage Test

Note
For this test, connect the radio to a proper
through—line wattmeter, a 13.4 VDC supply,
and two dummy loads in parallel.

(1) Set POWER SET (R908) fully clockwise.
(2) Set CURRENT LIMIT (R917) fully counter clockwise.

(3) Remove plug P953 from the common circuits board.
Connect a voltmeter across REFLECTED DETECT, pin
3 (red), and REFERENCE, pin 2 (black), with pin 2 being
the negative connection.

(4) Key the transmitter and observe radio forward output
power. Slowly turn CURRENT LIMIT (R917)
clockwise until the forward output power rises to 100 +5
watts.

(5) Check the reflected output power with the through line
wattmeter. It should be 11 +3 watts. The voltmeter should
read between 0.5 and 2.0 DC volts.

Table 4. Troubleshooting Table for Directional Coupler

Step Symptom Procedure Normal If Normal If Abnormal
Indication
* 1 Suspected Coupler Perform functional tests. See functional No coupler No power out, go to 2.
Failure test paragraphs. problem Either forward or reflected

voltage wrong, go to 3.

2 No power out Check board and coax
Locate and fix solder connections, runners
RF shorts to the to and from T950, and T950

cover primary.

Check coaxes for continuity Continuous Remove cover.

through the coupler.

Note
The coupler does have a DC short from
the coax center conductor to the coax shield.

3 Forward or reflected a. Remove the coupler cover See functional Locate and fix Gotob.
DC voltages too high and recheck. test paragraphs. DC short to cover.
or low
) b.  Check all circuit R-L-C’s. See schematic. Gotoc. Repair defect.
c. Check RF voltage on T950 Pfwd = 100 watts Locate and Replace T950.
side of C950 and C951 Prefl = 11 watts repair PCB
during reflected detect both +3 watts problem. Cut
functional test. VC950 = 3.5 Vrms runner, solder
VC951 =1.2 Vrms short, etc.

both +0.5Vrms




Table 5. Troubleshooting Table for PIN Diode Antenna Switch: Receive Mode
Note: This analysis assumes that an applied signal is good through the LPF up to c824.

Symptom Procedure Normal If Normal If Abnormal
Indication
Receive path degrades Check Reg. 9.6 voltage 9.6V Gotob Repair 9.6 V circuitry and
signal strength by more on PA board. recheck signal path.
than 0.5 dB.
Check voltage at ungrounded If there are no (1) Varies significantly: check
lead of R970. ~1.2VDC shorts or opens R982, R970 for right values.
around C824 &
C972, replace (2) Zero: Goto c.
CRg971 & CRg972.
Measure voltage at ~89V Gotod. Zero: replace CR983.
emitter of Q980.
Check voltage ~2.0VDC Gotoe. Zero: check for opens
at cathode of CR980. between Q980 base and

ground; if none,
reptace Q980.

Check voltage at collector —
of Q980.

(1) ~ 8.9 V:check for open
path to R970.

(2) Zero: check for shorts
past the collector of Q980.

Table 6. Troubleshooting Table for PIN Diode Antenna Switch: Transmit Mode

Note: The following analysis assumes that the transmitter is working into a 50—ohm load, the LPF is OK, and the directional coupler is working right.

Symptom Procedure Normal If Normal If Abnormal
indication
TX PIN diode overdis- Check keyed 9.4 V on PA board. 9.4V Gotob. Repair K9.4 V circuitry. (Note:
sipates and changes color. this may be caused by a low
(Replace TX PIN diode resistance or short of the K9.4
CR970.) lines on the PA board.)
Check voltage at ungrounded lead  ~8.5 VDC (1) Zero: check for opens from
of R970. K9.4 through R970 to B-.
(2) Low: Check components and
values from K9.4 through R970 to
B—. If there are no shorts or
opens around C824 and C972,
replace CR971 and CR972.
RXPIN diodes CR971 and Check voltage during transmit at ~8.5VDC Gotob. Zero: check for opens from K9.4
CR972 discolor or their cathode of CR980. to cathode of CR980, direction
solder liquifies during of CR980, and that CR980 is
transmit. (After completing working properly.
Lm:cpkr?ﬁgdrgg:‘e’wb; )sure to Check for PA spurs (instability). No spurs Gotoc Repair PA and check CR981
: (Note: This check uses a spectrum (5.6 V zener) for correct place—
analyzer.) ment and operation; be sure
entire switch has correct parts.
Check CR981 for correct — Gotod. Take required corrective action
placement and operation, and be
sure entire switch has correct parts.
Measure DC voltage at anode -90.0 VDC Check for AC  Very low or zero: check loop of
of CR972. short at anode €970, CR973, CR974, CR975,
of CR972. R972 for opens or short, R971

(47k ohm) for opens.




parts list

PA BOARD FEED THROUGH PLATES ifier Circut
l;]‘” 491347 HLN 4914 A HLB4094A Power Amplifier Circuit Board MXW-1712-E MXW-1712-E (2)

REFERENCE MOTOROLA REFERENCE MOTOROLA
I DESCRIPTION
o : ; SYMBOL PART NO. SYMBOL PART NO. DESCRIPTION
1] I
DIRECTIONAL X ! ! L8i8 capacitor, fixed, pF, +5%, 100V (unless otherwise stated) transistor (see note
T0 RX c883 R8I5 )
COUPLER i OAToF ' 104H 1K R?g Lo89 C801 08-11051A13 -1 uF, 63V Q801 48-00869859 NPN
i 1‘ T I~ A Y HH _L C802 21-84494B06 120, 500V Q980 4800869762 PNP
i /}; LBB3E gggg L C803 21-84494B11 200, 500V thermistor
TEMP. SENSE < ! gggg S;-?;‘ggﬁg’g 81‘1 iog;/v RT801 06-83600K09 100k, green
! _
B- 4—— | Lei7 2 AUk resistor, fixed, ohm, +5%, 1/4 watt (unless otherwise stated)
. ceat | Toun C806 08-11051A17 .47 uF, 63V
! ' M R801 06—-11009C19 56
04TuF | — C807 21-84494B03 80, 500V
| /}7———{ - N C808 21-84494B19 470, 300V RB02 06-11009C39 390
1 i ’
AL o moemn e
{oarur ! CR983 M9762 590 €810 21-84494B11 200, 500V R806 06-00127G19 56, +10%, 2W
| /‘);—1 ; >|1+ ’ ’ c811 21-00868823 345, +3%, 500 R807 06-00126B63 5 6 i1W >
' Ls Q:ﬂ _I_ c812 21-84395B13 300, 250V g s
REG 9-64—r— ! $3%0 c813 21-84494B11 200, 500V R809 06-00126B63 56, 1W
888 ' L R980 oo R810 17-82036G27 18, 2W
A- i | RCc9st 560 C814 21-84857K06 565, +3%, 500V R811 06-11009C39 390
8 ' L886 OtuF C815,816 08-82905G21 .018 uF, +10%
c8s | | R812 06-80037G 11 2.7, 12W
2200F T | Lo U ¥ H o 818,820 21-84494B06 120, 500v R813 17-80165C02 01, +10%, 12W
REA T 1our cs21 21-84395804 120, 250v R814 06-11009A51 ek
KEYED 9.4 : Legs! c822 21-84395B05 130, 250V R815 06-11009C49 ﬁ(
! é 1 6 : i ¥ CR98t 823 21-84395B07 60, 250V R970 06-11045A89 47K 1/2W
: ocgﬁ,ﬁr : J; chEF C824 21-80240G59 .001 uF, +2%, 350V R971 17-82291B44 59 ;30/ W
! ! . €985 825,826 08-11051A17 .47 uF, 63V R972 06-11009C73 10&(’ .
cHASSIS 4 | 3300 = c827 23-11054H08 10 uF, +10%, 25V, tantalum RO80.981 06-11000A43 560
| ! & crog2 c828 08-84637L03 .0012 uF, 630V ’
! : )7 Ce29 08-84537L22 22 UF, +10% R982 06-11045A36 300, 1/2W
] L881 | L816 ’ oo transf
CURRENT SENSE 1980 C830 08-846371L.21 15 uF, +10% ransformer
I ces2 | RLELE R 1000 uH cR980 Re8! L982 g o o T801 24-80099B01 3 turn inductor
! O47uF H e K — 9 560 10.4H JuesT C832 08-84637L22 22 uF, +10%
s : = 987 ™ cesel T » i c833 23-82601A05 50 uF, 10, +150%, 25V, electrolytic T802 25-80229J02 transformer
A+ ! 882 ' 3300 Rars o.zz»F@ €973 7=C982 = C834-836 08-11051A17 47 uF, 63V varactor
cense | Leey |L884} .01 Loes  oiar 7 3300 TX=8.4v €837 21-11015A01 .001 UF, +80, ~20% VR801 80-83029H08 neon spark arrestor
! . RXz=7.0v €839 08-11051A07 .01 uF, 63V
220pF ' f L L Uk i
/1; oane | —]—CSBB T Yo o L85 TX=84v €840 21-11015A01 001 uF, +80, ~20% mechanical parts
. 1 ! g 4T uF net2 : coez ”g 75T 5L213|1 o 5ng3 5L96m4 ERF ‘;;70 Cc841 21-84494B03 80, 500V 05-82050H03 eye, 2 used
' .
SOLDER SIDE « GEW-1700-4 ! | 100 : : 5.6uH €890 21-84395B19 43, 250V 26-80149J01 locking shoulder washer
SHOWN FROM COMPONENT SIDE COMPONENT SIDE . GEW-T01-A CONTROL 4 } etz 27 R8:> | P = A - c891 21-84395B31 14, 350V 26-80287H01 harmoric filter shield, 6 used
RLAY — GEW-1702-A 1 i 18 + 1
QVERLAY — - - | : + ~—~r 1T “ I 8830 . co7 = C892 21-84385B70 63, +2%, 350V 29-80014A03 coax terminal clip, 2 used
: /7[; co_ U9 | c827 c825 1 g?&?‘F ASu 3300 €893 21-84395B67 43, +2%, 350V 29-82713M01 terminal, 6 used
. 047uF i gm uF 0.474F Lo 3 oy ‘22838 "Q80 cs24 Lato L975 894,895 21-84395B68 56, +2%, 350V 37-00134165 3/8" heatshrink tubing
___________ v % 1810‘2‘ 7802 120 75T CR97O | CR97T4  CR972 AouF €896 21-84395B68 56, +2%, 350V 4/15/90
o Pt ¢ ¢ ’ i C897 21-84395B66 36, +2%, 350V f " : - ;
< P EETo . F rf d , :
. c60s . f 1 wors c898 51-84395B65 84, 42%, 350V ?A?:xirol :rp :rets':upne]bsrr.mance, order diodes, transistors, and integrated circuit devices by
390 O.1uF RB04 R806 €809 5300 Tcrors | crova  cro7s$ 10K €899 21-64395807 60, 250V
- i¢ 8 56 01 guF Lso7  cat2 | : L e & b > S C970-972 21-83596E24 0033 uF, +10%, 200V
{ = = ¢ ; "
Q801 L6804 L805 e € 41727 300 T8Ot SRE09 can 1352 ¢o2s - l Co73 08-11051A13 T uF, 83V HLN4814A Power Amplifier Hardware MXW-1717-B
c801 L8O L8O2 9 57 144 ¢ 56 ~ 808 RO7 cor2 _go o
OfuF 127 982 % " 1.8 i ? 51 5_47 K I33Qo €980 21-82372C10 .05 uF, +80, ~20%, 25V REFERENCE MOTOROLA
y . 1T i €L C981 21-83596E37 .01 uF, +70, -30% DESCRIPTION
RF. IN —bo—] 06 @802\, \ > é - L
i ar Mo583 Lora < 7T $650 oF TO RX Cco82 21-83596E24 0033 UF, £10%, 200V SYMBOL PART NO.
805 |16 Lsos 565 Rtf';’»s V. 8222,985 g:—gggggggg v(g?SSFUF,_/%wZo, 200V capacitor, fixed, pF, +5%, 100V (unless otherwise stated)
= = L80 SR C84175C807 7 C808 10 €810  FRCBH FNCBI3 ———an caio Ll cszo0. - 01 uF, +70, -30% C889 21-11014H41 47
?ggz 02%003 %%04 Rgg1 T3 uH 80 60 470 200 345 200 T ceis L 420 120 T~ cao87 21-83596E24 .0033 uF, +10%, 200V .
7-PIN PA FEEDTHRU o8 % k) k3 kd OUTPUTTO coss ge-tios AT 47 uF, 63V Cag0-589 76-84069B04 ferrite core bead
L Lcsas i i e i DIRECTIONAL C989 21-83596E24 10033 UF, +10%, 200V errite core bea
. 7 1K 1< LAY 1 L900 76-83466K01 ferrite core bead
TSz ¢ ¢ 4 ’ 4 94181%;;7) T 100 (SHELD, _SHIELD. SHIELD [SHIELD_ SHIELD COUPLER diode (see note) I bea
SHOWN FROM SOLDER SIDE . ‘L \L ; Leer L A PR CR970 48-80236E11 pin mechanical parts
s REO7 i 809 L carr R WD SR o L At \ CR971,972 48-83510F04 silicon -
= A4 1 4 | Ss6 T 14 1 1 1 iR CR973-975 48-83654H01 silicon 01-80244H01 PA shield assembly
ARC835 ANCB36 ANCB37 839 | 51 7 €890 | C892 7R c894 cB96 < c898 7= €899
& arur T6arar T 001uF - OluF NOTES: : T T CR980,981 48-82466H01 rectifier silicon 02-00007003 hex nut (8-32 x .31 x .375)
881 ) 43 63 56 56 84 60 . »
el i L 1_UNLESS OTHERWISE SPECIFIED: - ‘ CRO82 48-82256C12 5.6V gg_}sgggéﬁ(‘f hex nut (3.5 x .6), 2 used
(/4 ALL RESISTANCES ARE N OHMS - o 1 spanner nut
_.I._ cs8l i ALL CAPACITANCES ARE IN PICOFARADS ” VR8O1 CRo83 48-82466H01 rectifier silicon 03-10911A11 rr?achine screw (3 x .5 x 8), 4 used
,I 047uF B- - ALL INDUCTANCES ARE IN MICROFARADS connector receptacle 03-10943M15 machine screw (3.5 x .6 x 8), 5 used
s82 = 2. J801 09-8C001FO1 phono jack 03-10943M16 machine screw (3.5 x .6 x 10)
CUREIEMrﬂ » |ORG l (J/, L88 ::cos&?ﬁ ;:CE?ISF ¥ A- GROUND jumper 03-10943M17 machine screw (3.5 x .6 x 13), 2 used
: : L B- GROUND ; 04-00114522 5/8” lockwasher
c882 = Ju987-989 01-80739T09 0 oh
cesz S CHassIS GROUND e ¢ ohm wire 04-82345A01 shoulder washer
; ” GEW-1664-D coil, 14-80103B01 exciter heatsink insulator
TEMP BLK L883 L801 24-11030B15 10.5 turns, white 15-84763M01 chassis
SEvet | 3 . —* L802 24-11030B13 8.5 turns, green 26-80016802 exciter heatsink
_l €883 ¢ : L803 24-82835G30 1.3 uH, brown orange gold 26-80129K01 harmonic filter heatsink
; 04TuF L804 24-11030D04 46.9 nH, green 2900003023 solder lug
889 SOLDER SIDE GBW—-1703-0 L805 24-11030D01 14.1 nH, red 32-80080A01 antenna collar gasket
RED L884 To PA 4A
A+l 4 —{ s COMPONENT SIDE & GBW-1704-0 1806 24-83977B01 1.5 turns ig‘ggoﬁ Bm stud dd?"ce gasket, 2 used
Tcess | cose BOARD OVERLAY — GBW- 1705 -0 L807 24-80277A17 airwound e anon Stando
220pF /1 04T uF L808,809 2483977801 1.5 turns ;
) ) - . : 76-80164C01 ferrite sleeve, 2 used
ceven | | orn /I Lees HLN4913A 7 Pin Feedthru MXW=1713-B HLN4914A 2 Pin Feedthru MXW-1714-A 2-PIN PA FEEDTHRU tg:? g::gggggéoa‘é aérwgu’;f’ \ —
s A A » _ .6 uH, blue yellow
9.4V _L ce8s [ REFERENCE MOTOROLA DESCRIPTION gsnF‘EBROELNCE gg;?:gLA DESCRIPTION HKN4202A Interconnect Cable MXW=-2141-A 812 24-80036A02 ferrite, 1/2 turn
047uF SYMBOL PART NO. - SHOWN FROM SOLDER SIDE REFERENCE MOTOROLA DESCRIPTION 1813 24-84235B04 airwound, 4 1/2 turns
itor. fixed. uF. +20%, 100V (unless otherwise stated capacitor, fixed, uF, +10%, 50V (unless otherwise stated) REG 96V | 8 |E=Y ' — SYMBOL PART NO. Ls14 24-80036A02 territe, 1/2 turn
BLK,LARGE 886 capacitor, fixed, uF, +20%, 100V (uniess tated) 7 4 1815 24-80110813 7.5 ums
A= ® T <f1 T Ceg2-887 21-84547A07 047 21is7aINet i J— c8 connector plug 1816-818 24-80139G05 10 uH, 210%
aczeosg Less c&af . C888,889 21-11015B05 220 pF, +10% mechanical parts 047uF 10 PA P951 09-80053D01 female connector housing L890 24-8C135J05 airwound )
P : ¢ coil, RF BOARD P952-959 09-80163D01 rectangular . .
L887 (888,889 76-84069B04 ferrite 28-60123J01 male connector L26z S aviaas Ao
g- | 7 |BRN A ~LB8 J 28-80123J02 male connector mechanical parts L892 24-8(135J03 airwound
_]_ mechanical parts | CONTROL| o | YEL . ) L893 24-80135J02 airwound
L cesr - L 12/30/88 VOLTAGE ' 15-84301K16 2 contact connector housing 1894 2480135401 airwound ) o i
/J; 28-80123J01 male connector SOLOER SIDE SBW-1706-0 A 39-82717MO1 receptacle contact 1970 24-82549D50 5.6 uH Schematics, Circuit Board Dlag rams, and
28-80123J02 male connector 42-10217A02 nylon tie strap L973 24-82549D50 5.6 uH H HH
COMPONENT S| DE GBW-1707-0 54-84697B01 label Lo75 24-80139G05 10 uH o Parts Lists for Power Amp|lflel'
NOTE: 12/20/88 OVERLAY — GBW-1708-0 — e PW-1719-E
/) INDICATES CHASSIS REFERENCE GBW-1721-A note: For best performance, order diodes, transistors, and integrated circuit devices by 1/10/89 L98o 24-82549003 TuH - -
Motorola part number. NOTE note: For best performance, order diodes, transistors, and integrated circuit devices by 1981,982 24-80139G05 10 uH, +10% 4/15/90

,;7 INDICATES CHASSIS REFERENCE GBW- 1720-A Motorola part number. L987 76-80178D01 ferrite
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parts list parts list

HLB4083B Transmit Buffer Circuit Board MXW-1967-C HLB4092A Directional Coupler MXW-1715-B
REFERENCE MOTOROLA REFERENCE MOTOROLA
SYMBOL PART NO. DESCRIPTION Ay oo DESCRIPTION

capacitor, fixed, pF, +5%, 50V (unless otherwise stated) capacitor, fixed, uF, +5%, 63V (unless otherwise stated) DIR ECTI ONA L co U PLE R TRAN S MIT B U FFER

C1504-1509 21-11032B13 1 uF, +80, —20%, 50V C950 21-83596E36 01, +60, —40%, 250V

C1512,1513 21-11032B13 .1 uF, +80, —20%, 50V C951 08-11051A07 01
C1500 21-13740B46 75 €953 21-11014H19 5.6 pF, +.5 pF, 100V
C1501,1502 21-13740B51 120 C954-956 08-11051A07 .01 SHOWN FROM SOLDER SIDE SHOWN FROM COMPONENT SIDE
g}g?g g:—}ggigggg 172 957,958 08-11051A12 .068 TO ANTENNA : -
C1511 21-13740B46 75 diode (see note)
C1514 23-11054H08 10 uF, +10%, 25V, tantalum CR850,951 48-84616A11 schottky
C1515 21-13740B27 12 .
coil, RF
diode (see note) L950-952 24-80139G05 10 uH
CR1501 48-80154K01 hot carrier resistor, fixed, ohm, +5%, 1/4 watt (unless otherwise stated)
connector receptacle R950 06-11009A25 100
J1500 28-84324M01 2 contact R951 06-11009E25 100
J1501 09-80001F01 phono jack R952,953 06-11045A25 100, 1/2W
R954,955 06-11009A25 100
coil, RF 10 PA
L1500 24-84411B03 brown transtormer
L1501 24-84411B01 white T950 25-80295H01 transformer
L1502 24-84411B03 brown N
L1503 24-80138G06 10 uH, +10% mechanical parts
L1504 24-82723H36 .41 uH, yellow " : :
L1505 24-82835G14 1 UM, brown black 37-00132026 3/16” heatshrink tubing SOLDER SIDE CCW-1709-A
L1506 24-80138G06 10 uH, +10% 12/30/88
L1507 24-82723H14 -075 uH, violet blue note: For best performance, order diodes, transistors, and integrated circuit devices by COMPONENT SIDE GCW-1740-A
connector plug Motorola part number. OVERLAY — GCW-1741-0
P1501-1504 29-10134A70 lug connector 5 o
transistor (see note)
Q1501 48-05128M31 NPN SHOWN FROM SOLDER SIDE
Q1502 48-80182D39 NPN
Q1503 48-80141L01 PNP
; . . HLN4837A Directional Coupler Hardware MXW-1716-A
resistor, fixed, ohm, 1/4 watt (unless otherwise stated)
R1501 06-11077A26 10 REFERENCE MOTOROLA DESCRIPTION SOLDER SIDE GCW-1963-A SOLDER SIDE GCW-1963-A
R1502 06—-11077A50 100 SYMBOL PART NO. COMPONENT SIDE GCW-1964-A COMPONENT SIDE ¢ GCW-1964-A
R1503 06-11077A26 10 OVERLAY — GCW-1965-A OVERLAY —  GCW-1966-A
R1504 06—-11077A89 4.3k capacitor, fixed, uF (unless otherwise stated)
R1505 06—-11077A81 2k C961-963 21-82812H03 .001, +100, ~10%, feedthru
R1506 06-11077A56 180 connector receptacle
R1507 06-11077A34 22 1570 09-84066C02 tact
R1508 06-11077A56 180 contac
R1509 06-11077A81 2k coil, RF
R1510 06-11077A70 680 983,984 76-83466K01 ferrite
R1511 06-11009E11 27, 1/4W
R1512 06-11077A74 1k connector plug )
R1513 06-11077A89 4.3k P952 15-84301K01 3 contact housing
R1514 06-11077A60 270 N KEYED
R1515 06—-11077A34 22 mechanical parts 5 4V
R1516 06-11077A60 270 031094315 rrv— v
pping screw (3.5 x 0.6 x 10), 2 used
R1517 06-11009E10 24, 114W 04-80003F02 insulating washer, 3 used
ical 04-83755H01 shoulder washer, 3 used
mechanical parts 05-00135247 eye, 2 used '
09-84041D01 banana plug l J_
gtgg?g;igz :::: x;z:g;' 2 used 15-80107HO1 directional coupler housing FRoM T T T T T T T T T T T T T T T T T T s s T T e s s e - C:f": 3 %5;4 3 1R'2512 g B1s11
05-00136977 ave 15-80108H01 directional coupler cover HARMONIC | . 5 ! I u u
05-10344A20 Z" in rivet 15-80196H01 antenna housing FILTER ! I : | ANTENNA
pult p 4 ) 32-80284H01 directional coupler gasket ! e ! = = L1506 R4517
26-83595M01 detector shield, Cmponent side 37-00135566 1/4" heatshrink tubin f [ ! - 10 24
26-80189H01 transmit buffer shield . ink tubing | I = ' ¥ CR4501 e
26-80121A01 IF shield, 3 used 37-00132562 1/8” heatshrink tubing ! i WV _]_
H €962 L9514 R950 €950 C954
29-10134A89 terminal lug T ﬁ;{gﬁ"t’igz‘;’;‘;‘“'e fwo_sen_ 001 10 creso 100 o i o 0 s T B eer J Q1503 c1512
37-00135566 1/4” heatshrink tubing " DET o= o~ it == T »r = DET M3906 AuF
” N T 43-80294H02 PCB mounting spacer, 2 used | ™ |
37-00134165 3/8” heatshrink tubing 43-82690MO1 molded cap bushin | | | |
42-84733F04 compression ring 43-82691M01 bushi p 9 | A cos57 R953 Resz | b 1 SR954 R955 | c953 icose | 1 =
64-80191HO3 transmit buffer plate o ushing | 68 100 087 ! 106 156° —=ser &% 1
: 54-84697B01 label | o N L950  C964 < R1504 L1503 < R1513 < R1509 Cc1508 L4505
75-82200H16 oscillator pad ! 6 “88! S 4 3K E 10 3 S oK 1
76-83466K01 ferrite 12/30/88 | =t g : 4.3K 2 I-“‘ 1.0
| L =+
1/10/89 | 40954 L coss L cCose | £ xe
note: For best performance, order diodes, transistors, and integrated circuit devices by | o o :
Motorola part number. et U L1504 C1511 R4515
NOTE: b 01502 41 7"5 22 RF
o eSS N
HLBAOS3A RF Power Transistors MXW-=1718-A LSt 0T T oD, A eSS e MEASureD ¢isoe  Risor  cisor Ms239 T A
TANCES IN MICROHENRIES. SCW- 1968-2 i o Y, R4540
REFERENCE MOTOROLA DESCRIPTION R1504 R4503 c1504 i€ i€ 680
SYMBOL PART NO. RF IN 10 10 L1500 L1501 L1502 ‘};JF ? Q1501
FROM '
capacitor, fixed, pF, +5%, 500V (unless otherwise stated) TX MIXER A \hy/ M3934 L1507
C817,818 21-84494B01 51 J 75nH €4509 | c1510 $R1514 S R{516
C842,843 21-84494B04 100 [ o515 AuF T4 2270 270
R4502 C1500 CI501 __ c1502 C1503 < R1505 R41506 C41505 R1508
transistor (see note) = 2 12
Q802 48-00869583 NPN 100 :]: 75 :[:120 ! 120 I 75 2K 180 I .4uF 180
Q803,804 48-84411L02 NPN _— < = =+ =+ <
resistor, fixed, ohm, +5%, 2 watt (unless otherwise stated) . N - - - B - - - - " )
R808 17-82036G27 18 NOTE:
‘ 12/30/88 UNLESS OTHERWISE INDICATED, ALL RESISTANCES GCw-1934-8
note: For best performance, order diodes, transistors, and integrated circuit devices by ARE MEASURED IN OHMS, ALL'INDUCTANCE S IN
Motorola part number. : MICROHENRIES, AND ALL CAPACITORS IN PICOFARADS

Schematics, Circuit Board Diagrams, and Parts Lists
for Directional Coupler and

Transmit Buffer

PW-3473-A

1/15/89
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@ MOTOROLA

Common Circuits Board

1. Description

Common board circuitry performs two functions: volt-
age regulation and RF amplifier power control. The circuit
description, theory of operation, and troubleshooting chart
for the RF power control are in the transmitter section of your
manual. This section covers the voltage regulators.

2. Regulator Theory of Operation

The voltage regulators consist of the 1000 series part
designators. The regulator voltages are: switched 9.6 volts,
switched 5 volts, and unswitched 5 volts. The power switch at
the control unit controls the switched supplies (9.6 and 5
volts). The unswitched 5 volt supply remains powered up as
long as the A+ lead to the radio is live, and the B— lead pro-
vides a ground return path.

2.1 9.6 VOLT REGULATOR

The 9.6 volt regulator obtains its reference from the
zener diode on HY1000. The reference voltage input of
U1000B at pin 5 is approximately 7.0 volts DC. The output of
UI1000B at pin 4 is the 9.6 volt reference. U1000C, Q1001,
and the output transistor Q1000 amplifies this reference volt-
age. If a short circuit occurs on the 9.6 volt supply line, the
diode CR1001 forward biases, removes base drive to Q1001,
and shuts down the regulator to prevent further damage.

2.2 UNSWITCHED 5 VOLT REGULATOR

The TO220 packaged device U1001 contains the un-
switched 5.0 volt regulator. The device generates its own ref-
erence, and is internally current limited and thermally pro-
tected. The switched 5 volt supply uses this unswitched volt-
age as reference, so the two regulated voltages closely track
each other.

2.3 SWITCHED 5 VOLT SUPPLY

The switched 5 volt supply obtains its reference voltage
from the unswitched 5 volt supply. The switched 5 volt sup-
ply is protected against excessive output current drain. Exces-
sive current drain is sensed by the output resistors R1021 and
R1022. If the drop across these resistors is .6 volts or more,

the transistor Q1005 begins to conduct. This begins starving
base drive to the output Darlington transistor Q1006.

2.4 SHUTBACK CIRCUIT

Both the switched supplies (5 and 9.6 volt) switch on and
off by the shutback circuit. The shutback circuit senses the
SW B+ line voltage, and turns the regulators off if line volt-
age is irregular. The shutback circuit senses over and under
voltage conditions on the SW B+ line. The 9.6 volt regulator
shuts back through Q1002. The base of Q1002 normally pulls
low through R1006 and allows a path for Q1001 emitter cur-
rent. When shut back, the base of Q1002 is pulled high by
Q1004 and turns the 9.6 volt regulator off. The switched 5.0
volt regulator is shut back in a similar manner. The 5.0 volt
supply is shut back through the diode CR1003. The diode is
normally reverse biased and has no effect on the circuit.
When shut back, the diode conducts and forces the op—amp
output (U1000D) low. This causes the regulator to shut off
completely. The shutback circuit senses the low—line shut-
back condition through the op—amp U1000A. The op—amp
compares the unswitched 5.0 voltage on its positive input
with the resistively divided SW B+ input on its negative in-
put.

The circuit shuts back the regulators when SW B+ falls
to approximately 8.5 volts, and turns on when SW B+ is over
9.4 volts. The high line shutback is sensed by 18—volt zener
diode VR1000. This diode is presented with the SW B+ line
voltage by Q1003. VR1000 has no effect to the circuit until
SW B+ reaches about 20.5 volts. The 18—volt zener then con-
ducts and clamps the base voltage of Q1004 to 19 volts. As
SW B+ rises, the transistor Q1004 conducts and shuts back
the switched regulators at high SW B+ voltages.

3. Regulator Troubleshooting

The following situations are explained to help
troubleshoot the regulators in the SYNTOR X 9000 radio.

e Failure of the switched 5.0 and 9.6 volt regulators
e Failure of the unswitched 5.0 volt regulator ONLY
e Failure of the 9.6 volt regulator ONLY

e Failure of the switched 5.0 volt regulator ONLY

W10001S542-A

8/30/88




3.1 BOTH 5 AND 9.6 VOLT REGULATOR FAILURE

(1) Inspect P300 and J1 and verify that they are properly in-
stalled.

(2) Measure SW B+ on the common circuits board. This volt-
age range is 10.7 to 16.2 volts. If SW B+ is outside of this
range, the regulator shutback circuitry disables the regula-
tors.

(3) Measure the voltage at the collector of Q1004. It shouldbe
.6 volts or less. If the collector is above .6 volts, repair the
shutback circuit.

3.2 UNSWITCHED 5 VOLT REGULATOR FAILURE

(1) Measure the input to U1001 pin 1. This range is 10.7 to
16.2 volts. If not, repair the open path A+ or B— to the com-
mon circuits board.

(2) Measure the resistance from U1001 pin 2 to J1-B on the
personality board. This should be below .1 ohms. If not, lo-
cate the resistive path or connector and repair.

(3) Measure the output of U1001 pin 3. If not between 4.75 to
5.25 volts, unsolder pin 3 to determine if the supply is
shorted. If the unconnected output is not five volts, replace
U1001.

3.3 9.6 VOLT REGULATOR FAILURE

(1) Measure the voltage at the emitter of Q1000. It should be
between 10.7 to 16.2 volts. If not, find the open path supply-
ing the collector.

(2) Check the op—amp output at U1000B pin 4. It should be
6.65 to 7.35 volts. Next, check U1000B pins 5 and 6. Reading
should be 6.2 volis. If not, repair the reference circuit.

(3) Measure the base voltage on Q1001. This point is nor-
mally at 3.1 volts. If this point is below 2 volts or above 6
volts, repair the driving op—amp circuit involving U1000A.

(4) Measure the voltage on the base of Q1000 (output pass
transistor). The base voltage should be .5 to .8 volts below the
SW B+ voltage on the emitter of Q1000. If this voltage is out
of range, repair the output driver involving Q1000 and
Q1001.

3.4 SWITCHED 5 VOLT REGULATOR FAILURE

(1) Measure the input reference voltage at U1000D pin 13,
This should be 4.75 to 5.25 volts. If not, recheck the un-
switched 5.0 volt regulator output. If the unswitched 5.0 sup-
ply is present, unsolder U1000 pin 13 to check if U1000 is
faulty.

(2) Check the collector voltage of Q1005. Acceptable range is
10.7 to 16.2 volts. If not, find the open path to the common
circuits board.

(3) Measure the driving op—amp U1000 pin 12 to determine if
sufficient base drive is present for Q1006. U1000 pin 12
should be 6.4 to 7 volts. If this voltage is more than 7 volts,
check the voltage drop across R1016. The drop is approxi-
mately .2 volts. If there is little or no drop across R1016, re-
place Q1006. If the voltage drop is excessive, remove Q1005
to disable the current shutback circuit, and recheck. Should
the drop still be excessive, measure the drop across R1021. If
R1021 drop is more than .7 volts, locate the fault on the
switched 5.0-volt line. This fault is probably on another cir-
cuit board in the radio. If the R1021 voltage drop is less than
.7 volts, replace Q1006. If the voltage on U1000 pin 12 is be-
low 6.4 and pin 14 is less than pin 13 of U1000, replace
U1000. If U1000 pin 14 is more than pin 13, check for an
open R1017 or shorted CR1003.




(SEE POWER CONTROL
SECTION OF COMMON
CIRCUITS BOARD)

START

<z

BRIEFLY KEY
TRANSMITTER
SEE CAUTION

1S
U950-4 = 9.4V
?

VSWR SHUTBACK. CHECK
ANTENNA, CONNECTORS,
ANTENNA SWITCH,
CABLES, HARMONIC
FILTER, AND DIRECTIONAL
COUPLER FOR RF
DISCONTINUITY. READ
TRANSMITTER POWER
MEASURING SECTION OF
SYSTEM MAINTENANCE.

INSUFFICIENT POWER OUTPUT

(SEE NOTE)

NO KEYED 9.4V.
ICHECK PERSONALITY]
BOARD.

IS
P401-10 < 1V
OR > 9V

?

NO

REPLACE
DEFECTIVE
COMPONENTS.

CHECK uso1 | NO

AND U950.

NO PA ENABLE.
[CHECK PERSONALITY]|
BOARD.

YES

IS
Q950
COLLECTOR
= 9.0V

REPLACE
U9s50.

1S

Q951

BASE > 8.8V
?

REPLACE
Q951.

Q950 NOT CONDUCTING
PROPERLY OR Q951
SHORTED. CHECK Q850,
R963, R962, AND Q951.

Q957 NOT CONDUCTING
PROPERLY. CHECK Q950
AND R962.

REPLACE
DEFECTIVE
COMPONENTS.

A

REPLACE
DEFECTIVE
COMPONENTS.

Q953 NOT CONDUCTING
PROPERLY, OR FAULTY
DIVIDER NETWORK FOR
POWER SET VOLTAGE.
CHECK Q953, R980, R981

FOR OPEN. CHECK POWER

POT R979 FOR SHORT.
CHECK RT950 AND RT850.
(NOTE: RT850 IS ON

FINAL PA.)

REPLACE
DEFECTIVE
COMPONENTS.

1S
P401-10 < 1V
v

PROBLEM IN PA.
GO TO PA TROUBLE-
SHOOTING CHART.

UNPLUG J951.

IS
Ues1-13 > 0.2v
?

REPLACE U951.

IF CONDITION

PERSISTS, REPLACE
u9s0.

DOES
U950-2 = U950-3
?

REPLACE
U950.

FAULTY DIVIDER
NETWORK, U950, Q850,
Q951. CHECK U950,
Q950, Q951, R986,
R987, R984, R985.

REPLACE
DEFECTIVE
COMPONENTS.

IMPROPER PA ENABLE
VOLTAGE. CHECK
PERSONALITY BOARD.

RECONNECT
R951.

1S
ugs50-8 = 0.6V
?

OVERDRIVE SHUTBACK
MODE. TURN POWER SET
POT FULLY CLOCKWISE.
KEY TRANSMITTER AND

ADVANCE SLOWLY.

IS
U8s0-7 > 0.6V
?

INCORRECTLY IN VSWR
SHUTDOWN. CHECK R954,

CAUTION

SINCE THE CRITICAL VOLTAGE IN THE POWER CONTROL EXISTS ONLY DUR-
ING TRANSMIT CONDITIONS, THE TRANSMITTER SHOULD BE ONLY
BRIEFLY KEYED FOR MAKING THE TEST AND TAKING A MEASUREMENT.
PROLONGED KEYING OF THE TRANSMITTER SHOULD BE AVOIDED SINCE
SUCH KEYING WOULD PLACE THE POWER CONTROL INTO PROTECTIVE
SHUTBACK, THUS CAUSING THE GENERATION OF ERRONEOUS AND CON-
FUSING SYMPTOMS.

CAN
POWER OUTPUT BE
SET TO PROPER
LEVEL?

POWER CONTROL
OPERATING
CORRECTLY.

POWER CONTROL

RY70, R968, RI55,
U901, R952, RIE6,
AND R967.

REPLACE
DEFECTIVE
COMPONENTS.

WITH POWER CONTROL
[VOLTAGE (J951-1) > 1V
BUT < 8.8V, ADJUST
POWER SET POT SO
THAT U951-8 < 0.6V.

IS
U9s50-8 < 0.6V
?

IS
Q952
COLLECTOR
= 0.3v

?

1S
U950-9

NO

REPLACE
Q9s2.

CHECK PA OUTPUT
SUBSTRATE FOR HIGH
TEMPERATURE. IF LOW

REPLACE THERMISTOR
RT850).

POWER CONTROL
INCORRECTLY IN HIGH
DRIVE CUTBACK MODE.|

APPROXIMATELY
4.2V

YES

ADJUST POWER SET POT

FOR CONTROL LINE
VOLTAGE > 1V BUT
< 8.8V.

POWER CONTROL
INCORRECTLY IN HIGH
DRIVE CUTBACK MODE.

CHECK R973, R974,
R975, CR950, U501

REPLACE
DEFECTIVE
COMPONENTS.

CHECK RESISTIVE
DIVIDER R972, R971,
AND U950.

DOES
Ug50-10 =
(JQS!’-ﬂI 2

POWER CONTROL
OPERATING CORRECTLY
(HIGH DRIVE
CUTBACK MODE). GO
TO PA TROUBLE-
SHOOTING CHART.

POWER CONTROL
INCORRECTLY IN HIGH
DRIVE CUTBACK MODE.

CHECK R973, R974,
R375, CR950, U501.

A 2

REPLACE
DEFECTIVE
COMPONENTS.

REPLACE
DEFECTIVE
COMPONENTS.

GEW—2699—-0

START

NO POWER CONTROL
(SEE NOTE)

CHECK DIRECTIONAL
COUPLER. (NOTE::
DIRECTIONAL COUPLER
IN PA COMPARTMENIT.)

IS
Q951 BASE

1S
U950-14 = BV
>8.8V 2
?

y

SLOWLY ADJUST
POWER SET
POT (R979).

DOES
U950-12 VARY FROM
0-5.8V

DOES

Ug950-12 =

U950-13
?

REPLACE
Ugs0.

Q951
SHORTED.

CHECK
POWER
SET POT.

CHECK U951 AND
ASSOCIATED
CIRCUITS.

REPAIROR

REPLACE
DEFECTIVE
COMPONENTS.

Q950
SHORTED.

NOTE

WHEN THE POWER AMPLIFIER FAILS, IT IS VERY PROBABLE THAT THE
POWER CONTROL PROTECTIOM FUNCTIONS ARE NOT OPERATING
PROPERLY. CONSEQUENTLY, IT iiS RECOMMENDED THAT THE FOLLOW-
ING THREE CHECKS ILLUSTRATEID ON THE FLOW CHART BE PERFORMED
WHENEVER THE POWER AMPLIFIER FAILS.

(A) VSWR PROTECTION

(B) LOW-LINE CUTBACK

(C) HIGH-DRIVE PROTECTION

IT IS ALSO RECOMMENDED THAT THESE CHECKS BE PERFORMED AFTER

COMPLETING EITHER OF THE TWO OTHER CHECKS, INSUFFICIENT POWER
OUTPUT AND LACK OF POWER CONTROL.

NOTE

ALL VOLTAGE VALUES ARE REFERENCED TO A-.

GCW~2700—A

START

DOES
U950-6 =
(J951-6)/2.5
?

REMOVE 50-OHM
LOAD FROM
RADIO OUTPUT.
MOMENTARILY KEY
TRANSMITTER.

IS
MS2/MS1 >
0.46v
?

Q952 NOT CONDUCTING
PROPERLY. CHECK
R970, R976, R978, Q952.

VSWR PROTECTION

NO FAULTY DIVIDER
NETWORK OR IC. CHECK|
R968, U350, RI6.

REPLACE
DEFECTIVE
COMPONENTS.

IMPROPER VSWR READING.
CHECK R968, R969,
U950, AND
DIRECTIONAL COUPLER.

(NOTE: DIRECTIONAL
COUPLER IN PA
COMPARTMENT.)

FAULTY DIVIDER OR
IC. CHECK R968,
R969, R970, UI50.

REPLACE
DEFECTIVE
COMPONENTS.

START

e

REMOVE
PLUG J951.

Q952 NOT CONDUCTING
PROPERLY. CHECK Q852
AND ASSOCIATED
CIRCUITS.

REPLACE
DEFECTIVE
COMPONENTS.

REPLACE
DEFECTIVE
COMPONENTS.

REPLACE
DEFECTIVE
COMPONENTS.

GCW-2701-0

HIGH-DRIVE PROTECTION

1S
U950-10 > U950'9
2

Ug51-8 SHORTED OR
U950 DEFECTIVE.

REPLACE
DEFECTIVE
COMPONENTS.

START

LOW-LINE CUTBACK

(SEE NOTE)

FAULTY DIVIDER
NETWORK OR IC. CHECK
R984, R985, RO8E, R9B7,
€954, U950, R982, AND

RO83.

REDUCE SUPPLY VOLTAGE
TO 10.8V. (NOTE: THIS
MAY CAUSE POWER
CONTROL TO GO INTO
HIGH DRIVE CUTBACK,
REDUCING OUTPUT
POWER.)

is
Ug50-14 > 7v
2

FAULTY DIVIDER OR IC.
CHECK R971, R972, R973,
R974, R975, CR950, AND

U950.

Q951 NOT CONDUCTING
PROPERLY. CHECK Q950
Q951, R962, AND R963.

REPLACE
DEFECTIVE
COMPONENTS.

REPLACE
DEFECTIVE
COMPONENTS.

GCw-2702-0

1S
K9.4 STILL AT
9.4v

?

REPLACE
Us850.

FAULTY VOLTAGE
REGULATOR. GO TO
VOLTAGE REGULATOR
TROUBLESHOOTING
CHART.

CHECK U950
AND U951.

REPLACE
DEFECTIVE
COMPONENT.

REPLACE
DEFECTIVE
COMPONENTS.

GBW-2703-0

Troubleshooting Charts for

Common Circuits Board
PW-2767-A
1/25/89



PA ENABLE
REG 9.6V
SWITCHED B+
KEYED 94V
NC

B-

SWITCHED 5V

FUSED B+

UNSWITCHED 5v
CODE STORAGE

K9.4v
J951 \ RIO1 R934 R904
3 5.1K ) 10K 22K
7 A+  REG96V R903
4 NC I 5.6K 953
f = K9.4V POWER LimiT 35 VDC FORWARD DETECT [,
SET
TEMP _SENSE 13 R909 10
5 g ~Js RIOD roos r'j cRe02 . REFLECTED DETECT | 4
8 K9.4v 75338 14 » - * 4&C901  3R13 2
12]_ U900 R908 _lo 2200 110K L
R905 i 5K U900 B
10K =
1% =
R911 RO14
RI06
A 3 27K 1.8K
% 1 * 1 coo4 L
= 2 T 2200
R921 U900
+ 390 * 1 (YR
A A+ LY I A+
€908 C907
3?8‘ RO35 REG96V 6.8uF 6.8uF %9'(15
Q904 100 R918 Y
: R27 o
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Q906 . . 10K 27K
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R9O7 = = = VR900 40K 9642 o Usool 3200 §15
6 |_CONTROL vOLTAGE 2.2K 88V CR90O | = 1%
* » CURRENT LimiT $R920 K9.4V
= b
9 CURRENT SENSE R919 R940 .
1 o,
o] 10K1% 917 w920 aok ro24
J300 i =1% 133
5
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4
ffw L c1o00 L croot R1001 R1002
8 AoF 220 $220K pioo3 1K Q1000 HeATSING
4 UNT!
A L croo0 270 1% M1305 ED
= ™ M | ¥
! ' 326K 61002 % cRiool ¥ CR1002 +xk cro03
= 1 2: i¢ [ 47uF
r ! 1 =
i L ETK RI004 1 cl004
]
' o Q001 £270" 7T 033
. uf
X - 471999 = M39640
¢ 9 T
. * uioooc R1005
1
20K ! 47) Q1002
----- $R1006 ] M9649
UNSW5V L 560
J300-3 1
R1007 R1008 Q1006
5K 3K U1000D ' (o Misio
133 RIOI6 HEATSINK
RI009 12 680 Q1005 gRiO8 MOUNTED
Ri023 M9B42 S 2
7K
47K RIO 54K 14] _ ) I
- :.*4!‘999, U1000A Rioto | 47K 1005 RI020 S0®
: ' ceoe ]t 10 5K Q1003 UNSWSV a2 RI0S Ri%e0 220
! 327K 220 2 moe43 R1012 J300-9 T 27K
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CR1007
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LI R1024 cR1004 BT1000 L
10K 3.6v GEW-4570-A

BT 1000

SHOWN FROM COMPONENT SIDE

SOLDER SIDE
COMPONENT SIDE
OVERLAY

GEW-4571-D
GEW-4572-D
GEW-4573-A

parts list

HLN5222B Common Circuits Board for Low Band MXW—4574-A MXW-4574-A (2)

REFERENCE MOTOROLA REFERENCE MOTOROLA

SYMBOL PART NO. DESCRIPTION SYMBOL PART NO. DESCRIPTION

capacitor, fixed, uF, +10%, 100V (unless otherwise stated) voltage regulator (see note)

C900-902 21-11015D17 .022 VRS00 48-82256C56 8.8V

C904 21-11015D17 .022 VRS01 48-82256C03 4.7V

C905 08-11051A17 A7, +5%, 63V VR1000 48-82256C53 18V

C906 23-11054N06 3.3, 35V, tantalum

C907 23-11054N06 3.3, 35V, tantalum mechanical parts

C1000 08-11051A13 1, +5%, 63V

C1001,1002 21-11015B05 220 pF 03-10911A11 machine screw (3 x 0.5 x 8)

C1003 23-11019A39 47, +20%, 16V, electrolytic 03-10943M15 tapping screw (3.5 x 0.6 x 8)

C1004 08-11051A10 .033, +5%, 63V 04-84180C01 nylon shoulder washer

C1005 21-11014B47 82 pF, +5% 05-80200K01 nylon rivet

C1006 21-11015B05 220 pF 14-83820M02 heat conductive insulator

C1007 23-84538G06 47, +20%, 20V, tantalum 26-84835M03 heat sink reguiator

C1008 23-11048C11 10, +20%, 35V, electrolytic 54-80072G01 label

C1009 23-84538G29 47, +20%, 10V, tantalum 75-80171L01 hybrid pad

C1010 21-11015B05 220 pF 10789

diode (see note) note: For best performance, order diodes, transistors, and integrated circuit devices by

CR900-904 48-83654H01 silicon Motorola part number.

CR1000-1007 48-83654H01 silicon

hybrid (see note)

HY1000 01-80715D03 hybrid regulator assembly

connector receptacie

Jgst1 28-80052D01 male housing

Jgs53 28-84324M02 3 contact

transistor (see note)

Q903 4800869642 NPN

Q905 48-00869642 NPN

Q906 48-00869648 NPN

Q1000 48-84413L05 PNP

Q1001 48-00869640 NPN

Q1002 48-00869649 PNP

Q1003,1004 48-00869643 PNP

Q1005 48-00869642 NPN

Q1006 48-84413L10 NPN

resistor, fixed, ohm, +5%, 1/4 watt (unless otherwise stated)

R901 06—11009A66 5.1k

R902 06—-11009A73 10k

R903 06—11009A67 5.6k

R904 06—-11009A81 22k

R905 06—11049C91 10k, +1%, 1/4W

R906 06-10621C27 2.15k, +1%, 1/4W

R907 06—-11009A57 2.2k

R908 18-80087E01 25k potentiometer

R909 06—-11009A83 27k

R910 06-11009A95 82k

R911 06-11009A59 2.7k

R912 06-11049C91 10k, +1%, 1/4W

R913 06-11009A73 10k

R914 06-11009A55 1.8k

R915 06-11049C91 10K, +1%, 1/4W

R916 06-11049C79 7.5k, +1%, 1/4W

R917 18-80087E04 1k potentiometer

R918 06—11009A83 27k

R919 06-11049C91 10K, +1%, 1/4W

R920 06—-11049C79 7.5k, +1%, 1/4W

R921 06—11009A39 390

Rg22 06—11009A65 4.7k

R923 06—11009A85 33k

R924 06—11009A61 3.3k

R925 06—-11009A73 10k

R926 06—-11009A75 12k

R927 06—-11009A59 2.7k

R928 06-11009A73 10k

R929 06—-11009A33 220

R930 06—11009A35 270

R931 06—11009A41 470

R932 06-11009A65 4.7k

R933 06—11009A93 68k

R934 06—11009A73 10k

R935 06—11009A25 100

R1001 06-11009B06 220k

R1002 06—11009A49 1k

R1003 06-11009A35 270

R1004 06—-11009A35 270

R1005 06—-11045A20 62, 1/2W

R1006 06—11009A43 560

R1007 06—11009A66 5.1k

R1008 06-11009A88 43k

R1009 06~11009A65 4.7k

R1010 06-11009A66 5.1k

R1011 06-11008A65 4.7k

R1012 06—11009A55 1.8k

R1013 06—-11009A66 5.1k

R1014 06—11009A65 4.7k

R1015 06-11009A35 270

R1016 06-11009A45 680

R1017 06—11009A65 4.7k

R1018,1019 06—11009A59 2.7k

R1020 06-11009A35 270

R1021,1022 06-80037G07 1.8, 12W

R1023 06-11009A66 5.1k . L .

R1024, 061100949 . Schematic, Circuit Board Diagram,

integrated circuit (s66 note) and Parts List for HLN5222B
ee note : [

Usoo £ 80067001 opamp Common Circuits Board

U1000 51-80067C04 opamp PW-4569-B

u1001 51-80068C02 voltage regulator

1/15/89
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Figure 1. Typical Systems 9000 Control Unit

1. Description
1.1 GENERAL

Note
A variety of Motorola’s SYNTOR X 9000 radio
systems use the Systems 9000 Control Unit. The
differences between control units is in the
programming software and button legends.

The Systems 9000 control unit is a microcomputer based
unit that processes all the button inputs and displays used by
the radio and the options. It also interfaces with the vehicle via
the vehicle interface ports (VIP).

1.2 CONTROLS AND INDICATORS
1.2.1 Power Switch

The power switch is a slide switch on the right-hand
bottom surface of the control unit. It turns the radio and its
accessories on and off.

1.2.2 Display

The eleven—character vacuum fluorescent display’s pri-
mary function is to display mode numbers, mode names,
volume level, and the status of options. It also functions as an
on—off indicator for the entire system, and plays an integral
role in the operator’s reconfiguration of options.

W10002S25-D
3/31/90
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Figure 2. Systems 9000 Control Unit for SYNTOR X 9000E Radios

1.2.3 Option Buttons

Located above the display window is a row of six buttons
for turning options on and off. Below each is a small indicator
light to show the status of the option.

1.2.4 XMIT and BUSY Indicators

Above the six option buttons are XMIT and BUSY
indicators. The XMIT indicator lights when the radio is
transmitting. The BUSY indicator lights when the selected
channel is busy.

1.2.5 Scan Indicators

In the right-hand side of the display window are the
NON-PRI and PRI indicator lights. When scan operation
detects activity on a non—priority (NON-PRI) channel, the
NON-PRI light comes on. Activity on a second priority
channel causes PRI to light. First priority channel activity
causes PRI to flash.

1.2.6 Mode Rocker Switch

Below the display window is the Mode rocker. Pressing
the right side of this rocker switch increases the mode number.
Press the left side to decrease the mode number. If you press
and hold the switch, it scrolls the mode numbers up or down.
The mode names appear in the display window.

1.2.7 Volume Rocker Switch

Below the display window, beside the Mode switch is the
Volume rocker. Press and release to check volume setting.

Your display shows “VOLUME _ _” and a number value
(0-15). Press and hold the right side of the rocker to increase
the volume setting. Press and hold the left side to decrease
volume. The number value scrolls up or down to your desired
level.

The volume rocker also controls the volume level of the
public address (PA) and external radio speaker (ExRd) options
when they are enabled. The display window shows “PA
VOL_ _”when public address is on and the volume rocker is
pressed.

1.2.8 Home and Sel Buttons

Press the Home button to go to the radio’s pre—pro-
grammed “Home” mode. You may use Home instead of Mode
to change modes. Hold Home until a beep sounds to enter the
configuration state. The display shows an entry prompt. Use
the keypad to enter your new mode choice and press Home
again. Your mode is now changed without scrolling.

Use the Sel button when configuring an option. See the
descriptions of the options for more specific information.

1.2.9 DIM Button

Above the keypad, on the right side of the control unit, is
the control for the brightness of the display and button
backlighting. When you turn on the system, the display comes
on at the highest level. Press DIM once to reduce the
brightness of the display to medium level, and twice for low
brightness level. Press DIM a third time to turn the display and
button backlighting off. This is called the “surveillance”
mode.




1.2.10 Keypad

The keypad is for changing the status of options and
entering numbers to the display. See the Operator’s Manual
for a complete description of button operation.

2. Theory of Operation
2.1 GENERAL

The Systems 9000 control unit has solid state micropro-
cessor circuitry that operates the standard and optional
features built into the system. The control unit design allows
installation in even the smallest of down—sized vehicles.
Systems that have many options simply require more control
unit buttons, not larger control units.

The control unit may be field programmed to alter the
information stored in certain areas of its electronic memory.
Some options are also added by field programming.

2.1.1 Display

The control unit has an eleven—character alphanumeric

vacuum fluorescent display for indicating the following:

¢ Mode Names

¢ Squelch Level

e Volume Level

e Status Codes

¢ Message Codes

e Telephone Numbers

e Identification Numbers

e Alarm Displays

e Option Status.

2.1.2 Controls and Indicators

A twelve button keypad contains traditional alphanu-
meric keys. These keys double as functionkeys for SYNTOR X
9000 options. All buttons are backlit to allow operation in
low—light. Six ON/OFF option buttons and indicator lights
above the display window tell whether these options are on or
off.

Other indicators include BUSY, TRANSMIT, PRIOR-
ITY, and NON-PRIORITY. BUSY lights when activity is
detected on the channel. The XMIT (transmit) indicator lights
when you are transmitting.

When activity occurs during a Scan sequence, the
NON-PRI (non—priority) or PRI (priority) light is on. If the
detected activity be ona NON-PRI mode, the NON—PRI light
is on. If the activity is on PRI mode the PRI indicator lights for
second priority modes, and flashes for first priority modes.

2.2 CONTROL BOARD

The control board’s microprocessor (MPU) communi-
cateson the serial bus, receives and interprets keypad data, and
controls the volume. The MPU sends ASCII data to a decoder
to control the display, and sends data to turn the LEDs on or
off. The control board has a watchdog timer that senses the
need for a system reset. The vehicle interface ports are also
controlled on this board.

2.2.1 Microprocessor (MPU)

The MPU operates in mode 2 (expanded bus with internal
ROM active). Table 1 gives jumper placements for different
modes. The clock frequency is 4.9152 MHz that results in an
internal operating frequency of 1288 kHz. The limited
number of I/O ports is augmented by using a serial-to—parallel
shift register (U3) to scan the keyboard, and to switch the VIP
drivers (Q28, Q29, Q30, and Q33).

Table 1. Mode Jumper Placement

Microprocessor Mode JU3 JUB

No. 1—Expanded mode with IN ouT
external ROM only.

No. 2—Expanded mode with ouT IN
internal ROM active.

No. 3-Single Chip. ouT ouT

2.2.2 Watchdog Timer

The watchdog timer consists of U5 (comparator) and Q4
(SCR). On system power—up, CO6 pulls the inverting input of
U5 high while R10 and R11 hold the non—inverting input at
VCC/2. The output goes low and the microprocessor resets.

As C06 charges through R 14, the voltage on the inverting
input drops below that of the non—inverting input, the output
goes high, and the microprocessor can start operating. R14 is
now pulling up on C06, and the inverting—-input voltage begins
to rise.

During this interval, the processor generates tickle pulses
to periodically fire Q4, preventing the inverting—input voltage
from rising above the non-inverting input voltage and
repeating the reset cycle. If the tickle pulses stop for more than
150 mSec, the reset cycle is repeated.

2.2.3 EEPROM

The EEPROM stores customer data including mode
names, button functions, and VIP settings. The customer data
can be altered only by enabling the “STORE” function
(grounding the MIC HI line); an automatic function of the
control unit programmer. Power strobing minimizes
EEPROM power consumptions. Jumpers configure the
EEPROM for the uses shown in Table 2.




Table 2. EEPROM Jumper Table

JUMPER USE/PLACEMENT

Ju1 Used for future options

Ju2 IN for 6301X Microprocessor

Ju4 IN for 2K EEPROM; OUT for 8K
EEPROM (option W930)

Jus IN for 8K EEPROM (option W930)
OUT for 2K EEPROM

2.2.4 Bus Transceiver

The serial bus transceiver consists of Q1, Q2, Q3, and U4
(CA3140). Q1, Q2, and Q3 transmit data on the bus while U4
acts as a comparator to receive data from the bus.

2.2.5 Vacuum Fluorescent Voltage Converter

Voltage for the vacuum fluorescent display is generated
by a fixed frequency, variable-duty cycle driven, flyback
voltage converter. Q31 and Q32 form an emitter—coupled
astable multivibrator that runs at about 150 kHz. The square
wave output from this circuit is integrated by R71 and C39 to
form a triangle that is applied to the non—inverting input of
half of US.

During start up, the inverting input is biased at 3.7 volts
by R66 and R67. Q23 is on while the non—inverting input
voltage is below 3.7 volts. This allows current to flow the T1,
building a magnetic field. When the triangle wave exceeds 3.7
volts, Q23 turns off and the magnetic field collapses, inducing
negative current in T1.

This current flows through either CR13 or CR14,
charging C27 and C28. As the voltage on C28 increases
beyond 35 volts, CR13 begins to conduct, pulling U5’s
inverting input below 3.7 volts. This decreases the cycle time
that Q23 is on to the time needed to produce —35 volts on C28.
The —41 volt supply is not regulated, but it tracks the —35 volt
supply.

Similarly, the AC supply for the vacuum fluorescent
filamentis notregulated, but is controlled to within one volt by
and inductor on the display board.

2.2.6 Vehicle Interface Ports (VIP)

The VIP outputs are driven by a serial-to—parallel shift
register. OQutput transistors (Q28, Q29, Q30) can sink 300 mA
current. Primarily, these transistors control external relays.
The relay is connected between the collector and switched B+.

Each VIP input transistor (Q25, Q26, Q27) is connected
to a dedicated input port through transistors used for input
protection. These VIP inputs are connected to ground with
either normally—open or normally—closed switches.

2.2.7 Power Supplies

Both the +5 and the +9.4 volt supplies are linear
regulators. The +9.4 supply is built with a discrete transistor

(Q11). The regulation is provided by VR09. The +5 volt
supply is a 7805, three—terminal regulator IC.

2.2.8 Ignition Sense Circuits

Q7 senses the vehicle ignition’s state, disabling transmit
when the ignition is off. For negative—ground systems, the
orange lead is typically connected to the fuse box (+12V). For
more information, see the cable kit section.

2.2.9 EEPROM Write—Protect Circuit

Q12,Q13,and associated circuitry guard againstinadver-
tently writing into the EEPROM. When MIC HI is grounded,
Q21 (normally on) is turned off. A hot—carrier diode (CR24)
ensures that Q21 turns off. CR24 is normally off so it does not
interfere with the MIC HI line.

CR19 forces the system to be write—protected during
reset; this is especially crucial during system power—up.

2.3 DISPLAY BOARD

This board contains the main operator interface points of
the system, including the vacuum fluorescent display, the
status indicator LEDs, and the user keypad.

2.3.1 Vacuum Fluorescent Display

The vacuum fluorescent (VF) display is an eleven digit,
14-segment display that needs three separate voltages to
operate: the cathode needs —35 volts to accelerate electrons to
the anode; the grid needs —40 volts to totally shut off current
flow; the filament needs 3.8 volts AC at 80 mA. These
voltages are obtained from the VF up—converter on the
controller board.

2.3.2° Vacuum Fluorescent Display Driver

This IC (U101) receives ASCII data from the controller
board, decodes itinto 14-segment display data, and then scans
the display with the data. Once properly loaded into the driver,
the displayed data is refreshed without any further processor
action. The display driver is periodically reset by the actions of
transistors Q118, Q119, and Q110 that watch the clock line
from the processor to the display driver. When the clock line is
held low for more than 600 mSec, the display driver resets and
new display data follows.

2.3.3 Voltage Supply

The AC voltage present on Q23 of the controller board is
used to obtain the —10 volts needed to run the display driver IC.
This voltage is fed through L.101 to limit the current and then
rectified by CR107 and shunt regulated by CR108.

2.3.4 Status LEDs

These LEDs are driven by the display driver as though
they were decimal points on the VF display. Level shifting
transistors are required for this since the display driver uses 39
volts for control signals.
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Figure 3. Disassembly of the Control Unit

2.3.5 Backlight LEDs

The same microprocessor signal that turns the VF power
supply on and off also operates the backlight LEDs. Q120
supplies base current to the individual LED driver transistors.
The driver transistors act as constant current sources to the
LEDs. Backlight LEDs CR115, CR116, CR117, and CR118
are connected to thermistor R163 by way of Q108. This circuit
allows more current to flow through these LEDs at room
temperature and reduces current as the temperature rises.

3. Control Unit Maintenance

3.1 DISASSEMBLY OF CONTROL UNIT (SEE
FIGURE 3)

Note
Before disassembling the control unit, note the
location of the labeled buttons.

Remove the two 30mm slotted screws that hold the front
and back of the control unit together. The two halves separate
at the top; at the bottom, they are held together by the flex
cable that interconnects the circuit boards. Place the unit so the
PC boards are facing up.

Remove the five 8mm screws in the display board and
carefully remove the front of the control unit housing. Keep
the front housing parts as a complete unit (including the front
housing, buttons, and display board light pipe). Always keep
the front of the display housing face down when handling.

Remove the two 16mm self-tapping screws on the
control board. Remove the back of the control unit housing.
Remove the black gasket around the switch and set it aside.
Remove the shields from the top and bottom of the control
board. All components should be easily accessible.

Note
When working with chips and SOT parts, use
extreme caution when heating. Never reuse a
chip or SOT part; always replace with correct
Motorola parts.

3.2 RE-ASSEMBLY OF THE CONTROL UNIT

Be sure the orange gasket is still around the outside of the
control cable “mini D” connector. If it was removed, replace it,
ensuring a snug fit to the PC board. Replace the gasket around
the power switch. Replace the shields on the top and bottom of
the control board. Place the control board in the back housing,




being careful to put the toggle switch arm in the proper
position in the ON/OFF button actuator.

Screw in the two 16mm self-tapping screws to 6-8 inch
Ibs. Also, be sure the ON/OFF actuator still slides back and
forth easily. Carefully check to see that all buttons are still in
place, then place the display board in the front housing. Screw
in the five 8mm self—tapping screws to 6—8 inch Ibs. Be sure
the black gasket is around the outside groove of the front
housing. When mating the front and back housings, make sure
the flex cable slides behind the control board and is not
pinched. Screw in the two 30mm slotted screw to 9—10" Ibs.

4. Vehicle Interface Ports

The Vehicle Interface Ports (VIP) allow the control unit
to operate outside circuits and to receive inputs from outside
the control unit. There are three VIP outputs that are used for
relay control. There are also three VIP inputs that accept
inputs from switches. See the cable kit section for typical
connections of VIP input switches and VIP out put relays.

4.1 VIP OUTPUT CONNECTIONS

The VIP output pins are located on the back of the control
unit below the area labeled “VIP.” These connections are used
to control relays. One end of the relay should be connected to
switched B+, while the other side is connected to a software
controlled ON/OFF switch inside the control unit.

Therelay can be normally—on or normally—off depending
on how the VIP outputs are configured. The control unit
provides for three of these VIP output connections. See
Table 3.

The function of these VIP outputs can be defined by field
programming the control unit. Typical applications for VIP
outputs are external horn/lights alarm and horn ring transfer

relay control. For further information on VIP outputs, see the
control unit programming manual.

4.2 VIP INPUT CONNECTIONS

The VIP input pins are located on the back of the control
unit below the area labeled “VIP.” These connections are used
to accept inputs from switches. One side of the switch is
connected to ground while the other side is connected to a
buffered input to the control unit. The switch can be
normally—closed or normally—open depending on how the
VIP inputs are configured. The control unit permits three of
these VIP input connections. See Table 4.

The function of these VIP inputs is defined by field
programming the control unit. Typical applications for the
VIP inputs are for a foot switch or a horn ring switch. For
further information on VIP inputs, see the control unit
programming manual.

5. Power Connections

CAUTION
Use only SYNTOR X 9000 cable Kits.
Connection to other cable kits or control panels
may cause electrical damage.

Replace the fuse in the in—line fuseholder of the red power
cable coming from the radio in the trunk. Also connect the
green (and/or orange) fused wire(s) coming from the control
unit to the ungrounded terminal (or source) of the battery.

Pull all excess cabling into the trunk. Clamp the cables to
the vehicle body or chassis with the cable clamps supplied.
Drill 1/8” mounting holes, then attach the clamps with four #8
by 3/8” tapping screws and four 1/4”" lockwashers. Finally, be
sure all in—line fuses are installed.

Table 3. VIP Qutput Connections

ON/OFF SWITCH DEFAULT FUNCTION IS CHANGED
VIP OUTPUT NO. SWITCHED B+ PIN NO. PIN NO. WITH FIELD PROGRAMMER
1 18 2 HORN RELAY (ALARM)
2 19 1 LIGHT RELAY (ALARM)
3 35 34 SIREN-HORN TRANSFER
Table 4. VIP Input Connections
ON/OFF SWITCH DEFAULT FUNCTION IS CHANGED
VIP INPUT NO. GROUND PIN NO. PIN NO. WITH FIELD PROGRAMMER
1 20 4 SIREN; HORN RING
2 21 EMERGENCY (IF OPTION PRESENT)
3 36 37 ~ NONE
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DISPLAY BOARD parts list CONTROLLER BOARD parts list

) ) HLN4907D Control Unit (Display Board) HLN4907D Control Unit (Controlier Board) MXW-2528-G MXW-2528-G (2)
YYXXXiiii1 'YX ] Y Yy Y HLN4896C Control Unit (Display Board) MXW-2568-D ISREEEBRELNCE MOTOSOLA DESCRIPTION REFERENCE MOTOROLA DESCRIPTION
i, el : § : REFERENCE MOTOROLA DESCRIPTION 0 PART NO. SYMBOL PART NO.
; o . ; ' SYMBOL PART NO. capacitor, fixed, uF, +5%, 50V (unless otherwise stated) R36-38 06-11077A82 2.2k
capacitor, fixed, pF, +10%, 100V (unless otherwise stated) g; 31_1 ;3%323% 3160)'80‘ -20% R39 06:11077A98 10k
. ) - pF R49 06-11077B15 47k
c1ot 23-11048C11 10 uF, +20%, 35V, electrolytic c6 23-11048C05 1, +20%, electrolytic R50 06-11077A90 47k
G102 21-13741N21 -001 uF, +10%, 50V c7 21-11032B01 .001, +80, —20% R51 06-11077A86 3.3k
€103 21-11032813 -1 uF +80, -20% 50V cs 21-13740857 220 pF R52 06-11077A90 4.7k
C105-108 21-11032B13 -1 uF +80, -20% 50V cn 23-11048C10 10, +20%, electrolytic R53 06-11077A74 1k
diode (see note) C12,13 23-11048C05 1, +20%, electrolytic R54 06-11077807 22k
CR101 48-80026P03 red LED C14 21-13740B39 39 pF R55 06-11077A98 10k
CR102 48-80236E08 dual ci15 23-11048C06 2.2, +20%, electrolytic R56 06-11077A90 4.7k
CR103 48-80026P04 yellow LED c17 21-11032B13 1, +80, ~20% R57,58 06-11077A98 10k
CR104 48-80236E08 dual C22,23 21-11032B13 1, +80, —20% R59 06-11077B15 47k
CR105 48-80026P03 red LED C24 21-11C32B15 22, +80, —20% R60 06-11077A90 4.7k
CR106 48-80236E08 dual c25 23-13749D79 10, +10%, tantalum R61,62 06-11077815 47k
CR107 48-83654H01 silicon C26 21-11032B13 A, +80, —20% R63 06-11077A98 10k
CR109-118 48-80246K04 green LED C27,28 23-11048C10 10, +20%, electrolytic R64 06-11077A66 470
CR123 48-80026P04 yellow LED €29,30 21-11032B01 001, +80, ~20% R65 06-11077815 47k
CR124-129 48-80026P03 red LED c31 21-11032B13 A, +80. -20% R66 06-11077A94 6.8k
CR130-136 48-80236E08 dual C32 21-13740B34 24 pF R67 06-11077B06 20k
CR137 48-84616A11 silicon €33 21-13740B31 18 pF R68 06-11077A74 1k
CR139 48-80236E08 dual €37,38 21-13740B71 820 pF R69,70 06-11077B15 47k
coll, AF cor SitoriiNes o or A2 Ororaza e
y - 01, +10% — 1
o Fylivpisoed 30U C69 21-13740B19 5.6 pF R73 06-11077B07 22k
A c71 21-13741N45 01, +10% R74 06-11077A98 10k
transistor (see note) c72 21-13740839 39 pF R75 0611077815 47k
Q101-103 48-82233P13 NPN C73-76 21-13740B57 220 pF R76 06-11077807 22k
Q104 48-80141L04 NPN c77 21-13740B60 300 pF R77 06-11077A98 10k
Q105-109 48-82233P13 NPN C78-80 21-13741N45 01, +10% R78 06-11077B15 47k
Q111-120 48-82233P13 NPN c81 21-13740B60 300 pF R79 06-11077B07 22k
resistor, fixed, ohm, +5%, 1/8 watt (unless otherwise stated) c82 21-13740857 220 pF R80 06-11077A98 10k
R101-103 06-11077A50 100 diode (see note) Re e Je-iorre iy
R104 06-11077A90 4.7k CR5,6 48-80236E08 dual oo ORI 8 X
R105-107 06-11077A64 390 CR10-12 48-80236E08 dual Re7 Oat1077A84 o7
R108 06-11077A84 2.7k CR14,15 48-83654H01 silicon R8s Oa11077A98 Tok
R109 06-11077A36 27 CR19,20 48-80236E08 dual R8S Ot 107TABA 27k
R110,111 06-11077A01 0 ohm jumper CR21 48-82466H18 rectifier R91.92 06_1 1077A74 i k
R112-118 06-11077B23 100k CR23 48-84616A11 silicon R94.96 0o110T7ATO 680
R119 06-11077A50 100 CR24 48-82178A01 germanium
R120,121 06-11077A57 200 e R97 06-11077A36 27
R122-132 06-11077B23 100k connector receptacle Reg 06-11077A36 27
J1 28-80228J01 50 position D connector ;i
R133,134 06-11077A98 10k SILDER SIDE GDW-2516- C ) switch
SOLDER SIDE GDW-2512- B
R135 06-11077A50 100 COMF'ONENT SIDE & GDW-2517- C P’ St 40-80033K01 toggle
COMPONENT SIDE & GOW-2513-B R136-139 06-11077A90 4.7k - OVERLAY CDW-2519- £ jtﬁ 06-11077A01 0 ohm resistor transformer
OVERLAY = GDW-2515-0 R140-154 06-11077B23 100k ; B - 06-11077A01 0 ohm resistor .
R157 06-11077B11 33k COMPONENT SIDE VIEW Jus,7 06-11077A01 0 ohm resistor ,T1 o 25-80277J03 voltage. conversion
R158 06-11077A70 680 Ju23 06-11077A01 0 ohm resistor integrated circuit (see note)
R159 06-11077A01 0 ohm jumper coil, RF 8; — Eg’iDongawarg (see (model clc;alr!)h 0
R160 06-11077B11 33k o — software (see model chal
R161 06-11077A94 6.8k Lo 24-80138G04 56Uk, +5% u3 51-83627M42 bipolar
R162 06-11077A92 5.6k transistor (see note) U4 51-80067C05 opamp
R163 06-83600K09 100k, +15%, thermistor Q1 48-82233P14 PNP us 51-80046K01 voltage comparator
R164 06-11077A98 10k 83 2%8: ﬂ t03 PEP u7 51-80068C02 voltage regulator
g i : R200 06-11077A74 1K 04 NPN voltage regulator (see note)
. . , . Q4 48-11043C30 SCR
 GaBGBBEREREBE BB G R201 o 06-11077A%4 6.8k povs Ao B01aIL0s NP VR1-4 48-80140L11 7.5V zener
10 : Ut 3 § integrated circuit (see note) Q6 48-80141L04 NPN VR9 48-82256C67 10V zener, 1W
: ‘ ~ U101 51-80236C04 display driver Q7 48-80141L03 PNP VR13 48-80236E14 43V zener
ui02 72-80242J01 vacuum-fluorescent display Qs 48-80141L04 NPN VR15-17 48-80140L11 7.5V zener
voltage regulator (see note). Qi 48-11043C07 NPN VR18 48-11034A24 18V zener
VR108 48-82256C67 10V zener, 1W Q12 48-80141L04 NPN crystal (see note)
non-referenced parts Q13 48-82233P14 PNP Y1 48-80173D12 4.9152 MHz
- Q15 48-80141L03 PNP
84-80204K02 display circuit board Q16 48-80141L04 NPN non-referenced parts
Q17,18 48-80141L.03 PNP 29-10134A68 connector lug, 6 used
i ) _ o 6/6/90 Q19 48-82233P13 NPN 29-10134A70 connector lug, 6 used
note: For best performance, order diodes, transistors, and integrated circuit devices by Q20 48-80141L03 PNP 038-80002K01 socket
Motorola part number. Q21 48-82233P13 NPN 09-82808R10 28 contact socket
Q23 48-00869732 PNP 32-80181J01 face connector gasket
Q25-27 48-80141L03 PNP 75-80094M04 battery shock pad
Q28-30 48-11043C11 NPN 75-80094M05 VF shock pad
Q31,32 48-82233P13 NPN 75-80129N01 crystal mounting pad
Q33 48-11043C05 NPN 43-80011L01 8 position LED spacer
Q34 48-80141L04 NPN 43-80012L01 2 position LED spacer
resistor, fixed, ohm, +5%, 1/8 watt (unless otherwise stated) 05-80200K01 nylon rivet
Ri 06-11077A82 22k 32-80179J01 D connector gasket
R2 06-11077A98 10k 54-80111F01 PROM label
R3 06-11077A90 4.7k 75-80098J01 keypad =
R4.5 06-11077A50 100 84-80296K04 controller circuit board
R6 06-11077A90 4.7k 6/6/90
R7 06-11077A98 10k note: For best performance, order diodes, transistors, and integrated circuit devices by
R8 06-11077A82 2.2k Motorola part number.
R9 06-11077B05 18k
R10,11 06-11077B31 220k
R12 06-11077A90 4.7k
R13 06-11077B23 100k
R14 06-11077B11 33k
R15 06-11077A98 10k
- - R16 06-11077A90 47k
€ : ST - : ' R17 06-11077B15 47k
& 8% - ; - o SRR eRE B R18 06-11077B11 33k
: 7 v 5 3 SR E NS R19 06-11077A98 10k
# Fé T T 1 122 2T R24 06-11077A36 27
4 R25 06-11077A74 1k ; ; ; .
R S e e Schematics, C_lrcuut Board Diagrams,
Re7 06-11077A98 10k and Parts Lists for the Control Unit
R cow.2812.8 . SOLDER SIDE GDW-12516- C R28 06-11077B15 47k PW 61 86 E
com::rcm oIE o253 CCIMPONENT SIDE GDW-2517- C 2:23(9) a1 gg—ug;ggi’? g:zkk - =
OVERLAY =—— GDW-2514.C OVERLAY GDW-2518-E R35 o 1OrrATD o (Sheet 1 Of 2)
SOLDER SIDE VIEW 6/10/90

SOLDER SIDE VIEW
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parts list

Mechanical Parts List for Systems 9000 Control Unit MXW-2293-H
REFERENCE MOTOROLA
SYMBOL PART NO. DESCRIPTION
1 13-80087J01 escutcheon
2 38-80090J01 push—in key top (specify legend required)
3 38-80253K01 plug key
4 61-80095J01 VF lens
5 32-80057K02 lens gasket
6 15-80088J01 front housing
7 61-80097401 LED lens
8 38-80195P03 mode rocker top
8A 38-80195P04 volume rocker top
9 38-80092J01 dimmer key top
10 32-80180J02 housing gasket
1 61-80185J02 keyboard lightpipe
12 75-80098J01 elastomeric keypad
13 72-80242J01 VF display
14 75-80094M04 VF shock pad, 3 used
15 14-80269K01 insulator
16 26-80220K01 solder side shield
17 73-80011L01 LED 8 position spacer
18 43-80012L01 LED 2 position spacer
19 84-80117J01 display PCB
20 84-80104J01 controller PCB
21 03-10945A14 TORX plastite screw, 3.12 x 1.27 x 16
22 30-80034K01 22 position flex cable
23 03-10945A11 TORKX plastite screw, 2.12 x 1.27 x 8
24 05-80200K01 nylon rivet
25 32-80178J01 on/off gasket
26 75-80268K01 IC shock pad
34 27 26-80003K01 component side shield
28 55-84300B02 shield handle
(2 PLACES) 29 32-80179J01 D connector gasket
30 38-80128J01 on/off key top
31 28-80228J01 50 position D connector
32 15-80089J01 back housing
33 32-80181401 connector face gasket
34 03-10908A33 TORX machine screw, 3.0 x .6 x 30,
2 used
35 07-84323C01 strain relief bracket
36 33-80178M01 nameplate
37 03-10908A18 TORX machine screw, 3.0 x .5 x 6
38 30-80229N01 radio cable
39 30-80223J01 microphone cable
40 15-80221J01 vehicle interface port connector
41 32-80275K01 VIP gasket
42 43-80127J01 trunnion spacer
43 07-80263L01 trunnion bracket
44 03-80160E01 wing screw, 2 used
45 03-00136756 mounting screw, 4 used
3/31/90
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parts list

STANDARD CABLING

7/14/89

HKN4241A 17’ Negative Ground Cable Kit MXW-2046-A
REFERENCE MOTOROLA
SYMBOL PART NO. DESCRIPTION
01-80739754 17' cable assembly
29-84528B05 lug
3000851875 battery cable, black
01-80701789 66" black lead and lug assembly
09-84151B03 contact receptacle
09-84151B05 contact receptacle
30-80229N01 radio cable
39-10184A44 contact receptacle, 2 used
15-10183A17 2 contact receptacle housing
36-80220B06 connector knob
03-00140079 tapping screw, 6 x 19 x 1/2, 4 used
42-10217A02 tie strap, 2 used
42-80156B01 retainer ring
09-80227B01 power contact, female, 2 used
15-80217K01 front cable housing
15-80216B01 back cable housing
32-80004L01 cable connector gasket
3000812505 8 gage cable, red
30-10286C79 20 strand wire, white/blue
30-10286F21 20 strand wire, black/violet
54-80072G01 circuit board label
54-84032M02 label
5/10/88
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MICROPHONE BOARD

HLN5389A Microphone Hardware MXW-5475-B
REFERENCE MOTOROLA

SYMBOL PART NO. DESCRIPTION

1 15-80137D05 front housing

2 38-80144D03 mic button

3 30-80223J01 6 conductor cable

4 05-80221K01 PTT switch grommet

8 32-80058H03 housing gasket

10 15-80137D03 rear housing (p/o housing assembly)
1 03-80076E04 hi-lo metric screw, 3 used

14 35-80089D01 felt baffle

15 05-80148D01 mic cartridge grommet

16 39-10184A10 contact plug, 5 used

non referenced items

03-10943M09
54-84962K01
33-80016P02
04--80093E01
46-80297N01
46-80281G01

tapping screw (3 x 0.5 x 6)

safety tag

nameplate

flat washer (p/o housing assembly)
hang--up stud (p/o housing assembly)
mic weight (p/l housing assembly

3/31/90

parts list

HLN4384B Microphone Circuit Board MXW-2051-D
REFERENCE MOTOROLA
SYMBOL PART NO. DESCRIPTION
capacitor, fixed, uF, +5%, 50V (unless otherwise stated)
C1301 21-11038H35 27 pF
C1302 21-11039B13 .001, +10%
C1304 23-11019A20 10, +20%, 25V, electrolytic
C1305 08-11051A11 .047, 63V
C1306 21-11038P50 220
C1307 21-11039B13 .001, +10%
C1308 08-11051A14 15, 63V
diode (see note)
CR1301 48-82256C25 12V zener
jumper
JuU1301,1302 06-11009B23 0 ohm
microphone
MK1301 50-80258E04 electret cartridge
transistor (see note)
Q1302 48-80182D08 NPN
resistor, fixed, ohm, +5%, 1/4 watt (unless otherwise stated)
R1302 06-11009C57 2.2k
R1303 06-11009C49 1k
R1305 06—-11009C97 100k
R1306 06-11009C19 56

non-referenced parts

05-80148D01 cartridge grommet
9/29/89

note: For best performance, order diodes, transistors, and integrated circuit devices by
Motorola part number.

SHOWN FROM SOLDER SIDE

HLN4384B MICROPHONE BOARD (EARLY VERSION)

FUNCTION

The palm microphone contains an amplifier to provide
the radio with a high-level, noise-free audio input. The
microphone also provides push-to-talk transmit control
for the radio as well as off-hook channel monitoring
(PL/DPL squelch disable) capability.
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HLNS5459A MICROPHONE BOARD (LATER VERSION)
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parts list

HLN5459A Microphone Circuit Board MXW-6286-0
REFERENCE MOTOROLA
SYMBOL PART NO. DESCRIPTION
capacitor, fixed uF, +5%, 50V (unless otherwise stated)
C1301 21-11038H35 24 pF
C1302 21-11039B12 .001 +10%
C1304 23-11019A2C 10 +20% 25V, electrolytic
C1305 08-11051A11 047
C1306 21-11038P5C 220 pF
C1307 21-11039B13 001 £10%
C1308 08-11051A14 .15 63V
C1309 21-11014H44 62pF, 100V
diode (see note)
CR1301 48-11034A36 12V zener +5% 400mW
microphone
MK1301 50-80258E04 electret cartridge
transistor (see note)
Q1302 48-11043C05 NPN
resistor, fixed ohm, +5%, 1/4 watt (unless otherwise stated)
R1302 06-11009A57 2.2k
R1303 06—11009A49 1k
R1305 06—11009A97 100k
R1306 06—11009A18 56
switch
S$1301 40-80065E02 momentary switch

mechanical part

14-80652E01 switch insulator
2/15/89

note: For best performance, order diodes, transistors, and integrated circuits by Motorola
part number.
HLN5389A Microphone Hardware MXW-5475-B
REFERENCE MOTOROLA
SYMBOL PART NO. DESCRIPTION
1 15-80137D05 front housing
2 38-80144D03 mic button
3 30-80223J01 6 conductor cable
4 05-80221K01 PTT switch grommet
8 32-80058H03 housing gasket
10 15-80137D03 rear housing (p/o housing assembly)
11 03-80076EC4 hi-lo metric screw, 3 used
14 35-80089D01 felt baffle
15 05-80148DG1 mic cartridge grommet
16 39-10184A10 contact plug, 5 used

non referenced items

03-10943M08
54-84962K01
33-80016P02
04-80093E01
46-80297N01
46-80281G01

tapping screw (3 x 0.5 x 6)

safety tag

nameplate

flat washer (p/o housing assembly)
hang-up stud (p/o housing assembly)
mic weight (p/l housing assembly

3/31/90
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parts list

HLN4022C Installation Kit

HSN4018A SPEAKER AND ACCESSORIES

\Y

REFERENCE MOTOROLA
SYMBOL PART NO.

12
10
GPW-3459-B
MXW-6475-0 HSN4018A Speaker MXW-2053-D
REFERENCE MOTOROLA
DESCRIPTION SYMBOL PART NO. DESCRIPTION

03-12002A28
04-00007688
29-00812980
37-00081057
42-80366B66
43-82292M01

03-00136756
15-10183A18
39-10184A45
42-82018H05

screw, self—drilling, 1/4-14 x 1-1/2" (3 used)
lockwasher, 1/4

terminal, closed—end

grommet, rubber, 1/2”

cable tie {10 used)

bushing, spacer (3 used) 03-00140001
03-84244C03

1
2
3
4
5 42-84081A03
6
7
8
9

4/11/89 50-84561B01
07-80200E01

10 13-82671M04

ik 15-84981B07

12 32-84564B01

tapping screw (10-16x 5/8)
connector housing plug, 2—contact
contact plug, 2 used

cable retainer

wire clamp with S—hook

tapping screw (6—19 x 7/8), 4 used
black shadow wing screw, 2 used
speaker

black speaker trunnion bracket
bezel

speaker base cover

speaker gasket

3/31/89

Speaker and Accessories
PW-6542—-A
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Control Unit
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Figure 1. Typical Systems 9000 Control Unit

1. Description
1.1 GENERAL

Note
A variety of Motorola’s radio systems use the
Systems 9000 Control Unit. The differences
between control units is in the programming
software and button legends.

The Systems 9000 control unit is a microcomputer based
unit that processes all the button inputs and displays used by
the radio and the options. It also interfaces with the vehicle via
the vehicle interface ports (VIP).

1.2 CONTROLS AND INDICATORS
1.2.1 Power Switch
The power switch is a slide switch on the right-hand

bottom surface of the control unit. It turns the radio and its
accessories on and off.

1.2.2 Display

The eleven—character vacuum fluorescent display’s pri-
mary function is to display mode numbers, mode names,
volume level, and the status of options. It also functions as an
on—off indicator for the entire system, and plays an integral
role in the operator’s reconfiguration of options.

1.2.3 Option Buttons

Located above the display window is a row of six buttons
for turning options on and off. Below each is a small indicator
light to show the status of the option.

1.2.4 XMIT and BUSY Indicators

Above the six option buttons are XMIT and BUSY
indicators. The XMIT indicator lights when the radio is
transmitting. The BUSY indicator lights when the selected
channel is busy.

W10003548-0
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Figure 2A. SYNTOR X 9000E Control Unit

Figure 2B. MCT—4800 Control Unit

Figure 2C. System/Subfleet Control Unit

Figure 2D. Group/Zone Control Unit

(=

XMIT BUSY
[ J[_ ]It

-
B woremms |

[ —/ — — — — —

Pri

INANNRI A DIAA NI DA I PY  Pri

[V Mode AJ [V Vol A] [m [Home]

00

\¥

GXW-8055-0

I

XMIT BUSY
%:ﬂ:l'

PRTTJ |RTT) (M/Wt/ [ & ) |RtRnJ (Empe#

l — — — — — —

R4 54 5454 54 54 54 54 54 54 52
'AV‘ VAV ’AV‘ “‘ 'A“ ,A" VA‘, 'A“ VA', VA“ “‘,

(Vserolt A (V v/a A (send) [ cir )

4 5 6
baac) () (51s2)
7 8 9
(rime) (] (sq1)
* 0] )
(] g2

S

7

6XW-8056-0

-

N\

( XMIT BUSY
—

E=r

1] [oiW]

[ — — — [m] [=] =

Pri

’ 54 54 54 54 54 A S SA SIS Non
NANNNANPNRANANNN P

(Vsystemd Toutleet [V vol A

o) CI )
o) /D) ()
OO0

N

Z

GXW-8058-0

e

2\

XMIT BUSY
{%_l L IC I

="

1] (O]

(set]) (tome) (sean) () (sren] (can )

[ — — — c— — —

]

Pri

5452 554 B4 BB BABAEg o —
NINNINHNANNNIN NN

(V zone A} [V Mode A [V Vol A

Er) IO
o) D) ()
OO0

\S

=

GXW-8057-0

Figure 2. Alternate Control Units




1.2.5 Scan Indicators

In the right-hand side of the display window are the
NON-PRI and PRI indicator lights. When scan operation
detects activity on a non—priority (NON—PRI) channel, the
NON-PRI light comes on. Activity on a second priority
channel causes PRI to light. First priority channel activity
causes PRI to flash.

1.2.6 Mode Rocker Switch

Below the display window is the Mode rocker. Pressing
the right side of this rocker switch increases the mode number.
Press the left side to decrease the mode number. If you press
and hold the switch, it scrolls the mode numbers up or down.
The mode names appear in the display window.

1.2.7 Volume Rocker Switch

Below the display window, beside the Mode switch is the
Volume rocker. Press and release to check volume setting.
Your display shows “VOLUME _ _” and a number value
(0-15). Press and hold the right side of the rocker to increase
the volume setting. Press and hold the left side to decrease
volume. The number value scrolls up or down to your desired
level.

The volume rocker also controls the volume level of the
public address (PA) and external radio speaker (ExRd) options
when they are enabled. The display window shows “PA
VOL_ _” when public address is on and the volume rocker is
pressed.

1.2.8 Home and Sel Buttons

Press the Home button to go to the radio’s pre—pro-
grammed “Home” mode. You may use Home instead of Mode
to change modes. Hold Home until a beep sounds to enter the
configuration state. The display shows an entry prompt. Use
the keypad to enter your new mode choice and press Home
again. Your mode is now changed without scrolling.

Use the Sel button when configuring an option. See the
descriptions of the options for more specific information.

1.2.9 DIM Button

Above the keypad, on the right side of the control unit, is
the control for the brightness of the display and button
backlighting. When you turn on the system, the display comes
on at the highest level. Press DIM once to reduce the
brightness of the display to medium level, and twice for low
brightness level. Press DIM a third time to turn the display and
button backlighting off. This is called the “surveillance”
mode.

1.2.10 Keypad
The keypad is for changing the status of options and

entering numbers to the display. See the Operator’s Manual
for a complete description of button operation.

2. Alternate Control Units

Alternate control units are available for different applica-
tions. Two of these applications include the Systems S000E
(extended) control unit for use in trunking radio systems and
the MCT-3600/MCT—4800 control unit. Figure 2 (A through
D) shows a few of the configurations available.

2.1 CONTROL UNIT FOR SYSTEMS 9000E

Trunking radio systems may use this control unit. It
allows you to field program your own names to represent talk
groups. The larger display window allows you to see all the
key operating information, including the talk group selected,
the channel being scanned, and the on/off status of various
options. This control unit can also show Channel Scan lists,
Private Conversation lists, and frequenctly called telephone
numbers.

2.2 DESCRIPTION OF SYSTEMS 9000E CONTROLS

The following list describes the custom buttons used by
the Systems 9000E system. See paragraph 1.2 for information
covering the standard buttons and switches. See Figure 2A for
button locations.

MICROPHONE——connector; accepts any Systems 9000 mi-
crophone or handset.

[Page]—button to use the individual page encode/decode
feature for selectively alerting specific usnits in a trunking
system.

[Rpgm]—button used with Dynamic Re—grouping feature for
some radio systems. It temporarily reassigns fleet/subfleet
information.

[Srch]—button initiates the Automatic Multiple Site Switch-
ing (AMSS) option to search for a new repeater (site) when
your radio signal to your home site becomes too weak.

[Site]—button works with the AMSS option to automatically
switch sites when your radio signal becomes too weak.

{Lock]—button prevents AMSS automatic switching.

2.3 CONTROL UNIT FOR MCT-4800

The MCT control unit has solid state microprocessor
circuitry that operates the standard and optional features built
into the system.

2.4 DESCRIPTION OF MCT-4800 CONTROLS

The following list describes the custom buttons used by
the MCT—4800 system. See paragraph 1.2 for information
covering the standard buttons and switches. See Figure 2B for
button locations.

MICROPHONE——connector; accepts any Systems 9000 mi-
crophone or handset.

[Scroll]—rocker switch for cursor movement and message
scrolling.

[V/A]—rocker switch for selecting volume level, editing
names, and making certain radio adjustments.




[Clr]—button clears out entry field of the display.
[Send]—button sends entered information to base.

[PRTT]—button sends a Priority Request—To—Talk transmis-
sion to the controller.

[RTT]—button sends Request—To-Talk transmission to the
controller.

[PA]—button turns on the Public Address system.

[RtRn]—button changes the display to show Route/Run
identification.

[Emp#]—button displays the Employee number.

[MAck]—button for acknowledge reception of a text mes-
sage.

[M/Wt]—button for viewing text messages.

2.5 OTHER CONTROL UNITS

Some control unit configurations may use a [Zone],
[Mode], and [Vol] rocker switches or [System], [Subfleet],
and [Vol] rocker switches in place of the conventional
configurations. See Figure 2, C and D.

3. Theory of Operation
3.1 GENERAL

The Systems 9000 control unit has solid state micropro-
cessor circuitry that operates the standard and optional
features built into the system. The control unit design allows
installation in even the smallest of down—sized vehicles.
Systems that have many options simply require more control
unit buttons, not larger control units.

The control unit may be field programmed to alter the
information stored in certain areas of its electronic memory.
Some options are also added by field programming.

3.1.1 Display

The control unit has an eleven—character alphanumeric
vacuum fluorescent display for indicating the following:

e Mode Names

e Squelch Level

e Volume Level

e Status Codes

¢ Message Codes

e Telephone Numbers

¢ Identification Numbers
e Alarm Displays

¢ Option Status.

3.1.2 Controls and Indicators

A twelve button keypad contains traditional alphanu-
meric keys. These keys double as function keys for options.
All buttons are backlit to allow operation in low-light. Six
ON/OFF option buttons and indicator lights above the display
window tell whether these options are on or off.

Other indicators include BUSY, TRANSMIT, PRIOR-
ITY, and NON-PRIORITY. BUSY lights when activity is
detected on the channel. The XMIT (transmit) indicator lights
when you are transmitting.

When activity occurs during a Scan sequence, the
NON-PRI (non—priority) or PRI (priority) light is on. If the
detected activity be ona NON-PRI mode, the NON-PRI light
is on. If the activity is on PRI mode the PRI indicator lights for
second priority modes, and flashes for first priority modes.

3.2 CONTROL BOARD

The control board’s microprocessor (MPU) communi-
cateson the serial bus, receives and interprets keypad data, and
controls the volume. The MPU sends datato a driver to control
the display, and sends data to turn the LEDs on or off. The
control board has a watchdog timer that senses the need for a
systemreset. The vehicle interface ports are also controlled on
this board.

3.2.1 Microprocessor (MPU)

The MPU operates in expanded bus mode with internal
ROM active. The clock frequency is 7.9488 MHz that results
in an internal operating frequency of 1987 kHz. The limited
number of I/O ports is augmented by using a serial-to—parallel
shift register (U6) to scan the keyboard, and to switch the VIP
drivers (Q71, Q72, Q73, Q74, and Q75).

3.2.2 Watchdog Timer

The watchdog timer resides in U4. On system power—up,
CO06 pulls U443 high while the output (pin 4) goes low and
the microprocessor resets.

As C6 charges, the voltage on U4-43 drops causing the
output to go high and the microprocessor to start operating. At
this point, positive bias shifts onto U443 causing the voltage
to begin to rise, eventually causing another reset cycle. A high
on U4-9 also initiates a reset to occur.

However, when the microprocessor operates correctly,
the microprocessor sends pulses to U4-2. These pulses tickle
the watchdog timer and keeps the voltage on U4-43 low
enough to prevent reset. If the tickle pulses stop for more than
250 milliseconds, the reset cycle repeats.

3.2.3 EEPROM

The EEPROM stores customer data including mode
names, button functions, and VIP settings. The customer data
can be altered only by the control unit programmer.

3.2.4 Bus Transceiver

The serial bus transceiver resides within U4. U4 pins 10,
16, and 17 connect to the external bus. Pins 11, 13, 19, and 20




connect to microprocessor U2. These pins act as a serial
communication buffer.

3.2.5 Vacuum Fluorescent Voltage Converter

Voltage for the vacuum fluorescent display is generated
by a fixed frequency, variable—duty cycle driven, flyback
voltage converter. Resistors R56 through R60 with C54 and
U3B form a triangle wave generator that has an output swing
between 1.5 and 3.2 volts. This triangle goes to U3A-3 and is
compared to afeedback signal on U3A-2. The feedback signal
comes from the power supply output and is regulated by VR50
to 43 volts. This voltage increases or decreases as the output
voltage rises or falls. Consequently, the duty cycle seen at the
gate of Q50 varies inversely with power supply output voltage
and regulates it. The supply runs at 160 kHz while the
secondary of T60 (pins 4 and 6) supplies 3.5 VAC for the VF
display (U102) filaments.

3.2.6 Vehicle Interface Ports (VIP)

The VIP outputs are driven by a serial-to—parallel shift
register. Qutput transistors (Q71, Q72, Q73) can sink 300 mA
current. Primarily, these transistors control external relays.
Therelay is connected between the collector and switched B+.

Each VIP input connects to a dedicated input port through
zener diodes (VRS8, VR, and VR10) for input protection
while U4 buffers the inputs. These VIP inputs are connected to
ground with either normally—open or normally—closed
switches.

3.2.7 Power Supply

The +5 volt supply is a three—terminal regulator IC to
regulate the 12V SWB+ down for the digital logic hardware.

3.2.8 Ignition Sense Circuits

U4 senses the vehicle ignition’s state through pin 28,
disabling transmit when the ignition is off. For negative—
ground systems, the orange lead is typically connected to the
fuse box (+12V). For more information, see the cable kit
section.

Note
Q40 supplies an inverting path for positive
ground ignition sevice.

3.2.9 EEPROM Write-Protect Circuit

Ql61, Q162, and associated circuitry guard against
inadvertently writing into the EEPROM. The circuitry

guarantees the EEPROM is protected during reset and when
U6 is not in the proper programming state.

3.3 DISPLAY BOARD

This board contains the main operator interface points of
the system, including the vacuum fluorescent display, the
status indicator LEDs, and the user keypad.

3.3.1 Vacuum Fluorescent Display

The vacuum fluorescent (VF) display is an eleven digit,
14—segment display that needs two separate voltages to
operate: the anode and grids need +43 volts to accelerate
electrons from cathode and the filament needs 3.5 volts AC at
80mA. These voltages are obtained from the VF up—converter
on the controller board.

3.3.2  Vacuum Fluorescent Display Driver

This IC (U101) receives 14 segment display data, digit
enable data, and indicator state data from the microprocessor
on the controller circuit board. This data is clocked using
CLOCK and DATA lines, then framed using LATCH and
strobed on STB to control brightness. The 32 bit data frame is
updated every millisecond in such a fashion that a coherent
display is maintained and totally updated every 11 millisec-
onds.

3.3.3 Status LEDs

These LED:s are driven by the display driver as though
they were decimal points on the VF display. Level shifting
transistors are required for this since the display driver uses 43
volts for control signals.

3.3.4 Backlight LEDs

The same signal that turns the VF power supply on and off
also operates the backlight LEDs. Q134 supplies base current
to the individual LED driver transistors. The driver transistors
act as constant current sources to the LEDs. Backlight LEDs
CR131, CR132, CR133, and CR134 are connected to
thermistor R133 by way of Q132. This circuit allows more
current to flow through these LEDs at room temperature and

‘reduces current as the temperature rises.

3.3.5 Default Jumper Settings

The factory installs jumpers in each control unit depen-
dent on the customer—ordered options. See the following table
for the standard jumper configuration. See the foldout page
with the control unit artwork for other configurations.
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Table 1. Standard Jumper Configuration 4. Control Unit Maintenance
JUMPER NUMBER NORMALLY
] N 4.1 DISASSEMBLY OF CONTROL UNIT (SEE
FIGURE 3) :
2 ouT
3 IN Note
4 ouT Before disassembling the control unit, note the ,
5 N location of the labeled buttons.
7 IN Remove the two 30mm slotted screws that hold the front
8 ouTt and back of the control unit together. The two halves separate
9 ouT at the top; at the bottom, they are held together by the flex
10 ouT cable that interconnects the circuitboards. Place the unit so the
PC boards are facing up.
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Remove the five 8mm screws in the display board and

carefully remove the front of the control unit housing. Keep
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the front housing parts as a complete unit (including the front
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housing, buttons, and display board light pipe). Always keep
the front of the display housing face down when handling.
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Remove the two 16mm self-tapping screws on the

control board. Remove the back of the control unit housing.

N
]
b4

Remove the black gasket around the switch and set it aside.
Remove the shields from the top and bottom of the control

N
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c
_'

N
N
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C
_'

board. All components should be easily accessible.




Note
When working with chips and SOT parts, use
extreme caution when heating. Never reuse a
chip or SOT part; always replace with correct
Motorola parts.

4.2 RE-ASSEMBLY OF THE CONTROL UNIT

Be sure the orange gasket is still around the outside of the
control cable “mini D” connector. If it was removed, replace it,
ensuring a snug fit to the PC board. Replace the gasket around
the power switch. Replace the shields on the top and bottom of
the control board. Place the control board in the back housing,
being careful to put the toggle switch arm in the proper
position in the ON/OFF button actuator.

Screw in the two 16mm self—tapping screws to 68 inch
Ibs. Also, be sure the ON/OFF actuator still slides back and
forth easily. Carefully check to see that all buttons are still in
place, then place the display board in the front housing. Screw
in the five 8mm self—tapping screws to 68 inch lbs. Be sure
the black gasket is around the outside groove of the front
housing. When mating the front and back housings, make sure
the flex cable slides behind the control board and is not
pinched. Screw in the two 30mm slotted screw to 9-10” Ibs.

5. Vehicle Interface Ports

The Vehicle Interface Ports (VIP) allow the control unit
to operate outside circuits and to receive inputs from outside
the control unit. There are three VIP outputs that are used for
relay control. There are also three VIP inputs that accept
inputs from switches. See the cable kit section for typical
connections of VIP input switches and VIP out put relays.

5.1 VIP OUTPUT CONNECTIONS

The VIP output pins are located on the back of the control
unit below the arealabeled “VIP.” These connections are used
to control relays. One end of the relay should be connected to
switched B+, while the other side is connected to a software
controlled ON/OFF switch inside the control unit.

The relay can be normally—on or normally—off depending
on how the VIP outputs are configured. The control unit

provides for three of these VIP output connections. See
Table 2.

The function of these VIP outputs can be defined by field
programming the control unit. Typical applications for VIP
outputs are external horn/lights alarm and horn ring transfer
relay control. For further information on VIP outputs, see the
control unit programming manual.

5.2 VIP INPUT CONNECTIONS

The VIP input pins are located on the back of the control
unit below the area labeled ‘“VIP.” These connections are used
to accept inputs from switches. One side of the switch is
connected to ground while the other side is connected to a
buffered input to the control unit. The switch can be
normally—closed or normally—open depending on how the
VIP inputs are configured. The control unit permits three of
these VIP input connections. See Table 3.

The function of these VIP inputs is defined by field
programming the control unit. Typical applications for the
VIP inputs are for a foot switch or a horn ring switch. For
further information on VIP inputs, see the control unit
programming manual.

6. Power Connections

CAUTION
Useonly Systems 9000 cablekits. Connection to
other cable kits or control panels may cause
electrical damage.

Replace the fuse in the in—line fuseholder of the red power
cable coming from the radio in the trunk. Also connect the
green (and/or orange) fused wire(s) coming from the control
unit to the ungrounded terminal (or source) of the battery.

Pull all excess cabling into the trunk. Clamp the cables to
the vehicle body or chassis with the cable clamps supplied.
Drill 1/8” mounting holes, then attach the clamps with four #8
by 3/8” tapping screws and four 1/4” lockwashers. Finally, be
sure all in—line fuses are installed.

Table 2. VIP Oiutput Connections

ON/OFF SWITCH DEFAULT FUNCTION IS CHANGED
VIP OUTPUT NO. SWITCHED B+ PIN NO. PIN NO. WITH FIELD PROGRAMMER
1 18 2 HORN RELAY (ALARM)
2 19 1 LIGHT RELAY (ALARM)
3 35 34 SIREN-HORN TRANSFER
Table 3. VIP Input Connections
ON/OFF SWITCH DEFAULT FUNCTION IS CHANGED
VIP INPUT NO. GROUND PIN NO. PIN NO. WITH FIELD PROGRAMMER
1 20 SIREN; HORN RING
2 21 EMERGENCY (IF OPTION PRESENT)
3 36 37 NONE
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parts list

Control Head Exploded View ) MXW-7978-0
REFERENCE MOTOROLA >

SYMBOL PART NO. QESCRIPTION

1 13-80087J03 escutcheon

2 HLN5499A button, PRTT

2A HLN5497A button, RTT

2B HLN5067A button, PA

2C HLNS500A button, RTRN

2D HLNS502A button, Emp#

2E HLN5503A button, CLR

2F HLN5498A button, SEND

2G HLNS5095A button, blank

2H HLN5504A button, M/Wt

2 HLNS505A button, M/Ack

2J HLN6220A button, TIME

3 HLN5096A plug

4 61-80095J04 lens, VF display

5 32-80057K02 gasket, lens

6 15-80088J01 housing, front

8 38-80195P08 pushbutton rocker, SCROLL

8A 38-80195P10 pushbutton rocker, V/A

9 38-80092J01 key, DIM

10 32-80180J02 gasket, housing

1 61-80185J02 lightpipe, keypad

12 75-80098J01 kaypad

13 (U102) VF display (see electrical)

14 7580184401 shock pad

15 14-80269K01 insulator

16 26-80220K01 solder side shield

17 43-80011L.01 spacer, LED, 8 position

18 43-80012L01 spacer, LED, 2 position

19 —_ display board (see electrical)

20 — command board (see electrical)
21 03-10945A14 screw, tapping, P3.12 x 1.27 x 8 (5 used)
22 flex cable

23 03-10945A11 screw, tapping, P3.12 x 1.27 x 16 (2 used)
24 05~80200K01 rivet, nylon

25 32-80178J01 gasket, ON/OFF switch

26 75-80268K01 shock pad, IC

27 26-80003K01 shield, component side

28 55-84300802 handle

29 32-80179J01 gasket, D—connector

30 38-80128J01 key, ON/OFF

31 (J1) cannector, mini-D, 50 contact

32 15-80089J01 hausing, back

33 32-80181J01 gasket, face connector

34 03~10908A33 screw, machine, M3.5 x 0.6 x 30 (2 used)
35 07-84323C01 bracket, strain relief

36 33-80178M01 nameplate

37 03-10908A18 screw, machine, M3x 0.5 x 6

38 30-80183P01 radio cable

39 30-80265L02 handset cable

40 15-80221J01 housing, VIP connector

- 39-84257L01 cohtact, plug

41 32-80275K01 gasket, VIP connector

42 43-80127J01 spacer, trunnion (4 used)

43 07-80263L01 bracket, trunnion

44 03-80160E01 wing screw, M5 x 8 x 10 (2 used)
45 03-00136756 screw, tapping, 10-16 x 5/8 (4 used)
48 03-80077M01 screw, front mount (2 used)

50 15-80062P04 housing, remote front

52 —_ interconnect board (see electrical)
53 04-83045H01 washer, thrust (3 used)

54 03~10945A11 screw, tapping, P3.12 X 1.27 X 8 (3 used)
55 32-80289L01 gasket, housing

56 15-80005G01 cover, dust
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parts list

HLN5464A Systems 9000 Control Unit (Display Board) MXW-8023-0 HLN5464A Systems 9000 Control Unit (Controller Board) MXW-8022-0 MXW-8022-0 (2)
REFERENCE MOTOROLA REFERENCE MOTOROLA REFERENCE MOTOROLA

SYMBOL PART NO. DESCRIPTION SYMBOL PART NO. DESCRIPTION SYMBOL PART NO. DESCRIPTION
capacitor. fixed, pF, +5%, 50V (unless otherwise stated) capacitor, fixed, pF, +5%, 50V (unless otherwise stated) R171 06-11077B15 47k

55 21-13741N69 1 uF, +10% Ct 21-13741N45 .01 uF, +10% R172 06-11077A82 2.2k

C131-135 21-13740B65 470 Cc6 23-11049A37 1 uF, +20%, 25V, tantalum R173 06—11077A90 4.7k

C139 21-13740B65 470 c7 21-13741N45 .01 uF, +10% R181 06-11077B07 22k

Cl141 21-13740B65 470 C12-21 21-13741M13 470, +10% R182 06-11077B15 47k

diode (see note) c22 21-13740B31 18 R183 06—-11077A98 10k

CR111 48-80052R01 LED, red o P el o switch

CR112 48-80052R02 LED, yellow C26-30 21-13741M13 470, +10% S1 40-80033K01 toggle
CR113-115 48-80052R01 LED, red C36-42 21-13741M13 470’ ;1 0% transformer

CR116 48-80052R02 LED, yellow Ca4 21-13741M13 470 £10% T60 25-80277J03 voltage conversion
CR117-120 48-80052R01 LED, red e

CR131-140 48-80052R03 LED. green C45 23-80090M24 10 uF, +20%, electrolytic integrated circuit (see note)

i ’ C46 23-11049A37 1 uF, +20%, 25V, tantalum U2 51-97024A01 microcomputer
transistor (see note) C47 21-13741M13 470, +10% Vx] 51-80056M01 dual comparator
Q110-120 48-80141L02 NPN C50 23-11049J27 10 uF, +10%, 25V, tantalum u4 51-83977M87 serial input/output
Q130-133 48-80141L02 NPN C51 21-13741N45 .01 uF, +10% us 51-97014A10 EPROM
Q134 48~-80141L01 PNP C52 23-80090M24 10 uF, +20%, electrolytic ue 51-84704M54 register
resistor, fixed, ohm, +5%, 1/8 watt (unless otherwise stated) C53 21-13741N45 01 uF, +10% us 51-80177M03 quad NAND gate
R111,112 06-11077823 100k G54 21-13740B65 470 u1o 51-80177M02 octal latch
R113,114 06-11077B11 33k C56 21-13741N45 01 uF, +10% U46 51-80068C08 voltage regulator
R115/116 06-11077A74 1K S e F sl T o voltage regulator (see note)

R120-124 06-11077B23 100k C71-73 21-13740B65 ;170 » £V VR1-11 48-80140L20 15V zener
:1 gg gg_} ;‘ g;;:gg 107kk C165 21-13741M13 470, +10% VR50 48-80056K40 43V zener
R131 06-11077A58 290 c170 21-13741N69 A UF, +10% crystal (see note)
R132 06-11077A98 10k Ci71 21-13740B65 470 Y2 48-80173D10 7.9488 MHz
R133 06-80149M02 100k, +10%, 240mW, thermistor 0 o7 ) o o non—referenced parts
R134 06-11077A78 1.5k ' - »+10%
R135 06-11077A94 6.8k G246 21-13740B65 470 09-80049R01 32 pin socket
R136 06-11077A82 2.2k C271-273 21-13741M13 470, £10% 32-80179401 connector gasket
R137 06-11077A36 27 diode (see note) 01-80740738 mini~D connector & gasket assembly
R138 06-11077A58 220 CR51 48-11058B11 silicon 32-80181J01 face connector gasket
R139 06-11077A82 2.2k CR71-75 48-80236E08 rectifier 84-80167P01 controller circuit board
R140-147 06-11077A98 10k CR90 48-82960R02 rectifier 8/18/90
R149 06-11077B11 33k CR161-164 48-80236E08 rectifier note: For best performance, order diodes, transistors, and integrated circuit devices by
;122‘1 52 gg:ug;;ﬁgg ;g:: connector receptacle Motorola part number,
R154-157 06-11077A78 1.5k :J1 28-80228J01 50 position mini-D connector
R158,159 06-11077A58 220 jumper .
integrated circuit (see note) jgé 82:}:3;;281 g °:m resistor
U101 51-80236C05 VF driver ohm resistor
. Jus 06-11077A01 0 ohm resistor
V102 72-80242J01 VF displa :
play Juz7 06—-11077A01 0 ohm resistor
non-referenced parts Ju18-20 06-11077A01 0 ohm resistor
61-80027R01 8 indicator light pipe relay
61-80026R01 2 indicator light guide KP1 75-80098J01 keypad
01-80740T42 VF display & shock pad assembly coil, RF
75-80094M04 battery shock pad 11,2 24-80140E16 10 uH, inductor
75-80094M05 VF shock pad L23 24-80289M16 22 uH
84-80168P01 display circuit board L50 24-80140E16 10 uH, inductor
8/18/90 transistor (see note)
note: For best performance, order diodes, transistors, and integrated circuit devices by Q23 48-80141L02 NPN
Motorola part number. Q40 48-80141L01 PNP
Q50 48-80053M03 N—channel, MOSFET
Q71-73 48-80052M01 NPN, Darlington
Q74,75 48-80141L04 NPN
Q161,162 48-80141L02 NPN
Q170 48-80141L01 PNP
Q171 48-80141L02 NPN
resistor, fixed, ohm, +5%, 1/8 watt (unless otherwise stated)
R1 06-11077A98 10k
R10 06-11077A58 220
R12 06—-11077A74 1k
R13-20 06-11077A98 10k
R21 06-11077B47 1 MEG
R22 06-11077B11 33k
R23 06-11077A98 10k
R24 06-11077B11 33k
R25 06-11077B15 47k
R26-30 06—-11077A98 10k
R31,32 06-11077B15 47k
R33 06-11077A74 1k
R34 06-11077B15 47k
R35 06-11077A74 1k
R37,38 06-11077A74 1k
R39 06—-11077A98 10k
R40 06-11077A74 1k
R41 06-11077A98 10k
R43 06-11077B15 47k
R44 06~11077A98 10k
R50 06-11077A66 470
R51 06-11077B07 22k
R52 06-11077A98 10k
R53-55 06-11077A19 5.1
R56-58 06-11077B11 33k
R59 06-11077A98 10k
R60 06-11077A94 6.8k
R61 06-11077A74 1k
R71-73 06-11077811 33k
R74,75 06-11077A98 10k
R81 06-11077A98 10k
Schematics, Circuit Board Diagrams, Waveforms, Red e o
and Parts Lists for Systems 9000 Control Unit Roa g0 06-11077A%8 13;':
PW—8032—O R163-165 06-11077A98 10k
R166 06-11077A82 2.2k
(Sheet 4 Of 4) R170 06-11077B23 100k

8/18/90
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HLN6284A Display Board TPLF-4039-0
Parts List

REFERENCE MOTOROLA
SYMBOL PART NO. DESCRIPTION

CAPACITOR, Fixed: pF +10%
unless otherwise stated

C55 2113741N69 0.1uF
C131 thru C135 2113740B65 470 +30%
C139 2113740B65 470 +30%
C141 2113740B65 470 £30%
DIODE: See Note 1
CR111 4880052R01 LED, Red
CR112 4880052R02 LED, Yellow
CR113 thru CR115 4880052R01 LED, Red
. CR116 4880052R02 LED, Yellow
VIEWED FROM SIDE 1 VIEWED FROM S 5t 2 CR117 thru CR120 | 4880052R01 LED, Red
- . " ) \ CR131 thru CR140 4880052R03 LED, Green
JUMPER: Refer to Jumper Table
Juz 0611077A01 Resistor, 0 Q
Jus | el Not used on this kit (See Note 3)
TRANSISTOR: See Note 2
Q110 thru Q120 4880141L02 NPN
Q130 thru Q133 4880141L02 NPN
Q134 4880141L.01 PNP
RESISTOR, Fixed:
Q +5%, 1/8W
unless otherwise stated
R111, R112 0611077823 100k
R113,R114 0611077B11 33k
R115, R116 0611077A74 1k
R120 thru R124 0611077B23 100k
R129 0611077A98 10k
R130 0611077A90 4.7k
R131 0611077A58 220
R132 0611077A98 10k
R134 0611077A78 1.5k
R135 0611077A94 6.8k
R136 0611077A82 2.2k
R137 0611077A36 27
R138 0611077A58 220
R139 0611077A82 2.2k
R140 thru R147 0611077A98 10k
R148 ] el Not used on this kit (See Note 3)
R149 0611077B11 33k
R150 thru R152 0611077A78 1.5k
R153 0611077A82 2.2k
R154 thru R157 0611077A78 1.5k
R158, R159 0611077A58 220
THERMISTOR:
RT133 0680149M02 100k, 10%, 240mW
CIRCUIT MODULE: See Note 2
U101 5180236C05 VF Driver
U102 7280242401 VF Display

NONREFERENCED ITEMS

3080034K01 CABLE, Flex
6180027R01 LIGHT GUIDE, 8-Indicator

PART USAGE MAY VARY WITH APPLICATION, REFER TO PARTS LIST FOR PART USAGE INFORMATION, o o PART USAGE MAY VARY WITH APPLICATION, REFER TO PARTS LIST FOR PART USAGE INFORMATION. Disb 6180026R01 LIGHT GUIDE, 2-Indicator
LReBERrgi08y o OL-DEPF-21770-0
S . . 7580098J01 KEYPAD
OL- DEPF- 21767 -0 : 8480168P02 BOARD, Circuit

(part of 8480209P32)

NOTES:

1. For optimum performance, order replacement diodes, transistors, and
circuit modules by Motorola part number only.

2. When ordering crystal units, specify carrier frequency, crystal
frequency, crystal type number, and Motorola part number.

3. This partiis used for special applications only. If your unit is modified for
a special application, your supplemental special applications manual
will contain part usage information.

HLN6284A DISPLAY BOARD COMPONENT LOCATION DETAILS
AND PARTS LIST
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HLN6284A Controller Board TPLF-4040-0
Parts List
REFERENCE MOTOROLA
SYMBOL PART NO. DESCRIPTION
CAPACITOR, Fixed: pF +10%
unless otherwise stated
C1 2113741N45 01uF
Cé 2311049A38 1.5uF; 16V
c7 2113741N45 01puF
C12 thru C21 2113741M13 470
c22 2113740B29 15 +30%
Cc23 2113740B17 4.7 £30%
Cc24 2113740827 12
C26 thru C30 2113741M13 470
Cc37 2113740B65 470 £30%
cs | e Not used on this kit (See Note 3)
C39, C40 2113741M13 470
[ S N e Not used on this kit (See Note 3)
C44 2113741M13 470
C45 2380090M24 10uF +20%, Electrolytic
C46 2311049A37 1uF £20%; 20V, Tantalum
ca7 2113741M13 470
C50 2311049427 10uF; 25V, Tantalum
C51 2113741N45 01uF
C52 2380090M24 10uF £20%, Electrolytic
C53 2113741N45 01puF
C54 2113740B65 470 +30%
C56 2113741N45 O1uF
C57 2113740B65 470 £30%
C61 thru C67 2113741N69 1uF
C71 thru C73 2113740865 470 £30%
C74,C75 | --eee---- Not used on this kit (See Note 3)
C76 2113740B65 470 +30%
C165 2311049A37 1uF £20%; 20V, Tantalum
C170 2113741N69 1uF
C171 2113740B65 470 £30%
C202 2113740B65 470 £30%
C206, C207 2113741M13 470
C246 2113740B65 470 £30%
ca71 2113741M13 470
C272,C273 2113740B65 470 +30%
C274 thru C277 2113741M13 470
DIODE :See Note 1
CR51 4811058B11 Silicon
CR71 thru CR75 4880236E08 Dual
CR90 4882960R02 Silicon
CR161 thru CR164 | 4880236E08 Dual
JUMPER: Refer to Jumper Table
Jut 0611077A01 Resistor, 0 Q
Juz | e Not used on this kit (See Note 3)
Jus 0611077A01 Resistor, 0 Q
Jus e Not used on this kit (See Note 3)
Jus 0611077A01 Resistor, 0 Q
JU9thruJuiz | ~-------- Not used on this kit (See Note 3)
JU18 thru JU20 0611077A01 Resistor, 0 Q
Juzt,Ju2e | -eeeeee-- Not used on this kit (See Note 3)
COIL:
L1, L2 2480140E16 10uH
L23 2480289M 16 22uH
L50 2480140E16 10uH
PLUG:
P103 2880228401 50-Pin D-Connector
TRANSISTOR: See Note 2
Q23 4880141L02 NPN
Q40 4880141101 PNP
Q50 4880053M03 N-Channel
Q71 thru Q73 4880052M01 NPN Darlington
Q74, Q75 4880141L04 NPN
Q161, Q162 4880141L02 NPN
Q170 4880141L01 PNP
Q171 4880141L02 NPN
RESISTOR, Fixed: Q +5%;1/8W
unless otherwise stated
R1 0611077A98 10k
R10 0611077A58 220
R12 0611077A74 1k
R13 thru R20 0611077A98 10k
R21 0611077B47 1M
R22 0611077B11 33k

R23 0611077A98 10k
R24 0611077B11 33k
R25 0611077B15 47k
R26 thru R30 0611077A98 10k
R31, R32 0611077B15 47k
R33 0611077A74 1k
R34 0611077B15 47k
R35 0611077A74 1k
R37, R38 0611077A74 1k
R39 0611077A98 10k
R40 0611077A74 1k
R41 0611077A98 10k
R43 0611077815 47k
R44 0611077A98 10k
R50 0611077A66 470
R51 0611077B07 22k
R52 0611077A98 10k
R53 thru R55 0611077A19 5.1
R56 thru R58 0611077B11 33k
R59 .0611077A98 10k
R60 0611077A94 6.8k
R61 0611077A74 1k
R71 thru R73 0611077811 33k
R74, R75 0611077A98 10k
R81 0611077A98 10k
R84 0611077A98 10k
R87 0611077A98 10k
R98, R99 0611077A98 10k
R161 0611077A98 10k
R163 0611077A98 10k
R164, R165 0611077A98 10k
R166 0611077A82 2.2k
R170 0611077B23 100k
R171 0611077B15 47k
R172 0611077A82 2.2k
R173 0611077A90 4.7k
R181 0611077B07 22k
R182 0611077B15 47k
R183 0611077A98 10k
R200 | e Not used on this kit (See Note 3)
SWITCH:
S1 4080033K01 Toggle
TRANSFORMER:
T60 2580277J02 Voltage Conversion
CIRCUIT MODULE: See Note 1
uz2 5197024A01 Microprocessor
(type MC68HC11A1CFN )
U3 5180056M01 Dual Comparator
u4 5183977M87 Serial Input/Output
us 5197014A10 EEPROM
U6 5184704M54 Shift Register
u7 HVN4026A PROM
us 5180177M03 Quad NAND Gate
u10 5180177M02 Octal Latch
u4e 5180068C08 Voltage Regulator
DIODE: See Note 1
VR1 thru VR11 48 80140L20 15V Zener
VR50 4880056K40 43V Zener (40V
CRYSTAL: See Note 2
Y2 4880173D10 7.9488 MHz
NONREFERENCED ITEMS
0980049R01 SOCKET, 32-Pin (U7)
1480269K01 INSULATOR, Shield (4 req’d)
2680188P02 SHIELD, Frame
2680190P01 SHIELD, Cover (2 req'd)
3080034K01 CABLE, Flex
3280178401 GASKET, Switch (S1)
3280179401 GASKET, D-Connector Outside
3280181J01 GASKET, D-Connector Face
8480167P02 BOARD, Circuit
(part of 8480209P32)
NOTES:

1. For optimum performance, order replacement diodes, transistors, and
circuit modules by Motorola part number only.

2. When ordering crystal units, specify carrier frequency, crystal
frequency, crystal type number, and Motorola part number.

3. This part is used for special applications only. If your unit is modified for
a special application, your supplemental special applications manual

will contain part usage information.
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2.) PART USAGE MAY VARY WITH APPLICATION, REFER TO PARTS LIST FOR USAGE INFORMATION.

NOTE: COMPONENTS WITHIN DOTTED AREA
ARE ENCLOSED IN A GROUND SHIELD.
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