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Safe Handling of CMOS Integrated—Circuit Devices

Many of the integrated—circuit devices used in commu-
nications equipment are of the CMOS (Complementary
Metal Oxide Semiconductor) type. Because of their high
open—circuit impedance, CMOS IC’s are vulnerable to dam-
age from static charges. Everyone involved in handling, ship-
ping, and servicing them must be extremely careful not to ex-
pose them to such damage.

CMOS IC’s do have internal protection, but it is effec-
tive 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 IC’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 to 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
careful near sources of high voltage. By
grounding you thoroughly, the wrist strap also
increases the danger of lethal shock from acci-
dental contact with such a source.

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

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

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. Simi-
larly, disconnect the test probe before removing the ground
lead.

6. When you remove a circuit module from the system, lay it
on a sheet of aluminum foil or other conductive surface con-
nected to ground through 100,000 chms 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. Before connecting jumpers, replacing circuit components,
or touching 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
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 ap-
plied power to the CMOS circuitry. Similarly, disconnect
such low—impedance equipment before turning off the
power.

11. Wrap CMOS modules in conductive material when trans-
porting them from 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.

68P80100W34-A



91} w
- -
[21] [21]
< <
o o
< <
(&) (&)
o 18
212
L Model Chart for
() () H H
g |4 SYNTOR X 9000 High Band Radios
SHEBE Range 1: 136—-154.4 MHz
Sldidld
8888 Range 2: 150-174 MHz
dlgld|g
- - -
< < | <) <
ol momlo| o
I T[T X .
5 % % (ED % CODE:
o B ® - ONE ITEM SUPPLIED
S 8 8 8 8 @ = BREAKDOWN IN SEPARATE CHART
alz|3|3| 3 1 = ONE ITEM, DEPENDS ON RANGE
L1888
N\
-
X | X|X|X
< | | <D
-4 -4
o 0| 9|9
-3 2|0 -3
S|51515]5
wijuw | x| wf>x
Al X| X[ X
gleip|glg .
El+| ||+
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[ AN J B HUD1675B UNIFIED CHASSIS, NON-PREAMP, 150-174 MHZ
11 8 HUD1690A/B UNIFIED CHASSIS, NON-PREAMP, 136—154.4 MHZ, RANGE 1
111 @ HUD1694A/B UNIFIED CHASSIS, NON-PREAMP, 136—154.4 MHZ, RANGE 2
[ 2N BN BN J HCN1033D CONTROL UNIT
[ 2 AN AN J HLN4907D CIRCUIT BOARD PANEL
(e o0 HLN4924B CONTROL UNIT HARDWARE
(e o O HLN5210A CONTROL UNIT SOFTWARE & EEPROM
(e o O HBN4036A PACKING KIT
L [ ] HKN4241A 17 POWER CABLE, NEGATIVE GROUND
[ ] [ ] HKN4256A 17° POWER CABLE, NEGATIVE GROUND, W/KEYLOAD
[ AN AN NN J HKN4051A POWER CABLE AND FUSE
[ AN AN AN J HLN4111A INSTALLATION KIT (EARLY VERSION)
[ BN 2N BR 4 HLN4022C INSTALLATION KIT (LATER VERSION)
[ AN BN BN J HLN4262A TUNING TOOL
® & o o HLN4666A MOUNTING TRAY
(e o © HLN4243A BOTTOM COVER
[ AN BN BN J HLN4263A TOP COVER
[ AN AR BN J HLN4921A TRUNNION
[ AN BN AN J HLN4952A FUSE KIT FOR GREEN AND ORANGE LEADS
[ BN BN AN J HLN4978A NAMEPLATE
[ ] [ ] HLN4980A NAMEPLATE ©
[ ] HLN4979A NAMEPLATE
L 2N AN AN J HLNS095A BLANK BUTTONS
[ 2N AN AN J HLNS096A BLANK PLUG .
[ AN AN BN J HLN5105A HANDLE AND SHIELD
[ AN AN BN J HLN4983A SYSTEMS 9000 BUTTONS
[ AN AN BN J HLN5027A SYSTEMS 3000 SOFTWARE
[ AN BN BN J HLN5028A SYSTEMS 9000 EEPROM
[ 2N AN AN J HLNS064A CONTACT REMOVAL TOOL
[ ] [ ] HLNS092A SECURENET BUTTON
L N AN BN J HLN5066A CHANNEL SCAN BUTTON
L 2N AN AR J HMN1061A SYSTEMS 9000 MICROPHONE
[ A AN AN J HLN4384B CIRCUIT BOARD (EARLY VERSION)
[ AN AN AN J HLN5459A CIRCUIT BOARD (LATER VERSION)
[ 2R 2R BN J HLNS389A HARDWARE
[ 2K AN BN J HLNS331A HANG-UP CLIP
[ AN BN BN J HSN4018A SYSTEMS 9000 SPEAKER
11 HAD4003A BROADBAND ANTENNA, RANGE 1
®| 0| 1|1 HAD4002A BROADBAND ANTENNA, RANGE 2
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HLD1071A INTERNAL CASTING ASSEMBLY, NON-PREAMP
° HLD1614A INTERNAL CASTING ASSEMBLY, WITH PREAMP
° HLD1620A INTERNAL CASTING ASSEMBLY, NON-PREAMP
° HLD1621A INTERNAL CASTING ASSEMBLY, WITH PREAMP
oo HLN4490A INTERNAL CASTING
oo HLN4260A INTERNAL CASTING HARDWARE
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° ° HLD4133A VCO, RANGE 1 (EARLIER VERSION)
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oo 0|0 HLN1116A VCO BUFFER
ejleoo HLN4521A VCO BUFFER, RANGE 1
ejleo |0 HKN4067A VCO BUFFER CABLE KIT
oo HLN4491A LOW PASS FILTER
o0 HLD4334A RANGE 1 PREAMP CIRCUIT BOARD
o0 HLN5328A RANGE 1 PREAMP HARDWARE
oo HLD4063A PA POWER TRANSISTORS, 60-40W
ele|ole HLN4134A PA CIRCUIT BOARD
oo HLN4167A PA HARDWARE, 60-40W
elojo|e HLN4529A CHASSIS HARDWARE
° ° HLN4492A RF BOARD
° ° HLN5377A RF BOARD
oo 0|0 HLN52998 PERSONALITY BOARD
oo 00 HLN4906B/C COMMON CIRCUITS BOARD
oo 0|0 HLN4242A DIRECTIONAL COUPLER
oo 0|0 HLN4247A IPA BOARD
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ejoeo 0 HLN4046A PA FEEDTHRU PLATE
olo|o|e HKN4225A INTERCONNECT CABLE
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[ 3R HLD1218A INTERNAL CASTING ASSEMBLY, NON-PREAMP
o0 HLD1219A INTERNAL CASTING ASSEMBLY, WITH PREAMP
LN HLN4260A INTERNAL CASTING HARDWARE
LR HLN4261A INTERNAL CASTING
ol HLN4912A INTERNAL CASTING HARDWARE
(AN HLD4123A PREAMP
o0 HKN4066A CASTING INTERCONNECT CABLE
ejo|o|® HLD4108A FIRST MIXER
e o|0o|0 HLN4251A VCO INTERCONNECT
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o o0 0 HLN1053A VCO BUFFER
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e oo HLN4250A LOW PASS FITLER
° ° HKN4225A INTERCONNECT CABLE
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e o0 HLNS169A RF BOARD
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e o(oe HLN4242A DIRECTIONAL COUPLER
ojoio|e HLN4247A IPA BOARD
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elo 0|0 HLN4241A ANTENNA SWITCH
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o o000 HLN42488 BUS WIRES
e o000 HLN4994A TRANSFORMER BRACKET
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SYNTOR X 9000 VHF Radio Option Chart

‘ - W12 VHF Pre—amp
W20 Telephone Interconnect
-~ W70 Omit Antenna, UHF
W71 Omit Microphone
ws7 Omit Speaker
W90 Omit Accessories
W101 22’ Negative Ground Cable
W109 Handset with hang—-up
W116 External Alarms
W123 Antenna, 3.5 dB gain
W124 Antenna, 5 dB gain
. W125 External option housing
W239 Noise cancelling microphone
W268 SECURENET code storage battery (secure—capable only)
. W269 Siren/Public Address
W304 SECURENET proper code detect
W305 16 system/8 subfleet/64 modes
W306 15 system/16 subfleet/8 modes
W354 Trunked DEK (8)
W355 Trunked and MDC-1200 DEK (8)
W370 MDC-1200 DEK (8)
W373 Trunked DEK (16)
W374 Trunked and MDC-1200 DEK (16)
W391 SECURENET with Physical Security (secure—capable only)
W412 MDC-1200 Selective Call
W470 Emergency footswitch
W496 10’ Negative ground
W496 10’ Negative Ground, SECURENET
W589 Public Address
W591 Auxiliary Switch Panel
W674 Security Housing Cable
W688 Emergency pushbutton, hidden
W709 25 system/8 subfleet/ 32 modes
W793 SECURENET, DVI-XL encryption
W795 SECURENET, DES-XL encryption
W797 SECURENET, DVP-XL encryption
w814 MDC-1200 PTT ID/Emergency
. W820 Unlimited Private Call/Call Alert
wa21 Wide area coverage, AMSS
wag22 Dynamic regrouping
W8g26 Omit Emergency Alarm/Call
. w829 8 systems/16 subfleets/64 modes
wa3s Spare DVP-XL encryption
W839 Spare DES—XL encryption
W840 Spare DVI-XL encryption
W941 MDC-1200 DEK (16)
W946 Conventional phone/DTMF
W995 Zone/Mode control unit
W996 System/Subfleet control unit

MXW-6485-O0




General

SYNTOR X 9000 VHF Performance Specifications

Number of Modes

Models available in 32 mode configuration. 64 modes 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 in the same radio unit. Carrier
Squelch and multiple coded squelch are optional.

Primary Power

+12VDC 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

2.65" H x 11.5" W x 16.0” L (63.5mm x 292mm x 406mm)

Radio Unit Weight

Approximately 22.5 |b (10.2 kg). Shipping weight approximately 37.5 Ib (17 kg).

Metering

A single scale 0-50 microampere meter or Motorola portable test set can be used to measure all circuits essential
to checking and adjustments.

Maximum Battery Drain (inc. std. accessories)

Minimum RF Power Standby @ Receive at Rated Transmit @
Model (series) Frequency (MHz) Output i 13.8V Audio @ 13.8V Rated Power
T73KEJ 150-174 100W Variable to 55W 1.2A 3.5A 27A
T43KEJ 150-174 40W Variable to 20W 1.2A 3.5A 14A
Transmitter
Output Impedance 50 ohms.

Spuious and Harmonic
Emissions

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

Frequency Stablility

+.0002% of reference frequency from —30°C to +60°C ambient (+30°C reference).

Maximum Frequency

24 MHz without degradation

Separation
Modulation 15F2 and 16F3, +5 kHz for 100% @ 1000 Hz.
Audio Sensitivity 0.080V +3 dB of 60% maximum deviation @ 1000 Hz.

Companion Receiver
Response
RS152B Response

FM Hum and Noise EIA Method

—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% @ 1000 Hz, 60% maximum deviation.

FCC Designation T73KEJ: CC3372-Licensable under FCC rules Parts 22, 74, and 90 for 156F2, 16F3, and 16F9 emission.
T43KEJ: ABZ89FT3688
Control Unit
Dimensions (excluding mounting bracket) 6.5" W x 3.375" H x 1.687" D (166mmm x 87mm x 43mm)
Weight 11b (456 g)
Current Drain 300 mA

Speaker

Dimensions (excluding mounting bracket)

5" x 5" x 2.5” (127mm x 127mm x 63mm)

Weight

1.51b (680 g)

MXW-2449-C (1)




SYNTOR X 9000 VHF Performance Specifications (continued)

Receiver
‘ Input Impedence 50 ohms.

EIA Modulation Acceptance  +6.5 kHz minimum.
Frequency Stability +.0002% of reference frequency from —30°C to +60°C ambient (+30°C reference).
Maximum Frequency 24 MHz without degradation
Separation
Sensitivity With Pre—~Amp Without Pre—Amp
20 dB quieting 0.25 uVv 0.50 uv
EIA SINAD 0.175uV 0.35uV
Intermodulation EIA SINAD 80 dB 85dB
* Spurious and Image Rejection 85 dB 90 dB
Selectivity EIA SINAD Adjacent Channel Alternate Channel 4th Channel +400 kHz
30 kHz Ch. 90 dB 95 dB 100 dB 110dB
* 25 kHz Ch. 85 dB 90dB 95dB 110dB
Squelch Sensitivity Carrier squelch (at threshold setting), tone—coded squelch (fixed), digital—coded (fixed), are all
8 dB SINAD 0.25 uV maximum without preamp; 0.13 uV with preamp).
Audio Output 15 watts @ less than 3% distortion into an 8 chm load.
FCC Designation T73KEJ—RC0291
T43KEJ—ABZ89FT3688

MXW-2449-C (2)
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@ MOTOROLA
Mobile Products Division

Description

1. Radio Features

1.1 GENERAL

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

® Microcomputer control.

® Broad—band operation.

® Frequency synthesis.

® Programmable time—out timer.

® Private-Line and Digital Private-Line coded squelch.
® Talkaround.

® Operator select Channel Scan operation.

® Mode select Channel Scan operation.

® Wide operating temperature range (from -30°C to
+60°C).

® Rugged construction that meets MIL-810D environ-
mental specification related to rain, dust, salty atmos-
phere, 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 appropriate SYNTOR X 9000
Two-Way Radio Operator’s Manual.

1.2 CONVENTIONAL FEATURES

SYNTOR X 9000 Radio Systems operate.in the conven-
tional mode for compatibility with conventional repeater
systems. Digital Private-Line (DPL) or carrier squelch

© Motorola, Inc. 1989
All Rights Reserved
Printed in U.S.A.
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(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 8bit
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 VHF radio operates over a broad
band of frequencies. This band of authorized frequencies is in
multiples of 5 kHz or 6.25 kHz in the following ranges.

e 136-154.4 MHz (Range 1)
e 150-174 MHz (Range 2)

The radio operates in these ranges without degradation in
performance and without special “dual exciter” or “dual front
end” circuits that operate on widely separated frequencies.
Frequencies can be changed or added without retuning or
realigning the radio.

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—fre-
quency operation since frequencies can be changed or added
by reprogramming the radio. The frequency synthesizer
reacts in milliseconds in priority mode scanning.

W10002576-0
3/15/89




1.6 IMPROVED TRANSMITTER AND RECEIVER
PERFORMANCE

The SYNTOR X 9000 VHF radio receives and transmits
over 14 MHz (Range 1) or 20 MHz (Range 2) bandwidths
without degradation. Its frequency stability is rated at +2
ppm, its transmit audio distortion less than 2%. Receiver
sensitivity (without a pre—amplifier) is rated at 0.35
microvolt (EIA SINAD) over the full 14 MHz (Range 1) or
20 MHz (Range 2) bandwidths.

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 TALKAROUND CAPABILITY

Repeater talkaround allows direct communication be-
tween two mobile units or between a mobile radio and a
portable unit. Use the Mode select rocker or a separate
pushbutton [Dir] to select talkaround 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.

1.12 PRE-AMPLIFIER

The optional pre—amplifier improves the 12 dB SINAD
receiver sensitivity from 0.35 microvolt to 0.2 microvolt,
with a 5 dB decrease in intermodulation protection.

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 SYNTOR X 9000 radio can be grouped into physical
blocks: personality board, memory module, common circuits
board, transmitter power amplifier, radio frequency (RF)
board, directional coupler board, and internal casting. The
internal casting includes a voltage—controlled oscillator
(VCO), mixer, filter board (or optional pre—amplifier).

2.2 FUNCTIONAL DESCRIPTION

The radio can be functionally divided into five parts: (a)
microcomputer, (b) control unit, (c) frequency synthesizer,
(d) receiver, and (e) transmitter. The microcomputer circuits
are contained on the personality board. The frequency
synthesizer circuits are contained on the personality board,
RF board, and internal casting. The receiver circuits are
contained on the personality board, RF 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 descrip-
tion 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 [1 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:

Vacuum fluorescent (VF) display.

VF display driver.

Backlight and indicator LEDs.

® Switch contacts.




The controller board contains the following:

Microprocessor and EEPROM.

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
(PLL) consisting of a reference oscillator, a voltage
controlled oscillator (VCO), a programmable divide by
3—or—4 pre-scaler, a multiplex divider, a sample-and-hold
phase detector, a VCO buffer, and a loop adaptive filter.

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) control a “C” counter inside the 3—or—4 pre—scaler. 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 loca-
tions in the memory module. Consequently, the six four—bit
words supply different information to the divider via the four
data lines.

Microphone audio from the personality board is applied
to the IDC circuitry along with the PL/DPL encode signals (if
used). The IDC circuits process the audio to ensure 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 the synthesizer reference oscillator via the
deviation and compensation circuits.

2.2.4 Receiver

Incoming RF signals go through the filter board (or
optional pre-amplifier), via the antenna relay. The filter
output passes through a six—pole preselector filter then goes
to the first mixer stage. The selectivity of the two filters
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 (Range 1) or

low—side (Range 2) injection frequency that is applied to the
first mixer via a three—pole injection filter.

The second mixer uses the 53.9 MHz signal and a 43.2
MHz signal from an injection tripler to generate a 10.7 MHz
IF. The receiver uses two four—pole 10.7 MHz crystal filters
to attenuate signals outside the predetermined receiver
bandpass range. After filtering and amplification, the 10.7
MHz signal passes to the limiter/detector stage.

The squelch circuit gives the microcomputer two signals
(CHANNEL ACTIVITY and SQUELCH TAIL). In the
absence of an RF carrier, SQL TAIL is low and CHAN ACT
is high. When an RF carrier appears, these signals switch to
SQL TAIL high and CHAN ACT low. 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 Transmitter

The RF output generated by the frequency synthesizer at
the required transmit frequency is applied to the controlled
stage of the transmitter.

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 infor-
mation was printed.

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

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

4y FACTORY ORDER NUMBER (FO): this field identi- N
fies 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 (15) SQL DATA: This field identifies the squelch data
frequency in MHz. selection.

NP . X . (16) SCAN: this field identifies the modes scan list.
(12) TOT: this field identifies the time—out timer value.

(17) RADIO NAME: this field identifies the radio name as-

(13) PR1: this field identifies the first priority scan selection. signed at time of order processing.
(18) RADIO SERIAL NUMBER (RSN): this field identifies
(14) PR2: this field identifies the second priority scan the original radio serial number when replacement
selection. codeplugs have been ordered.

e ™
) ® ® ®

-
SYS9000 Aug. 15, 1688 SN:621TST00003 MODEL:T73KEJ7J04BK FO:00000001010102
@ Conv Mode RX X RX Code TX Code T/A TOT PRI PR2 bl
1> 136.275 136.275 CSQ csQ 60
2> 150.800 150.800 7A 7A 60
3> 169.975 169975 131 131 60

@O

J

GPW-6221-0

Figure I. SYNTOR X 9000 VHF Radio Identification Label
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Figure 1. Systems 9000 Control Unit

1. General ¢ DIM button for display brightness.

The SYNTOR X 9000 mobile units consist of: * Rocker switch volume control.
e Rocker and keypad mode—select control.
e Channel BUSY indicator light.

¢ Transmit indicator light.

¢ Remote mountable radio.
e Dual operation control unit.

* Microphone. e Priority channel indicator light.

* Speaker. e Non-priority channel indicator light.

. .
Antenna. ¢ Squelch button to set volume and monitor

¢ Interconnecting cable. channel activity.

The mobile units are supplied with Systems 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/off slide switch. unique system conditions:
e — technical publication services W10009535.B
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Illegal 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. Release
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 (PRI) 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 [Rcl] 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 off and on.

4.4 NUISANCE DELETE

A NON-PRImode 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 [Recl] 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.
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Figure 1. 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) Measure the transmitter deviation at the highest transmit
mishandling in transit may disturb some of the adjustments. In frequency (highest repeater frequency) and make the
any case, FCC regulations require the checking of transmitter necessary adjustments.
frequency and deviation at the time of installation. Therefore a
pre—operational check is mandatory. To make a complete (4) Measure the transmit frequencies.

check, follow the sequence of tests presented below. The tests
are described in more detail in the Maintenance and
Troubleshooting Section of this manual. )

(5) Measure the receive frequencies.
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.
— technical publication services 10002525
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2. Installation Planning

See Figure | 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 free
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. See the
antenna instruction manual for 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.

Adjustable 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 on one end and a ring fug on the other end.

TRUNK COMPARTMENT | OPERATOR COMPARTMENT | ENGINE COMPARTMENT
| MICROPHONE |
CAUTION | I
A good chassis connection via | |
the black primary power cable VEHICLE
is essential for radio operation | O M T IGNITION |
and to prevent damage to the I CABLE (ORG) ~_ |
radio and cable kit. Connection | vIP | RADIO _{ORG) ON/ACC 1 1 P/(\)N \llglngE
to the vehicle frame is desir- | GRN) 3.0A FUSE [ 1} -
able. I MIC : N I
P/ L) ————
' \13__.’_ —_— L - —\\\\
[[ SPEAKER / mepy  NOTET ) < 1
! 59T
} MULTL-CONDUCTOR
| RACDA%L%O(EEE)O - RECEIVER BATTERY HOT | oA
CHASSIS PRIMARY VEHICLE
CONTROL POWER PRIMARY POWER FUSE
POWER CABLE | CABLE (GEN) CABLE | Note2  BATTERY

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 ignition 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 allows 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 to 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
Cablesrouted 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.
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FUSE HOLDER

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

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.

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

LEAD

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

FOR A SECOND INSTALLATION, CUT CABLE TO RE-
MOVE FROM ENGINE COMPARTMENT. TO RECON-
NECT UPON REINSTALLATION, USE AN IN--LINE IN-
SULATED SPLICE CONNECTOR.

BARE
LEAD

INSULATION
EDGE
IN LINE RED POWER
FUSE HOLDER CABLE
GPW-5373-0
Figure 4. Fuse Installation
SPADE OR RING
TONGUE LUG —
(RING TONGUE
LUG SHOWN)
parts list
HLN4952A Fuse Kit for Green and Orange Leads MXW-—2273-A
REFERENCE MOTOROLA
SYMBOL PART NO. DESCRIPTION
LA 14-82882A01 insulator, fuse hoder body
EUSSETL%L%SE%LéK%R 14-82883A01 insulator, fuse holder cap
\ 29-00136968 lug
2900824456 ring tongue lug
2900865065 ring tongue lug
41-82885A01 compression fuse spring
42-82884A01 tuse clip
65-00020404 3 amp fuse, 250V, (quantity 2)

METAL FUSE
CLIPS CRIMP
AND SOLDER
TO WIRE

SPRING

FUSE

GPW-3007-A

05/23/88

Figure 5. Fuseholder Assembly and Parts List
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Pull the red power cable into the engine compartment. A
cable fuse kitcomes with aring tongue lugonone 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). If 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 to 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 PUSH IT TOWARD REAR OF TRAY UNTIL IT ENGAGES
REAR TABS FULLY. CHECK THAT FRONT TABS HAVE ENTERED
OPENING {N 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
OUNTING HOLES
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Figure 6. Radio Mounting Tray
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CAUTION
Do NOT connect either lead to the ungrounded
terminal of the battery at this time.

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.

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.

On the 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

ey

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
theradio. 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) When mounting the radio securely to the trunk floor in

3)

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 halfway 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 and drilla3/16”
(.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.
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Figure 7. Radio Mounting Tray Installation Detail
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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

DASHBOARD -

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
SCTews.

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

(7) Plug the speaker lead into the control unit, fnaking 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 a metal 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 “S8” 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
forrelay 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
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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.

2

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 d o 1
Connected to L See Note L]
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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1. Recommended Test Equipment

Table 1. Test Equipment

General type

Application

Recommended Model

Minimum Specification

AC-DC VOM DC Voltage measurements, general Motorola T1009A Measurement range: 0-15V DC
Sensitivity: 20,000 ohms/volt
DC Multimeter DC voltage readings requiring an Motorola S1063B Measurement range: 0-15V DC
input resistance meter Input resistance: 11 megaochms
AC Voltmeter Audio voltage measurements Motorola S1053C Measurement range: 100 mV AC
Input resistance: 1 megaohm
RF Voltmeter RF voltage measurements Motorola S1339A Measurement range:100 pV-3V
from 1 MHz—-900 MHz
Inputs:50 ohm and high impedance
Oscilloscope, Waveform observation Motorola R1004A Vertical sensitivity: 5 mV-10 V/division
Dual-Trace Horizontal time base: 0.2 pUsec—

0.5 sec./division

RF Wattmeter

Transmitter output power
measurement

Motorola T1039 with appropriate
element and T1013 RF dummy
load

Measurement range: 0—50 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: 806870 MHz
Frequency resolution: 10 Hz

Deviation meter

Transmitter modulation deviation
measurement

Motorola R1200 Service Monitor
with SLN6350 Deviation Meter.

Measurement range: 0—-10 KHz
deviation
Frequency range: 806—870 MHz

Balance Mixer

Model ZAD—4

RF Signal Receiver alignment and Motorola R1200 Service Monitor Frequency range: 806—870 MHz
troubleshooting with attenuator. Output level: 0.1 1V~100,000 pv

Must be capabile 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 mvV—1 V

*Double— Receiver front-end adjustment Mini-Circuits Laboratory —_—

ol ogic Probe

Check various digital devices

Motorola RLT—4014

Radio Test set

Meter readings at circuit metering
points for alignment and trouble—
shooting

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.

eTuning Tool Kit

Receiver and transmitter alignment

Motorola TRN4513A

oDC Power DC power for shop service Motorola R1011AA 120V DC
Supply 0-40 A
PL Tone Tone coded “Private-Line” Motorola $133B Frequency range: 10 Hz-9999 Hz
Generator* decoder troubleshooting Output level: 0-3 V rms
DPL Test “Digital Private-Line” encoder— Motorola SLN6413A —_—
Set*” decoder troubleshooting

Note

Allthe test equipment listed above, with the exception of those marked with (s), can
be replaced with the Motorola R2001 System Analyzer

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 due to the
nature of the positive—ground installations. Take necessary precautions that the
test equipment does not contact the vehicle chassis.







(2) Use the portable test set to key the transmitter without
modulation.

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

(4) Use the mode rocker to scroll to all the remaining
positions and check the proper transmitter frequencies.
(No further oscillator frequency adjustments are
required.)

2.3 DEVIATION

Note
Check deviation on all transmit channels when
setting deviations; especially if wide transmit
separations (more than 5 kHz) are required.

(1) Use the deviation adjust potentiometer, to set deviation
on the selected transmit frequency to 4.7 KHz.

(2) Check the deviation on all transmit frequencies to ensure
that it does not exceed 5 kHz on any of them.

2.4 COMPENSATION

Note
The compensation adjustment potentiometer is
set at the factory and does not normally require
readjustment.

Use this compensation adjustment procedure when any
of the following conditions occur.

¢ If DPL transmit (encode) performance is poor

o [f the VCO reference oscillator or common circuits
board is replaced

e If the compensation potentiometer is replaced or
inadvertently adjusted.

2.4.1 Radios with PL or DPL

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

(1) Turn the deviation potentiometer (Figure 1) one-half
turn clockwise.

(2) Set the mode selector switch to the PL/DPL customer
transmit frequency closest to the radio’s first target
frequency in Table 2.

(3) Connect the center lead of the shielded cable of an AC
voltmeter to the modulation compensation test point and
connect the shield to the radio ground(A-). Set the
voltmeter to the 1 mV range.

(4) Modulate the PL or DPL and adjust the compensation
potentiometer until a null indication is obtained on the
voltmeter. Cover the hole with tape to preventaccidental
adjustment of this control.

(5) Go to section 2.3, step 1.

2.4.2 Radios without PL or DPL

(1) Set the compensation potentiometer to its midpoint.
(2) Go to section 2.3, step 1.

2.5 POWER MEASUREMENT

Important
The following information is to insure accurate
measurement of RF power. These instructions
should be followed before performing any
transmitter power tests. See the Transmitter
section of this manual for information about the
operation of the VSWR protection circuitry.

See the list of recommended test equipment in this
section of the manual. Use only the recommended equipment
for making these adjustments to avoid erroneous results. All
transmitter adjustments can be performed from the top of the
radio.

Connect the wattmeter to the radio antenna connector
using a type N—-to UHF coaxial adapter cable.

Note
This is the only place that a coaxial adapter
cable is acceptable.

Use connectors with a plastic insulating dielectric for the
coaxial adapter cable. Connectors using bakelite as the
insulating dielectric, or low cost adapters intended for
citizens band service, should NOT be used.

The coaxial cable to adapt the UHF antenna connectoron
the radio to the type N connector on the wattmeter should be
of a high quality type. Cable types such as RG400/U (part
#30-84173E01) or RG142 B/U (part #30-83278B01) are
recommended.

Careful set—up of the measuring system is well worth the
extra time and effort. These techniques are recommended for
other Motorola radios.

2.5.1 Power Set Procedure
(1) Terminate the radio with a wattmeter and a 50 ohm load.
(2) Adjust the DC power supply voltage to 13.4 volts.

(3) Turn the power set potentiometer, R908, clockwise to
the stop (minimum power position).

(4) Turn the current limit potentiometer R932 clockwise to
the stop (fully open).

O




(5) For 100—watt radios, key the transmitter, and adjust
R911 to get a nominal power output of 105 watts. For
40-watt radios, key the transmitter and adjust R908 to
get a nominal output of 42 watts.

(6) Observe Meter 5 and determine the least efficient
channel (highest Meter 5 indication). Note the Meter 5
indication and stay on this channel.

(7) On the least efficient channel (from step 6), turn R908
counterclockwise to the stop (maximum power
position).

(8) Key the transmitter and compare the Meter 5 reading
with the reading obtained in step 6. If the Meter 5
reading has increased by 3 uA or less, turnR932 until the
output power decreases slightly. If the Meter 5 reading
has increased by more than 3 uA, turn R932 until the
reading is only 3 uA higher than the reading obtained in
step 6.

(9) Key the transmitter and adjust R908 for an output power
indication of 105 watts (100 watt radios), or 42 watts for
40—watt radios.

3. Radio Disassembly
3.1 GENERAL

Remove the top cover to access the solder side of the RF
board, personality board, and the power amplifier deck.
Remove the top cover by turning the key to release the front
handle and then press the button under the handle. The top
cover pops up and allows access to the boards. Remove the
screw that holds the PA deck cover to access the PA deck.
This procedure provides access to the metering sockets of the
RF board (J2501) and the PA deck (J1101) without
removing the radio from its mounting tray.

Remove the radio from the chassis by releasing the
handle as described above. Slide the radio forward (about an
inch) and lift it out. Disconnect the cables to remove the
radio from the chassis.

Note
Mounting screws for the common circuits
board, personality board, and RF board are
those with the black plastic captivators holding
them to the boards.

Access the rest of the radio by removing the four screws
that secure the skid plate to the bottom of the radio. Remove
the skid plate to access the metering socket of the common
circuits board (J951). The common circuits board is hinged so
when turned on its hinge, it provides access to its component
side as well as to the component side of the RF board.
Remove the screws on the board and on the regulator heat
sink to turn the common circuits board over on its hinge.

CAUTION

When operating the radio with the regulator
head sink screw removed, care should be taken
to avoid the exposed hot flange. All serviceable
mounting screws use either Posi—drive heads or
TORX heads which can be damaged by using
standard Phillips screwdrivers. Use the proper
screwdriver.

3.2 COMMON CIRCUITS BOARD

To turn the common circuits board on its hinges requires
the removal of three screws. However, to remove the board,
you must remove the two hinge screws, unplug the cable
between the common circuits board and the personality
board, and unplug the wires between the common circuits
board and the PA deck. When installing the board in the
radio, take care to pass both the cable and the wires between
the two board hinges.

3.3 PERSONALITY BOARD
Remove the personality board from the radio as follows:

(1) Remove the seven screws that secure the board to the
radio.

(2) Disconnect the cable from the front plug.

(3) Disconnect the 10 conductor cable from the common
circuits board.

(4) Pull the board away from the radio to disconnect the
connectors from the RF board.

When installing the board in the radio, be sure that the
front plug gasket is properly seated. (Silicone compound,
Motorola Part #1 1-00834678, can be helpful in this process.)

3.4 RF BOARD
Remove the RF board as follows:

(1) Remove the personality board as explained in
paragraph 3.3.

(2) Remove the six retention screws.

(3) Disconnect the coaxial cable between the RF board and
the internal casting.

(4) Disconnect the wires located near the antenna switch.

Access to some segments of the solder side of the RF
board requires the removal of shields attached to the board
with screws. On the component side of the RF board, remove
the two large cans by simply pulling them off the board.
However, other cans on the board must be unsoldered to be
removed.

Install the RF board back in the radio using care to align
the board guide posts with the internal casting. Take care to




match the board spring connectors with those of the internal
casting.

3.5 INTERNAL CASTING

3.5.1 General

Remove the internal casting from the radio as follows:

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

(2) Remove four cover mounting screws from the bottom of
the radio.

(3) Remove two screws from the RF board (from the other
side of the radio).

(4) Disconnect the cable between the internal casting and
the RF board.

(5) Disconnect the cable between the internal casting and
the PA deck.

(6) Disconnect the RF board wires located near the antenna
switch.

Exercise care during the reassembly operation to make
the proper connections between the various connectors and to
replace all the screws without omission.

3.5.2 First Mixer

To remove the first mixer, remove the two screws that
secure the first mixer cover and gasket to the internal casting.

CAUTION
Do not use excessive heat. Otherwise, the tap
leads will come off the filter.

Carefully unsolder the two tap leads from the first mixer
to the filter and remove solder between the feed through and
the circuit board. Remove the two screws that hold the circuit
board to the internal casting, then remove the first mixer
board.

3.5.3 Low Pass Filter Board (or Optional Pre—amplifier)

With the cover off, remove the low pass filter board (or
optional pre—amplifier) as follows: carefully unsolder and
remove the wires from the phono connector, then unsolder
and disconnect the coaxial cable from the six—pole filter. If an
optional pre—amplifier is used, unsolder the feedthrough
leads and remove the two retaining screws to remove the
board.

CAUTION

See the Special Repair Procedures for soldering
iron use on hybrid substrates. It is imperative
that high silver content be used when removing
the two insulated wires from the smaller pre—
amplifier substrate. Since the smaller substrate
is not copper clad, leaching of the pads can
become a problem.

Remove the two screws that hold the carrier to the
casting. Lift it out. using the handle that forms part of the
carrier.

3.5.4 VCO Buffer/Doubler

Note
If the VCO assembly is replaced, it will be nec-
essary to readjust the compensation level as
explained in the Radio Adjustment Procedures
in paragraph 2.

Remove the VCO buffer/doubler as follows: disconnect
the coaxial cable to the VCO, disconnect the single wire to the
feedthrough, disconnect the coaxial cable to the RF board,
and disconnect the coaxial cable to the PA deck.

Remove the coaxial cables from the substrate, using the
precautions explained in the Special Repair Procedures.
Then, remove both cables from the internal casting. This may
require the use of a larger soldering iron to heat the internal
casting. However, never use the larger soldering iron on the
substrate.

After removing the four mounting screws, the VCO
buffer/doubler assembly can be removed by lifting the handle
that forms part of the carrier. Lifting the carrier will
simultaneously disengage the connector to the three—pole
injection filter. This filter is located directly under the carrier.

3.6 TRANSISTOR MODULE REPLACEMENT

Note
Transistors are replaced as part of a module
assembly. There are six module assemblies in
each power amplifier: low-level amplifier
(control stage), predriver, driver, and three
finals.

To remove the low level amplifier (control stage),
unsolder the input coax, output strap, and bias pin. Use C805
as a handle to carefully pull the module up until Q802
releases from its heatsink clip. Before installing a new
module, apply a light coating of Wakefield compound to
Q802. Be careful when installing the new module to avoid
breaking the substrate. Align Q802 with the heatsink clip and
apply pressure to Q802 until the module is firmly seated.

To remove any of the other modules, unsolder the tabs
from the ceramic substrates (8 tabs on the predriver and
driver modules; 6 on each of the final stage modules).




Remove transistor mounting screw and extract the module.
Before installing the new module, apply a thin coating of
Wakefield compound to the mounting surface. Be sure that
the module output (indicated by the beveled corner) faces in
the proper direction.

CAUTION
The transistor mounting screws must be tight-
ened before the transistor tabs are soldered to
the circuit board. Do not tighten to more than
6-7 inch pounds, or damage to the transistor
may result.

Solder the module tabs to the substrate so that the
connection covers the entire surface of the tab.

3.7 TRANSMITTER PA DECK

Perform the following steps to remove the power
amplifier deck.

(1) Remove the transistor’s mounting screws.

(2) Remove the stud nuts that are accessible from the
bottom of the chassis.

(3) Remove the circuit board mounting screws and nuts.
(4) Unsolderand remove the input and output coaxial cables

and all the power amplifier feedthrough capacitors from
the board.

Perform the following steps to remove the intermediate
power amplifier (IPA) board.

(1) Remove the 2 circuit board mounting screws.

(2) Remove the transistor heat sink mounting screw and
shoulder washer.

(3) Unsolder the PA board output cable, then remove the
IPA board.

CAUTION
Be sure that the insulator and shoulder washer
insulate the transistor heat sink from the radio
chassis properly when re—installing the circuit
board.

3.8 FRONT LATCH

Remove the front latch key mechanism by inserting the
key into the lock, turning the key about 45° in a clockwise
direction, and inserting the special removal tool (Motorola
Part #66—-84909B01). Insert the tool with the point directed
away from the lock while twisting it 180° in a clockwise
direction. This releases the key mechanism for removal.

Removal of the black plastic part requires the removal of a
single screw.

3.9 DIRECTIONAL COUPLER

To remove the directional coupler, remove the top cover
and unsolder the two coaxial cables. Remove the mounting
screws. Swing the common circuits board up, unplug the
connector, and lift the carrier from the radio.

3.10 ANTENNA RELAY

Disconnect the wires to the coil and the connector on the
RF board to remove the antenna relay. The coaxial cable to
the internal casting can be unplugged at the casting, but the
cable to the transmitter PA deck must be unsoldered at the
harmonic filter. The antenna relay is secured by means of a
nut located outside the radio chassis. Remove the nut with a
spanner nut removal tool (Motorola Part #RSX4028A).

4. General System Troubleshooting Guide
4.1 GENERAL

Tables 2 through 11, provide a general system trouble-
shooting guide. Table 2 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 condi-
tions: absence of receive audio, distorted receive audio, low
audio power, radio does not squelch, radio does not
unsquelch, improper squeich sensitivity, no PL/DPL decode,
no regulated 9.6 V or 5.0 V, no RF power output, low RF
power output, no transmitter modulation, distorted transmit-
ter modulation, improper microphone 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 synthesizer lock time, poor receive sensitivity, al-
ternator whine.

4.2 REFERENCE

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

e Schematic diagram 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.

e 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.

e Power control troubleshooting chart; this is located in
the Common Circuits Board section.

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

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

e Radio alignment and adjustment procedures: this is
located in the General Maintenance section.

e 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 separated by a
“/.” The first part indicates the location of the error. The

second part 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. See Tables 3 through 11 for
interpretation of these codes.

There are two types of errors. The first type does not stop
the system from operating. This error occurs if an option
board is not communicating on the serial bus. In this case the
display indicates "ERROR _/__.” This 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 __/__."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. General System Troubleshooting Guide

SYMPTOMS

POSSIBLE CAUSE

PROCEDURES

No Receive Audio

Red or green lead fuse

Check the fuses.

Audio PA malfunction

See audio section of personality board schematic diagram.

Regulator malfunction

See regulator troubleshooting chart.

Synthesizer not locking

See synthesizer troubleshooting chart.

Quad detector malfunction

See receiver section schematic diagram.

Distorted Receive Audio

Audio PA malfunction

See audio section of personality board schematic diagram.

Quad detector malfunction

See receiver schematic diagram.

IF malfunction

See receiver schematic diagram.

Low Audio Power

Audio PA malfunction

See audio section of personality board schematic diagram.

Red lead fuse

Check fuse.

Quad detector malfunction

See receiver schematic diagram.

IF malfunction

See receiver schematic diagram.

No Regulated 9.6V or 5.0V

Short on circuit board

Regulator malfunction

See regulator troubleshooting chart.

No RF Power Output

PA enable switch

See microcomputer schematic diagram.

Keyed 9.4V switch

See microcomputer schematic diagram.

Synthesizer out—of—lock

See synthesizer troubleshooting chart.

Red or orange lead fuse

Check fuse.

Power control malfunction

See power control troubleshooting chart.

PTT circuit malfunction

See troubleshooting serial data link and control unit. See
the control unit and personality board schematic diagram.

PA malfunction

See PA troubleshooting chart.

No Power Control
Low RF Power Output

Power control malfunction

See power control troubleshooting chart.

Power control malfunction

See PA troubleshooting chart.

Antenna relay malfunction

See antenna relay test procedure.

No Transmitter Modulation

IDC malfunction

See IDC portion of the personality board schematic diagram.

Microcomputer malfunction

See microcomputer schematic.

Distorted Transmitter Modulation

IDC malfunction

See IDC portion of synthesizer board schematic diagram.

Reference oscillator malfunction

See IDC portion of synthesizer board schematic diagram.

VCO malfunction

See IDC portion of personality board schematic diagram.

improper Microphone Sensitivity

IDC malfunction

See IDC portion of synthesizer board schematic diagram.

VCO malfunction

See IDC portion of synthesizer board schematic diagram.

Reference oscillator malfunction

See IDC portion of personality board schematic diagram.

Transmitter Frequency Shift
with High—Level Modulation

IDC malfunction

See IDC portion of personality board schematic diagram.

Synthesizer does not Lock

Is radio scanning?

Out—of—lock LED lights if radio is scanning.

Synthesizer malfunction

See synthesizer troubleshooting chart.

Microcomputer malfunction

See microcomputer schematic.

Reference Frequency (6.25kHz) on

transmitted audio or in speaker

Adaptive filter malfunction

See synthesizer troubleshooting procedure.

Synthesizer locks on wrong
frequency

Synthesizer malfunction

See synthesizer troubleshooting chart.

Microcomputer malfunction

See synthesizer troubleshooting chart.

Reference oscillator
Out-of-adjustment

See synthesizer troubleshooting chart.

Long Synthesizer lock time

Synthesizer maifunction

See synthesizer troubleshooting chart.

Poor receive Sensitivity

High IF malfunction

See receiver section schematic diagram.

Low IF malfunction

See receiver section schematic diagram.

Quad detector malfunction

See receiver section schematic diagram.

Pre—amp malfunction

See receiver section schematic diagram.

First mixer malfunction

See receiver section schematic diagram.

Second mixer

See receiver section schematic diagram.

Antenna relay malfunction

See antenna relay test procedure.

Alternator Whine

Chassis to A— short

Disconnect control cable and check for a short between
chassis and A-.

Excessive whine in vehicle

See manual number 68P81109E33.

No PL/DPL

Microcomputer malfunction

See microcomputer troubleshooting chart.

IDC malfunction

See IDC portion of synthesizer troubleshooting chart.
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Tahble 3. Radio Troubleshooting Display Codes

DISPLAY SHOWS DESCRIPTION OF PROBLEM
FAIL 01/81 Reprogram EEPROM or check J501/502. If “FAIL” shows after reprogram,
FAIL 01/82 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
FAIL 01/8D after reprogram, replace U502.
FAIL 01/90 Check cable kits. See Personality and Control Unit troubleshooting charts.
(Bus Failure)

Table 4. 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.

Tuble 5. 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 6. Trunking Svstem Troubleshooting Display Codes

DISPLAY SHOWS DESCRIPTION OF PROBLEM
FAIL 10/82 Option EEPROM corrupted. See the Trunking troubleshooting chart in this manual.
ERROR 10/02
FAIL 10/84 Option EEPROM blank. See the Trunking troubleshooting chart in this manual.
FAIL 10/10 Option serial bus failure. See the Trunking troubleshooting chart in this manual.

Table 7. 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 8. MDC-600 PTT iD or MVS Troubleshooting Display Codes

DISPLAY SHOWS DESCRIPTION OF PROBLEM

ERROR 0D/10 Option serial bus failure. See the appropriate optioninstruction manual.

Table 9. 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




Table 10. MDC-1200 Troubleshooting Display Codes

DISPLAY SHOWS DESCRIPTION OF PROBLEM |
FAIL 0A/82 Option EEPROM corrupted. See the MDC—1200 Signaling option instruction manual.
FAIL 0A/84 Option EEPROM blank. See the MDC—1200 Signaling option instruction manual.
ERROR 0A/10 Option serial bus failure. See the MDC-1200 Signaling option instruction manua!.
Table 1 1. DTMF Troubleshooting Display Codes
DISPLAY SHOWS DESCRIPTION OF PROBLEM

ERROR OE/10

Option serial bus failure. See the DTMF Option instruction manual.

ERROR 0E/02

Option EEPROM failure. See the DTMF Option manual.

5. Antenna Switch Test Procedure

The antenna switch connects the antenna to the receiver
via the receive reed, coaxial cable, and phono plug when the
radio is in the receive mode. The antenna switch connects the
antenna to the transmitter via the transmitter reed, coaxial
cable, harmonic filter, and directional coupler when in the
transmit mode.

5.1 TEST EQUIPMENT

A regular analog VOM is required for checking
continuity paths or short circuits. See thelist of recommended
test equipment provided in Table 1 located in this section.

5.2 PROCEDURE
This procedure consists of the following two tests:
e Receive signal path test.
¢ Transmit signal path test.

As an initial step, disconnect the coaxial cable from the
PA deck input. This allows the antenna switch to change from
one condition to the other (i.e., from receive to transmit or
vice versa) without causing the generation of PA output
power.

5.2.1 Receive Signal Path Test

(1) Disconnect the receive cable plug from the internal
casting socket. Using an ohmmeter, verify that
continuity exists between the plug center pin and the
antenna connector center pin. Verify that no continuity
exists between the plug center pin and the plug shield
(and/or radio chassis).

(2) Place the radio on a conventional mode or into the
trunking test mode and key the radio. Under this
condition, the receive reed opens. Verify that no
continuity exists between the antenna switch center pin
and the receive cable plug center pin.

5.2.2 Transmit Signal Path Test

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

(2) Remove the PA shield.

(3) Key the transmitter and verify that continuity exists
between the directional coupler input and the antenna
switch center pin. If no continuity exists, check other
points along the transmit signal path to locate any
possible open circuits (see Figure 3).

(4) Verify that the transmitter path to the radio chassis is not
less than 100 K ohms.

Note
Field servicing of the antenna switch assembly
or the microstrip harmonic filter is NOT rec-
ommended. A defective unit must be replaced.

(5) Key the transmitter and verify that continuity exists
between the harmonic filter output and the antenna
switch center pin. If continuity does not exist between
these two points during transmitter keyed conditions, or
if continuity exists during the receive mode, then the
antenna switch assembly is defective and must be
replaced.
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o e @ parts list
SYNTOR X 9000E Dual Operation Radio Mechanical Parts MXW-5563-O0 MXW-5563-O (2)
REFERENCE MOTOROLA REFERENCE MOTOROLA
SYMBOL PART NO. DESCRIPTION SYMBOL PART NO. DESCRIFTION
1 15-80230B01 internal casting housing 103 15-80106B01 top cover
2 14-80206B01 nylon grommet, 4 used 104 03-10905A05 machine screw, 3.0 x 0.5 x 8 mm, 15 used
3 03-82002N01 tapping screw, 4.2 x 1.41 x 19mm; 4 used 105 03-10943D20 tapping screw, 3.0 x 0.5 x 8 mm, 6 used
4 32-82796H01 wire mesh gasket 106 42-83982M01 cable clamp
5 — VCO substrate 107 —_ power amplifier circuit board
6 15-80206B01 VCO cover 108 — metering circuit board
7 — VCO butfer substrate 109 42-84367M01 wire hold-down clip, 2 used
8 15-83501M01 buffer cover 110 — final amplifier circuit board
9 15-80208B01 mixer cover 111 — driver circuit board
10 32-84486M01 mixer gasket 112 — pre—driver circuit board
11 — mixer circuit board 113 32-80219B01 front connector gasket
12 —_ preamplifier circuit board 114 01-807260D99 front connector assembly, 37 contact male
13 15-80207801 preamplifier cover 115 28-82647K02 10 contact male connector, 2 used
14 03-10943C28 tapping screw, 3.5 x 0.6 x 6 mm; 20 used 118 098344509 10 contact female connector
15 03-10943C34 tapping screw, 3.5 x 0.6 x 25 mm,; 4 used 119 30~-80263K01 20 conductor cable (includes P401)
(4203) (J200) (J201) 16 15-80209801 preselector cover, (6 cell) 120 28-84647L04 right-angle 6 contact connector
17 15-80210B01 preselector cover, (2 cell) 121 54-83895M01 radio fabel
18 15-80210B02 preslector (3 cell) 123 0484152801 * shoulder washer, 4 used
19 15-83894M01 preselector tuning cover 124 14-83820M02.. transistor insulator
20 _— VCO interconnect (Q148, 149, 1001, 1002)
22A —_ personality circult board (solder side) 125 26-83498M01 audio PA heatsink
228 — personality circuit board (component side) 126 03=82741M01 tapping screw, 3.0 x 8 mm, 4 used
24 42-83503M01 retainer, 12 used 127 04-84180C01 shoulder washer
25 03-10943D29 tapping screw, 3.5 x 0.6 x 8 mm; 19 used 128A 15-84301K16 2 position connector housing
26 03-10943D32 tapping screw, 3.6 x 0.6 x 16 mm; 7 used 1288 39-82717M01 receptacle contact, 2 used
27 03-82001N02 tapping screw, 3.5 x 0.6 x 28 mm; 2 used 131 32-83997M01 feedthru gasket
30 26-83398M01 regulator heat sink 132 75-82200H13 oscillator pad
31 e common circuits board 133 75-82200H14 osciliator pad
32 55-83493M02 hinge, 2 used 134 14-84690M01 insulator
33 04-00007652 external lockwasher (#10), 2 used 135 14-84680M02 insulator
34A _— RF circuit board (solder side) 136 14-84691MO1 insulator
34B —_ RF circuit board (component side) 137 14-84691M02 insulator
35 05-84220B01 grommet, 12 used 144 30-83888P01 18 conductor flat cable (with DIP plugs)
104 127 124 36 03-84256M01 tapping screw, 12 used 145 04-00001719 flat metal washer
25 \ 125 37 26-83588M01 adaptive filter shield, (solder side) 146 —_ code plug with board
l Qn 38 26-83586M01 lower IF shield (solder side) 147 30-83776M01 14 conductor flat cable (with DIP plugs)
39 2683585M01 divider/phase detector shield (solder side) 148 04-84345A12 flat piastic washer
24 @ 124 127 104 40 2683587M01 quadrature detector shieid (solder side) 4/31/88
L~ 41 26-83594M01 can shiled (component sids), 7 used
9 42 2683592M01 adaptive filter shield (component side)
146 43 26-83593M01 divider/phase detector shield
CODE PLUG BOARD } (component side) )
~ 44 26-83597M01 prescaler shield (component side)
145 45 26-83595M01 quadrature detector shield
46 26-83596M01 lower IF shield {component side), 4 used
47 ) 26-83814M01 shield fence (component side)
48 28-84282D01 male phono connector
49 28-84324M01 male connector, 2 contact
50 28-84324M02 male connector, 3 contact
51 46-83948M0O1 guide post, 2 used
52 42-83891L01 mixer clip, 5 used
147 53 55-84300802 j handle, 2 used
54 4280134801  speed clip, 10 used
by b 55 — © PA bus wiring
56 41-80158B01 cover lift spring
57 41-80172B01 spring clip, 2 used
r 142 58 07-80173002 quide rail, 2 used
1 59 07-80208G03 mounting frame
! FILTERBOARD ¢, 32-80175B01  bottom cover gasket
| 61 32-801768B01 top cover gasket
. 62 —_ directional coupler circuit board
H 63 26-80169B01 PA cover shield
i 64 01-80723D66 feedthru plate assembly (PA)
1 65 30-80136B01 bus wire (top positive)
J 66 30-81037b01 bus wire (top negative
Lo-—" 143 67 30-80121b01 bus wire (bottom negative)
PL/DPL BOARD 68 3080120801 bus wire (bottom positive)
69 52-83927M01 bus bar retainer
70 52-83927M02 bus bar retainer
7 52-83927M02 bus bar retainer
72 52-83927M04 bus bar retainer
73 42-80167B01 top bus clip
74 42080201801 bus wire clip
76 29-84093M01 solder lug, 6 used
77 15-80124B01 harmonic filter cover
78 — harmonic filter substrate
79 32-83926M01 mesh gasket
80 14-83801M01 lower bus insulator
81 29-83897M01 wire receptacle terminal, 2 used
82 55-80107B01 handle
83 07-80152B01 handle pivot bracket, 2 used
84 22-83491M01 - spring pin
85 02-80006A01 ~ spanner nut
86 04-00114522 .~ lock washer
87 32-80080A01 ring gasket !
88 — antenna switch
89 38-80154B02 cover release button |
90 41-80155B01 ~ covert release spring |
N 42-80156B01 retainer ring
92 55-80157B01 cover release catch
93 75-00838826 rubber bumper
94 03-10943D48 tapping screw, 5.0 x 0.8 x 16 mm, 2 used s : .
95 55-84101801 lock with key Exploded View, Mechanical Parts List and
i heg-eierol jock housing Functional Block Diagram for SYNTOR X 9000 and
% 41-80160801 lock spring SYNTOR X 9000E Radio
lom cover
100 15-80105B01 radio housing pw"4345_A
102 42-10128A18 : O ring, 5 used (Sheet 1 Of 2)

GW-3292-A ’ 5/20/88
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MOTOROLA
Mobile Products Division

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—
copper 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 #ST—1160).
When the connecting solder melts, lift the chip. Figures 2 and
3 illustrate this removal technique.

© Motorola, Inc. 1988
All Rights Reserved
Printed in U.S.A.

technical publication services
5555 North Beach Street, Fort Worth, Texas 76137
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AREA

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

CHIP CAPACITOR

GPW-3062-A

Figure 3. Capacitor Removal with Special Soldering Tip




MOTOROLA | Microcomputer System
Mobile Products Division (Radio)

1. General e U502——customer system/mode EEPROM.
- This section covers the Microcomputer System section ¢ U503—synt‘h651zer programming latch.
' of your radio. e U504—audio control latch.
¢ U506—address decoder.
2. Theory of Operation o HY500—watchdog timer hybrid.
2.1 INTRODUCTION e U505 and supporting circuitry—serial bus transceiver.

The SYNTOR X 9000 personality board consists of two 2.3 ANALOG SECTION

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.

The personality board analog section contains all the
non-RF analog 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:

‘ 2.2 DIGITAL SECTION e 100 series transmit audio circuitry.

.. . . . . i i io circuitry.
The digital section communicates with the control head 200 series receive audio circuitry

and the options over a serial bus link to receive and transmit ¢ 300 series circuitry common to receive and transmit.
informgtion. Th.is'section' also rponitors parallel inputs frqm e 400 series audio power amplifier.
the radio. The digital section microprocessor uses both serial
bus inputs and radio parallel inputs, to decide response toand The analog section provides various audio and sub—
control of the system. The digital section controls the radio audio filtering, summing, and amplifying functions that
since it controls the parallel outputs. include:

- The outputs are controlled to perform various functions in- ¢ Receive audio switching.
cluding: ¢ Transmit audio switching.

o Audio routing. e Microphone pre—emphasis and deviation limiting.

- . . e VCO compensation adjustment.
e Synthesizer programming.
¢ Discriminator de—empbhasis filtering.
e Received PL/DPL filtering and detection.
¢ PL/DPL D/A converter and filtering (PL/DPL
generation).

e Transmitter enables.
e Audio volume level control.
e PL and DPL detection.

* PL and DPL generation. o REF carrier detect/undetect (squelch).

* Squelch level control. ¢ Digitally controlled audio attenuator.
¢ Alert tone generation. e Audio power amplifier. »
The major blocks in the digital section are: ¢ Option receive and transmit summing/buffering.
o US00—microprocessor. The major blocks of the analog section are:
‘ ¢ U501—program ROM. ¢ U300—custom switched capacitor filter IC.

e — technical publication services V100025350
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¢ 4 MHz crystal controlled oscillator (clocks U300).

* U30]1—quad opamp; microphone pre—emphasis/limiter;
option RX and TX summer/buffer; biasvoltage buffer.

¢ HY300—audio switching hybrid.

¢ HY301—squelch hybrid.

® 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
MmiCroprocessor 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
A15 output WR, to gain access to U501, U502, US03, and
U504. The processor does this through the address decoder
US506. 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 A15 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 an optional 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—-A0Q) 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 data into
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 U503-19 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 a transient, that processor initiates a reset pulse to recover. 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
candifferentiate between noise and valid data. In normal radio
transmission, the radio microprocessor reads the line busy in
(US00-9). 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-
cessor retains 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-volt supply 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
to rated 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
JUS00, 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 R102 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 on is at
HY300-11, and microphone mute is active HI. HY300-6 and
HY 3004 are the summing node of the opamp unless the path
is open (HY300-11 HI).

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
splatter filter 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.

3.2.3 Option 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
port to 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 outputis 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 andR117. The attenuated signal is input to
U300-8. The input is 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
JU101,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 C103, 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 Q100 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
off 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 viaP601-3. The discriminator path is
then input to the transmission gate hybrid (HY 300) through
C201. C201 provides DC blocking. The input to HY 300 is at
HY300-7, and the output is at HY300-8. The control line for
disc mute is controlled by the output of U500-26. 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 anoutput 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. Input to the PL input
filter is at U300—19. The PL filter has a low pass response, and
changes its response when the selected mode isa PL mode ora
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—701t0 +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
outputimpedance of 8 ohms to drive an 8—ohm speaker. At the
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 forRX-RAS isat 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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arts list parts list
SW5V SW5V p Transmission Gate (p/o HLN52998 Personality Board) MXW-4562-A
SW5V ﬁs :_ ?c'::EECPERlOD 32MSEC Squelch Hybrid (p/o HLN5299B Personality Board) MXW-4563-C REFERENCE MOTOROLA DESCRIPTION
160K 3 oo s PULSE WIDTH REFERENCE MOTOROLA DESCRIPTION HY300 SYMBOL PART NO.
< ~ CE 160K * SYMBOL PART NO. 9"! 8 Q? 4 Q“{! S CONNECTOR HY300 0180739759 includes the following
Jut 'L c2 c4 ¢s H301 01-80740T15 includes the following SW MIC Hi —: resistor, fixed, ohm, +5%, 1/8 watt (unless otherwise stated)
I AUF AUF AUF capacitor, fixed, uF, 5%, 50V (unless otherwise stated) 7 06-11077817
HY500 e c3 U-A |, =& UI-B |44 SW5V ct 21-13740873 001
CONNECTOR Oi:&F $ 82K o AUF TAgalé TRl10 = Q2 82 21-1:;;:333; 220 gF transistor (see note)
—— . : LA 3 1-1 82 pl Q14 48-80141L02 NPN
STROBE [ s 1.2VDC 4 i 12 |8 . NC P 11374 1N45 ] mic H |
N . QA j > QB A ! c5 21-13741N29 0022 integrated circuit (see note)
SR SRa 5 CcD cD R6 Cé 21-13740B57 220 pF U1 51-80073C05 analog t-gate
$27k 3 8 “ , SWSV 40K c7 21-13741N37 0047, +10%
100K 13 cs 21-13741N45 o1 5/4/88
-T-E—é-'l—' = . note: For best performance, order diodes, transistors, and integrated circuit devices by
3 diode (see note) MIC MUTE Motorola part number.
CR1-6 48-80236E08 silicon ]
(5,6,7,8 resistor, fixed, ohm, +5%, 1/8 watt (unless otherwise stated)
) NC R6 06~11077A58 220 RAS IN | o VAG =
N R9 061 1077%1 7 47k VAG p—
g R12 06-11077A58 220 -
SYSTEM RESET | o R16 06-11077A58 220 DET % y OUD1<D] " %R"
ip ReseTg = 2t T
9.6 VOLTS 9.6V
SWS_VOLTS 14 3 SWSV NOTE: transistor (see note) 10 L} 9§eg 12
DIGITAL GND Ut= 5182884L53 Q1,2 48-30141L04 NPN VAG 5 p—» VAG 30K
4 1 PIN 16 = VDD (SW5V)' Q3 48-80141L01 PNP
= PINS 1, 8,15 = VSS (GND) integrated circuit (see note) DET MUTE " ﬁ? Q3
= GCW-4150-0 U1 51-80067C06 quad opamp S‘ék
1/03/89 SUBSTRATE @ GAW-4330-0 VAG = 8 j 30? 3%}?5 g
note: For best performance, order diodes, transistors, and integrated circuit devices by OVERLAY — GAW-4357-0 1t T e
Motorola part number. RX AUD R12< vi-B NOTE:
i 100K 2 3 {%, 4 .
B > ' ul = 5180073C0O5
5 PIN 14 = VDD (9.6V)
PIN 7 = VSS(GND)
AUDIO GND
AUDIO GND
HY301 . RX
CONNECTOR : R4O P/0 HY301 FLAT MUTE |
. 47 | DVP_SQUELCH oeK CONNECTOR RX FLAT
parts I'St 16 SQUELCH CENTER PIN €6 l-—— 17
Watchdog Timer (p/o HLN5299B Personality Board) MXW-4564-C 0 ;| 86?39?60 s CONVENTIONAL SQUEICH ’__)*Z 20PF 16
REFERENCE MOTOROLA . S L 2.2UF - ) RS 14 SUBSTRATE @ GAW-4354-0
SYMBOL PART NO. DESCRIPTION & 12 c2 c3 4T | o RX-RAS MUTE OVERLAY — GAW-4355-0
2.2UF + Y pbiibhnicdb A B}
7 = 220PF 2PF A, GCW-4148-0
HY500 01-80739760 includes the following R2 3 3 C7 ZCR2 O(;SF 7(3)(})(
capacitor, fixed, uF, 6%, 50V (unless otherwise stated) 47K R3 JVOOPF RN ra
Ct 21-13741B45 01, £10% DET R1 PW——wA A e > WA Sov
c2 21-13741C17 A1, +20%, 25V Aup 33K [ 6 (33K R4 R5 | ca R7 VAA~ :
Cc3 21-11032B13 1, +80, ~20%, electrolytic 1 A} 4 |5.6K |[{ N _I00K| OfUF 15K R8 R21 96V R25
C4,5 21-13741C17 1, £20%, 25V 9.6V ¢t s A~ T 14 N_220K 10K 1 R22 R24 500K
c6 21-13741B45 01, £10% - 004 Ui-8 2 CaEL] /:5 Wy 1 A GNL'O 150K 220K YCRE
- R6< C | AN A
diode (see note) = 9 VWA~ V
CRi 48-80236E08 siticon BY U-A 220 é 2200PF ui-C _l/‘f L crs
jumper 3 10UF = = VWA
Jut 06-11024B23 0 ohm 9.6V R23
transistor (see note) R T 12K '
at 48-80141L04 NPN S
Q2 48-80141L03 PNP o [aDapT] Ko eex |10k §220 ' Ri9 b Y reo S : 2.2UF
integrated circuit (see note) I €R3 ! hd 150K $ 3 6.8K ‘ 7 2.2UF
] ¢
Ut 51-82884L.53 monostable multivibrator SUBSTRATE @ GAW-4358 9 L .K.Z_ g Z CR4 P70 HY301
1/03/89 OVERLAY — GAW-4359-0 $ Q2 CONNECTOR
note: For best performance, order diodes, transistors, and integrated circuit devices by :: Ri6
Motorola part number. . NC 93K
is {UF
41 | SQUELCH DECISION
3 CHANNEL ACTIVITY
9.6V
4 NOTE!
(TO 3 PIN JUMPER JU200, JU201{
Z AUDIO GROUND CONNECTOR ON PERSONALITY BOARD. )
2 SHORT 14 - 16 FOR CONVENTIONAL SQUELCH Schematics, Circuit Board Diagrams, and
T 16 - Parts Lists for the Transmission Gate
10 . c)
e i CCW- 4149-0 Squelch, and Watchdog Timer Hybrids
-4149- PW-4561-C
1/15/89
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" i _~ _ OPTION RX THRU DEEMP , lr , . -y :
- & J T OPTION RX_FLAT | H ] ‘ !
. SPLATTER €509 @) ‘
v vy HYSoo He J300 OPTION TX_SPLATTER | c566 I
Co“‘ {;ol,déf‘ e N COMMON CIRCUITS STROBE . T ‘i‘n"‘ ————————————— M VR500 OPTION TX FLAT y—x—-—l 20| IuF &= !
CONNECTOR. STROBE 014 L -t Hy500 e Inc oy PREANMP WE } s OPTION RX THRU DEEMP [ 1 |
) — — et 1 T - 3 DO |
2N /] -2 ef IC Tlare 96V —Ncy s WATCH -DOG TIMER I SQLSB i OPTION RX_ FLAT o1 |
K94V | 8 NCL 4 0 ITEST 0 US00 PIN 21 D) N 564 5 4oz {
v s’ an SWBH| 4 — el 4 3o T MIC MUTE = OPTION TX SPLATTER o3 !
LNTU A ey - No rsplnegy S FA+ | 6 }—a T e [ R (PR S | PREAMP DATA 563 6 8 ) |
Ca. B-|3 p— Q504 - UP RESET wsoo_ - J '+ SQUELCH_DECISION AUDIO| CONTROL BUS Haan opTIN TX FLaT | | M |
e L Head PAENABLE | 5 100k " TEST MODE ANALOG +ALERT TONE 1 o%2 — U504 1422 '
» SECTION DETECTED PL PREAMP_WE 06 i
UNSW SV | 8 | Rsi1 SW sV CR500 - tosei 12 3301 47
swav |2 l—» il Rz ’ JPLBITO ‘——”—_l saLss LATCH g |07 o :
¢ sT0 | 10 10k — TO U500 PIN6 UP RESET <PLBITY 55 15 § 1 i
| PL BIT 2 i :
SPARE | 7 }— %+ Ro13 L5 N samsB + . ‘
16 e e e e e e lcsos tlcsos U508 I
FROM SYNTH ADAPT Zek (4”)Q505 PL/DPL FILTER SEL 2550 [ a3 OWF T i5uF '
ANALOG < CHANNEL ACTIVITY & 41L02 , ~DETECTOR MUTE H MIC MUTE 149 i | 10k o !
SECTION R514 PREAMP CLOCK 0 | €559 20 [a JU509 wUS14 ngu |
J1 SW 5V 100K « P_cLOC! | 1] 10 ! o TesT MPO ° INFOR2KOR 8K 4 !
FRONT ‘ \_ _ AUDIO MUTE | TO HYS00 PIN 3 < T C558 2 S EEPROM !
CONNECTOR R515 T SW 5V + : I = ! = 51 2L '
— 47k R516 N ' . PREAMP DATA 16 06 o |
CHAN ACT | 21 Q506 ( D—on TO U500 PIN 23 R503, €512 — T L 357 205 INFOR 16K G508 !
. SwBt 7 BEGa 41L04 CHANNEL ACTIVITY 2.244 il | 05)56 ] _SQUELCH DECISION |, 5312 e i !
SW B+ 54 an
o 01 90 1 — — ! b3 -
Ve Soe Slboecr - o C B- | 32 f— = Q500 R600 ! — 7 ALERT TONE | 55 w501 JUS02 o los :
8- | 31 41L03 4';;01 | ic544 : €555 56122 gI-E{ORTMF%I: 2Yk r gnggng%m EK OR16K ant |
. : ! PROM ONL E Y
Vo Swirchad 5y 8- | 20 LA 100 3 | ; DETECTED PL |, 57 -2t s I
a1 s * e ; ] ' €854 00 ° ° |
v - T o PL BIT O 58 |
(0 - 14 U505 1 29 A
BUS + | 17 2 R504 2 i 1 | c553 38 A12 07 |
BUS - | 25 s © Q502 100 67cos I ' AuDIO PL BIT A2 2 19 |
% Q501 . 4102 R505 ’ i | | conTROL BUS — 30 S A10 06 |
B-SHLD | 19 . Rsé)ks 41L02 b 4.7k 158 " T c552 39 . A9 21 18 o5 |
1 Vi R506 % NC g PL BIT 2 A9 24 17
RESET | 4 2.2k | } 31 40 |
PTT | > 3 1 RE53 POWER DOWN SENSE CIRCUIT 9.5V | C551 A8 28125 16 (24 |
RerT K H 33K Wt B 41 A7 U502 D3
WE| 16 R | 514 A" e I PLBITS 5 a3 AT 3 geerom 8 !
e 3 oW | Q518 880 Lsoo "l A4 MODE 131 D2 |
Y RSSO0 c515 R507 41L03 PL/ TR 90J04 44 ' |
KID | 20 RE4S 100 1800pF 22k gwsy 820pF | ug 9?._})? RS42 ‘ r_»—’x DPL FLTR.SEL, " MICRO. o[ A5 as|; MEMORY . o1 !
& & CR504  { CR506 : s ]C543 82k | €349 R COMPUTER A4 A4l o 11120 |
BUSY | 5 R48 “ J— Fosv . Rrsy v T R546 > DETECTOR MUTE 26 a6 o) |
SPARE-2 [ 13 [— 100 cR510 51V CRS05 L CRSOT Q503 1 22k | C548 . a7 7 i
51V s Fisv 41L63 R544 H A2 A2
SPARE-1| 24 [— P : : =~ A\ R536 | 3 Q517 o 1 PREAMP CLOCK 1 a8 - - 8 |
L CR509 swsv [ . 4Tk : cs21 R547 41L02 ] | €523 4921 9 14 |
e ] BV RSB SW 209 | O1F 22k E T' ) AUDIO MUTE |, sol20 a0l :
H | i T 7 Ok 5V ’ " I C547 RD 7 — -
JUMPER NORMALLY COMMENTS | _]_0524 Jc:sa? Jcsze Jcszes»’_.l_csze Jcsso | cer7 & : Py Rsas  Lmsas | rs00 om 16 —— ur FESET 63122 2 5z :
Jus00  OUT IN FOR TEST MODE | 4301 : 3 | css 47k 100k | IN | C546 6 36 * C506 wgT I 22 i
Jusor  — IN FOR 2K EEPROM : OPTION | 7\ 0507 S : L—Mj, y A ENABLE | “ToF 4 /_N/{?_\ s w506 = | I
Juso2  — IN FOR 8K OR 16K EEPROM | CONNECTOR | &/ 41003 ! ® | | C5a5 CRSO1 el | | Ju ;‘} ' ; ' i
JUs03  OUT IN FOR LOWBAND TX BUFFER I costol s : ; | L _ _TORsI6 < _1‘ ] [ [CHANNEL ACTIVITY| . — 4 1012 g} . 2o 22 :
] L et . . _TO RSI6_ 44— i ; 2
Jusod N OUT FOR TRUNKING b Reser| | ot | NGTE: SINGLE POINT 4 || Ve 5| 214 “ s ’ m = |
Jusos  ouT IN FOR TRUNKING | «ip | 17 | : ; "6ND FROM SHIELD | S s U506 , , atly o o7 . I
Jusos  IN OUT FOR SP APPLICATIONS ONLY ] SPARE | 15 } + | [SHIELD BOUNDRY TO J1 PIN 31, ECT i : TX DATA | 5 | A5 3 og'c %ﬁ: M - a2| o |08 :
JUS07  OUT IN FOR SP APPLICATIONS ONLY : ey | 1 b YT 5 S i SERTAL R o 18 s2 AR 15 5 g : a3 17 |28 [
Jusos  IN OUT FOR SP APPLICATIONS ONLY l 7 e L cs31 ; | 3 Saran 2 o T cRoC il = !
Jus09  OUT IN FOR SP APPLICATIONS ONLY | Tom | 2 § : RS 1: o Rs34 [ 8 wEETROM Q514 [ gess 5 2 :g 03 :
| Jusio  ouT IN FOR SP APPLICATIONS ONLY I rxoata | 20 f . 5%% 17 co— [ N¢ CR513 ¥ a7k 2 RO 41L01 22k cn5=o3 i 26| 12 [o2 |
JUstt N OUT FOR SP APPLICATIONS ONLY | o onp| s ugt : = SO ENABLE 5 ot R532 275 usot > [on |
JUsi2 N OUT FOR SP APPLICATIONS ONLY | wgo Q508 JU504]JUSO5 N FOR TRUNKING , s %o crsts, “ 22k A A |
SWov ] s '8 R520 — ’ - 42 191 crsis, JU505 CR514 MIC HI A8l PROG 1y !
Jus1i3  OuT IN FOR SP APPLICATIONS ONLY : UNSW 5V | 4 <"A" MLO3 5oy BUSY ouT 20 I c508 JUS10 ' (FROM ANALOG SECTION) l RS31 Q513 | A9 MEMORY g |
Jusia N IN FOR 2K OR 8K EEPROM | Busy | 1 9y, P ; ' o, T 12 13 ' T Reso & ORI @ernos ol 2 i
Justs  ouT iN FOR 16K EEPROM | l »T0 US00-19 o1, é Justt | oyl 1 |
Juste  OUT IN FOR UHF TRUNKING I R523 , 02 | o TO Y500 anl 2 27 :
ettty 1 as1 T BUSY N z D3 | ' a2 28 ™csor |
; G AuF
9.6V RS54 9.6V : 3.3k Q509 . STROBE 1,5 U503 11 is 26 : :
1.2K | a1L04 | : A0 112 3301 18 % 14 €502
| RS522 : Al LaTcH 17 P8 ' 19uF '
L501 R528 | % 15 14 Sk |
47k R537 A2 A s . |
R527 | & 16 13
P601/602 12K 4. piD] |
RF BOARD €501 RS29 | : > [D |
CONNECTOR  1OuF T Q512 P ! 40 |
- 41L02 . i - o 3 Do |
K94V | 1 Ju503 ! ‘ 12 sl ’—lﬂ ],3 1-’3 2 Ly »1'7” g T 5 : 04040 I
0O | 10 P EoR | : & 87 8| T8 TS| 18| 18| 19| T@ TO US00 PIN 2 < i +TO U500 PIN 3 wsts—t L wsre '
4 LOBAND : , NORMALLY NORMALLY |
D1 |12 """ TX BUFFER gy g e e e e e e Sndiniin sty sthnduns sty s ted M des fiendenty dndenll sbon sl : ¥500 ouT IN i
p2 |13 H €510 = o xfég:iMHfg ZRC511 |
100 PIN
D3 | 14 i . "p T — 1 e — A" :
A0 T | R551 5 5 ;
SwWsv SwW sV i CRS1S CR518 R552 : % AUDIO GND |
Ml R526 : : UNSW 5V SWS! i °5'7° : |
az| s Rs24 Ro2 ’ H @ - (@) OIGITAL GND WITHIN SHIELD !
STROBE | 4 : | |
Schematics, Circuit Board Diagrams, and Parts Lists swc | s e as19 % G369 : - 3 & DIGITAL GND OUT OF SHIELD |
for the HLN5299B Personality Board 47K v s ke —— I I e e T T T TrTTTTmET T T
PW-4553-C gUSIG o ; GEW-4554-A
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/ +9.6V +9.6V
/ CCB CONN  P300 a7
nel 7 b— R409 K .
GND | 3 1 el R418 Y c414 4 R C215 parts l|St
= 5 ’ i
vo6v | 1 Q40 10K I 22 ‘R:oo}? cs71 ; 42 :(:3 HLN52998 Personality Board MXW-4559-C MXW—4559-C (2) MXW-4559-C (3) ] MXW-4559-C (4)
SW+5EV | 2 s MI307 1 oSOPE T Z i :
FUSED A+ (HEATS K R410 U400 ca00 8 22 REFERENCE MOTOROLA DESCRIPTION REFERENCE MOTOROLA DESCRIPTION REFERENCE MOTOROLA DESCRIPTION REFERENCE MOTOROLA
FA+ | 6 R424 1€ SYMBOL PART NO. Cl o] DESCRIPTION
SN I ¥ oo MOUNTED) | 243582 Laoz s | _4:7(‘,,: “w 10 o5V SYMBOL PART NO. SYQZIBOL PART NO. SYMBOL PART NO.
€409 e U302] capacitor, fixed, uF, +5%, 50V (unless otherwise stated) JUs01 09-80080L01 0 ohm R309 06-11077A60 270 14-83820M02 heat conductive insulator
220PF [~ A R401 0
SWB+ | 4 i 403  BANDEDW | 1 oK C415 77M60 - - 4 co0a C100 08-11051A07 .01, 63V JUs04 09-80080L01 0 ohm R40D 06-11077823 100k 26-80033M01 RF1 shield
9.4 Q . 220PF r T C101 21-13740B59 270 pF JU506 06-11077A01 0 ohm resistor R401 06-11077B24 110k 26-80051K01 solder side option shield
il B¢ I (B 1 c416 220PF a7 o
UNSW 5V | 9 — s By i 220PF C102 21-13740B41 47 pF Jus08 06-11077A01 0 ohm resistor Rd02 06-11077A84 2.7k : 26-83498M01 heat sink
el ! | = = ) = __ \ C103 21-13741N45 .01, £10% JU511,512 06-11077A01 0 ohm resistor R403,404 06-11077B15 47k 28-80264K01 top entry
PAENABLE | § |— bl =14 A " 16 WE PRE - AMP WE C104 08-11051A02 .0015, 63V Jus14 06-11077A01 0 ohm resistor 240,5 gg:qg;;ggg 2gt ! 28-82647K02 10 pin
i R402 § C105 23-11048C11 10, +20%, 35V, elaxctrolytic 408 1 1 ! 28-83485M05 male plug assembly
FRONT CONN  J1__ Rao maoricaor L JZ__ 11 27K 1'DATA PRE - AMP DATA C106 21-13740B41 privaghs 4 coil, RF ) R407,408 06-11077A33 20 f 29-10134A68 lug connector
A ! R420 20 § 220PF 908 2 ¢LOcK PRE - AMP CLOCK c107 21-13740B57 220 pF 500 03 gﬁggggggz ;e"!'e . R400 06-11077A90 47k 29-10134A70 jug connector
20 13 404 4 i 13 WOTE AUDIO MUTE c108 23-11048C11 10, +20%, 35V, elactrolytic L50°°“‘0 54501350 ! g /2 turn R41D 06-11077A48 82 . 32-80219B01 housing gasket
SPKRHI | 37 220PF 1403 0403 : C109 2113740876 1500 pF, +5 pF 80138G04 -6 uH, +5% R4 06-11077A80 4.7k : 37-00132026 tubing
SPKRLO | 22 R415 Ra21} L RGOS 1€ 1500PF & c21{8 R202 c208 C200 21-11032815 22, +80, —20% 50N/ L501 24-80036A01 ferrite, 1/2 tum R412 06-11077A98 10k ! 37-00132026 3/16 clear heatshrink tubing
e 20 203320 7T~~~ = | %CR400 L caoe < 220FF 180K Ol ALERT TONE 201 08-11051A15 22,63V . L502 24-80138G04 5.6 uH, 15% R413 06-11077A58 220 37-00132526 1/16 heatshrink tubing
——— A ! T 220pF : W Cc202 08-11051A04 0033, 63V connector plug R414,415 06-11077A33 20 : : 42-82891K01 transistor clip, 2 used
DET SHIELD | 11 gaoe. M~ "qQ402 1 Reot C203 08-11051A15 22, 63V P300 28-80264K01 top entry R417 06-11077A74 1k, 43-80054K02 support spacer
€ I /<8 ! = . . - C204 23-11013D55 4.7, +20%, 20V, tamtalum P601,602 28-82647K02 10 pin R418 06-11077A98 10k 54-80072G01 circuit board label
FILT AUD SHLD | 15 i | X p !
! I C202 3R203 $R200 c204 23-11054N08 4.7, £10%, 35V, tartalum transi R419 17-82350A14 .08, +20%, 1W 55-84300B04 handle
Tx sHiELD | 18 l Q400 Ay | [ R40B 0033y S 27K 82Kk - C205 21-13740B41 47 pF ransistor (see note) R420,423 06-11077A33 20 : 75-80051P01 crystal pad
= Boee . M1306 \ b t BANDED 1v | 15K ’ ' ’ C206 21-13740B67 560 pF Q100 48-00869660 P—Channel, JFET R424 06-11077A48 82 75-80129N01 crystal mounting pad
RX SHIELD | 34 Ra12 \ (HEATSINK L o _ _ _BANDED T & Q404 R403 = c207 s6v C207 08-11051A17 47, 63V Q101 48-05128M66 N-Channel, JFET R500 06-11077A90 4.7k ‘ 75-80144H01 vibration pads
Mic Lo | 14 10K OUNTED] 4 41102 47K VAG .47 p Cc208 21-13741N45 01, +10% Q200 48-80141L.02 NPN R501 06-11077A50 100
MOUN R4 i i ¥ , c200 21-13741N57 033 UF, +10% Q201 48-80141L03 PNP R502,503 06-11077A82 2.2k ! ) . o 1/03/89
SWB+| 7 SWB+ 3353 47K 405 2;35 R404 : > FROM DIGITAL SECTION Cc210 08-11051A17 47, 63V Q202,203 48-80141L02 NPN R504 06-11077A50 100 note: For best performance, order diodes, transistors, and integrated circuit devices by
SW B+| 6 R 220PF 47K e T T T T e T T T T o oAt 0— - c211 23-11048C11 10, +20%, 35V, elactrolytic Q300 48-80141L02 NPN ‘ R505 06-11077A90 4.7k Motorola part number.
B-| 8 *L c308 ACR300 can I | RX AUD DEEMP 9 RX AUDIO FLA 14 11 c212 23-11048C05 1, +20%, electrolytic Q402 01-80734T95 PNP transistor & clgp assembly R506,507 06-11077A82 2.2k
—l 100 25V 330= _l_ | MUTE | Cc213 23-11048C06 22, 20%, electrolitic Q403 01-80734T796 NPN transistor & clip assembly R508 06-11077B05 18k
B-| 31 czo1 | ! ‘ c214 21-13741N45 01, £10% Q404 48-80141L02 NPN R509 06-11077A90 47k
B | 32 22 7 |><l > ! c215 2113740841 47 pF Q448 48-84413L07 PNP A510 06-11077823 100K
8- | 20 B- = ‘e koav Cc216 08-11051A13 1, 63V Qggg 48-84413L.06 NPN R511 06-11077B15 47k
A I : I ] cai7 23-11054N02 1.5, £10%, 35V, tamitalum 850 % o2 PSP fl‘;; Ro12 06-11077A% 10k
DET AUDIO et 1 21-13740B57 , 3
RX AUDIO | 33 : y 5 { KEYED 94V (TO GATE OF Q100) ggﬂg 21_1274"\‘21 %2001 ?; 0% Q503 48-80141L03 PNP R514 06-11077B23 100k
R115 R114 | HY300 13| RX OPTION FLAT C301 21-13740B53 150 pF Q504,505 48-80141L02 NPN R515 06-11077A90 4.7k
TXAUDIO | 3 16K 3.6K | 2 T Rx OPTION DEEMP Cca02 21-13741N21 001, +10% Qso6 48-80141L04 NPN R516 06-11077803 15k
MIC HI | 27 t c303 21-11032B13 10, +80, ~20% 508/ Q507,508 48-80141L03 PNP R517,518 06-11077A98 10k
R100 CR101 p CR202 R113 Ri12 ! 11 | DET MUTE _ a7 ! : Q509 48-80141L04 NPN R519 06-11077A90 4.7k
12v 12V 10K 24K | C304 21-13740B41 47 pF X
10 5 o Samse ] C305 21-11082B15 22, 480, —20% 50%/ Q510 48-80141L.02 NPN R520 06-11077A82 2.2k
12— * ¥ ! MIC MUTE b Q511 4800869328 PNP
77 CRI0O 12V Riz3 Rize sqLss n T < C306 21-13741N45 01, £10% R521 06-11077A86 3.3k
FILTAUD | 9 Sa7] U102 (VHF) 9.1K 47K 3 2 Ne . c307 23-84538G06 47, £20%, 20V, tanttalum Q512,513 48-80141L04 NPN R522 06-11077A74 1K
CHASSIS | 10 |— e W | R125 RI24 I N 7 Cca08 23-84669A08 100, ~10, +150%, 25V, electrolytic Q514 48-80141L01 PNP R523 06-11077A90 4.7k
Q100 e & K S HY301 ot FROM | i i | VT ERN »VAG 1 €309-316 21-13740B49 12 pF ' Q516 48-80141L03 PNP R524,525 06-11077B15 47k
ANA GND | 26 _I. M9660 i v R U200 DIGITAL €200 7 i : " ) | | gtoa 1R1(1);l | C317 21-13740857 220 pF Q517 48-80141L02 NPN R526 06-11077A98 10k
L yuio0 ' SQUELCH 1o SECTION 22 | N S B3 [ Ca00 08-11051A17 47,63V Q518 48-80141L03 PNP R527 06-11077A76 1.2k
"REMOVE Y 17 ! Ju201 +96V I & a | | PF| 9.1K1° XMIT IDC | C401,402 21-13740B57 220 pF thermistor R528 06-11077B15 47k
RF BOARD CONN PEOI/602 = FOR| | = Juto4 p — i€ T : } i€ ! C403 2113740876 .0015 uF, +5 pF RT100 06-80176D03 thermistor R529 06-11077A90 4.7k
[~ ISECURE NET® Wt 800) | ADAPT FROM P601-11 c100 D<| I 14 R107 ! 404,409 21-13740B57 220 pF ) . R530 06-11077807 22k
REF MOD | 2 = i ? s €307 i I | ! 5.1K resistor, fixed, ohm, +5%, 1/8 watt (unless otherwise stated) R 77
Ju105 cl05 Juion — v RIO1 .01 | | | Ri21 L C102 12 I C410 08-11051A15 22, 63V 531 06-11077B15 47k
T 10 (LB) & 1 ‘2 11| SQUELGH DECISION N £ 2 ] 560 | X I 150k T4TPF RiI%6 | cat 23-82747L01 330, ~10, +100%, Z0V, electrolytic R100 06-11077A26 10 R532,533 0611077807 22k
oy GR T R215 caek T cerrd 13 | CHANNEL AGTIVITY DIGITAL L1212 | mic muTe ] I 2p7U30ID gk ! ca12 08-11051A15 22,63V Riot 06-11077A68 560 RS534 06~11077A90 4.7k
9.6V | 18 [ HOLD ADJUST 47K T 155 » I SECTION VDD & | 4 ] Cata 23-11054F10 22, +10%, 15V, tantalum R102 06-11077A74 1k R535 06-11077A98 10k
w5V | 17 b 1 c213 : 19 {ELFILTER IN R102 co8 L ~ ' ST 109 e C) RT100 | C415,416 21-13740B57 220 pF R103 06-11077813 39K R5% 06-11077B15 47K
GND | 16— [ FROM £ e ' z : oK 17 | RAS OUT 1K 0 I = 15008F P 30K | C501 23-11048C11 10, £20%, 35V, elerctrolytic R104 06-11049894 1k, £1%, 1/4W R537,538 06-11077A90 4.7k
J300 5 “10] | RAS IN , L i R106 | c502 23-11054H10 15, £10%, 25V, tanttalum R105 06-11049C87 9090, +1%, 1/4W R542 06-11077821 82k
GND | 15 — s " 1 4 20 g +9.6V " 39K DEVIATION $ §1 0 | . C503 21-13741N45 01, +10% R106 06-11077B13 39k R543,544 06-11077823 100k
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Frequency Synthesizer

1. General

The SYNTOR X frequency synthesizer generates the first
receive injection frequency and transmitter carrier. In the
receive mode, the synthesizer locks on a frequency thatis 53.9
MHz (first IF) higher than the desired receive frequency. In the
transmit mode, it locks on the transmit output frequency. To do
this it uses a phase—locked loop (PLL) consisting of a
14.4-MHz reference oscillator, separate transmit and receive
low-noise voltage—controlled oscillators (VCO), a high—
speed programmable divide-by—3—or-4 variable modulus
prescaler, alow—speed programmable divider, a sample—and—
hold phase detector, and an adaptive loop filter. The output of
the 14.4-MHz reference oscillator goes via an injection tripler
to the second mixer of the receiver, where it serves as the
low—side second injection frequency. The synthesizer circuits
are on the common circuits board and RF board, and in the RF
internal casting.

2, Theory of Operation

2.1 INTRODUCTION

The PLL synthesizer is a single negative—feedback loop
that uses the phase of the input signals to the phase detector as
the controlling variable. The output frequency of a
high—accuracy, temperature—compensated crystal reference
oscillator (U608) is divided by the reference divider (part of
U602). The reference divider puts out a high—stability
5.00kHz (6.25-kHz for some radios) square—wave output
that goes to the phase detector (U603-2) to serve as the
reference frequency input.

The PLL negative feedback input, which originates at the
VCO, is applied to the loop frequency input of the phase
detector (U603-23). The VCO gives out a frequency propor-
tional to the voltage on its steering line (P650-2). The VCO
consists of a transmit FET RF oscillator (Q1403) that operates
inafrequency range from 150 to 174 MHz, and areceive FET
RF oscillator (Q1401) that operates in a frequency range from
203.9 to 227.9 MHz. The VCO output frequency is divided
down by a programmable N divider that puts out a loop
frequency equal to the VCO output frequency divided by N:
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f(loop) = f(vco) / N

where: fiom = N divider loop frequency output
feew = VCO output frequency
N = integer

The loop frequency and the reference frequency are
applied to Pins U603-23 and U603-2, respectively, of the
phase detector, and the phase detector then puts out a DC
voltage proportional to the phase difference between the the
loop and reference frequencies. 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 (PHASEDET OUT at U603-15)
goes via the loop adaptive filter to the VCO steering line, thus
completing the feedback loop. The loop filter controls the PLL
closed-loop response and removes noise from the phase
detector output. The loop negative feedback action is as
follows. 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 phase detector
internal circuits detect this condition and cause the generation
of a lower DC voltage at the output U603-15. This signal is
applied to the VCO steering line, via the loop adaptive filter,
causing a reduction in frequency, thus compensating for the
original frequency difference.

2.2 LOOP PROGRAMMING AND CONTROL

For frequency generation and control, the microcomputer
reads the programming information from the personality
board memory module, combines it with the synthesizer
control information, and multiplexes this information to the
programmable divider (U602). The programming informa-
tion, six four—bit words, goes to the multiplex programmed
divider via four data lines (D0, D1, D2, D3) and via three data
word address lines (AQ, A1, A2). Address lines AQ, Al, and
A2 in the multiplexing sequence tell the divider which of the
six four—bit words is being sent by the microcomputer on the
data lines.

Of the bits sent to the divider, one selects between
transmit or receive VCO operation. This bit is transferred
from the divider (U602-19) to the transmit-receive VCO
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switching network that sends regulated 8.4 V to the transmit
VCO via P650-3 or receive VCO via P650-1. Another bit
determines the frequency range of the VCO’s. This bit is
transferred via P650-5 and P650-6 from the divider
(U602-20) to the bandshift network, which gives the VCO’s
the proper bandshift in formation. Sixteen bits program the
“A’” and “B” counters, inside the programmable divider. Two
bits program a reference divider. Two latched bits (C_O and
C1 ) go from the multiplex programmed divider (U602-15)
to the programmable variable-modulus prescaler (U602-16)
to control its operation during the divide cycle. Two other
latched outputs from the divider, SO and SI , g0 to the
sample—and-hold phase detector to control the loop adaptive

filter. When set high, S1 indicates a change in frequency. In
this case, a seventh word is generated to clear the frequency

change indication by setting S1 low, thus generating a control

pulse. SO switches between the transmit and receive loop
filters (high for transmit filter).

The six four—bit words on the data lines remain the same
once the condition of synthesizer operation and the frequency
have been selected. Any change in radio mode makes the
microcomputer address different memory locations in the
memory module. Consequently, 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 address lines can
be read into the divider and latched in without any chance of
erTor.

2.3 DIVIDER

The programmable N divider uses a method of frequency
division known as “dual-modulus prescaling.” It uses two
dual-modulus prescalers: a divide—by-3—or—4 prescaler (with
its own internal programmable “C” counter) and a divide—
by—63—0r—64 prescaler.

The divide-by—63—or—64 prescaler, with its two pro-
grammable counters, “A” and “B,” is inside divider U602.
The output frequency of each of the two prescalers is first
divided by one divisor to yield a fixed number of counts, and
then divided by a second divisor to yield a different number of
counts. The programming of counters A, B, and C can set the
total division performed by this system to an integral value, N.
This system of division allows the basic division of program-

mable divider U602 to be expanded to a higher operating
frequency without loss of resolution.

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—3-or—4 pres-
caler starts dividing by four and continues to do so until the C
counter reaches zero. At this time, the prescaler enters the
divide-by—3 mode. Once the loop pulse goes low, the C
counter is preset to the value determined by the CO and

C1 bits. This causes the of the next loop pulse.

The divide—by—63-or—64 variable-modulus prescaler
works in a similar fashion. When a loop count begins, it first
divides by 64 for the number of times programmed into 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
reference oscillator input frequency at U602--2 to produce one
of tworeference frequencies: 5 kHz or 6.25 kHz. Two bits (DO
and D1) in one word of the frequency do the selecting, as
shown in Table 1.

Table 1. Reference Frequency Selection

DO D1 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.VCO2 selects the VCO band shift window required by
the selected operating frequency. (Refer to the VCO para-
graph for details on the bandshift windows.) When the VCO
bit is latched into the divider, VCO2 goes as a BANDSHIFT
signal from U602-20 to the bandshift switching network. It
then goes via the feedthrough plate to the VCO. An NPN
transistor on U600 compensates for the differing modulation
characteristics of the VCO windows. When the BANDSHIFT
signal is high (at U602-20), the transistor turns on and sends a
lower—amplitude audio signal to the VCO. (It takes less audio
input to the VCO to modulate the RF signal fully when
U602-20 is high than when it is low.)

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 ( S1 ) and the LOW BAND-
WIDTH SELECT line ( SO ) and uses this information to
generate control signals for the adaptive filter.

The phase detector output signal level is controlled 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 Q603
turns on, maintaining a constant current through C630. This
constant current generates a linearrise (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 Q603 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 period of time
determined by sample timing capacitor C631. During this
time, the two hold capacitors (C632 and C633) are charged toa
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 OUTPUT 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 produce four control signals that are
coupled to the adaptive filter: ADAPT, ADAPT, RSW, and
TSW (appearing at U603-10, -7, -9, and -8, respectively).

When the radio is changing operating channels while in
the receive mode or changing from the transmit mode to the
receive mode, the FREQUENCY CHANGE pulse at U603-5
causes the ADAPT line to go high and the ADAPT line to go
low. Since the LOW BANDWIDTH SELECT line is low, the
RSW line is driven high, the TSW 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 the phase detector control, forcing the adaptive filter to
enter into the normal receive mode.

When the PTT pushbutton is pressed, 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
TSW line is driven high, the RSW is driven low, and the
adaptive filter is forced into the transmit—adapt mode. The
ADAPT and ADAPT lines switch states after approximately
15 milliseconds, under control of the phase detector, and the
adaptive filteris 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 via J602-11.) Moreover, the ADAPT
line is forced to switch to a high state when the synthesizer

cannot lock in, thus preventing the radio from transmitting
unstable or off—frequency signals.

For maximum switching speed, the microcomputer gives
the synthesizer new data at the appropriate time of the divide
cycle. The phase detector forwards a SYNTHESIZER SYNC
signal, from U603—4 via J602-9, telling the microcomputer
when 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. This filter removes
noise and variations in the steering line level to prevent
unwanted modulation of the VCO.

The adaptive filter, which is connected to PHASE
DETECTOR OUTPUT line U603-15, is controlled by the
phase detector to operate in one of four selectable modes,
depending upon the state of the synthesizer at a given time.
Transmit adapt mode and receive adapt mode differ only in the
amount of time spent in adapt condition, while the transmit
mode and receive mode each require different filter character-
istics. 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

The adaptive filter operates in one of four selectable
modes: transmit, receive, transmit—adapt, and receive—adapt.
Each mode is selected by a combination of states on two
complementary pairs of lines: the TSW and RSW lines make
up one such pair, and the ADAPT and ADAPT lines make up
the other. These lines are coupled from the phase detector to
the adaptive filter and are connected to the input pins of mode
select gates U604A and U604B. The ADAPT line is also
connected to transmission gates U605 and U606.

Low-input AND gate U604A has TRANSMIT MODE
SELECT as an output line, and low input AND gate U604B
has RECEIVE MODE SELECT as an output line. For each
filter operation mode selected, one of these output lines is
switched into a high state (between +8.6 and +9.6 V). Since
these gates use low—level inputs, the output of a gate goes high
whenever both of its inputs go low. Or, expressed as a Boolean
expression, the input/output signals of U604A are:

TRANSMIT MODE SELECT =  ADAPT e RSW

In conjunction with the ADAPT line, the output lines of
the mode select gates (U604A & B) control transmission gates
U605 and U606. When a selector output is forced to a high
level, the associated transmission gates turn on, passing the
signals like a closed switch. (Transmission gates U605A-D
have ON impedances of less than 200 ohms, and gates
U606A-D have ON impedances of less than 500 ochms.)

2.5.3 Transmit Mode

When the synthesizer is in the normal transmit mode, the
phase detector drives the TSW and ADAPT lines high and




their complements, RSW and ADAPT, low. The output of gate
U604A goes high, causing transmission gates UG605A,
U606A, and U606D to turn on. The natural loop frequency of
the synthesizer 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 C649, C641, C634, and
R653. (The ON impedance of the transmission gates is
neglected.) The signal now goes to 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
detector drives the RSW and ADAPT lines high and their
complements, TSW and ADAPT, low. The output of gate
U604B goes high, causing transmission gates U605C and
U606C to turn on. The natural loop frequency of the
synthesizerin this mode is approximately 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
pathconsisting of R636,C640,and C641,andR637 and C654.
(The ON impedance of the transmission gates is neglected.)
The signal passes through the test jumper to the VCO via
J650-2.

2.5.5 Transmit-Adapt Mode

When the synthesizer is in the transmit—adapt mode, the
TSW and ADAPT lines are driven high by the phase detector,
and their respective complements, RSW and ADAPT, are
driven low. Transmission gates U605B, U605D, U606D are
turned on directly 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 radio
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 part of the adaptive filter. A grounded capacitor, C641,
is connected to the steering line. (The ON impedance of the
transmission gates is neglected.) While the filter is in this
mode, C641 and C654 are being charged. The charge on C654
prevents the VCO from changing frequency during the
transition 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
RSW and ADAPT lines are driven high by the phase detector,
and their respective complements, TSW 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 3.0 milliseconds
while the radio changes from the transmit mode to the receive
mode or from one receive frequency to another (as when the
radio is changing from one operating channel to another.)

In this mode, the greater part of the adaptive filter is
shorted by transmission gate U606B, and the steering line is
connected to C641. (The ON impedance of the transmission
gates is neglected.) When the filter is in the receive—adapt
mode, C641 and C654 are being charged. The accumulated
charge on C654 prevents the VCO from changing frequencies
during the transition from the receive—adapt mode to the
receive 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 causes the adaptive
filter to switch to the ADAPT mode. Consequently, the
ADAPT line switches to a low state, causing the out—of—lock
LED to turn on. Therefore, in normal operation of the
frequency synthesizer, the out—of-lock LED turns on briefly
whenever the frequency is being changed. During Channel
Scanoperation, the radio may change frequencies rapidly fora
long period, keeping the out—of-lock LED lighted dimly.
However, a bright LED shows that there is an out—of-lock
faultin the frequency synthesizer. Thus, this indicator LED is
a troubleshooting aid.

Each time the synthesizer goes into the ADAPT mode, it
deactivates various radio functions. First, the high ADAPT
output disables the radio audio stages via the squelch circuits
on the common circuits board. The transmitter and IDC
circuits are also disabled via the personality board. This
fail-safe feature prevents transmitter key—up if there is a loss
of lock (unlikely, but not impossible), thus preventing the
generation and transmission of uncontrolled RF signals.

2.5.7 Super Filter

Because the VCO requires a very pure DC supply
voltage, an ultra—low—pass filter (U600) gives it a very—low—
noise +8.6 output voltage. This filter removes all ripple and
noise from the +9.6 V supply line, and thus prevents unwanted
modulation of the VCO. A one—volt drop across the filter
lowers the output voltage from +9.6 to +8.6 V.

The super filter consists of a low—pass filter, an error
amplifier, and an external series—pass transistor (Q601). The
+9.6 V supply is connected to U600-1 as well as to the emitter
of Q601. Internally, the input from U600-1 passes through a
low—pass filter to the non—inverting input of the error amplifi-
er. 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
Q601 via U600-3, controls the conduction of the transistor.
These connections enable the super filter to compare the out-
put line voltage with the filtered input line voltage and to
increase or decrease the conduction of Q601 to remove ripple




and noise from the VCO supply line. The VCO supply is
further filtered by C604, which is connected to ground. This
filtered supply then goes to the transmit-receive VCO switch-
ing network. Depending on the state of U602-19, transmit 8.4
V orreceive 8.4 V is sent to the appropriate VCO through the
VCO interconnect plate, via J650-3 and J650-1. The filtered
8.6 V supply also goes to the bandshift switching network,
which selects the proper state of the Bandshift 1 and Bandshift
2 lines, depending on the state of U602-20.

2.5.8 Feedback Buffer

A signal at the oscillator frequency goes back from the
transmit and receive buffers to the main board. The divider/
phase—detector circuits use this signal to monitor the oscillator
frequency.

Two capacitors that form a capacitive tap network from
the transmit buffer and receive buffer inputs send an input to
feedback buffer Q602 via a coaxial cable and connector
P/J600. The feedback amplifier output is coupled to divide—
by—3-or—4 prescaler U601 via C607.

2.6 VOLTAGE-CONTROLLED OSCILLATOR (VCO)
2.6.1 General

The HLD4133A VCO has separate voltage—controlled
circuits for transmitting and receiving. The output of each
goes to a separate buffer amplifier on the HLN1053A buffer
module. The VCO and the buffer amplifier, both of which are
constructed on alumina thick—film substrates, produce fre-
quency—modulated transmit injection frequencies and receive
injection frequencies.

The operating frequency of the transmit VCO is from 150
MHz to 174 MHz and that of the receive VCO is from 203.9
MHz o0 227.9 MHz. PIN diode switches allow the VCO to
cover each 24-MHz bandwidth in two parts. The VCO and
buffer also produce a feedback signal at the injection
frequency for use by the phase—locked—loop synthesizer.

2.6.2 Receive Oscillator Circuit

The receive oscillator has a grounded—gate Colpitts
oscillator thatuses a FET (Q1401) as the amplifying element.
This oscillator operates 53.9 MHz above the selected receive
frequency. Its PIN—diode bandshift switch and varactor tuning
diodes allow the single oscillator to tune the full 24-MHz
band width in two parts. A transmission line section is
PIN-switched in parallel with part of the main resonator
transmission line to raise the bandshift resonant frequency.
The drain of Q1401 is coupled to the main resonator
transmission line through C1405.

The transmission line has microstrip capacitors that act as
trimming capacitors for the oscillator tank circuit. These
capacitors, which are adjusted at the factory, are not dependent
on the customer’s frequencies.

The oscillator produces an output signal that is coupled to
amplifier Q1402 on the VCO substrate. Q1402, in turn, sends

an output signal to the receive buffer amplifier (Q1460 and
Q1461), on an alumina substrate in acompartment adjacent to
the VCO. The receive buffer amplifier puts out two signals,
one at the receive injection frequency that is coupled, via
P600, to the RF board to drive the prescaler and send feedback
to the PLL synthesizer, and one that goes to the receive
injection filter.

The receive oscillator and buffer amplifier have supply
voltage only in the receive condition, when REC 8.4 V goes to
buffers Q1460 and Q1461 through the center conductor of the
receive VCO output coaxial cable.

2.6.3 Transmit Oscillator Circuit

The transmit oscillator has a grounded—gate Colpitts
oscillator that uses a FET (Q1403) as the amplifying element.
This oscillator operates at the selected transmit frequency
(150to 174 MHz). A second PIN—diode Band shift switch and
varactor tuning diodes give the oscillator its full 24-MHz
transmit band width and allow it to shift between two
frequency ranges. The transmission line, which shifts the
frequency in the Band shift state, is shared by the transmit and
receive oscillators. The polarity of the two PIN diodes is such
that when the Band shift 1 line goes high (and Band shift 2 line
goes low), CR1407 turns on, causing the Band shift transmis-
sion line to switch in parallel with part of the main resonator
line. The effects of the receive main transmission line are
negligible because of the high OFF impedance of CR1406.
When the Band shift 1 line goes low (and Band shift 2 goes
high), CR1407 turns off and CR1406 turns on, switching the
transmit oscillator into the lower frequency range. This state
of the Band shift 1 and Band shift 2 lines (for the transmit
oscillator’s lower frequency range) is also used for the receive
oscillator Band shift range.

The main transmission line of the transmit oscillator has
microstrip capacitors that act as trimming capacitors for the
oscillator tank circuit. These capacitors, which are adjusted at
the factory, do not depend on the customer’s frequencies.

The output of the oscillator is coupled to amplifier
Q1404, on the VCO substrate, and Q1404 in turn puts out a
signal that is routed to the transmit buffer amplifier (Q1450
and Q1451), on an alumina substrate in a compartment
adjacent to the VCO. The transmit buffer amplifier produces
two output signals, one at the transmit frequency that is
coupled, via P600, to the RF board. This signal drives the
prescaler, which sends feedback to the PLL synthesizer. The
other signal is coupled to the IPA (intermediate power
amplifier) via P700.

The transmit oscillator and buffer amplifier stages have
supply voltage only during the transmit state. TX +8.4 V is
coupled to the buffers (Q1450 and Q1451) through the center
conductor of the transmit VCO output coaxial cable.

2.6.4 Steering Line Circuit

The STEERING line, in conjunction with the Band shift
lines, determines the operating frequency of the VCO. The
STEERING line, driven by the phase detector (U603), is
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coupled to the transmit and receive VCO’s via the adaptive
filter. The phase detector produces a DC output voltage to
maintain the output of the transmit VCO at the desired
frequency in the transmit condition. It also maintains the
output of the receive VCO at the desired frequency in the
receive condition. 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 a
function of the STEERING line DC voltage.

STEERING LINE VOLTAGE

|
RECEIVE INL
/j {HIGH RANGE}

| —
| —1RECEIVE 1N
L] {LOW RANGE)

|
//

MHZ

/
]

Figure 1. Injection Frequency vs. DC Voltage

The STEERING line is coupled from the RF board via
J650-2 and the VCO interconnect plate. The plate contains the
REF filters that shield the VCO. The DC voltage level of the
STEERING line determines the capacitance of diodes
CR1401, CR1402, CR1403, and CR 1404 (which control the
receive oscillator frequency) and CR1411, CR1412,CR1413,
and CR1414 (which control the transmit oscillator frequen-
¢y). An increase in the STEERING line voltage causes the
capacitance of these diodes to decrease and the 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

Transmit audio signals modulate the transmit VCO
directly through a second varactor diode circuit that uses
CR1409 and CR1410. Pin 4 of the VCO interconnect plate
couples the transmit audio signal to CR1410, which modu-
lates the oscillator frequency. CR 1409 maintains the modula-
tion level constant throughout the radio operating frequency
range.

2.7 TRANSMIT AUDIO CIRCUITS

Note
While reading the following, refer to the IDC
portion of the common circuits board schematic
in the Common Circuits Board section of this
manual.

The transmit audio circuits consist of four stages that
condition the microphone audio signal for direct frequency
modulation of the transmit injection signal. The greater part of
the audio path is controlled by the IDC ENABLE signal that is
coupled to the IDC (instantaneous deviation control) circuitry
via J401-6. This signal controls transmission gate U501A,
which enables the transmit audio circuits only when the radio
is in the transmit mode (transmit +9.5 V 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 strengthens the audio frequencies toward the
high end of the transmit audio frequency range (approximate-
ly 300-3000 Hz). The amplifier output (at U502-10) is
coupled to U501-10. When PTT is activated, the transmission
gate control line (at U5S01-5) switches to a high level and the
signal passes through the gate to limiter/amplifier US02A.

The limiter/amplifier clips the audio signals at 7 volts
peak—to—peak, thus preventing excessive audio modulation of
the transmitted signal. (At lower audio input levels, this
amplifier acts as a linear gain stage.) The limited transmit
audio signal is coupled from U502-4 to splatter filter stage
U502C.

The splatter filter, a 3 kHz low—pass filter, removes
higher—order harmonics from the audio signal. With unity
gain, this filter attenuates high frequency harmonics from the
clipped audio signal from the limiter stage. Its output passes
from U502-3 to the deviation adjust potentiometer (R517).

External modulation such as PL or DPL passes through
gates U501B and U501C. These gates are connected in series
with the external modulation inputs, and can therefore disable
these modulation inputs to circuits where necessary. Normal-
ly, the HY 501 resistors pull these enable lines high. The output
of each gate passes to US02B via the resistors that form part of
HYS502.

The output of combiner U502B is coupled to compensa-
tion adjust potentiometer R543 and the reference oscillator.
PL and DPL signals frequency-modulate the reference
oscillator, thus preventing the phase detector output from
defeating the direct low—frequency modulation of the VCO
generated by the PL/DPL signal. (The synthesizer schematic
includes the reference oscillator and phase detector.) The
audio signal at the wiper of R517 joins the PL/DPL signals at
the compensation adjust potentiometer (R453). This com-
bined signal then passes to the transmit VCO. The compensa-
tion adjust potentiometer (R543) is adjusted at the factory and
should be readjusted only if the common circuits board,
reference oscillator, or VCO is changed. To readjust it, follow
the procedure in the Radio Alignment and Adjustments part of
the Maintenance and Troubleshooting Section of this manual.

Reference modulation inhibit switch Q502 conducts
while the radio is in the receive mode, shorting the reference
modulation signal line to ground. This prevents any noise
induced on the line during the receive mode from affecting the
reference oscillator and, consequently, the receive injection
frequency. During initial turn—on, C508 is charged through




QQ502. This allows a stable receive frequency to be attained
almost immediately. Q502 is turned off by TX +9.5V during
transmit, enabling the reference modulation signal line.

Synthesizer does not lock.

Synthesizer locks on wrong frequency.

. ¢ Excessive reference frequency feeds through (spurs).

3. Synthesizer Troubleshooting Procedure L
¢ Frequency lock is noisy.

3.1 GENERAL Switching response is slow.

Table 2 lists the most likely causes of these malfunctions.
To assist your troubleshooting, Tables 4 through 7 list pin
connections and voltages for the phase detector, divider,
prescaler, and super filter.

The Synthesizer Troubleshooting Chart in this section
gives a comprehensive procedure for troubleshooting the
frequency synthesizer.

The troubleshooting chart for the frequency synthesizer

mentions an open loop test and checking the divider program-

Malfunctions that could occur in the frequency syn- ming, but does not give flow charts for these two procedures.
thesizer are: The following paragraphs describe them.

Table 2. Synthesizer Malfunctions and Their Possible Causes

PROBLEMS POSSIBLE SOURCE OF TROUBLE
Synthesizer does not lock. (See synthesizer troubleshooting chart.)’
Synthesizer locks on wrong frequency. (see note) Reference oscillator (U608) frequency off (should be 14.4 MHz + ppm.)

Erroneous divider programming from microcomputer {possible defective
memory module, or code plug, or microcomputer.)
Defective divider U602.
Defective prescaler U601.
Excessive reference frequency feeds through (spurs). 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.)

Switching response is slow. Improper synchronization from microcomputer (Check divider
programming.)
Malfunctioning adaptive filter (Check U604, U605, and U606.)
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

Ce41.)

Leaky VCO varactor diodes.

NOTE: A frequency error of 5kHz, 10kHz, or 15kHz OR 6.25 kHz, 12.5kHz, or 18.75 kHz can be caused by a defective prescaleror by shorted
or opened programming lines from the divider to the prescaler (U601-7, U601-6.)




3.2 OPEN LOOP TEST

3.2.1 Introduction

For this test you must have the following equipment:
variable power supply, frequency counter, dual-trace oscillo-
scope, DC voltmeter, and RF voltmeter. The Maintenance and
Troubleshooting Section of this manual has a list of recom-
mended test equipment. 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 JU60O to open the STEERING LINE
loop. Connect a one—kilohm resistor to the plus terminal
of a0-10 V adjustable power supply and connect the free
end of the resistor to the VCO side (at the point from
which JU600 was removed on the side that is not
connected to C637). Connect the negative terminal to
A—. This power supply serves as a steering line for this
test.

(2) Connect a frequency counter to the divider port of the
internal casting (P600). To check the transmit VCO, push
the PTT switch and monitor the frequency while slowly
changing the steering voltage from 2.5 V 10 9.0 V. Verify
that the VCO generates the right transmit or receive
injection frequency (Table 3). Check the band shift line
voltages if you cannot get the right frequency. If the Band
shift lines are okay, the VCO is faulty and should be
replaced. Also check the output of the VCO divider port
(J600) and verify that it is greater than —15 dBm.

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 moves
smoothly across the screen without any jitter when the
steering line is varied from 1.0 V10 9.6 V.

(3) Observe the REFERENCE signal and verify that its
period is correct without any jitter, and that one steering
line voltage from 2.5 t0 9.0 V does not exactly yield this
period on the loop divider output. (The period depends on
the customer’s programming requirements. In most
cases, it is 200 microseconds for 5 kHz reference).

(4) If the conditions specified in Steps 2 and 3 are met, then
check the divider buffer (Q602 and associated
components), the prescaler (U601), the divider (U602),

the reference oscillator (U608), and the divider
programming. To check the prescaler, capacitively
couplea 200-MHz frequency counter to its output and
verify that the output is approximately one—third of the
input frequency (or one—sixth the desired loop output
frequency). The frequency counter will not show exactly
one-third of the input frequency, since the prescaler is
dividing by four part of the time. The difference should
not exceed 50 ppm.

3.2.4 Phase Detector Check

Check the phase detector (U603) by adjusting the steering
line voltage for aloop 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 9 V); with a shorter loop
period, the phase detector output should switch to a low state
(1.2 V). If this fails to 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 base 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 volt
meter when making these measurements.

Check the VCO steering line leakage by removing
Jjumper JU600 and connecting a one-megohm resistor to the
VCOside. Connect the free end of the resistor to an adjustable
power supply set to 9.5 V. 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) indicates either a leaky
VCO interconnection plate or defective VCO steering line
varactors (CR1401-1404, CR1409, and CR1411-1414). To
find out which is defective, 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.

Table 3. VCO Frequency Test Chart

VCO FREQUENCY
RANGE

BAND SHIFT 1 BAND SHIFT2 RX/TX

Low HIGH X 150-161.8 MHz
HIGH LOW TX 161.8-174 MHz
HIGH LOW RX 203.9-215.5MHz
LOW HIGH RX 215.5-227.9 MHz

3.3 DIVIDER PROGRAMMING TEST

The synthesizer troubleshooting chart refers to the
divider programming test. This test requires a dual-trace
oscilloscope and a test memory module (Motorola No.
HLN1074A). See the list of recommended test equipment in




the Maintenance and Troubleshooting Section of this manual.
Table 4 lists the divider’s pin numbers and their functions
(U602). The timing diagram on the synthesizer troubleshoot-
ing 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 observed on the oscilloscope
with those shown in the timing diagram on the
troubleshooting chart, 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 observed on the
oscilloscope with the one shown in the timing diagram.

5)

(6)

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

Verify that the prescaler C inputs are as shown in Table 6,
and that the frequency at the receive injection port
changes by 100 kHz when the mode is changed from
Mode 4 to Mode 5. If these indications are incorrect, look
for a short circuit or repair the circuit board runner or
replace the prescaler (U601).

Note

You can also check the programming with a
single—trace oscilloscope with an external
trigger input. 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.) Then check each of the address and data
lines in Steps 1 through S above.

Table 4. 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 puise 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 X 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 Cc632 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 8.9VDC

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 8.0t0 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 5. 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 OUT 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 5VDC

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 0to5VDC

18 FREQ CHANGE to phase detector 0to5VDC

19 VCO1 to HY604-5 0t0 0.7 VDC

20 VCO2 to HY605-5 010 0.7 VDC

21 NC — —

22 VBB to divider 1.5VDC

23 AO from microcomputer 0 to 5V pulse train

24 Al 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 puise train (7 pulses/train)

*SHOULD BE CHECKED FIRST

Table 6. Prescaler (U601) Pin Connections and Voltages

PIN NO. FUNCTION TO/FROM NOMINAL VOLTAGES

1 FIN from VCO buffer —12 to 0 dBm (at carrier or first injection freq.)
riding on 3.8 VDC

2 vBB 3.8 VDC, bypassed for RF

3 PRESCALE OUT to divider (U602) 0 dBm (0.6 V pp) riding on DC level of 3.6 VDC
at approx. one—third VCO freq. (+50 ppm)

4 GND 0VvDC

5 FV from divider (U602) 1.4 V p narrow pulse at reference frequency
riding on 3.4 VDC

6 c1 from divider DC level (programming bit) 0 or 5 VDC; test
memory module Mode 4, 5 VDC; Mode 5, 0 VDC

7 Cco from divider DC level (programming bit) 0 or 5 VDC; test
memory module Mode 4, 0 VDC; Mode 5, 5 VDC

8 VCC from regulator +5.0V +0.1V




Table 7. Super Filter Pin Connections and Voltages

PIN NO. FUNCTION TO/FROM NOMINAL VOLTAGE

1 VCC from 9.6V regulator 9.6 VDC

2 FILTER CAP C603 7.1VDC

3 EXT DRIVER CONTROL Q601 base 8.9 VDC

4 8.6V OUT to VCO switching 8.6 VDC

5 Ground (internal NPN emitter) from regulator 0VDC

6 Internal NPN collector to VCO modulation —

7 Internal NPN base from VCO Band shift; 0.2V, transmit high range
R605 and R606 0.7V, transmit low range

8 no connection — —
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TROUBLESHOOTING CHART
FOR THE SYNTHESIZER

1S VOLTAGE AT UB03-15
APPROX. 8.5 V7

REPAIR PC BOARD
CONNECTION

REPAIR FET BUFFER {0802)
ASSOCIATED CIRCUITRY

IS REF SQUARE WAVE

O
PRESENT AT 6032

USING FREQ. COUNTER ON V¢

DOES VCO
COVER DESIRED REPLACE VCO, REFER TO
Y 1S RF SIGNAL AT UG01~1
INMANUAL. FROM —12 TO 0 DEM? {ON RF BOARD}
TX PORT {P700 PHONO PLUG),
CHECK VCO TX QUTPUT FREQ.
RX VCO FREQ,
AT P10,

REQ RANGE
LINE IS VARIED FROM

25T09.0V?

CHECK 0803, R624, REZ,
RTB00, R626, CB29 & THEIR
CONNECTIONS. 1¥ NO EXTERNAL

IF UC PROGRAMMING OK, PROBLEM
FAULTS FOUND, REPLACE U803,

1S WITH U601 OR UB02. CHECK
FOR EXTERNAL FAULTS BEFORE
REPLACING IC. {REFER TO TABLES
384 FOR IC PIN VOLTAGE CHARTS)

1S RAMP CAPACITOR
(CB30} SHORTED?

OBSERVE LOOP PULSE PERIOD
REF.PERIOD

AT UB02-9 & REF |
AT U02-5. {OSCILLOSCOPE
1S ADEQUATE FOR THIS TEST)

1S VCO FREQ HIGHER THAN
DESIRED FREQ?

CHECK V€O OUTPUT LEVEL
AT J600 (RF BOARD CONNECTOR)

REPLACE C530 OR 1L.OOKx-
FOR SHORTS ON THE
8

CHECK VCO BANDSHIFT BC..
VOLTAGES AT JS60-5&¢
{VCO CONNECTOR)

LOOP PULSE PERIOD OK?
(SAME AS REF.PERIOD

£ 10%)

SYNTHESIZER TROUBLESHOOTING CHART

REPLACE VCO (REFER TO
RADIO DISASSEMBLY
PROC IN MANUAL)

START

CHECK & REPAIR L8OC
OR CHECK FOR OPEN
OR SHORTED PCB TO
U602-22

1SIT 15V DC?

CHECK PC BOARD, DIVIDER IC
(U1B02-20) & 8BS SWITCHING
NETWORK

15851GT7V/BS2L
0.5V FOR RX LO RANGE,
TX HI RANGE? OR 1S BST
LT05V&BS2GT 7V FOR

OBSERVE DC VOLTAGE AT

]

CHECK REG +8.6 V AT G601

COLLECTOR N SUPER
FILTER
‘ARE BOTI IREFAIR REGULATOR ON
VOLTAGES OK CCB. REFER TO REGULATOR
(9.6V2.2V, 50v4.1V), TROUBLESHOGTING CHART
WITHOUT RIPPLE OR LOCATED 1N THIS MANUAL.
OSCILLATIONS? CHECK FOR SHORT OR OPEN
CIACUIT ON RF BOARD.
CHECK RF INPUT
AT UEDY-1
CHECK R8.6 V AT 0801
COLLECTOR IN SUPER
FILTER
~ CHECK VCO OUTPUT CHECK & REZPAIR L60O
1S 1T =12 0 0 0BM? AT J6OD ON RF OR CHECK FOR OPEN CHECK VCO STEERING LINE
BOARD OR SHORTEID PCB TO DG VOLTAGE AT PIN NO. 2 OF
UB02-22 VGO CONNECTOR J650 &
©OC VOLTAGE AT UB03-15.
S VOLTAGE OK {8.6 v MIN) Cﬁig‘; i‘é’s":‘;ﬁ:‘é
RE
8.9 V MAXI WITHOUT RiPPL ATABLE 6 v 1F UC PROGRAMMING OK,
THEN PROBLEM WITH U802 1S PRESCALER INPUT REPAIR FET BUFFER
REPLACE VCO. REFER OR UBOY. CHECK ALL EXTERNAL AT UBO1—1 FAOM ~12 (0602} OR ASSOCIATED Xl RANGE, TX L6
(ST GREATER THAN TO RADIO DISASSEMBLY CHECK RF INPUT CONNECTIONS BEFORE REPLACING, DBM T 0 DBM? CIRGUITRY (ON RF BOARD) i
OBSERVE RF SIGNAL ! PROCEDURE IN THIS AT US01~1 AN IC. (REFER TO TABLES3& 4
AT UB02-25 ~1505M7 UAL. 'RE TWO DC VOLTAGES EQUAL) FOR IC PIN VOLTAGE CHARTS.}
REPLACE VCO (IT CANNOT
GO SUFFICIENTLY HIGH IN
- 1S JUMPER JUB0O INSTALL A JUMPER WIRE FREQ,) REFER TO RADIO
1S 1T ~12 70 0 DBM? CHECK DIVIDER PROGRAMMING| INSTALLED? DISASSEMBLY PROC IN
BY REFERRING TO PARA IN MANUAL.
THIS SECTION
CMECK C837, C664, CB41T -
FOR SHORTS 8Y MEASURING
AN RO e) SYMBOLS AND ABBREVIATIONS
REPAIR UC. REFER TOUC TO GND (W USED IN THE CHART
= TEST TO BE DONE
= DECISION

QR OSCILLATIONS?
REPAIR FET BUFFER (0602}
T/S GUIDE IN THIS MANUAL

CHECK RX 8.4 V AT J850-1 iN RECEIVE; ¥ CHECK REF OUT SIGNAL
CHECK TX 8.4 V AT J650--3IN TRANSMIT] AT UB02-5 (DIVIDER)
REFER TO PRESCALER
VOLTAGE TABLE & CHECK
VOLTAGES AT EACH PIN. 1S 17 o0 My P
AEPLAGE U601 OR REPAIR {oR Q OBMI? OR ASSOCIATED CIRCUITRY
BOARD, AS REGUIRED. ON AF BOARD.
LOOK FOR SHORTS IN
ARE BOTH VOLTAGES 1S1T A 0-4.3 V SQUARE 1S VBB (1.5 V’DC} PRESENT’ DIVIDER CIRCUITRY
oxr WAVE SIGNAL? AT UB02-22 OR REPLACE U802 A
CHECK PROGRAMMING FROM
UC. REFER TO DIVIDER CHECK PRESCALER
PROGAAMMING N THIS OQUTPUT AT UB02-26 %
SECTION.
CHECK STATE OF U§02-19 CHECK ADAPTIVE FILTER
- REFER TO PREZSCALER FOR SHORT, OPEN CIRCUITS
VOLTAGE TARILE & CHECK ANY SHORTED CAPACITORS?
1S PROGRAMMING FROM 1SITO8Y PP VOLTAGES AT EAcH Pri OR OTHER FAULTS. REFER
AP REPAIR UC. REFER TO (OR +0 DBMI? REPLACE USSR REPAIR CHECK LOOP PULSE PERIOD TOSCHEMATIC.
CHECK REF OUT 7~ i UC T/5 GUIDE. BOARD. 7S AT UB02-9 & REF PERIOD.
AT UB02-5 . AS REZQUIRED. AT U802-5
REPAIR TX—~RX SWITCHING 1S UB02—-19 AT 0.7 V. lN ™
CIRCUIT ON RF BOARD AND LT 0.5V IN RX?
CHECK VGO OUTPUT REPLACE DEFECTIVE
FREQ AT UB01-Y. ‘CHECK C631 OR SHORT OR 1S LOOP PULSE PERIOD CAPACITOR
M CHECK FREQ AT U013, OPEN CIRCUITS ON BOARD. AN REFERENCE
oLTAct aTsssos. 1S FREQ6.25 KHz? reeud REPLACE CB31 IF DEFECTIVE. Femopy rereRe N
“ VERIFY THAT LOOP PULSE “ SOURCE OF FAUL
APPEARS AT PIN NO. 23 YET
NO SAWTOOTH WAVEFORM
GHECK DIVIDER PROGRAMMING BY APPEARS AT PIN NO. 22, BS = BANDSHIFT
REFERRING TO APPROPRIATE i . IF 50, REPLACE U803, UBOI-1 = PIN NO. 1 OF 8O
PARAGRAPH N THIS SECTION l CHECK BANDSHIFT LINE DC Y IS FREQ AT UB01-3 PCB = PRINTED CIRCUIT BOARD
VOLTAGES AT J550-5 & J650-6 Jab———s 113 OF FREQ AT LT - LESSTHAN
v CHECK LOOP OUT SIGNAL OFVCO CONNECTOR UB01-1 (£50 PPM)? GT = GREATER THAN
AT UB02-9, OBSERVE REF IN SIGNAL 1S PHASE DETECTOR N ;’c‘ - ;‘l‘g"”;c‘-mz;”ﬁ
AT U022 OUTPUT AT UB03-15 "
ABOUT 122 CCB = COMMON CIACUIT BOARD
3
REFER TO UC T/S CHART & UC PROGRAMMING N 'eHECK CONNECTION BETWEEN
REPAIR UC ACCORDINGLY oo PP ——— 'DOES LOOP PULSE APPEAR V6026 & C628 & L0323, i
AT UB03-23 (SPIKES)? LOOK FOR OPEN CONNECTION H
CHECK THE VOLTAGE 1S 1T 1.4 v PP PULSEZ REF 0SC UG08 OR MATCHING
0315 V=28V, V=23 V) NETWORK (LEOS, C623, R619). IS1T 14.4 MHZ AT 600 MV REPLACE U602 USING FREQ COUNTER ON TX OR DEFECTIVE C628. :
: IF DC LEVEL WRONG, REPLACE P—P {OR 0 DBM) RIDING PORT {P700 PHONO PLUG) CHECK EXAMPLE: !
i R619 CONNECTED TO UB02-22 Qu 15V oc? TX VCO FREQ. CHECK RX VCO *
| OR CORRECT PC SHORTS OR 3 FREQ AT P101)
i 05V FOR RX LOW RANGE, STROBE
i TX HIGH RANGE? OR IS " ',’ scECK DIVVM'PROGRAMMINGE g::"c‘zl;“gl:g: g:%«;:a
REPAIR SHORT TO GROUND VERIEY R620 (PULLDOWN 851 LT08 V & 852 GT PARAGRAPH INI°THIS SECTION DOES SAWTOOTH REPLACE CB31 IF DEFECTIVE.
IN PHASE DETECTOR QUTPUT RESISTOR) CONNECTED Y FOR RX HIGH RANGE, WAVEFORM {2V PEAK | VERIFY THAT LOOP PULSE
REPLACE U602 (GUARD BANDS IN ADAPTIVE FROM U602-9 TO GND. JX LOW RANGE?, AT UB03-22 APPEARS AT PIN NO. 23 YET
mem i T o ]
; APPEARS AT PIN NO. 22. [ l l
| L ONNECTION BETWEER 5 VCO FREQ LOWER THAN' ¥ IF SO, REPLACE U8G3. ar
i . REPAIR FAULTY DESIRED FREQ?
] " U602-5 & UB03-2 OK? CONNECHON v CHECK DIVIDER PROGRAMMING REFER TO UC T/5 CHART & GT 15 DBM7 1 [ 1
B TO APPROPRIATE 15 UC PROGIRAMMING OK? REPAIR UC ACCORDINGLY e
REPAIR CONNECTION OR PARAGRAPH IN THIS SECTION
REPAIR OPEN CIRCUIT IN CONNECTION OK? REPLACE R620, AS
ADAPTIVE FILTER REQUIRED. i IS €632 AT U603-13 CHECK 0603 & 0804 & b3 l J
i SHORTED TO GROUND CONNECTIONS.
| IF NO FAULTS LOCATED,
[0V DC AT U803--13)? REPLACE U803,
CHECK VCO BANDSHIFT LINES REPLACE VCO (REFER TO g
JCHECK PROGRAMMING FROM T 10605 & 6 (VCO RADIO DISASSEMBLY PROC 02 1 f 1
MICROCOMPUTER, REFER TO REPAIR UG, REFER TOUC 1S PROGRAMMING FROM /CHECK OR REPRAIR 85 SWITCHING CONNECTOR} IN THIS MANUALH
DIVIDER PROGRAMMING T/S GUIDE IN THIS MANUAL. 0C OK?
IN THIS SECTSON. o1 o
ORVCO, AS MEQUIRED w
[ — |
PN REPLACE C632 OR CHECK N
AND 852 LT 05 V 'CHECK BOARD, UB02, 85 FOR SHORT ON BOARD.
FOR RX LOW RANGE, SWITCHING, & DIVIDER
REFER TO OPEN—LOOP TXHIGH RANGE? OR 1S PROGAAING. 2 2 ) “ :s ® o w
TEST IN THIS SECTION BS1 LT 0.5 V AND 8S2 (REFER TO APPROPRIATE
&PERFORM PROCEDURE. GT.7 V FOR AX Hi PARAGRAPH IN THIS o I
RANGE, TX LOW SECTION). S&W - 3074~ %1111 MICROSECONDS DATA IN 16 AND 17
1S IDENTICAL UNLESS [ =
THERE IS A CHANGE b4
IN FREQUENCY.
REPLACE VCO (iT CANNOT >
GO SUFFICIENTLY LOW 7,
IN FREQUENCY) (REFER
PEW-0782-A

+ TO RADIO DISASSEMBLY
PROC IN THIS MANUAL)

CHECK DC VOLTAGE AT
UB02-25 (RF WILL BE
PRESENT)

1S PROGRAMMING FROM

REPAIR UC. REFER
TO UC T/5 CHART
IN THIS MANUAL.




4 | -
, HLN5169A RF BOARD FREQUENCY SYNTHESIZER SCHEMATIC
? ' (MATES WITH VCO FEED THROUGH PLATE)
! RANG E 2 B ' e it VGO MODULATION "4~ ]vco mopuLATION
? b ’ REG +5v 47K 10UF
| b
; 1 - . The ramp generator initiates a linearly-
! €626 1'351,06 rising ramp at the rising edge of each SUPER FILTER
Tossur, +9.6V reference pulse. The rise of the ramp is _MODE SELECT LOGIC !
= stopped at the rising edge of the loop
L607 pulse and is held at that level. T FATER ceasl REO1
P/O ) 1602 10 O’ 220 100K
i 9602 3T TO INJECTION =
! o (o] ce12 613 TRIPLER C608. ATe00 N =
| MODULAT O | 20 T 886 | T35 *o8V Goey iaam SEOTHS To & RAMP GENERATOR. ez
: REG.496V |18 RED 49.6V = < UF (L216)  i(L218) FUF L+ &+ \r/ Q604 and an internal NN 2.2k T aomenve T .
| SouReE During each loop period, the Prescaler 3 ) 1K [R700 Q603 _and an interna AP TIvE T
T Toe  NoTe2 divides the feedback signal by four for R616 12K o548 [es] 1 transistor make up a push- SUPPLY [ g2
4 ‘a programmable number of cycles, 1 Cce15 3Le03 100 | Re24 RE25 | Ju626 = ' | 830 pull output circuit in the (NOTE )
i then by three for the remainder of the T OwF 310 L604 cols e2s Bee2 150 l 620 [ T ooes L phasedetector output line. I x 13 ]
A0APT | 11 loop period. The divider circuit outputs = S :“:7 . zﬁ}#‘l‘)“rzl_zva +1 ce2 L.ﬂ UF ﬁ ADAPT § ~\3_ TRANSMIT MODE SELECT _ |
CO and C1 set the number of cycles cote 10 20 s _L 3o MeTen DIVIDER Tarvr Rew 2_JUBO" T ,
REG+5V| {7 f————p REG +5V that the prescaler will divide by four. T OtF SEEIELRLEN%ER 0 I'C:‘ EF aggg_% = NOTE 3 " 12 606D l R%o’(‘it
SOURCE = = = 10 20 21 |19 24 1 i 10 =
5 13
4 vee VCG FILT RAMP RAMP  RAMP  RAMP —_ .[ J——
ot ™ ‘0 (A re1al IR613  (gsq usos |5 L605 623 ! 2 Blvee oy RES BASE CAP  GND 2 one UsosAj3 i L o
D1} 12— o6y Sekf §5e6k zao T ouTfy A N d [REFIN ial ADAPT ° 2> L"i52 When VCO 2 is high, a transistor within
bz 'y = GND| _L.cest TE SUPPLY 360K the Super Filter is turned on by a high
b2 13 % Ret2 % Tez0 f]fzzo L6013 R6E19 £ N Pl K s on by
a1 GND) L 6% 38% c627_L cea Rsw state at Bandshift 2. This action at-
03| 14 L2, N R6Q9 = 10K 2 case = ) = 22f oo :th =580 » Ne tenuates the YCO modulation signal to
GND| 15 o _ 3eso 8 “0D R _j_ v Low | 4UF L 3 exT by [ L I compensate for the higher moduiation l
GND| 16 T T T T T T 7 5[ VEC cerr L ¥ 408851 C621 0820 10652 BAND LOW BAND WIDTH BNP Q604 = sensitivity of the Transmit VCO when
v 2207 100 T.001 Le00=s WIDTH . T . h ;
FEEDBACK £ - O.{UF ,290 [22 18 BASE M9643 R628 operating in the lower bandshift range.
< FROM 6 | =S80 Rett|PRESGALES R&tO = ceta = = UF 4 25 FREQ. REQUENCY R629 T ADAPT l | TEST I
W VCO BUFFER oo Rreso | | 220 609 ALI-1 PN 0 PRESCALE CHANGE CHANGE 10 1 I_ JUMPER 5.5
| Q602 1: a0 |z I wos | @l i OWF 51% Rer, ouT 2 lrer in vsos PHASE |1 PHASE DET. OUT Usoiﬂér.@ | weos | T e T | S8
9600 Loz ‘ _ M9932 o607 31.2un, wile 16l ) PHASE DET R630 pry 605¢C i ™ ' S - IT1 2 |STEERINGLNE
P e usor Ja o < ) PN i 23|, DETECTOR 2K ey BN NOTERL L L .Il:cw Teesd G |
4601 6.8K il Reis The reference modulation signal is fed GND  LOOP OUT T el & LOOP iN 56K 2 TT 88¥ Tz L 0300F BANDSHIFT SWITCHING
T = = L | to and frequency m@dulates the P veoz ] G858 100 @ . Lo cess ge32 RECEIVE MODE SELECT [ = CIRCUIT NOTES:
Y reference oscillator. This action L 0657 4 RE20 HOLD 1 1 5 . i | e i )
ner = PRESCALER O ;f;reven(tjs ,Ihf_ phaﬁ)e dlerecn;r output = 220 2 47K 112 1 gowr 56 7 16ND 1. Unless otherwisle stated, all rgsi?tordvaluez arﬁ in ghcrft\g;
R — rom defealing the low frequency o 1 SR P créor  [0oL] = all capacitor values are in picofarads, and all indu
MODULATION| 2 audio modufation of the VCO produc: 313 6MHZ ff HOLD 2 'L’3 5 i CRSOZC ResS ~N values are in microhenries.
6 pt ed by PL tones. r STROBE _DoaTuFrF T :
23 8 x| 7 note £ DAPT 5 4.7K i
STROB AQ e ADAPT | RE08 ? . 2. Pins J602-15, J602-16, and J602-18 and capacitor C282
|STROBE, N.C. a C. SAMPLE a . X X , af ¢ )
STROBE | 4 A0 7 2‘2 03 g:, & §¥',fc“‘5'z‘“ %ﬁo TIMING rsw|° TSW 6 Ju604s, sV 4Tk ﬂg&% .36 - azZy afe common to the receiver and synthesizer sections of
Aoy 7 M / ]2 16 L 22 I QE06; 5 |BAND SHIFT 1 the radio. These components are shown on both the
ar]s o 12 g? = &) 0’ R4 M964 receiver and synthesizer schematic diagrams.
A2 ’ 13 19
AZ| 5 PE— . 24 veot P ce31 Hold capacitors C632 and C633 main- ADAPT R621 R604 47K I l 3. Foil shields (guard bands) connected to the phase
00 | 10 120 L Tcessl.. vcog 20 .UC}OGB tain the ramp sample voltage between 8.2¢ ceaq detector output circuit (denoted by dashed lines) sur-
SYNTHESIZER - SYNTHESIZER SYNC T43 = sample times. Q612 m I reund pins U603-12, 13, and 24 as well as much of the
SYNC 9 - < t = M9642 220 agaptive filter section.
ApaPT ADAPT e 4. Inegrated circuits within the adaptive filer section are
supplied power from the regulated 9.6 V source throug
HLN 42514 PE50 (MATES = L608 with capacitors C635 and C634 to ground. The sup-
VCO FEEDTHRY PLATE E’L‘L'T‘E%EEDT”“” ply pins for these circuits are: UB04-14, UB05-14 and
(NOTE 5) REC 84V UBOG-E;GGround for these circuits is U604-7. UB05-7,
RX8.4v ‘-—-f mj v - HLN1053A BUFFER Ig and U606-7.
- .
? G468 4251A VCO Interconnect (Feedthrough
* %= ey 5. The Model HLN F
I ' HLD4318A VCO 1 craos c1a08 ' ' Rizes ¢ Mfz ;u(n?T 2 1 3 Plate) is mounted on the radio internal casting. J650 (on
I L Tseo 1000 * 4o fripoe J—cmez J.cwsa '8 the rf board) is connected to Gne side of lhe@late‘gnd
—] STEERING LINE L1404 R1403 . 560 O.1UF P850 (on the VCO board) is connected to the other.
STEERING LINE 2] z X VIO TURING SaPs s oy 11K Lt ; 01 TX-RX VCO SWITGHING CIRCUIT Foedthrough Filters FL1-FL7 act as pitype filters.in the
2 RigE0% 3L1462 g
™ l ‘ T |20 D—EH:H:H:H]—D"I A = = c1a33 REC VCO OUT - = = el RECEIVE FIRST INJECTION 6ot lines connected through the plate.
T JinoTE 9) > Y wiad0 TO 3POLE RECEIVE
RECEIVE VCO_TRANSMISSION LINE L cises o s . cra08 - 7 A ; INJECTION FILTER 6. Pesistors marked with an asterisk (*) are screened
‘ l_E— § po Ll —hy a‘;sgg — Qe directly upon the substrate and are not field
Jj | = ci41 £1404 R C:l * i’@ L1360 replaceable.
P % * T =Y, 4 C1402 L C1432 R1404 . Y : .
TX8.4v Q—~—~—[FLjJ l 3 Riacs Riao? Liao7 | 560 24 Q401 T 18 T 560 ™ 310 | ~ RX 8.4 V is supplied to the RX buffers @ 67NH BSK 7. Feriod for waveforms at test points 62, 64, 65, 69 is 200
T 220 100 12 M3930| crisos R1405 1 o107 via the center conductor of the RX VCO ) RI461% A usec for 5 KHZ reference and 160 usec for 6.25 KHZ
' I c1a12 * = 1000 output coaxial cable. / 2m The TX-RX VCO switching circuit 3 v reference.
560 X a0z L1403 / switches REG 8.4 V to either the trans- 0 ’ ) ) L
| I I + CR1406 $CR1401 % CRIA02 § L1405 20K 7 1403 880N = = = mit or receive VCO. Switching is con- M9642 = 8. JUBO3 normally in. Out for synthesizer service aid.
TX VCO E = 7 1.2 trolled by the VCO 1 line which Access to steering line.
MODULATION ¢-— Fl—ﬂ‘—* 4 * 2 = L / hanges state beti t it and . N
: l ’ BANDSHIFT Ciat3 R1406 11406 1 i = I/ RX _BUFFERS receive. ce47 9. Located on VCO carrier board.
] 39 12 = ' 1 ciaet RES0 —E—1
i ' ! TRANSMISSION LINE 1000 L cra10 T 27 10K | 220
= T se0 F CR1403 F CRI404
‘ = I I Ri354% crase ! : LOOP INPUT TO REFERENCE OSGILLATOR
‘E ’ L1408 . o plat h_d Eﬂ REC VCO /_]_ J_ 50" 560 0610 9.‘17 REFERENGE - [e] PHASE DETEGTOR OUTPUT
1 FLS 5 | Microstrip plates attached to each IEX. X&M C1452 CI453. L1453 T ¥ T
BANDSHIFT | []‘ I | > 12 oscillator transmission line act as tun- -IL 560 O.4UF Lias2 T50NH M9643 1 5.?‘.4\, | 4§v PP | ] ,—]]f—aav P-p /P—\/—Vv\ we-p
ing capacitors. By cutting the lines 85NH c1a56 P700 - 3 K3
l ] x GQdie begtwee;l)r the p/al};s at the factory, x84V " = O i€ 'L;Zi: ' R::s: ' @ TO TRANSMITTER + b —- SR WTE
CRI407 ¥ plates are removed from the circuit : . L1451 5 82 - n 1PA]
| l 4 setting the capacitance to the desired ) ZI); fh: Ze;ISt ;Ugg’i?gc;s,g'fe';: T‘;:’gg’g iy i c1a55 Q451 Lowsr 5% fRsT= 1
Riato Ria0s L1409 value. Each VCO is tuned individually. l l output coaxial cable. 5 F Msgz,qI 8.2 350 SAMPLE TIMING GaP LooP ouTRUT RAMP BASE
BANDSHIFT 2‘~“E‘E}'~* 6 | e * . 1450 a0 NOTE s
I | 220 100 18 TX VOO TUNING CAPS c1428 c1430 R1413 3L1411 Liat2 i€ L0 42) Q1450 80 L = = = =7 Bl [ MpNpipEpE
1000 1000 11K 3130NH 318 560  67NH X M3932 = —2v NOTE ¥ T
) ) ) crate 1 cras c1aat I I ’ 5 J = ; Loge ) 13V P-p 50MY P-P
When the Bandshift 1 line goes high l , T 1000 T 560 K = = C1434 T V0 OuT B Lciast RIGS1 % ARI4S2X Icms«a —ov
(Bandshift 2 line goes low), CR1407" + ) o T wisor é 27 270 70 560 »| J—50-60 usec RAMP GAPAGITOR
becomes forward-biased and CR1406 } ! TRANSMIT VCO TRANSMISSION LINE b s cia26 0]304 L (e b — DEPENDENT ON FREQUENGY
becomes reverse-biased. This places _E-—-{ St &y t). L4 =+ - = FREQUENGY
the Bandshift transmission line in ‘ ' = 3 1 M3932 {}%‘{ @ CHANGE PULSE —ov
parallel with the transmit VCO trans-  SNO@———fL7 f1—s |7 — A c1a20 AL craza Q1403 .Lctaze Lozt Rian X aia O -+ (LOGKED)
mission line, shifting the oscillator fre- = x Mar o135 T 39 M3930] '8 7Htoco 75 310 _/_L av ; — 95V
quency upward by approximately 11 J_ cim7 Ri418 2. X "y CR14ts I %3%7 y V‘ @ e JIX BUFFERS e : ey (OUT OF LOCK; HIGH RAIL)
MHZ (TX 8.4 V is applied). The off im- 1 25 2ok T . > A I y ‘[ 1 |‘ ’
pedance of CR1406 removes the Band- = MODULATION ] CcRIaN beoriarz * 6% L= USEG ; —oiv - LoGK: Low R
shift transmission line from the V(';"O 4 CRI410 ' *° L1t Raz Leies Liars = = OO G141 and C1461 couple some of the Mo oy (OUT OF LOGK; LOW RAIL)
ircuit. When .4 V is applied, the . * T * g Y 1000 12 a i
ﬁlggmwm gpe?e;(tes in il.ss /f;'fv range. TX84V . R1417 Ridie L1M6 L L i >\} Transmit VCO and Receive VCO out- SYNTHESIZER SYNG
Changing states of the Bandshift 1 l 22K 55 38 18 = = = ¢ f“' power fo Pffo'm";";cgrﬁ;‘;‘i’z’gfs the +  -soustc
i i ; ci4 . eedback signal to .
and Bandshift 2 lines change the clats A5 criats $oriata TRANSMIT VCO g i 48V —
operation range of both VCOs. Imoo T R
= 0.4V —
L <+ | NoTE |
= 7
A sample of the steering line volitage is |
. . . . " coupled to CR1409. This sample varies E
Schematic, Circuit Board Dtagram, and the capacitance of CA1409 fo compen-
i . . sate for the higher modulation sen-
g‘a’\"'ts Ldl';thcg HLN5169A RF Board (Symhesuer) sitivity of the VCO as the steering line GEW-3073-8
._.3 - voltage increases.
(Sheet 1 of 2) ‘ -~————(P89100 FEEDBACK TO SYNTHESIZER BUFFER Q602 g
11/10/88 : +
i
"




parts list HLN5169A RF BOARD
HLN5169A RF Board (Synthesizer Section) MXW-5098-A MXW-5098-A (2) ’ RANG E 2
REFERENCE MOTOROLA REFERENCE MOTOROLA TION %
SYMBOL PART NO. DESCRIPTION SYMBOL PART NO. DESCRIP g
capacitor, fixed, pF, +5%, 100V (unless otherwise stated) R620 06-11009C65 4.7k o
C601 21-11014H36 30 R621 06-11009C71 8.2k —
C602 08-11051A07 .01 uF, B3V R622-623 06-11009C67 5.6k g
C603 23-11013€57 10 UF, +20%, 25V, tantalum R624 06-11009C29 150 e e oo e e S e i
C604 2382783831 47 UF, +20%, 20V, tantalum R625 06-11009C44 620 ; s L
C605-607 21-11015B05 220, +10% R627 06-11009C57 2.2k X
C608 08-11051A01 © 001 uF, 63V R628 06—11009C49 1k i = i
C609 08-11051A13 1 UF, 63V R629 06-11009C01 10 i e f i
C610 21-11015805 220, +10% R630 06-11009C56 2k ) ; )
C611 23-11054L06 1.0 uF, £10%, 50V, tantalum R631 06-11009C67 5.6k | ko H
ce12 21-11015805 220, +10% R632 06-11009C59 2.7k L e o : ;
C613-614 08-11051A01 {.001 uF.001, 63V R635 06-11009C75 12k b 5 s ape
C615-616 08-11051A07 .01 uF, 63V R636 06-11009C56 2k : Lo kv j 1
C617 21-11015805 220, +10% R637 06-11009C57 2.2k AN ?gm P -
ce18 21-11014H32 20 R638 06-11009C53 1.5k RIL,;,;,, A
ce19 08-11051A07 01 uF, 63V R639 06-11009C17 47 § g c268 T250
C620 08-11051A13 -~ 1UF, 83V R640 06-11009C69 6.8k e -
C621 08-11051A01 © 001 uF, 63V R641 06-11009C66 5.1k L = 21] - g, 25 : 269 RSt ® .
C623 21-11014H28 13 R642 06~11009C65 4.7k e % . M
C624 08-11051A13 . 1UF, 63V R643 06-11009C19 56 i . i1y
C625 21-11015B05 220, +10% R644 06-11009C65 4.7k % Y e T 1203
C626 23-11013F10 56 UF, +10%, 35V, tantalum R645-646 06-11009C53 1.5k ) Lo b . 1
C627 23-11013D55 4.7 uF, +20%, 20V, tantalum R647 06-11009C71 8.2k ] §
C628 21-11015801 100, +10% R648 06-11009C73 10k ¢ ®
C629 23-84538G06 47 uF, +20%, 20V, tantalum R649 06-11009C48 1k
€630 08-80027803 8200 uF R650 06-11009C73 10k s b . ®
C631 08-11017807 .0068 uF, +10%, 50V R651 06-11009C49 1k i :
C632 0811017806 L0047 uF, +10, 50V R652 06-11009D11 360k i ;
€633 08-11017801 .001 uF, +10%, 50V R653 06~11009C77 18k ) o
€633 21-11015B05 220, £10% R700 06-11009C51 1.2k i . 1
C634 08-11051A07 .01 uF, 63V i o
C635 21-11015B05 220, +10% integrated circuit (see note) ! :
C637 21-11015B05 220, +10% Usoo 51-84768F65 super—low-pass filter, type M6865 { | §
C640 08-84637L42 47, £10% U601 51-84768F68 prescaler, type M6868 i L .
Ce41 08-83862M02 2 uF, +10% Ue02 51-82977M18 bialteral switch, type M7718 n
C642-648 21-11015805 220, £10% U603 51-83977M36 phase detector, type M7736 L : §
C649 08-84637L39 .39, +10% Ue04 51-80072C01 nor gate, quad 2—input, type M7201 H S B
€650 21-11015B05 220, +10% U605 51-80073C02 bilateral switch, type M7302 ® ;
ces2 21-11014H33 22 U606 51-80073C03 bilateral switch, type M7303 3 i
Ce54 08-80027804 . 0.039 uF U608 51-80291B02 reference oscillator, type M9102 i i
€655 21-82204B06 100, £10%, 500V : [ W
C656 21-83406D87 43, 500V mechanical parts — i , 3 i
c658 21-82240K06 220, +10% 26-83594M01 component side shield . . §
' 26-83597M01 prescaler component side shield ) N 5 i
diode (see note) 26-83814M0O1 ferlzca shield | / e ;
CRB00 48-82139G01 germanium 26-84978M01 shield o Red
CRE01 48-83329G02 silicon 55-84300802 handle (2 used) \ i
CR602 48-84404E01 LED 26-83593M01 shield component side | ] ® RE36
tor receptacle 6/20/88 { e %"w ‘ ) i
connector 3 n i X istors, i ircui Vil H P “ OV, SO SINOF |
600 09-80001F01 phono jack a%ttsz:rp :retsrt‘up;gg:fna ce, order diodes, transistors, and integrated circuit devices by | \EEE Y
J601602 09-83445L.09 10 contact . 7%
J650 09-83730M01 7 contact | 2 o X
! g, R4 U208
jumper : o . LR
Jueo1 06-11009D23 0 ohm : s
JUB03 06-11009023 . 0ohm ! e, i
Jue26 06-11009D23 0 chm i [ 4 i
coil, RF Z § ® - ; o o
L600 24-82723H28 .29 uH yellow j ; L e - / 3 ¥ » !
L601 24-83397113 .82 uH gray-red ! e, e i e’ {: ® s 62
L602 24-83961B01 . choke, 3 turns silver—brown i Sy | - oy \ ! : : H Q203
L603-604 24-82723H45 10.0 uH blue-red ~ 5 s | : > {SHOWN FROM LEAD SIE)
L605 24-83397L07 i 10 uH blue-blue g s ¥ R60
L606 24-83961B01 . choke, 3 turns silver-brown . H iy
L607-608 24-82723H45  10.0 uH blue-~red i ’ P : i
1609 24-83397L.12 1.2 yH white s ‘ y 5 |
transistor (see note) : i ) . 4 S D
Qs 48-00869642 .\ NPN, type M9642 i g g d B e o
Q601 48-00869681 ~ PNP, type M9681 X gL ¢ ® Q201 & Q202
Q602 4800869932 . NPN, type M9932 \ (SHOWN FROM LEAD SIDE)
Q603 4800869548 . PNP, type M9548 i % . i
Q604-606 48-00869643 PNP, type M9643 ’ ol . ]
Q607-608 48-00869642 © NPN, type M9642 . H 1 : & gle e H ] i # 6
Q609-611 4800869643 PNP, type M9643 - i L AN - . s
Q612 48-00869642 NPN, type Mg642 3 . . J U206 b
i - ¥, 60
. H o 51 & Q156
thermistor _ o (SHOWN_ FROM LEAD SIDE)
RT600 06-80275N01 thermistor y
A J60 i
resistor, fixed ohm, +5%, 1/4 watt (unless otherwise stated) |1 5 g; . i
R601-602 06-11009C97 ] & TR =S gﬁm - s S 1
R603 06-11009C65 | 4.7k z = §"' S b % g x 2 3 & %wj
R604 06—11009C49 1k Somnion  smmemnve | oeoevese  smsses | S s .~ SN N = S [E— R PO - -~ R < 2 pBrncnons sty e swsrvets reorsein | sk
R605 06-11009C73 10K g g8 . £ 2 g g s §§g SHOWN FROM SOLDER SIDE conSSLRER SoE aewsaren
R606 06-11009C89 47k i 5 @ N ] DL~ GEW-30788
R607 06-11009C13 33
R608 06-11009C25 100
R609 06-11009C45 680
R610 06-11009C35 270
R611 06-11009C49 1k
R612 06-11009C73 . 10k . L .
Re13-614 ge-11009C67 6k _ Schematic, Circuit Board Diagram, and
I 06-11009625 100 Parts List for HLN5169A RF Board (Synthesizer)
R617 06-11009C75 12k ) ) PW-3072-C
R619 06-11009C41 ; 470 (Sheet 2 Of 2)
- . 11/10/88
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ki
HLN4492A RF BOARD FREQUENCY SYNTHESIZER SCHEMATIC Jes0
VCO MODULATION neos +G600 (MATES WITH VCO FEED THROUGH PLATE)
RANG E 1 REG +5V e == v VCO MODULATION 4" |VCO MODULATION
N The ramp generator initiates a linearly- REG+9.6V :
Cc626 LssT“ rising ramp at the rising edge of each SUPERFILTER
OS6UF, +9.6V reference pulse. The rise of the ramp is _MODE HELECT LOGIC RE602
= stopped at the rising edge of the loop 1608 . 18K
1607 pulse and is held at that level. 10 cé: REO
PO L602 10 _ADAPTIVE FATER 220 100K
9802 ' s ' <
3T TO INJECTION
.o Y TRIPLER RT600 og g + = V600
MODULATION | 20 cet2 ¢ coBV Mo——r—— C608,4:C625 i C624 RAMP GENERATOR : 6
REG+96V |18 REG +9.6V 2z0ef | T 7 ToeY Az o0 [220 Towr Rez7 — vee |
' SOURCE i i = : Sl = Q604 and an internal NPN ’ = AAPTI
ces2  NOTE? During each loop period, the Prescaler ‘ §03 transistor make up a push- FLTER u
O1UF divides the feedback signal by four for ! Re16 M9548[es] r eupa SUPPLY DRIVER
= a programmable number of cycles, Lces Yieos 100 RE24 U e vad pull output circuit in the (NOTE 4) ROL
then by three for the remainder of the T OwF 310 cos . jRezsinezz 150 DT ez L phase detector output fine. ‘ | | as
loop period. The divider circuit outputs = L v Re17 14.4MHZ +1 ce29 Ut ADAPT 4. I
ADAPT | 11 g i 2% OUTPUT LEVEL TRANSMIT MODE SELECT ,
CO and C1 set the number of cycles o 10 20 %o merer - | DIVIDER 4TUF , 3 ' 8l
REG+SV | 17 o s REG+5Y that the prescaler will divide by four. : 78 | REFERENCE fcreoo xosts  Socker = NOTE 3 ] woso ; | ne0s Ne Fir
SOURCE : + 9 TOR + 4O wzso-a 10 20 21 Jto  Jaa  |s 10K 4 .
<7 1 : bSfvee T [ FiLT RAMP RAMP  RAMP  RAWP I
01 T830F R614} IR613 cgen.l | UG0S |y LEOS G623 2 Blvec a1y RES BASE CAP GO g UBOSA | 13 <
Ot| 12— vo6v sexi §5.6K 335 ouTHs o & EF IN » ADAPT it When VCO 2is high, a transistor within I
13 |—22 'y [ = GNOF— Lcest '3 GATE SUPPLY the Super Filter is turned on by a high
02| 13 Ret2 ] :gj £ R19 9 s ¢ v
L o3, E ‘ GNDE— | 220} 69'15% ce27 | ceas RSW ! state at Bandshift 2. This action at-
D3| 14 BE09 Lok | , me_l = = 22 47 58S - the VCO modulation signal to
GNDJ IS NN | e~ — — — e — 8 MOD has LOW = EXT l l compensate for the higher modulation ]
GND| 16 © t- 1 31 Ve | S - ce2t 'J'°52° L6002 ol = 2 1Low BaND wioTH Be |7 @ 0604 4 j sensitivity of the Transmit VCO when
FEEDBACK | &ceo Ren e 1 ceta oo ToivF {:7190’ 22 18 5 BASE M3643 R628 operating in the lower bandshift range.
+ FROM 606 220 |ceos) W g 3 RE10 3 s = = 25 [PRESCALE ¢ fRES 5 i Y RE29 1K ADAPT | TEST |
VCO BUFFER 20 RE39 0.1UF L 8 | 290 ot N ICHANGE 10 JUMPER
' Q602 1L J9 L= L5609 i QOWF 151% REF ouTf> 2 lRerF N veo3 PHaSE |15 PHASE DET. OUT ¢ weoo | il
%0O[ oy M9932 cgor | étzun, " 14 ef ' ‘ 3 PHASE OET prers ey : 2 } T ' STEERING, LINE _]{ 2 une
PO 33 ot ; 2 23 2K 8 9 NOTE 3 . — —_— -‘—f e —— — — =
[ ! Ce54
J601 i usot il g%" The reference modulation signal is fed Heno  LOOP OUTH— gze % LOOP iN DETECTOR e T‘[ 5 g8 035UF BANDSHIFT SWITCHING
Ay | - L 4 | to and frequency mod't’llales the F uso2 @ 100 Lo cens ;s_,skz v:s:'.(s RECEIVE MODE SELECT 6| . l . CIRCUIT NOTES:
‘ reference oscillator. This action L R620 HOLD tf—! 5 - ' e =
'\ L PRESCALER O prevents the phase detector output - 47K . . :‘2 COIUF P I 683 } 8 | RESs 7 leND 1. Unless otherwise stated, all resistor values are in ohms,
Moorarionl 2 - from defeating the low frequency yc + ly3 jess2 b CR6OI 4 ysosa 12K L) CJ all capacitor values are in picofarads, and all inductor
- audio modulation of the VCO pProduc- am—m3436 M1z e HoLp 2 113 1 [ creoz \J Pz P o o o e e 1ed USOBC ReaS values are in microhenries.
6 m— ed by PL tones. —>-——% STROBE -Z——— | , uoT; POATUF = 2 ] Rg“o RE36 l B ’:‘;: ]
1 |y L4 ADAPT To47F§2.0K i 3 - 602-18 and capacitor C282
STROBE | 4 NC. 4 LC.  SAMPLE bity 2. Pins J602-15, J602-16, and JI P )
A0 v > 26]23 ge & g&"“'m GND___TIMING swje | | I ssv A are common to the receiver and synthesizer sections of
o) 7 be 1152 [ee] [ 3 | J s |BMD SHIFT 1 the radio. These components are shown on both the
A —ilioe = | R R I M964: g o
at| s P—a— 2|0y =) Lx WD | _J RE44 and sy g
A2 > » 13 19 ¢
ol o oo ﬁf«z Ve o | ce3t Hold capacitors C632 and C633 main- ADAPT L - Re2! Re04 47K I l 3. Foil shields (guard bands) connected to the phase
00 | 10 |2%—p— veoz f20 | Qoes tain the ramp sample voitage between Ayest. 8.2 x ceas detector output circuit (denoted by dashed lines) sur-
SNTHESIZER | | SYNTHESIZER SYNC | ;43 = sample times. 1E - [ Q612 ¥ I ] round pins uso:ng‘ 13, and 24 as well as much of the
sme %csss 1 ; M9642 220 adaptive filter section.
= ACAPT had ApaPY Mo6a2 4. Integrated circuits within the adaptive filter section are
HLN 42514 ’ supplied power from the regulated 9.6 V source through
VCO FEEDIHRU PLATE Wit FEEDTRA = L608 with capacitors C635 and G634 to ground. The sup-
(NOTE 5) PLATE) * ply pins for these circuits are: U604-14. UB05-14 and
_REC 84V UBD6-14. Ground for these circuits is U604-7. U605-7.
Rxe.4v A v i HLN 45214 BUFFER and UB06-7.
'
l | hifvad 5. The Model HLN4251A VCO Interconnect (Feedthrough
| HLD 4133AVCO [ ' *m 409 €1408 ! ! Ruger i 3 BAND SHIFT 2 Plate) is mounted on the radio internal casting. J650 (on
L f I 560 1000 * o frgee lcms'a 1963 % ) e the rf board) is connected 1o one side of the plate and
STEERING UNE<—-EL2 2 STEERING LINE RX VCO TUNING CAPS L1404 a0 1403 : Liaet 560 AUF Lia63 P850 (on the VCO board) is connected to the other.
il | 2 o6t 15 3t 4 . 12 lrisson  JLI462 65NH P10 TX-RX VCO SWITCHING CIRCUIT Feedthrough Filters FL1-FL7 act as pi-type filters in the
I | = I - = = C1433 . REC VCO OUT - = 12K 65 NH CMEE 14ae4 RI466 % @ ggc‘zw: ;mnsé é?vt‘"“’" Juso! lines connected through the plate.
i i ¥ Wi400 1 ! L -
i HECEIVE VCO YRANSMISSION LINE h__ Cig0s 2 s c1a08 Q7402 + 1 claes vy R1465 M‘s* T | TN LT Regsy — o Resteey 6. Resistors marked with an asterisk () are screened
l i ” d i6 s @ “‘3932 [> l Y as'fog" a2 356 §350 T, REG. directly upon the substrate and are not field
= B * C1460 | L1460 : replaceable.
TX8.4V | s | * * RS €104 H A c1402 J-c1432 i Ria0a i i X—em @ 2us o = L RE4T Pus
it ! Riacs Risor L1407 |'560 o hQl1401 T 18 560 30 | RX 8.4 V is supplied to the RX buffers 330 M3932 8.2K 7. Period for waveforms at test points 62, 64, 65. 69 is 200
220 100 12 /M3930| crios o Ri30s L cio7 :"""‘: “"'7' I°°’Ldlg°'°' of the RX VCO lrisein  Lriaezse] cioe™ . " usec for 5 KHZ reference and 160 usec for 6.25 KHZ
|| cia12 ; e - b 1000 utput coaxial cable. §om The TX-RX VCO switching circuit LR reference.
560 j R1402 11403 switches REG 8.4 V to either the trans- Q6! l
! | 1 4 CR1406 a0t & cR1402 £ L1408 20K % 0303 680NH = = - k3 mit or receive VCO. Switching is con- M9642
TX VCO - 1.2 ’ trolled by the VCO 1 line which
MODULATION®¢—1—|RL4 1> 4 * E3 + : ges state it and
] [ BANDSHIFT Clas3 R1406 L1406 = _Rx_m receive. cea7
39 12 = ) . +—p TO REG.
| | | TRANSWISSION LiNe 1000 Leaio 7 Cpet 8% 220 | T coss 86V
= I~ 560 FCRI403 F CRI404 : T%%0
= ) Libtakd karvind Q611 LOOP INPUT TO
= = ” ' g v 4 REFERENCE OSCILLATOR
(| ] | L1408 ; REC VCO 3 J_ i 50 560 * 0610 'M9643 REFERENGE PMASE DETECTOR ouTRUT
T FL ] 5 > Microstrip plates attached to each To—mmm cas2 cuss ; s, 2643 ax ¥ ¥ ¥
L,J [ 12 oscillator transmission line act as tun- ~ 60 O4UF SL1a62 1 Rest 1 |+84v l 42vP-p M——-uv P-P le P-P
ing capacitors. By cutling the lines . 3 85N P700 + + 4
] ‘ e between the plates at the factory. TR N s ol ®) TO TRANSMITTER =k"( - Ruplt K75
CR1407 & plates are removed from the circui: TX 8.4 V is supplied to the TX buffers L1451 SONH 14.6 # {1PA) (8
| | " L setting the capacitance o the desired ) vie the conter pdector of the TX VGO L8UH ousr §3HS5R R4S
- I fa10 M40 L1409 value. Each VCQ is tuned individually output coaxial cable. 22 350 SAMPLE TIMING caP  [e2] LOOP OUTRUT . RAMP BASE
SANDSHIFT 24——T—FL6 6 ' : * C1480 450 [MTE | 4+
T | | 220 100 18 TX VCO TUNING CAPS cla28 c1430 Rias Juuau JLace ¥ e + 7 _n__ ¥ Jue o
OO0 OOt ous fuge 1000 1000 T jroww §is b w0 © TE ]
When the Bandshift 1 line goes high 1 ‘ cae Qa5 P ST bl . s 7 13V P-p 50MV P-P
en the Ba i 1000 T 560 | = 8 = = C1434 L " -
(Bandshift 2 line goes fow), CR1407 ]; | I8 i TX VO Ot T TS JRiasan Lolasa 4 —so0-s0 usegv RAMP CAPACITOR
becomes forward-biased and CR1406 1 ‘ TRANSMIT VCO TRANSMISSION LINT c1425 b s c1426 Aok 1 w0 '~ DEPENDENT ON FREQUENGY
becomes reverse-biased. This places — } 3t % Qi404 = L 4 -
the Bandshift lransmissianc c;ine‘ in oo n;l ] , t = 20 . 12 O M3932 Zﬁ?}é"%us o
parallel with the transmit V( trans- - 1 A c1az0 % {LOCKED) -
mission line, shifting the oscillator fre- = » 24 T cu:sga 0'403’%‘:2‘;2 2 "%330' ’;’;“ ?ﬁ)" » ;3— — 95V
quency upward by approximately 11 Cia17 Rtat8 M3930 - c1a27 h JIX BUFFERS e r‘] m SV (OUT OF LOGK; HIGH RAIL)
MHZ (TX 84 V is applied). The off im- J__ o oK } VCO MODULATION Cl"éw L 67 1000 it —8.3v
pedance of CR1406 removes the Band- - = % | - . USEC —o1v
Ehift transmission line from the VCO MODULATION J,cnmo y CRI4IT JCRMNZ ¢ 4q5 Maz | crazs Lats + 1 AD' M T2V tout oF Lock; Low RaiL)
circuit. When RX 8.4 V is applied, the * hi * 8 20K T 000 12 C145% and C1461 couple some of the
VCO will operate in its low range. TX B4V N7 | e _LIMSE 4 4 Transimit VCO and Receive VCO out- ) SYNTHESIZER SYNG
Changing states of the Bandshift 1 l 22K 35 18 = = £ put piower to P600, which provides the + [-sousec
and Bandshift 2 lines change the C1418 KIS c1429 feedtuack signal to the synthesizer. P
operation range of both VCOs. Imoo i O1UF 2cRi413 LCR1s4 TRANSMIT VvCO :
L L1418 5 0.1v
8 + L 1 ' JNoTE S
' 2 . FCR1409 T
A sample of the steering line voltage is [_ \
coupled to CR1409. This sample varies P
the capacitance of CR1409 to compen-
i i i i H sale for the higher modulation sen-
Schematic, Circuit Board Diagram, and Parts List Siivity of the VCO as the steering line
for HLN4492A RF Board (Synthesizer) voltage increases. : sew-o304-8
PW-3542-B ; : oo :
(Sheet 1of 2) L————(®—] FEEDBACK TO SYWNTHESIZER BUFFER Q602
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parts list

HLN4492A R1 RF Board (Synthesizer Section) MXW-3546-A (2)
REFERENCE MOTOROLA REFERENCE MOTOROLA

SYMBOL PART NO. DESCRIPTION SYMBOL PART NO. DESCRIPTION
capacitor, fixed, pF, +5%, 100V (unless otherwise stated ) R616 06—-11009C25 100

C600 23-11013€E57 10 uF +20% 25V, tantalum R617 06-11009C75 12k

C601 21-11014H36 30 R619 06—-11009C41 470

C602 08-11051A07 .01 uF, 63V R620 06-11009C65 4.7k

C603 23-11013E57 10 uF +20% 25V, tantalum R621 06-11009C71 8.2k

C604 23-82783B831 47 uF, +20%, 20V, tantalum R622,623 06-11009C67 5.6k

C605-607 21-11015B05 220, +10% R624 06-11009C29 150

C608 08-11051A01 .001 uF, 63V R625 06-11009C44 620

C609 08-11051A13 .1 uF, 63V R627 06-11009C57 2.2k

C610 21-11015805 220, +10% R628 06-11009C49 1K

Ce11 23-11054L06 1 uF, £10%, 50V R629 06-11008C01 10

C612 21-11015B05 220, +10% R630 06~-11009C56 2k

C613,614 08-11051A01 .001 uF, 63V R631 06—-11009C67 5.6k

C615,616 08-11051A07 .01 uF, 63V R632 06-11009C59 2.7k

Cce17 21-11015B05 220, +10% R635 06-11009C75 12k

C618 21-11014H32 20 R636 06-11009C56 2k

C619 08-11051A07 .01 uF, 63V R637 06-11009C57 2.2k

C620 08-11051A13 .1 uF, 63V R638 06~-11009C53 1.5k

Cce21 08-11051A01 .001 uF, 63V R639 06-11009C17 47

C623 21-11014H28 13 R640 06-11009C69 6.8k

C624 08-11051A13 1 uF, 83V R641 06-11009C66 5.1k

C625 21-11015805 220, +10% R642 06—-11009C65 4.7k

C626 23-11013F10 .56 uF, +10%, 35V, tantalum R643 06-11009C19 56

Cc627 23-11013D55 4.7 uF, +20%, 20V, tantalum R644 06-11009C65 4.7k

C628 21-11015B01 100, +10% R645,646 06-11009C53 1.5k

C629 23-84538G06 47 uF, +20%, 20V, tantalum R647 06~-11009C71 8.2k

C630 08-80027B03 8200 uF R648 06—-11009C73 104

C631 08-11017807 .0068 uF +10%, 50V R649 06-11009C49 1k

C632 08-11017B06 .0047 uF, + 10%, 50V R650 06-11009C73 10l

C633 21-11015B05 220, +10% R651 06-11009C49 1k

C634 08-11051A07 .01 uF, 63V R652 06-11009D11 360k

C635 21-11015B05 220, +10% R653 06-11009C77 15k

C637 21-11015805 220, +10% R700 06—-11009C51 1.2k

C640 08-84637L42 47 uF, + 10%

C641 08-83862M02 2 uF, +10% integrated circuit (see note)

C642-648 21-11015805 220, +10% U600 51-84768F65 super filter, type M6865
C649 08-84637L.39 .39 uF, +10% ueot 51-84768F68 prescaler, type M6868
C850 2111015805 220, +10% Ue02 51-84768F63 mano synthesizer
€652 21-11014H33 22 U602 51--83977M18 divider, type M7718
Cé54 08-80027B04 .039 uF U603 51-83977M36 custom

C655 21-82204B06 100, + 10%, 500V U604 51-80072C01 quad 2 input, nor gate
C656 21-83406D87 43, 500V U605 51-80073C02 quad analog switch, type M7302
Ce58 21-82240K06 220, + 10% U606 51-80073C03 quad analog switch, type M7303
diode (see note) uUe08 51-80291802 reference oscillator
CR600 48-82139G01 germanium

CR601 48-83329G02 silicon mechanical parts

CR602 48-84404E01 LED 26-83594M0O1 component side shield
connector receptacle gggg?zxg: ;:;::eposr:ﬁgltds'de prescaler shield
J600 09-80001F01 phono jack 01-80707722 strap and shield

J601 05-83445L09 10 contact 01-80707T23 strap and shield ,
J602 09-83445L09 10 contact, female 230758
:1650 05-83730M01 7 contact, female note: For best performance, order diodes, transistors, and integrated circuit devices by
jumper Motorola part number.

Juso1 06-11009D23 resistor jumper

Jue03 06-11009D23 resistor jumper

Jue26 06-11009D23 resistor jumper

coil, rf

L.600 24-82723H28 .29 uH yellow

L601 24-83397013 .82 uH gray red

L602 24-83961801 3 turns, brown

L603,604 24-82723H45 10.0 uH blue red

L605 24-83397L07 10 uH blue blue

L606 2483961801 3 turns, brown

L607,608 24-82723H45 10.0 uH blue red

L609 24-83397L12 1.2 uH white

transistor (see note)

Q600 48-00869642 NPN, type M9642

Q601 48-00869681 PNP, type M9681

Q602 48-00869932 NPN, type M9932

Q603 48-00869548 PNP, type M9548

Q604606 48-00869643 PNP, type M9643

Q607,608 48-00869642 NPN, type M9642

Q609-611 48-00869643 PNP, type M9643

Q612 48-00869642 NPN, type M9642

thermistor

RT600 06--80275N01 thermistor

resistor, fixed, ohm, +5%, 1/4 watt (unless otherwise stated)

R601 06—-11009C97 100k

R602 06-11009C77 15k

R603 06—11009C65 4.7k

R604 06-11009C49 1k

R605 06-11009C73 10k

R606 06-11009C89 47k

R607 06-11009C13 33

R608 06-11009C25 100

R609 06-11009C45 680

R610 06—-11009C35 270

R611 06-11009C49 1k

R612 06-11009C73 10k

R613,614 06-11009C67 5.6k

R615 06-11009C35 270
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HLN5377A RF BOARD ‘ FREQUENCY SYNTHESIZER SCHEMATIC
VCO MODULATION +C600 (MATES WiTH VCO FEED THROUGH PLATE)
RANG E 1 __RGO3 % . VCO MODULATION »
REG +5V Py P 4 |VCO MODULATION
The ramp g initiates a linearly REG+9.6V
Sce26 31606 rising ramp at the rising edge of each SUPERFUTER
LO58UF +9.6V reference pulse. The rise of the ramp is MODE SELECT LOGIC R602
stopped at the rising edge of the loop Leo8 78K
L607 pulse and is held at that level. 10 c6 REO1
/0 3 Le02 10 = -ADAPTIVE FATER 220 100K
lee 11 T T i e e usoo
“.co L T =
wooiSrion [20] cerz | iLoma . csoskoezs L ceza RAMP GENERATOR ‘ o k-] .
REG a6V |18 REG +96V Lz T4 MRt Lgg Le20 Towr i -vee
. 1 . = = = E = . 5 < 4
co82 $oyacE During each loop period, the Prescaler | ) . Q604 and an internal NPN AvaFTIvE UB06A 3| EXTERNAL
OIUF divides the feedback signal by four for ; RG16 M%“ r transistor make up a push- Sren ‘_ 1 2 NVER
;[ a programmable number of cycles, 1 ce1s Y1603 v RE24 Re626 | G830 pull output circuit in the (NOTE 4) CONTROL
then by three for the remainder of the : T owr j1o fez3 (nee2 150 \'V oosz | &  Phasedetector output line. l | ] | |
! e ! | p L604 CEI8  pet? | 14.4MNZ X U = ADAPT 4 86 1
ADAPT | 11 - [oop period. The divider circuit outputs ‘ W o L LA 1] UF g N T MODE SELECT | . Jout N %
CO and C1 set the number of cycles cete 10 20 feK o DIVIDER P ’ { I z ol . c‘g’ouz :1|;
REG+SV |17 e REG + 5V that the prescaler will divide by four. | T o1uF EFERENCE CRE00 C619 SOCKET NOTE 3 12 2605 ‘EF"'T'
SOURCE = ATOR QU tc-4 10 20 24 s 1] U80S0 10K <
| 5 JU— -] = = *2KC603
1 : vee I3 FILT RAMP RAMP  RAMP  RAMP _J 10U
o1 “gﬁ‘\}F . R614, R613 geso usos |y L60S G623 Blvee oy RES BASE CAP GND |y NC UBOSA (13 _ L"— -—-] R
ot] 12 —Dzb | seK 5.6K out : 1 (3. S REF IN 1) ADAPT L R652 ___] When VCO 2 is high, a transistor within ’
i = GND; L cest GATE SUPPLY 360K the Super Filter is turned on by a high
02 13 [—— a x553 Re19 s e e I
03 GNDJ 4 2208630135 _l_csu_, 3 heid d 1c64s ress state at Banushift 2 This action at-
03} 14 t—D3p ‘ 2 caseb—s T = 22| 0o T4 588 e X NC To3sur | 18k tes the VCO fation signal to
N 15— NN | o o o 3 8 MOD L l Low | =UF L s EXT {17 ﬁ = | — , 1 compensate for the higher modulation '
GND| 16 ~ -1 CeitA = ce2t L 6004222 Fseh LOW BAND WIOTH PNP < Q604 -4[ _] sensitivity of the Transmit VCO when
e Reit %%F =+ care 9l S BT Freo. |12 & 2Jrrequency B s Rees o perating i the tower it range |
N oM A 3 R610 & 28 leescaLr oi0EG 4 e Qe Re29 Wl ADAPT | l L JJesT
: " wsl? 270 00U 15 s 2 Us03 usoss |5 e JUMPER ]
1660 L6809 & 2% REF. OUT & REF IN PHASE |15 PHASE DET. OUT a1 | JU00 STEERING LINE I
| re07 12UH ke T PHASE DET R630 9.6V B3 ] 3-; 2 |STEERING UNE
/O 33 i i c628 23 2K 109 £ NOTE S| | 4 — T 7T Foesa e cwrr i |
2601 usar fa RIS ion signal i Heno  Loop ouTE & N LOOP IN DETECTOR RE3! - 37 SouF
& L] 1 R ey modeies” e Al e | % oy o 1R |7 e seceve wooe seeer | % [ 3 S o NorEs:
| reference oscillator. This action R620 HOLD ff—+ e - ’ 5 l ' | R643
wer L O prevents the phase detector output 47K 112 1oowr 4 L. T | s 7 lenp 1. Unless otherwise stated, all resistor values are in ohms.
—_—— e —— e from defeating the low frequency yc 1 i 32 cRe01  [OOL = all capacitor values are in picotarads. and all inductor
MODULATION] 2 audio modutation of the VCO produc: e——-=213 6Mz (- Howp 2 |13 1% t crece I veoee Re4s values are in microhenries.
[ S i ed by PL tones. £1stRoBE H— , NOL'I'; poaTUF T = I 15K R‘;: ' v
sTRogE | 4 |STROBR e A [Ne o 4swwrHEsizER  Lc  sampLe AGAPT sev R0 e 2. Pins J602-15, J602-16, and J602-18 and capacitor C282
28 A4 SYNC GND__ TIMING rsw}! [ are common to the receiver and synthesizer sections of
AL T 6L 22 J I s |amo SHIFT§ the radio. These components are shown on both the
MK @] D’ : e e — _J RE receiver and synth gl
19 4
az| s veot fm co3t Hold capacitors C632 and C633 main- ADAPT p—— —— Re2! RE04 47K l 1 3. Foil shields (guard bands) connected to the phase
0o vcoz |20 &osa tain the ramp sample voitage between 8.2k 1K ceas detector output circuit (denoted by dashed lines) sur-
SYNTHESIZER SYNTHESIZER SYNC ; I = sample times. 1 Q612 ¥ l round pins UB03-12, 13, and 24 as weil as much of the
SYNC ° i cess I p M9642 220 adaptive filter section.
-~ ACAPT %43 ADAPT ’ M9642 - 4. ircuits within the adaptive filter section are
17 supplled power from the regulated 9.6 V source through
veo :ELgD? Hs';UAPLATE S?TH (FEEDTHRU — 1608 with capacitors C635 and C634 to ground. The sup-
(NOTE 5) PLATE) ply pins for these circuits are: UB04-14. U605-14 and
REC 84V UB06-14. Ground for these circuits is U604-7. UB0S-7.
Axe.av u i HLN 45274 BUFFER and U6oG-7.
SN TOCHR DOFTER
. c1468 5. The Model HLN4251A VCO Interconnect (Feedthrough
’ i HLD4336AVCQ : 1 cra08 c1a08 ' ' Rigean ¥ BAND SHIFT 2 Piate) is mounted on the radio internal casting. J650 (on
l [ EERING Taso 1000 * o Frae lcmsz so 60 * € the rf board) is connected to one side of zhe (glalelﬁnd
STEERING_LINE R1403 . 560 . Wi P650 (on the VCO board) is connected to the other
STEERING LINE€+— 2 L1404 L1463 h . / ;
NG RX VCO TUNING CAPS crsst 15 ctgm 1 11K L:426| I " L1462 €5NH p101 ~RX_VCO SWITCHING CIRCUIT Feedthrough Filters FL1-FL7 act as pi-type fiiters in the
’ | —4 ;_f . = = C1433 o REC vCo ouT a = = 1‘2'.(“* 65 NH C1466 11484 RI466 % RECEIVE FIRST INJECTION Jueo! lines connected through the plate.
RECE IVE VCO TRANSMISSION L1 . 7 I waco hd 82 e T MATNE fegve REGO.6Y ——0 O ---O——— REG4G.6V ) . -
i N 10N LINE L c1405 D s + C1406 ﬁ 01402 = ! cla67  brass % LRiET % 6. Resistors marked with an asterisk (") are screened
‘ | - J A {5 O M3932 P Q464 82 350 g T4, REC. directly upon the substrate and are not field
= { * * C1460 | 11460 &\ Ql46! M3934 replaceable.
21 | - * * Bl = C1304 4 4 c1a02 claz2 Rw;?,o‘ R1404 | . i€ AN Q 0 + RE4T
TXB.4V P13 37 R1408 _ Ri407 L1407 | 560 28 ( Ql401 T 18 560 310 % RX 8.4 V is supplied lo the RX buffers 330 ST y M3932 ek 7. Period for waveforms at test points 62, 64. 65, 69 is 200
220 100 12 L/M3930| criaos Ri%0s Lcuor via the center conductor of the RX VCO RIdBI%  IRidE2% usec for 5 KHZ reference and 160 usec for 6.25 KHZ
] ‘ cia12 - = e 1000 output cosxial cabie. 27 o Fa5 - The TX-RX VCO switching circuit 3 ';x‘v reference.
. switches REG 8.4 V 10 either the trans- Q60 :
e 3 CRi4p6 2082 oo o ¥ = = =+ mit or receive VCO. Switching is con- M9642 =
T veo = CRidor 3 cRa02 fLidos 1000 " trolled by the VCO 1 line which
Moouutnonh—ELﬂ——' 4 ¥ * =+ = : . : state b and
] 1 BANDSHIFT clat3 R1406 L1406 = RX__BUFFERS ; recel;o. cea7
3 12 = 1 ciaet Reso i
‘ 1 L TRANSMISSIGNLINE (000 Lciaro 1 | 27 10K | 220 I
- 560 F CRI1403 ¥ CR1404
P+ + + ’ ’ RigS4 % e LOOP INPUT TO REFERENGE OSCILLATOR
]_ | L1a08 Microstrip plates attached n REC vCO " 5% 0610 il PHASE DETEGTOR ouTRUT
BANDSHIFT | 4¢——{FLs|4—> |5 | icrostrip plates attached to each &L VOO . 452 CIa83. ¥ ¥
* _E I [ l 12 oscillator transmission line act as tun- Su2 ¢asa troh M3643 e, A ‘-91 oo /W.\ J/’P—P
ing capacitors. By cutting the lines U450 156 P700 ——| U ‘-— + l 1 +
| 1 Geo' between the plates at the factory. eV fhra o R"‘: TO TRANSMTTER 1™ b | NOTE| JMTE
: - . . 14.
| I CRWOT 3 Diales ale [emoved from Ine dc”c”’d ) TX 8.4 V is supplied to the TX buffers et T ’ C1PA) .
| % Ty setting the capacitance to the desire v via the center conductor of the TX VCO 04457 §350 * A
L i R1410 R1409 L1409 value. Each VCO is tuned individually. output coaxial cable 22 350 : SAMPLE TIMING CAP LOOP OUTPUT N RAMP BASE
BANDSHIFT 2‘——*‘E_s > 6 ’ g ; * . C1450  ((g50 H wT_E_‘] Egigisial -+
: | | 220 106 18 ! TX VCO TUNING CAPS caze c1430 - RI&13 3Lt JL1412 . L + 5 7 [ [ ¥ -
) . OHOHOH OO o438 fLate  coazt Trooe 1005 LK 0NN 3te I seo T - LNogE |
When the Bandshift 1 line goes high { i a6 & G 47 ¢ 18 3 + 4 N : 7 13v P-p 50MV P-p
(Bandshift 2 line goes low), CR1407 lwoo \ = . CM;-,“ \ TX.VCO OuT T 33751 JRIs2x L CUS4 o f—s0-60 veee! RAMP GAPAGITOR
becomes forward-biased and CR1406 | | TRANSMIT VCO TRANSMISSION LINE c1a2s o s ciaz6 7 I w0 : — DEPENDENT ON FREGUENGY
becomes reverse-biased. This places —{ i } t d 3 @ 1404 — = FREQUENGY
the Bandshift transmission line in N - i ’ = 20 13 M3932 GCHANGE PULSE —ov
parallel with the transmit VCO trans-  GND FL? 7 1 L craze 1 cra2a Q1403 Lcraze a3t :Mu Xara | ) -+ (LOGKED)
mission line, shifting the oscillator fre- H"J = * [ar 56 T 22 1000 75 30 |w | av -5V
quency upward by approximately 11 c1a7 R1418 0'335 M3330 R4S R1415 c1427 “_'g JIX BUFFERS e [ _ snsv {OUT OF LOCK; HIGH RAIL)
MHZ (TX 8f.4cx1i: ogpplied), Tf’r; og irg- 1 Jrm 2K ¢ VCO MODULATION 4'}r 4 L 67 1000 3 _“ uééc 3
pedance o removes the Band- = : " i = —otv
shift transmission line from the VCO MODULATION | criaro g CRI4N g CRI412 L R4z Locias FR = * ) L g, eur of ook, Low raiy
circuit. When RX 8.4 V is applied, the * T * i 20K 1000 12 C1451 and C1461 couple some of the i
VCO will operate in its low range. IX84Y . A7 Rif1e Liste 1 L Tramsmit VCO and Receive VCO out- ! SYNTHESIZER SYNG
Changing states of the Bandshift 1 _l_ 22« 39 18 = - = pul power to P600, which ;_)lowdes the i < |- 60 usec
and Bandshift 2 lines change the C1418 Lciaze . aiback signal to the sy L a8y -
operation range of both VCOs. Iwoo a7 Lcriars LoRrians TRANSMIT VCO
[ 1 1 I 0V — | o7E]
A sample of the steering line vtlaltage is 1
coupled to CR1409. This sample varies ] ]
SChemath Circuit Board Dlag ram, the capacitance of CR1409 to compen- j { GEW-5995-0
sate for the higher modulation sen- T ;
and Pafts L'St for HLN5377A sitivity of the VCO as the steering line ! Ras
RF Board (SyntheS|zer) voltage increases. L :
i
!
S

S




——
parts list
HLN5377A RF Board (Synthesizer Section) MXW-6005-0 MXW-6005-O (2) R AN G E 1
REFERENCE MOTOROLA DESCRIPTION REFERENCE MOTOROLA DESCRIPTION N
SYMBOL PART NO. SYMBOL PART NO. z
capacitor, fixed, pF, +5%, 100V (uniess otherwise stated) R625 06-11009C44 620 %
C600 23-11013E57 10, +20%, 25V, tantalum R627 06-11009C57 2.2k -
C601 21-11014H36 30 R628 06-11009C49 1k e
C602 08-11051A07 01 uF, 63V R629 06—11009C01 10 )
€603 23-11013E57 10, +20%, 25V, tantalum R630 06-11009C56 2k r‘* g e st iy
C604 i 23-82783B31 47, +20%, 20V, tantalum v R631 06-11009C67 5.6k : ; i
C605-607 21-11015B805 220, +10% R632 06-11009C59 2.7k - .
C608 08-11051A01 001 uF, 83V R635 06-11009C75 12k ; i
C609 08-11051A13 1 uF, 63V R636 06-11009C56 2k i
c610 21-11015B05 220, +10% ) R637 06-11009C57 2.2k
ce11 23-11054L06 1, +10%, 50V, tantalum R638 06-11009C53 1.5k !
c612 21-11015B05 220, +10% ) R639 06-11009C17 47 e i
C613,614 08-11051A01 001 UF, 63V R640 06-11009C69 6.8k s ‘
C615,616 08-11051A07 .01 UF, 63V R641 06-11009C66 5.1k s
C617 21-11015B05 220, +10% R642 06-11009C65 4.7k ko4
c618 21-11014H32 20 R643 06-11009C19 56 AN éﬁ“ ‘ ;
c619 08-11051A07 01 UF, 63V R644 06-11009C65 4.7k LM
C620 08-11051A13 1 uF, 63V R645,646 06—11009C53 1.5k o {
c621 08-11051A01 001 UF, 63V R647 06-11009C71 8.2k o P
C623 21-11014H28 13 R648 06-11009C73 10k =W -
C624 08-11051A13 1 uF, 63V R649 06-11009C49 1k o f*
C625 21-11015805 220, +10% R650 06-11009C73 10k o
C626 23-11013F10 56 UF, +10%, 35V, tantalum R651 06-11009C49 1k
c627 23-11013D55 4.7 uF, +20%, 20V, tantalum R652 06-11009D11 360k
c628 21-11015801 100, +10% R653 06-11009C77 15k i
c629 23-84538G06 47 uF, +20%, 20V, tantalum R700 06—11009C51 1.2k
cet S tio7B0y 0068 uF.+10% 50V integrated circut (see ote) °
€632 08-11017806 .0047 UF, +10%, 50V U600 51-84768F65 noise filter
€633 08-11017801 .001 UF, £10%, 50V ueot 51-84768F68 prescaler ;
0633 21-11015805 220, +10% ueo2 51-83977M18 phase Qelector i £
C634 08-11051A07 01 UF, 63V U602 51-84768F63 synthesizer . L F
C635 21-11015B05 220, +10% Us03 51-83977M36 phase detector 7 400 TT L N
Cear 51-11015B05 220, 110% U604 51-80072C01 2 input NAND gate |
Cea0 08-84637L42 47 UF, 210% U605 51-80073C02 quad switch !
Cadl 08_83862M02 2 UF, 410% U606 51-80073C03 quad switch E G
C642-648 21-11015B05 220, +10% ueos 51-80291B02 reference oscillator (KXN1096A)
C649 08-84637L.39 39 uF, +10% I
€650 21-11015B05 220, +10% : mechanical parts l
C652 21-11014H33 22 ; 05-82050H12 eye lug : !
C654 08-80027804 .039 uF : 26-84898M01 circuit board shield, 2 used |
C655 21-82204806 100, +10%, 500V i 26-83594M01 component side shield, 4 used .
C656 21-83406D87 43, 500V ‘ 26-83595M01 detector component side shield i
C658 21-82240K06 220, +10% ' 26-83597M01 prescaler component side shield |
diode (see note) sggg; 42;101 fence 'shield § !
. 5801 crystal pad
GRene AT g anium 01-80707T22 shield & strap assembly !
CR602 48-84404E01 red LED 01-80707T23 shield & strap assembly i
connector receptacle 11/1/88 {
J600 09-80001F01 phono jack note: For best performance, order diodes, transistors, and integrated circuit devices by o N e ) |
J601,602 09-83445L09 10 contact Motorola part number. = g” Juzo4 - TX0203
J650 09-83730M01 7 contact :
i
e ) 5
JUBO1 06-11009D23 0 ohm d pluzos
Jus03 06-11009D23 0 ohm i
JUs26 06-11009D23 0 ohm { i
|
coil, RF, uH § H
1600 24-82723H28 29, yeliow ) )
L601 24-83397L13 82, gray red i i | 5 &t
L602 24-83961B01 silver brown
603,604 24-82723H45 10, blue red < ' Nl
L605 24-83397L07 10, biue tue
1606 24-83961B01 silver brown [ (SHOWN FROM LEAD SIDE)
L607,608 24-82723H45 10, blue red
L609 24-83397L12 1.2, white !
transistor (see note)
Q600 48-00869642 NPN s
Q601 48-00869681 PNP i s
Q602 48-00869932 NPN °
Q603 48-00869548 PNP 201 8 0202
Q604-611 48-00869643 PNP i {SHOWN FROM LEAD SIDE)
Q612 48-00869642 NPN ;
thermistor ?
RT600 06-80275N01 thermistor i ; i
resistor, fixed, ohm, +5%, 1/4 watt (uniess otherwise stated) : Ju208 D
R601 06-11009C97 100k } Q151 & Q156
Faiggg ggj:gggggg ZS_}(k i (SHOWN FROM LEAD SIDE)
R604 06-11009C49 1k i
R605 06-11009C73 10k
R606 06-11009C89 47k -
2607 06-11009C13 33 L 3 o I3 2 5 = s
608 06-11009C25 100 | | | e ] o - G G Qe QU e FEEM EBT DER S IDE
gg$g 8&”8‘828;2 ggg ) ; z H g ot ﬁ s s §§E SHOWN FROM SOLDER SIDE comgghgﬁ$ g:g?gggzgﬁzz-%
3 « o - adbd
R611 06-11009C49 1k -
R612 06-11009C73 10k
R613,614 06-11009C67 5.6k :
R615 06-11009C35 270 i ircui i
Rete oo 11009C08 00 Schematic, Circuit Board Diagram,
R617 06-11009C75 12K ; and Parts List for HLN5377A
R619 06-11008C41 470 : RFB S i
R620 06-11009C65 4.7k oard (Synthesizer)
R621 06-11009C71 8.2k ! - 4-0O
R622,623 06-11009C67 5.6k : ng 599
R624 06-11009C29 150 (Sheet 2 of 2)
11/30/88




VCO AND VCO CARRIER HLD4336A VCO RANGE 1
RANGE 1 AND 2
REiS.GV STEERIl‘(G LINE

pm BANOSHIF T 2

HLD4318A VCO RANGE 2
VCO CARRIER BOARD

REC 86 V STEERING LINE

I

RX8.6V STEERING LINE

RECEWE VCO OUTPUT ¢
TO VCO BUFFER

- BAND SHIFT Rx VCO TUNING GAPS

BANDSHIFT 2
Tx VCOQ TUNING CAPS
TRANSMIT VCO QUTPUT
TO VCO BUFFER <+
{—@— BANDSHIFT 1
RECEIVE VCO OUTRUT,
TO VCO BUFFER
4—— BANDSHIFT 2
Tx8.6V TXB.6V STEERING LINE TRBEY VCO on BD -GCW-6002-0
RX VCO TUNING CAPS OL-GCW-8003-0 BANDSHIFT 1
BANDSHIFT 2

HLD4133A VCO RANGE 1

SOLDER SIDE £} GPW-5998-A
COMPONENT SIDE GPW-5999-A
OVERLAY = GPW-6000-A

REC 8.6V STEERING LiNE TX86V  TXE&6V STEERING LINE VCO MODULATION

TX 8.6V

TX VCO TUNING CAPS
t—t-4— BANDSHIFT 2

TRANSMIT VCO
OUTPUT
TO VCO BUFFER

CR1406

S
- BAND SHIFT 1 RECEVE VCO OUTPUT o |

CRi410
TO VCO BUFFER

Rx VCO TUNING CAPS

s «-BAND SHIFT 2 o : -~ B ;
TRANSMIT VCO OUTPUT ¢ . Tx VCO TUNING CAPS
TO VCO BUFFER

- BANDSHIFT 1

TX 86V TX 8.6V NOTE:
ALL RESISTORS ARE SCREENED DIRECTLY STEERING LINE
UPON THE SUBSTRATE, AND ARE NOT % 8.8V

FIELD REPLACABLE.

BD - GDW-3074-0
OL- GDW-3075-0

H@— BANDSHIFT 2

STEERING LINE Tx86Y_VCO BD-GW-0308-0
MODULATION! OL-GW-0310-0

Circuit Board Diagrams and

Parts Lists for VCO and VCO Carrier ;
PW-5997-0 , :
(Sheet 1 of 2) %
11/10/88




parts list

HLD4318A VCO R2 MXW-5099-A HLD4336/A SYNTOR X VHF VGO (Range 1) MXW-6001-0 (2)

REFERENCE MOTOROLA REFEREMNCE MOTOROLA

SYMBOL PART NO. DESCRIPTION SYMBOL PART NO. DESCRIPTION

capacitor, fixed, pF, +5%, 100V (uniess otherwise stated) L1404 ‘ 24-80140E08 1.5

C1401 21-11078B19 16 L1405-1408 24-80140E01 12

C1402 21-11078820 18 L1409 24-80140E02 1.8

C1403 21-84873H13 1000 L1411 24-80140E06 13

C1404 21-11078B23 24 L1412 24-80140E02 18

C1405 21-11078B19 16 L1413 24-80140E01 1.2

C1406 21-11078A01 1, +.25 pF L1414-14116 24-80140E02 18

C1407-1408 21-84547A01 1000, +20%, 50V )

C1409-1412 21-84873H14 560 transistor (see note)

C1413 24-84873H13 1000 Q1401 48-84939C30 FET, N—channel

C1414-1415 21-84873H14 560 Q1402 48-84939C32 NPN

C1416-1419 21-84547A01 1000, £20%, 50V Q1403 48-84939C30 FET, N-channel

C1420 21-11078A15 27,425 pF Q1404 48-84939C32 NPN

C1421-1422 21-11078B20 18 T

C1423 21-84873H13 1000 note: Forr best performance, order diodes, transistors, and integrated circuit devices by

C1424 21-11078832 39 Motorola part nomber

C1425 21-11078B21 20 '

C1426 21-11078A06 1.5, +.25 pF .

C1427-1428 21-84547A01 1000, +20%, 50V

C1429 21-83162H36 01, 50V parts '|St

C1430-1431 21-84547A01 1000, +20%, 50V

C1432 21-84873H14 560 HLD4133A R1 VCO MXW-3547-A

C1433-1434 21-84873H75 7, +.25 pF, 50V

C1435-1436 21-11078A15 2.7, +.25 pF gs;%%i’"c‘i yggToggLA DESCRIPTION

diode (see note) . . o ’

CR1402-1404 48-B000BE 10 varactor g o fixed, pF, +5%, 100V (unless otherwise stated)

CR1406-1407 48-84622E02 silicon Ciao2 S1-11078820 18

CR1409-1414 48-80006E10 varactor G403 1 84873113 I

coil C1404 21-11078826 28

C1405 21-11078819 16
‘d:g; gtgg}jggg? :320 “: C1406 21-11078A06 1.5, +.25pF
Ilase Ryl St C1407,1408 21-84547A01 1k,  20%, 50V
n C1409-14112 21-84873H14 560

L1404 24-80140E08 1.5 uH C1413 5184873113 o

L1405-1408 24-80140E01 12 uH Ciata 1415 8457314 560

L1409 24-80140E02 1.8 Ul C1416-1419 21-84547A01 1k, + 20% 50V

L1411 24~80140E06 130 nH C1420 21-84873H94 24, 50V

L1412 24-80140E02 1.8 uH Claat 2111078820 PP

L1413 24-80140E01 1.2 uH Craze 2111078802 B

L1414~1416 24-80140E02 1.8 uH Claos S1_8487oH13 T

C1424 21-11078B36 56

fransistor (see note) C1425 21-11078821 20

Q1401 48-84939C30 FET, type M39C30 G426 211107868 05, +.250F

Qrao2 48-84939C32 NPN. type 39C32 C1427-1431 21-84547A01 1k, + 20% 50V

Q1403 48-84939C30 FET, type 39C30 Ciaao S rari) seo”

Qraod 48-84939C32 NPN, type 36C32 1433, 1434 21-84873H75 7, +.25pF, 50V
mechanical parts C1435 21~11078B05 4.7, +.25pF
07-80162D01 frame C1436 2111078801 33, 1.25pF

6/20/88 diode (see note)
note: For best performance, order diodes, transistors, and integrated circuit devices by CR1401-%404 48-80006E10 varacter
Motorola part number. CR1405 48-84616A11 hot carrier
CR1406, 1407 48-84622E02 siticon
CR1409-%414 48-80006E10 varacter
CR1415 48-84616A11 hot carrier
arts list Ry

P L1401 24-80140E06 130 nH

L1402 24-80140E01 1.2 uH

HLD4336A SYNTOR X VHF VCO (Range 1) MXW-6001-0 L1403 54-80140E07 660 nH

L1404 24-80140E08 1.5 uH

255%%%“” L‘,?;? 28“‘ DESCRIPTION L1405-14018 24-80140E01 1.2 uH
: L1409 24-80140E02 18 uH

capacitor, fixed, pF, +5%, 100V (unless otherwise stated) L4t 24-80140E06 130 nH

Ciao1 2111078819 6 L1412 24-80140E02 1.8 uH

L1413 24-80140E01 1.2uH

c1402 21-11078B20 18 .

L1414-1416 24-80140E02 1.8 uH

C1403 21-84873H13 1000 Liare B 01 40E0S e

C1404 21-11078B26 28 s Bul

C1405 21-11078B19 16 transistor: (see note)

C1406 21-11078A06 1.5, +.25 pF Q1401 48-84939C30 FET, type 39C30

C1407,1408 21-13741N21 .001°UF, £10%, 50V Q1402 48-84939C32 NPN, type 39C32

C1409-1412 21-13740C11 560, 50V Q1403 48-84939C30 FET, type 39C30

C1413, 21-84873H13 1000 Q1404 48-84939C32 NPN, type 39C32

C1414,%15 21-13740C11 560, 50V VT

C1416-1418 21-13741N21 -001 uF, +10%, 50V note: For est performance, order diodes, transistors, and integrated circuit devices by

C1420 21-11078A21 47, +.25pF Motorola piart number

C1421 21-11078B20 18 :

cl422 21-11078822 22

c1423 21-84873H13 1000

C1424 21-11078B36 56

C1425 21-11078B21 20

C1426 21-11078A06 1.5, +.25 pF

C1427-1431 21-13741N21 .001'UF, +10%, 50V

C1432 21-13740C11 560, 50V

C1433,1434 21-84873H75 7, +.25 pF, 50V

C1435,1436 21-11078A21 4.7, +.25 pF

C1437 21-11078B01 3.3, +.25 pF

C1438 21-11078B05 4.7, 1.25pF

diode (see note)

CR1401-1404 48-80006E10 varactor

CR1405 48-84616A11 hot carrier

CR1406 48-84622E02 silicon

CR1407 48-84622E02 silicon

CR1410-1414 48-80006E10 varactor

CR1415 48-84616A11 hot carrier

coil, RF, uH

L1401 24-80140E06 13

L1402 24-80140E01 12

11403 24-80140E07 68

VCO AND VCO CARRIER

RANGE 1 AND 2

Circuit Board Diagrams and
Parts Lists for VCO and VCO Carrier

PW-5997-O
(Sheet 2 of 2)
11/10/88




VCO BUFFER
RANGE 1 AND 2

parts list

HLN4521A VCO BUFFER RANGE 1

TO 3-POLE RECEIVE

INJEGTI

ON FILTER

(L119)

HLN4249A VCO BUFFER RANGE 2

TO 3-POLE REGEIVE
INJECTION FILTER

" HKN4067A VCO Butfer Cable (Range 1 and 2) MXW-3167-C R1464

REFERENCE MOTOROLA Q1461 g

SYMBOL PART NO. DESCRIPTION
37-00132251 heat sink tubing
05-00136977 eyelet
28-82365D02 coax
37-00134165 heat sink tubing =
3700134165 heat sink t o TO REGEIVE VCO TO RECEIVE VCO
22-00400055 staple =
54-80072G01 circuit board label

11/10/88

9 TO TRANSMIT VGO ‘ TO TRANSMIT VGO
TRANSMITTER : TRANSMITTER
INJECTION TO -, INJECTION TO
(P700) IPA (P700)

IPA

TRANSISTOR DETAIL FOR
01450,Q14 51 ,Q1460,Q1461

TRANSISTOR DETAIL FOR
Q1450,Q14 51 ,Q1460,Q1461

{TOP VIEW) (ToP 'VIEW)
- .
B E B E
|
{
;
TO ISCOLATION! BUFFER
ON RF BOARD (J600) Ton RF BOARD (J600)
B8D-GW- 3200-0
OL-6W-0303-0 8D .GCW-3200-0
OL GCW-320~ A
ts list parts list
HLN4521A R1 VCO Buffer MXW-3645-A HLN424%A R2 VCO Buffer MXW-3081-B
REFERENCE MOTOROLA PTION REFERENCE MOTOROLA
SYMBOL PART NO. DESCRIPTIO SYMBOL PART NO. DESCRIPTION
capacitor, fixed, pF, +5%, 50V (unless otherwise stated) capacitar, fixed, pF, +5%, 100V (unless otherwise stated)
C1450 21-84873H14 560 C1450 21-84873H14
C1451 21-84873H60 2.7, +.25pF C1451 21-84873H60 2.7, +.25 pF
c1452 21-84873H14 560 : : C1452 21-84873H14 560
C1453 21-84547A24 1Kk, +20%, 25V C1453 21-84547A24 1, +20%,25V
C1454 21-84873H14 560 i C1454 21-84873H14 560
C1455 21-84873H97 15, 25V i C1455 21-84873H97 15, 25V
C1456 21_84873H83 39 : _ C1456-1457 21-05157A23 8.2, +.5pF
C1457 21-84873H20 22, +2% : C1458 21-84873H14 560
C1458 21-84873H14 560 ; C1460 21-84873H98 330, +10%
C1460 21-84873H98 330, +10% C1461 21-84873H60 2.7, +.25 pF
C1461 21-84873H60 2.7, +.25pF C1462 21-84873H14 560
C1462 21-84873H14 560 C1463 21-84547A24 1, #20%, 25V
C1463 21-84547A24 1k, +20%, 25V C1464 21-84873H14 560
C1464 21-84873H14 560 C1465 21-84873H76 10, 50V
C1465 21-84873H76 10 ] C1466-1:467 21-05157A23 8.2, +.5pF
C1466,1467 21-05157A23 8.2, +.5 pF ¢ C1468 21-84873H14 560
C1468 21-84873H14 560 : coil
coil, rt : L1450 24-80091G07 airwound
L1450 24-80091G07 airwound / L1451 24-80140E02 1.8 uH
L1451 24-80140E02 1.8 uH i L1454 24-80140E03 50 nH
L1452 24-82723H48 .085 uH { L1460 24-80091G07 airwound
L1453 24-82723H22 150 nH L1461 | 24-80140E01 ©12uH
L1454 24-80140E03 50 nH L1462-1463 24-80140E04 65 nH
L1460 24-80091G07 airwound L1464 24-80091G17 airwound
L1461 24-80140E01 1.2 uH )
L1462,1463 24-80140E04 65 nH transistor (see note)
L1464 24-80091G17 airwound Q1450 48-84939C32 NPN, type 38C32
) Q1451 48-84939C31 NPN, type 39C31
transistor (see note) | Q1460 48-84939C32 NPN, type 39C32
Q1450 48-84939C32 NPN type 39C32 Q1461 48-84939C31 NPN, type 39C31
Q1451 48-84939C31 NPN type 39C31 -
Q1460 48-84939C32 NPN type 39C32 Bmae‘;:as';f;'oga"’ S
s . Q1461 48-84939C31 NPN type 39C31 - uffer plate
Circuit Board Diagrams and ype — —
Parts Lists for VCO Buffer note: For best performance, order diodes, transistors, and integrated circuit devices by note: For best performance, order diodes, transistors, and integrated circuit devices by
PW-6004-0 Motorola part number. Motorola part number.
11/10/88
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MOTOROLA
Mobile Products Division

Receiver

1. Description

The SYNTOR X radio is a dual-conversion radio with
intermediate frequencies of 53.9 MHz and 10.7 MHz. The
factory—tuned preselector filter is wide enough to
accommodate all frequencies in the receiver bandwidth
without retuning.

The receiver circuits are in the RF internal casting, on the
RF board, on the personality board, and on the common
circuits board.

2. Theory of Operation
2.1 INTRODUCTION

The SYNTOR X radio does not use channel elements to
generate the first mixer injection frequency. Instead, it
applies the frequency synthesizer RF output to the first mixer
via a three—pole injection filter. The first mixer, a balanced
JFET (junction field—effect transistor) device, uses high—side
injection for Range 1 and low—side injection for Range 2 to
generate a first intermediate frequency (IF) of 53.9 MHz.

The 53.9-MHz IF signal is coupled from the first mixer
to the RF board via P/J203, and is then applied to the first IF
amplifier. This amplifier uses a JFET device in a
common-gate configuration. The amplified output signal
passes through a 53.9-MHz two—pole crystal filter and is then
applied to a second IF amplifier so that it is strong enough to
drive the second mixer.

The output of the frequency synthesizer’s 14.4-MHz
reference oscillator is split and part of the signal is applied to
the injection tripler. The injection tripler uses a Class C
bipolar transistor amplifier to generate the required
harmonics. The injection tripler output is tuned at a fixed
injection frequency of 43.2 MHz. The second mixer uses the
two input signals to generate a second intermediate frequency
“of 10.7 MHz. Low-side injection is also used in the second
mixer.

© Motorola, Inc. 1989
All Rights Reserved
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2.2 SECOND IF CIRCUITRY

The second IF circuitry uses several stages of filtering
and amplification. Selective IF filtering is done with
dual-resonator, mode—coupled monolithic crystals cut to a
fundamental frequency of 10.7 MHz. No tuning is required in
the second IF or detector circuitry.

The second mixer’s output is applied to the four—pole
filter (Y250 and Y251) via a matching network, and the
output of the first six—pole filter is applied to a matching
network and then to a high—gain (approximately 45 dB)
second IF amplifier (U250). The output of the second IF
amplifier is applied to a matching network, a four—pole filter
(Y252 and Y253), a final matching circuit, and the
limiter/detector (U251).

2.3 LIMITER/DETECTOR

The limiter/detector (U251) generates a limiting
function and a means for recovering audio from the
frequency—modulated carrier. Audio is recovered from the
second IF signal by means of a quadrature detector in the
limiter/detector

and an external two—pole dual-resonator crystal. The
recovered audio from the limiter/detector output passes
through an emitter—follower buffer (Q250) and then 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.

2.4 AUDIO AND SQUELCH

Detected audio goes to the optional PL/DPL circuitry
and then to the control head for application to the volume and
squelch controls. The adjustable outputs of these voltage
dividers are then routed to the radio for application to the
respective audio and squelch circuits. ‘

The incoming signals are buffered and filtered by the
PLfilter/audio—shaping stages to remove any receive PL
tones. These stages consist of quad operational amplifier
U440 and associated circuitry up to the input of the audio
driver (U441). The audio power amplifier consists of audio
driver U441, the driver transistor pairs, and the Class B

W10001S80-C
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complementary audio finals, Q448 and Q449. The audio
power amplifier amplifies the filtered audio signals, and the
amplified audio signal is then transformer—coupled to the
external speaker. The transmit time—out—timer tone and any
tones from the Systems 90 board are also injected at the input
of the audio power amplifier stage.

Squelch muting is controlled at two points: at
series—connected FET Q442 in the PL filter and shunt
transistor Q441 on the volume wiper line. Q442 is used for
squelch muting as well as for muting in the priority Channel
Scan mode while the priority channel is being sampled. The
MUTE line drives not only transistor Q441, butalso the audio
driver enable switch, Q447. When the audio driver is
disabled, the bias cur rent to the audio finals is removed, thus
reducing substantially the current drawn by the radio in the
standby mode.

2.5 SQUELCH OPERATION

The squelch control on the control head varies the signal
level of the buffered detector output. This signal, a
combination of noise and recovered audio, is shaped by the
squelch circuitry, which has good squelch characteristics
because of:

¢ A high-pass filter ahead of the first amplifier to
attenuate the audio frequencies to a specific level.

e Capacitors C403 and C404, which attenuate noise at
frequencies above 22 kHz to leave a band of noise
susceptible to detection.

* An input network to the detector that further attenuates
audio and any harmonics generated by audio limiting at
the output of the second amplifier/limiter.

The filtered noise is routed to a positive—peak detector,
which adds negative—going spikes at its output. These spikes
are forwarded to the integrator and the variable
squelch—tail—control circuitry. The integrator compares the
average DC level of the detector’s output with a reference
level and generates a fast-responding output signal, VO, as
follows: VO is greater than 4.5 V for squelched, and less than
4.5 V for unsquelched.

The detector’s output also goes to Q402 via a
dual-time—constant network consisting of R416, CR403, and
R417. If the signal is weak, or in the absence of a signal, the
noise spike rate becomes high enough to keep C410
discharged below the turn—on volt age of Q402. The collector
of Q402 therefore has a potential of +9.6 V. When the signal
level increases, Q402 turns on and its collector voltage, VO,
begins to decrease. With a strong signal, the collector voltage
reaches a minimum level of approximately 4 V. For a given
level at the integrator output, the voltage across C411 varies
directly with VO of Q402.

Q403 generates an output signal (SQUELCH TAIL) that
is a delayed and inverted version of the integrator output. The
microcomputer mutes the audio when the SQUELCH TAIL
signal goes low (0 V) and unmutes the audio when the signal
goes high (4.8 V). The Q403 turn—on voltage at the node
between R418 and R422 is approximately 4.5 V. This voltage
is determined by the 9.6 V supply, R420, C411, and the
dual-time—constant network comprised of R418, R419, and
CR404.

With loss of signal, the greater the voltage across C411,
the longer it takes the node voltage (R418 and R422) to
increase above 4.5 V, and thus the longer the SQUELCH
TAIL signal remains high after loss of signal. Since C411
charges through R419 and CR404, the SQUELCH TAIL
detect time is very short. The integrator output is inverted by
Q404 and supplied as a CHANNEL ACTIVITY signal. This
is a fast-responding output signal that is used only in Channel
Scan operation.

2.6 RECEIVER METERING SOCKET

Use the receiver metering socket (J250) to monitor the
performance of the receiver as follows:

e MSI (Pin | of the metering socket) shows the IF signal
frequency relative to the center frequency of the
quadrature detector.

Note
This should not be used for “warping” the radio
onto frequency.

e MS2 shows the level of the IF signal at the in put of the
limiter/detector.

® MS3 shows the second mixer bias current, the proper
injection level, and the high—level RF signals at the
second mixer output.

e MS4 shows the strength of the 14.4-MHz signal
generated by the reference oscillator.

e MS5 shows the DC current to the first mixer.

When making 20 dB quieting measurements on a radio
equipped with internal scan (W422 or W492), use the
following procedure:

(1) Unsquelch the radio and set the volume control so that
there is 5.5 volts RMS of noise at the speaker.

(2) Squelch the radio.

(3) Turnthe generator on at one of the scan frequencies. The
radio should stop scanning.

(4) Adjust the RF level until there is .55 volt RMS of noise
at the speaker (20 dBq).




3. Receiver Troubleshooting Procedure Note

Use the meter voltages, RF voltages, and DC
voltages shown on the receiver schematic
diagram at the end of this section when
troubleshooting the low-IF amplifiers and
detector.

This procedure finds the cause of a loss of receiver
sensitivity. Use equipment from the list of recommended test
equipment in the Maintenance and Troubleshooting Section
of this manual when performing it.

(1) Perform the preliminary checks of Table 1. If all the
meter indications are correct, go to Step 2.

(2) Apply a 20-millivolt signal to the antenna connector. If (3) If the meter indication at J250-3 is less than 35 mA,
the meter indication at J250-3 rises above 35 mA, check check the DC voltages of the high IF (Q201, Q202,
the low-IF amplifiers, filters, and quadrature detector. Q203, and Q204).

Table 1. Receiver Preliminary Checks

METERING SOCKET PIN NORMAL INDICATION IF INDICATION IS INCORRECT
J250-1 25 15 UA. Check the low IF and quad detector. See Note after step 2.
J250-2 a. (without signal): 20 +5 uA. Go to step 2 of section 3.

b. (with 20dB quieting signal):
should be 2 to 5 uA above first

signal.
J250-3 a. 27 +5 uA. a. Check Q203 DC voltages.
b. (when Q204 base is shorted): b. Check Q203 and Q204
should drop DC voltages 2-3uA.
J250-4 Greater than 10 uA. Check reference oscillator output level.
J250-5 a. 10-20 uA Range 1, Range 2. a. Check first mixer 25—40 uA for proper DC voltage.
b. Shorted (injection filter output b. Insufficient low filter output drive; check VCO and buffer.

to ground): should drop at least 20%.




RECEIVER FRONT END
P/O INTERNAL CASTING
5-POLE PRESELECTOR
HLD4108A
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o Mixer Q203 to produce the 10.7 MHz fgvs 3
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P/0 J602 . “"‘—J Gere U251 is a limiter/quadrature detector
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Tseer MHz i-f signal.
15 A cgs2 — L2t6 R215 ’— : l = RECEIVER
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10 K I
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= L214 4
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1 = TRIPLER
The Injection Tripler, Q204, triples the
14.4 MHz reference oscillator signal to
. . . . produce the 43.2 MHz second injection
Schematic, Circuit Board Diagram, and signal. . .
Parts List for Receiver Section
(Sheet 1 of 2)
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parts list

HLN5169A RF Board (Receiver Section) MXW-5491-0O MXW-549%-0 (2)
REFERENCE MOTOROLA REFERENCE MOTOROLA
SYMBOL PART NO. DESCRIPTION SYMBOL PART NO. DESCRIPTION
capacitor, fixed, pf, +5%, 100V (unless otherwise stated)" transistor (see note)
C202 21-11014H30 16 Q201-202 48-0086983¢9 FET, N—channel, type M9839
C203-204 08-11051A02 .0015 uF, 63V Q203 48-84412L.21 FET, type 12L.21
C205~-206 21-82450B13 1.5, 500V Q204 48-00869932 PNP, type M9932
C207 21-82450B08 1.2, 500V Q250 48-00869643 PNP, type M9643
C209 21-82450B47 1.0, 500V
c210 21-11014N14 6.8, +.5 pF reistor, fixed ohm, +5%, 1/4W (uniess otherwise stated)
c211 21-11014H48 91 R203 06—11009C01 10
Cc212 21-11015B15 1.5k, +10% R204 06-11008C27 120
Cc213 21-11014H19 5.6, +.5pF R205 06-11009C59 2.7k
Cc214 08-11051A07 .01 uF, 63V R206 06-11009C27 120
Cc215 21-11014H20 6.2, +.5 pF R207 06—11009CO1 10
Cc216 21-82450B08 1.2, 500V R208 06—11009C65 4.7k
Cc217 08-11051A07 .01 uF, 63V R209 06—-11009C59 2.7k
c218 23-11013D55 4.7 uF, +20%, 20V, tantalum R210 06-11009C69 6.8k
Cc219 21-11014H18 5.1, +.5pF R211 06-11009C75 12k
C220 08-11051A07 .01 uF, 63V R212 06-11009C35 270
ca21 21-11014H19 5.6, +.5 pF R213 06-11009C93 68k
c222 08-11051A07 - .01 uF, 63V R214 06—11009C59 2.7k
c223 21-11014H16 4.3, +.25 pF R215 06-11009C49 1k
C224 08-11051A07 .01 uF, 63V R216 06-11009C65 4.7k
Cc225 21-11014H08 2, +.25 pF R217 06-11009C41 470
Cc226 08-11051A07 .01 uF, 63V R218 06-11009C15 39
c227 21-11014H34 24 R219 06-11009C63 3.9k
Cc228 08-11051A07 .01, 63V R250 06-11009C85 33k
c229 21-11014H19 5.6, +.5 pF R251 06-11009C45 680
C230 21-82450B08 1.2, 500V R252-254 06-11009C85 33k
C231 21-11014H19 5.6, +.5 pF R255 06-11009C49 1k
c232 21-11014H36 30 R256-257 06-11009C81 22k
Cc233 08-11051A07 .01 uF, 63V R258 06-11009C99 120k
C234 21-11015B03 150, +10% R259 06-11009C49 1k
C235 21-80067A30 11.5, +2.5%, 500V R260 06~11009C89 47k
C236 08-11051A02 .0015 uF, 63V R261 06-11009C73 10k
C237 21-11015B05 220, +10% R262 06—11009D06 220k
C238 21-11014H22 75, +.5pF R263 06-11009C66 5.1k
€239 23-84538G06 47 uF, +20%, 20V, tantalum R264 06-11009C49 1k
C240 21-11015B05 220, +10% R265 06-11009C79 18k
C250 21-82450B47 1.0, 500V R266 06-11009C49 1k
C251 21-11014H36 30 R269 06-11009C45 680
C252 21-11014H35 27 R271 06-11009D22 1 MEG
C253-255 08-11051A07 01 uF, 63V ’
C256 08-11051A13 1 uF, 63V integrated circuit (see note)
ca57 08-11051A07 .01 uF, 63V U250 51-83977M55 IF amplifier, type M7755
C258 21-11014H36 30 U251 51-80069C05 IF/audio, type M6905
C259 21-11014H39 39
C260-261 21-82450B47 1.0, 500V crystal (see note)
c263 21-11014H13 3.3, +.25 pF Y200 48-83742M02 crystal filter
C264 21-11014H33 22 Y250 91-80011E04 crystal filter
C265 21-11014H41 47 Y251-254 91-80011E05 crystal filter
C266 21-11014H35 27 Y255 48-84574K03 resonator, 10.7 MHz
C267-273 08-11051A07 .01 uF, 63V mechanical parts
C274 21-11014H40 43 e -
c275 21-11014H28 13 26-84898M01 circuit board shield (2 used)
Cc276 21-11014H20 6.2, +.5 pF 26-83594M01 shield, component side (2 used)
c277 08-11051A07 01 uF, 63V 26-83594M01 shied|, component side (2 used}
c278 08-11051A13 1 uF, 63V 26-83595M01 detector shield, component side:
c279 08-11051A07 01 uF, 63V 05-82050H12 eyelet
C280-281 21-11015809 470, +10% 75-05295801 crystal pase pad (2 used)
c282 08-11051A07 .01 uF, 63V £/20/88
C283-285 21-82450B47 1.0, 500V note: For best performance, order diodes, transistors, and integrated circuit devices by
Motorola part number.
diode (see note)
R200 48-83654H01 silicon
CR203 48-83654H01 silicon
connector receptacle
J200 28-84324M01 2 contact, polarized
J201 28-84324M02 3 contact, polarized
J202-206 42-83891L01 mixer clip
J250 09-84207801 7 contact
jumper
JU200 06-11009D23 0 ohm
coil, RF
L200 24-83397L13 .82 uH gray-red
L201-202 24-83397L12 1.2 uH white
L203 24-82723H45 10.0 uH blue—red
L204 24-83397L12 1.2 uH white
L205 24-83397L13 .82 uH gray—red
L206 24-82723H48 .085 uH blue—orange
L207 24-83397L13 .82 uH gray-red
L208-209 24-82723H45 10.0 uH blue-red
L210 24-83397L13 .82 uH gray-red
ta211 24-83397L12 1.2 uH white
te12 76-83960B01 ferrite bead
L213 24-82835G41 5.6 uH green-blue—goid
L214 24-82723H36 .41 uH yellow
L215 24-83397L07 10 uH blue-blue
L216 24-82723H45 10.0 uH blue-red
L217 24-833970.08 15 uH gray-gray
L218 76-83960801 ferrite bead
£250 24-83397L07 10 uH blue-blue
1251 24-82723H45 10.0 uH blue-red
L1252 24-83397L07 10 uH blue-blue
L253-255 24-82549D24 15 uH
L256-257 = 24-82723H45 10.0 uH blue-red-
1.258 24-83397L12 1.2 uH white
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o
RECEIVER FRONT END
P70 INTERNAL CASTING
-
5-POLE PRESELECTOR
~
HLD4108A
LoW oSS FILTER (NOTE 3 cist FIRST MIXER
RECEIVER IEN (3100 ctio cne L1110 L1ty Lit2 fLue § s L116 § 7 Lig 150PF 2150
FROM ANTENNA 1 ! $ P03
. i T NOTES:
RELAY 27PF l 27PF o1 Lis2 1154 c160 FIRST (F (53.9 MHZ) .
|R o cit _j_ _L ’150 M22 A ey £ TO-1ST 53.9 MHZ IF i . - 1
“(‘)K ’[ 9IPF iz 3 SHae s 220 .82 0 28PF AMP (VIA J203) 1. Unless otherwise stated. all resistor values are in ohms. Meter Reading
Yinz I T I ]: T150 1 all capaci?or yalues are in microfarads. all inductor Normal |
i i L + < < " I S S S 4 | ) : 5% I%sps; values are in microhenries. woter # . Indication !
= B - - - r eter unction PProx.)
<+ C154 = = 2. Pins J602-15, J602-16, and J602-18 and capacitor C282 1 Quadrature detector center 25 uA
4TPF < CI56 Ti5¢ are ¢ to the i and syr i 4 of trequency .
L 4.3PF the radio. These components. appear on both the 2 2 n-g-——d i1 signal level Ito \die 16 uA
3| &100 and sy diagrams. fimiter/detector "@20dBq |
T 3. When the optional preamplifier is ordered. it is placed increases
P/0 4202 P/ 204 ; |
P ) in this location and the Low-Pass Filter board is, conse- . SuA
o 80! _i_ 1 0 quently, removed. 3 Second mixer with injection 27 uA
= = FIRST MIXER LJ1O! L9 L120 RF] RI5Y L153 Without injection (Q204 base | increases
KEYED +9.4V ! MeTen 9 230 082 The receiver input signal 4.7 Contains the rms rf voltage at these test points. shorted to GND) 5 uA
rRow ! BUFFER and the tirst receive injec- These voltages should be measured with an rf 4| Reference oscillator 15 UA
Pzz;ggr;%uw i . os2 ci57 tion signal generated by voltmeter with the rf signal generator adjusted for 1 mv 5 1st Mixer injection level 25-40 UA.
! - 3 L1500PFF 4o synthesizer are mixed into the antenna connector. 'SLvixer INjeciion leve,
4200 [ . 150PF to pr’t/)vide the 53.9 MHz With injection input grounded to 20%
KEYEDs9av[ 5 KEYED m33 Yy t | 1 tirst i-f signal. 5. * indicates the direction of the polarity dot on these Mixer detr:rv“e:se 9.6V
TO i DETECTOR  R260 i . , - crystals :
ANTENNA | % CR200 3-POLE INJECTION |Pro s205 JZRED
RELAY SND FILTER L257
1_1.. L 10
f
P10 4201
T0 | ‘| 4u200
P i
PREAM A %%2,19
= LIMITER/DETECTOR
SECOND IF SIGNAL LEVEL }L256
TO METER SOCKET )
iy ~
DETECTOR BUFFER
RzO7. - 10.7 MHZ FOUR-POLE FILTER cae7 cere R266
Acar Leas 10 [‘—)P" t K
.01 01
To Tar 4 © -L
2ND_MIXER B ) Lezs7
1208 1209 = —_— "ot
70 425 e Ze TO SWITCHED A+ R 1 . 1 : 1 R258
Lepgs e R209 w0 | Lcaze L — —_— 10.7 MHZ SIX POLE FILTER Lest 120K
T Go8 T 4707 ooy’ 27K T ot ] 10 Re62 QUAD DET.
R203 = * + = L2f . OUTPUT TO
© N R2T [ e — | Iseun 337k PLIFIER coss [220% METER SOCKET
- T T T T T 1 { i J250-1
(10 4250-6 ) 4l g——g M e 8 %° ‘1 r L— - — ; 10.7 MHZ IF AM E i 31 P10 JeOt
T T ezao | : 2ND IF_AMPLIFIER | Sy 1 T e | | 1o da ] e N
Tzzopr R205 L202 ' N ” 0.82 082 I of 12 [" 50V0C 13 i BUFFER DET CU™ 70
?‘1225”8” = — —— e —— —— Q204 27K i Q202 < NOTE 4 i 3 | PERSONALITY BCARD
4203 - = L2z M9839 = 2 50wy NOTE S | c2s5t - T 4
FIRST [ Mme839 1 Y200 c210 c216 €229 AR R251 X _ R269 NOTE4 NOTE 4 .0t
LI { ! | L200 czyoz 5v0c | o( S cz‘os _ NOTE 5? ‘L ' , [,7 3 _ “15VDC p S i ) +58V0C — pr l 5\&* . & Y250 T 5508 Tares T Y255 _L J_ woom -ljzsl BO)LF Ress ‘\ sy 5263 .c264 c265 o HIVDC 1 sevoC
T 10.820H t | 68PF l +581 ES A . c250 ceas | —d } . 2 g 2
we o 16PF L208 | Leoss™ _[. = L L205 caiz  Acalt 31208 | R208 1 d3bE  CRR0S Tl e 72 =@ Troer {35° 3 TR o | L250 ® py L B 22pr a7PF > L . 4%) az50
205 3L204 07 (209 T Fe oea” — I — 10PF 28283 —/ 10 3 ) T
I L2ud I 15pF 12 f2pF | T"""F 082 SEPF | StPF  3.085 ° L s ha —J 2 e R213 —— B T + = T 33K R254 c284 T | foee faE° I‘ng"’; —/ 1253 $o5e Raseerovae & Lczeo Lczsr R265 M9643
L = = 3 = = {OPF 5
_] = | z 270 68K = = = = = = 33 {0PF L I F : 1 I .o Ta70 T a70 18K o
c203 $20¢ -] — I il | 1 l 2 3 SECOND MIXER 10.7 MHZ 107 MHZ L :_[ 10.7 MHZ L_ _J = = -4 : 1- = = I ) ~19vDC 3 i |
' I = i - = = 539MHZ = = = = 1 h N = g 30 METERING ) ) - = t‘ 107MHz _’ L c270 o = =
= = 1 4 ! J
| | 1ST 539 MHZ IF ——1 ) z The 43.2 MHz second injection signal cpps SOCKET J250-3 : —_——— e — To
e e e e e — F o and the 53.9 MHz first i-f signal are ap- o1 s =
AMPLIFIER 388 =%ss 3 plied to the two gates of the Second = i
I ! o~ lMixer Q203 to produce the 10.7 MHz § xgvseo
o o |
- + 2 second i-f sighal. : +9.6V
P/ 4602 = = . ; FROM J601-1
; 2EG +9.6V (NOTE 2 | qare U251 is a limiteriquadrature detector
I8 { | e T which limits and demoduiates the 10.7
a0 - | Loer : = MHz i+ signal.
5 T 5 L216 R215 [ i RECEIVER
46 REG +a.6v © w T l | ; METERING
] 4. C236 €233 P SOCKET
1 0618 ’ S : J250
= 1214
1 = 0.410 1: 230 |
! REF 0SC
SiNTHESIZER Rae) — 0 FIRST MIXER | o 40~{——a FROM UB0B-3
REFERENCE MA 1 232 J_czgz"‘ r2n | g From = ViA C618 B R617
OSCILLATOR T T | TEE T 2K | . SECOND_MIXER
CIRCUIT . FIRST MIXER 3o-y——e FROM Q203 SOURCE
| ! +47ch ——— 1 INJ FROM 0§ VIA CR203 & R213
| L215 €235 +04V0C 204’ = = b J203 VIA R219 204 ?E%%"Beéﬂe
144 MHZ t T P o} _L } Q f ViA R258 GEW-3549-A
ca37 11.5p¢ o3k - M9932 . o7 QUAD DET
| Teeoer 1207 % = INJECTION : to-t— Frou vos:
L L = TRIPLER ¢
The injection Tripler. Q204. triples the %
14.4 MHz reference osctiiator signal to ¢
produce the 43.2 MHz second imjection
signal.
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HLN4492A R1 RF Board (Receiver Section) MXW--3550-A MXW-3550-A
REFERENCE MOTOROLA REFERENGE MOTOROLA
SYMBOL PART NO. DESCRIPTION SYMBOL PART NO. DESCRIPTION
capacitor, fixed, pF +5% 100V (unless otherwise stated ) transistor; {see note)
Cc202 21-11014H30 16 Q201-202: 48-00869839 FET, N—channel, type M9839
C203,204 08-11051A02 .0015 uF, 63V Q203 48-84412L.21 dual gate, type FE 12021
C205,206 21-82450813 1.5, 500V Q204 48-00869932 NPN, type M9932
Cc207 21-82450B808 1.2, 500V Q250 48-00869643 PNP, type M9643
€209 21-82450847 10, 500v resistor, fiixed, ohm +5%, 1/4 watt (unless otherwise stated )
c210 21-11014N14 6.8, + .5pF, 100V
B R203 06-11009C01 10
c211 21-11014H48 91
- o R204 06-11009C27 120
c212 21-11015B15 1.5k, +10%
_ R205 06-11009C59 2.7k
c213 21-11014H19 56
R206 06—-11009C27 120
C214 08-11051A07 .01 uF, 63V
_ R207 06-11009CO01 10
C215 21-11014H20 6.2
R208 06-11008C65 4.7k
C216 21-82450B08 1.2, 500V
» R209 06-11009C59 2.7k
Cc217 08-11051A07 .01 uF, 63V R210
c218 23-11013055 4.7 uF, £20%, 20V, tantalum 06-11009C69 6.8k
— R211 06-11009C75 12k
ca219 21-11014H18 51
R212 06-11009C35 270
C220 08-11051A07 .01 uF, 63V
. R213 06-11009C93 68k
ca21 21-11014H19 5.6
R214 06—11009C59 2.7k
c222 08-11051A07 .01 uF, 63V
~ R215 06-11009C49 1k
C223 21-11014H16 4.3, +.25pF
R216 06-11009C65 4.7k
C224 08-11051A07 .01 uF, 63V
R217 06—11009C41 470
Cc225 21-11014H08 2, +.25pF
R218 06-11009C15 39
Cca26 08-11051A07 .01 uF, 63V
_ R219 06-11009C63 3.9k
ca27 21-11014H34 24
R250 06-11009C85 33k
Cc228 08-11051A07 .01 ufF, 63V
— R251 06—-11009C45 680
c229 21-11014H19 5.6 X
- R252--254 06-11009C85 33k
C230 21-82450B08 1.2, 500V
_ R255 06~11009C49 1k
c231 21-11014H19 5.6
B R256,257 06-11009C81 22k
c232 21-11014H36 30
. R258 06-11009C99 120k
C233 08-11051A07 .01 uF, 63V
_ o R259 06-11009C49 1k
C234 21-11015B03 150, +10%
235 21-80067A30 11.5, +.250F, 500V R260 06-11009C89 47k
-9, 2P, R261 06-11009C73 10k
C236 08-11051A02 .0015 uF, 63V
o o R262 06-11009D06 220k
C237 21-11015B05 220, 10%
R263 06-11009C66 5.1k
C238 21-11014H22 7.5 R264 G
C239 23-84538G06 47 uF, +20%, 20V, tantalum 06-11009C49 1k
_ o, R265 06-11009C79 18k
C240 21-11015B05 220, +10%
R266 06-11009C49 1k
C250 21-82450B47 1.0, 500V
R R269 06~11009C45 680
C251 21-11014H36 30 R271 4 D22 MEG
Cc252 21-11014H35 27 f ' 06-11009 i
C253-255 08-11051A07 .01 uF, 63V integratedi circuit (see note)
C256 08-11051A13 1 uF, 63V U250 51-83977M55 IF amplifier
C257 08-11051A07 .01 uF, 63V U251 51-80069C05 |F/audio
Ca58 21-11014H36 30 1
259 21-11014H39 39 crystal (sse note) _
260,261 21-82450B47 1.0, 500V Y200 48-83742M02 crystal filter
C263 21-11014H13 3.3, +.25pF Y250 91-80011E04 crystal filter
C264 21-11014H33 22 Y251-254 91-80011E05 crystal filter
C265 21-11014H41 47 Y255 48-84574K03 crystal coupled resonator
C266 21-11014H35 27 i
267,273 08-11051A07 01 uF, 63V mechanical parts
G274 21-11014H40 43 26-84898M01 circuit board shield (2 used)
C275 21-11014H28 13 : 26-83594M01 component side shield (4 used)
C276 21-11014H20 6.2 26-83595M01 component side detector shield
ca77 08-11051A07 .01 uF, 63V 05-82050H12 eyelet .089X.093
Cc278 08-11051A13 .1 uF, 63V O430/88
gggg 281 g?:::g?;gg; f;o“ggﬁ/c" note: For ibest performance, order diodes, transistors, and integrated circuit devices by
C282 08-11051A07 01 UF, 63V Motorola mart number.
C283-285 21-82450B47 1.0, 500V
diode (see note)
CR200,203 48-83654H01 silicon
connector receptacle
J200 28-84324M0O1 2-contact, maie
J201 28-84324M02 3—contact, male
J202-206 42-83891L01 single contact, femaie
J250 09-84207B01 7-contact, female
jumper
JU200 06—11009D023 jumper
coil, rf
L200 24-83397L13 .82 uH gray/red
1.201,202 24-83397L12 1.2 uH white
1203 24-82723H45 10 uH blue/red
L204 24-83397L12 1.2 uH white
L205 24-83397L13 .82 uH gray/red
1206 24-82723H48 .085 uH blue/orange
L207 24-83397L13 .82 uH gray/red
L208,209 24-82723H45 10 uH blue/red
L210 24-83397L13 .82 uH gray/red
L211 24-83397L12 1.2 uH white
L212 76—83960B01 ferrite bead
L213 24-82835G41 5.6 uH green/blue/gold
L214 24-82723H36 .41 uH yellow
L215 24-83397L07 10 uH blue/blue
L216 24-82723H45 10 uH bluefred
L217 24-83397L08 15 uH gray/gray
L218 76~83960801 ferrite bead
L250 24-83397L07 10 uH blue/blue
L251 24-82723H45 10 uH blue/red
L1252 24-83397L07 10 uH blue/blue
L253 24-83397L08 15 uH gray/gray
1.254,255 24-82549D24 15 uH
1.256,257 24~-82723H45 10 uH bluefred
1258 24-83397L12 1.2 uH white
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HLN5377A RF BOARD RECEIVER  FRONT END

P/0 INTERNAL CASTING

5-POLE PRESELECTOR
HLD4108A |
LOW PASS FILTER (NOTE 3) oist FIRST MIXER } .
HLN4491A !
RECEIVER IN CLaioo cHo cne Li10 Litt L2 e g LS § L Ly funs 150PF Q150 ! p203 ;
FROM ANTENNA  (®r— -—E ¢ { ( '
RELAY A l : § f150 M2201 Lis2 L154 C160 FIRST IF (53.9 MHZ) ! NOTES:
f A —rrr > TO IST 53.8 MHZ IF |
RHO g:ér ci2 ci13 c114 CHs 220 0.82 0.15 28PF AMP (VIA J203) 1. Unless otherwise stated, all resistor values are in ohms. Meter Reading
10K ’[ Tepr 30PF 30PF 18PF 1150 all capacitor values are in microfarads, all inductor Normal
<u3 R L e Taiar %‘fg’: values are in microhenries. Indication
+ N = = = = 7 T 7 7 7 “ : I . Meter # Function (Approx,)
+ C154 = = 2. Pins J602-15, J602-16, and J602-18 and capacitor C282 1 Quadrature detector center 25 uA
47PF Lese st are common to the receiver and synthesizer sections of frequency
4.3PF the radio. These components appear on both the 2 zgg—d i signal ievel into "
100 = receiver and synthesizer schematic diagrams. fimiterdotector —%%31%—55—
N q
1 ‘IMooo | . A . inor
PF P/O J; 3. Whep the o_ptnonal preamplifier is prdered, it is placed increases
Jpro 202 AP/0 J204 in this location and the Low-Pass Filter board is, conse- SuA
13 quently, removed. ) 3 |Second mixer with injection 27 uA
P/O J601 = = FIRST MIXER Ly10t Lne L120 Li2t Ri5t L153 . . Without injection (Q204 base | Increases
KEYED +9.4V ! pEeTIoN 250 0.82 The receiver input signal 4.[] Contains the rms rf voltage at these test points. shorted to GND) 5 UA
FROM ! l BUFFER and the first receive injec- These voltages should be measured with an rf + T Reference oscillaior Eur
PERSONALITY cis2 A C157 tion signal generated by voltmeter with the rf signal generator adjusted for 1 mv 5 13—”“‘“‘—” Mixer injection lavel 25-40 UA
BOARD S <+ 1500PF  yne synthesizer are mixed into the antenna connector. 31 VST MISCLON _ove.
o s to pr’;w.de e 539 Mtz With injection input grounded to |  20%
KEYED+94V Jzzoo KEVED wiren ) ‘ { first i-f signal. 5 * Intdi::ates the direction of the polarity dot on these Mixer de%?:se oy
o fE— ! : ' ‘ crystals. -
ANTENNA %craoo  DETECTOR  R260 3-POLE INJECTION |pr0 205 |Pro 206
RELAY GND . FILTER I I Ltzdw
P10 J201
T0 l (] JU200 .
PREAMP L,irl Tears
01
I LIMITER/DETECTOR
SECOND IF SIGNAL LEVEL 3L256
YO METER SOCKET 10
J250-2 g
e DETECTOR BUFFER
- R207 10.7 MHZ FOUR-POLE FILTER €267 cere | | €275 yos4_ *36V | R266
car o 10 3t ot gl - ®
o Tar o o4 16PF ‘
= = b = = | sy 1 1265 €276 $R263
2ND_MIXE c257 15 15 | e2pF jiok
F293, Raie TO SWITCHED A+ —HE28 SN ' 7 o R258 l 1: I
(TO J250-5) ? { 10 K = -
U g w209 m0 | Lcae — 10.7 MHZ SIX POLE FILTER Lomt , e | leer 07wz o
& T a7vF 27K 6.8K T ol 10 =y ; | Re262 QUAD DET.
R203 I ’ +9.6V = L213 1 OUTPUT TO
2s L | = R214 | paeF= 220K METER SOCKET
Rt M 1T — 1 sewn yerx 10.7 MHZ IF AMIPLIFIER cees - l R261 J250-1
o 1MEG — ot ql [ - L I . MiP fad e | .
R219 c214 €220 —_— L——) 10K P/0 JBO1
TO J250-6 ) it 4 L 3% c2: = v
o ’ 3.9K Lezao ‘ = ___2ND IF_AMPLIFIER l ;LZW l I L210 | | Aoz §L2n l R _ - = P ra6voC | | SUFFER DET OUT T2
220PF R205 I ]"“ 0.82 0.82 o1 12 Q203 r ) ores T Lcese A s | s g
L2se Q201 27K Q202 Mi212 I NOTE 4 7 T ox | | 1 cors PERSONALITY BCARD
= -———— . = . — s — =
rirsy 2292 f . oz MS839 l ﬁ/wacmssss 1 e l | " savo . L2 _ - *r;c;;g 5 st vass R269 va51 | cast | per N I NOTE 4 ]_ NOTE 4 \\‘0‘ «56vDC To
g59 | foL:ZUH )} 2200 | /S \p _L ‘ (B | 2] l 5avD0 62 4c223 a0 kG225 T 27 55 oo M| L L Lczso bapse®Pimemz looes | | l 6800 1L 30PF ml" 5'z.owxgi' cass Y252 ] _R2ss 253 283 cee4 - c2es | BSOMY . ,igv0ct i S a2 lrssvoc
MHZ - 16PF J' +25V0C  Ta3pF R T 2pf < = 2 33 T6PF ces3 L250 S v ' A s 2 ol { — s d - . 64 . 250
L20t | ’ 1206 Acais c219  3R208 | =8 24PF 7 327 — J“»°PF 33k I I 1OPF §R25S I 27 |30 1 L _]_ 3 35| 22PF 4TPF 4 u2st Q
G T 4 ¢ - 10 R C260 $R256 4.C261 : €269 6 1K
] 204 ] G ¥ F 085 62PF SIPF % T 224 oro o s T L 1 4 ! I 33K azss coms | 4 L ! 543 %%:@7 | Ig%spsr "1%52] A §260 3223 =fzel  — 253 c286 | R2sesovoC 3 2 T2oVDC _L con J_ comt 265 M9643
| = _J = H l = 270 68K = + =+ = ! = = 33K 10PF :,E = I.Oi 1L To = T 25T I I L .01 : 15 470 470 18K 4
| c203 3R204 —_—— = ] il S [7 = SECOND MIXER 10.7 MHZ 10.7 MHZ L 4 10.7 MHZ !_ __j 253 = = = = 22K = = +1.9v0C 3 c271
I.oous I i i < = + S l " oureut Level — Im e 107 MHZ = 107 MHZ —] car0 To L L L
<+ = T E
L_ _J IST 5398 MHZ IF I z The 43.2 %Hz second injection signal L cppg SOCKET J250-3 = — et To
— o and the 53.9 MHz first i-f signal are ap- -0t =
AMPLIFIER 20 212 E] plied to the two gates of the Second =
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parts list ‘ | HLN5377A RF BOARD

Q
HLN5377A RF Board (Receiver Section) MXW-5996-O MXW-5996-0 (2) §
o
REFERENCE MOTOROLA REFERENCE MOTOROLA &
SYMBOL PART NO. DESCRIPTION SYMBOL PART NO. DESCRIPTION 2
capacitor, fixed, pF, +5%, 100V (unless otherwise stated) transistor (see note) o e 8WW R e o . -
C202 21-11014H30 16 Q201,202 48-00869839 JFET, N—channel { ) 3 ' o T T S S e e e 7
C203,204 08-11051A02 .0015 uF, 63V Q203 48-84412L.21 FET, N—channel
C205,206 21-82450B13 1.5, 500V Q204 48-00869932 NPN . ¢
C207 21-82450B808 1.2, 500V Q250 48-00869643 PNP l |
gg?g g::?%?gz‘g 61;,850+0¥ oF resistor, fixed, ohm, +5%, 1/4 watt (unless otherwise stated) ! - N 4 §
C211 21-11014H48 o1 ; R203 06-11009C01 10 - = - ’ . §
c212 21-11015815 015 uF, +10% R204 06-11009C27 120 o . 5 ) ¢ [
c213 21-11014H19 56, +5 pF R205 06-11009C59 2.7k e g " o ) ' :
R206 06-11009C27 120 { | " id 0
c214 08-11051A07 .01 uF, 63V T o
. R207 06-11009C01 10 T AV .
c215 21-11014H20 6.2, +.5 pF AnheTRA
_ R208 06-11009C65 . 47k ) - .
c216 21-82450808 1.2, 500V . REL ol
c217 08-11051A07 .01 uF, 63V R209 06-11009C59 2.7k “~ c285 c250
c218 23-11013D55 4.7, +20%, 20V, tantalum R210 06-11009C69 6.8k W 8 0 4 4 2
- R211 06-11009C75 12k : - i Py - .
c219 21-11014H18 51, +.5 pF (75 o ol c2 R269 R251 |
R212 _ 06-11009C35 270 o = % [ e N -
C220 08-11051A07 .01 uF, 63V @ s ¥ |
c221 21-11014H19 56, +.5pF R213 06-11009C93 68k o
& R214 06-11009C59 2.7k © )
C222 08-11051A07 .01 uF, 63V -~ y
— R215 06-11009C49 1k
c223 21-11014H16 4.3, +.25 pF
R216 06-11009C65 4.7k |
C224 08-11051AQ7 .01 uF, 63V
. R217 06-11009C41 470
C225 21-11014H08 2, £.25 pF
R218 06-11009C15 39
C226 08-11051A07 .01 uF, 63V ©
_ R219 £6-11009C63 3.9k
c227 21-11014H34 24 ] &
R250 06-11009C85 33k
c228 08-11051A07 .01 uF, 63V
c229 21-11014H19 5.6, +.5 pF R251 06--11009C45 680 {
T R252-254 06-11009C85 33k 2
C230 21-82450B08 1.2, 500V
_ R255 06-11009C49 1k
C231 21-11014H19 58, +.5 pF -
C232 21-11014H36 30 R256,257 06-11009C81 22k : i
R258 06-11009C99 120k } 3
C233 08-11051A07 .01 uF, 63V
_ o R259 06-11009C49 1k
C234 21-11015803 150 pF, +10% |
R260 06-11009C89 47k :
C235 21-80067A30 11.5, +2.5 pF, 500V &
R261 06-+1009C73 10k
C236 08-11051A02 .0015 uF, 63V .
~ o R262 06-11009D06 220k
c237 21-11015B05 220, +10%
C238 21-11014H22 75, .5 pF R263 06-11009C66 5.1k = : :
C239 23-84538G06 47 uF, +20%, 20V, tantalum R264 06-11009C49 1k . -
C240 21-11015B05 220, +10% R265 06-11009C79 18k 2}
0 R266 06-11009C49 1k ;
C250 21--82450B47 1, 500V !
G251 51-11014H36 30 R269 06-11009C45 680 E
Cos2 21-11014H35 57 R271 06-11009D22 1 MEG i K i
C253-255 06-11051A07 01 uF, 63V integrated circuit (see note) @ 4 §
A Uk, u2s0 51-83977M55 IF amp e
c257 08-11051A07 .01 uF, 63V 251 1 CO5 d FA S 4
Coass 21-11014H36 30 U 51-80069 quad detector ; i g
C259 21-11014H39 39 crystal (see note) g
C260,261 21-82450B47 1, 500V Y200 48-83742M02 53.9 MHz fitter i f
C263 21-11014H13 3.3, +.25 pF Y250 91-80011E04 10.7 MHz .
C264 21-11014H33 22 Y251-254 91-80011E05 10.7 MHz . i e
C265 21-11014H41 47 Y255 48-84574K03 10.7 MHz resonator 2 Juzo4 Juz03
C266 21-11014H35 27 i
C267-273 08-11051A07 .01 uF, 63V mechanical parts |
C274 21-11014H40 43 , U205
Cc275 21-11014H28 13 05-82050H12 eye lug |
C276 21-11014H20 6.2, +.5 pF 26-84898M01 circuit board shieid, 2 used i
Cc277 08-11051A07 .01 uF, 63V . 26-83594M01 component side shield, 4 used o i
c278 08-11051A13 .1 uF, 63V 26-83595M01 detector component side shield g i
Cc279 08-11051A07 .01 uF, 63V 26-83597M01 prescaler component side shield b
280,281 21-11015B09 470, +10% 26-83814M01 fence shield i b - i >} 61
C282 08-11051A07 .01 uF, 63V 75-05295B801 crysta pad k)
C283-285 21-82450B47 1. 500V 01-80707T22 shield & strap assembly | s G2
N 01-80707723 shield & strap assembly H Q203
diode (see note) 5 (SHOWN FROM LEAD SIDE)
CR200 48-83654H01 silicon 11/1/88 E : ,
CR203 48-83654H01 silicon note: For best performance, order diodes, transistors, and integrated circuit devices by Z
Motorola part number. I ] e
connector receptacle i . R
J200 28-84324M01 2 contact ; R
J201 28-84324M02 3 contact ! s
J202-206 42-83891L01 mixer clip : o
J250 09-84207B01 7 contact i 0201 5 9202
jumper ' (SHOWN FROM LEAD SIDE)
JU200 06-11009D23 0 ohm i
coil, RF, uH §
1200 24-83397L13 .82, gray red i i
1201,202 24-83397L12 1.2, white L U206 N
L203 24-82723H45 10, blue red |
L204 24-83397L12 1.2, white ] - H Q151 & Q156
L205 24-83397L.13 .82, gray red i . (SHOWN FROM LEAD SIDE)
1206 24-82723H48 .085, blue orange ; :
L207 24-83397L13 82, gray red % ;
L208,209 24-82723H45 10, biue red ~ i )
L210 24-83397.13 .82, gray red i 14
L2t 24-83397L12 1.2, white § . e e S-S O S - e I
L212 76-83960B01 ferrite g3 SHOWN FROM "SOLDER SIDE SOLDER SIDE &GEW-3076.4
L213 24-82835G41 5.6, green biue gold w z COMPONENT SIDE:: SEW-3071:0
L214 24-82723H36 41, yeliow «
L215 24-83397L07 10, blue blue
L216 24-82723H45 10, blue red
L217 24-83397L08 15, gray gray
L218 76-83960801 ferrite
L250 24-83397L07 10, blue blue
L251 24-82723H45 10, blue red
L252 24-83397L07 10, blue blue .
L253 24-83397L08 15, gray gray Schematic, Circuit Board Diagram, and
L254,255 24-82549D24 15 A .
1256.257 24-82723H45 10, blue red Parts List for HLN5377A (Receiver
L258 24-83397L12 1.2, white : PW-600
(Sheet 2 of 2)
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FIRST MIXER LOW PASS FILTER

TO 5-POLE
PRESELEGTOR TO INJECTION
OUTPUT (Lti8) FILTER OUTPUT (L120)

TRANSISTOR DETAIL
(FROM WIRE LEAD SIDE)

Q51 8 Q156
) .
. parts list
g HLN4912A Internal Casting Hardware MXW-6009-O
REFERENCE MOTOROLA
SYMBOL PART NO. DESCRIPTION
capacitor, fixed pF, +10%, 50V (unless otherwise stated)
21-82805H04 28, 200V
coil, RF
TO FIRST 53.9 MHZ IF AMPLIFIER L114 24-84832M01 HELICAL 16 1/2 turns
R A 1A P 7J203). L115-117 24-84832M02 HELICAL 15 3/4 turns
ON RF BOARD (VIA P203/J203) L118 24-84832M06 HELICAL 17 1/4 turns
L1119 24-84832M04 HELICAL 11 7/8 turns
L120 24-84832M05 HELICAL 11 1/4 turns
L121 24-84832M04 HELICAL 11 7/8 turns
non-referenced parts
04-83755H01 washer
09-84135B02 connector (2 used)
14-80175M02 insulator shield
S H ow N FR 0 M CO M N E SOLDER SIDE 4% GCw-3088-0 15-84776M01 casting
PONENT SIDE COMPONENT SIDE &  GCW-3089-A
oL GCW-3080-0 1115788
SHOWN FROM COMPONENT SIDE ‘ TQ 5-POLE T0 ANTENNA
COMPONENT BD # GCW-3085-0 PF(!ESEL)EC TOR RELAY HLN4490A R1 Internal Casting Hardware Kit MXW-3552-A
. - Lna
SOLDER BD g GCW-3086-A (ViA 4100} REFERENCE MOTOROLA DESCRIPTION
oL GCW-3087-0 . SYMBOL PART NO.
capacitor, fixed, pF, 5%, 100V (unless otherwise stated)
parts list c150 21-82805H04 28, +10%, 200V
. parts list : gl o
. L114 24-84832M07 green
HLD4108A First Mixer Board MXW-3094-B " L115-117 24-84832M08 yellow
p— — HLN4491A Low-Pass Filter MXW-3551-A Li18 24-84832M09 orange
| L119 24-84832M10 white
SYMBOL PART NO. DESCRIPTION o INCE MOTOROLA DESGRIPTION L120 24-84832M11 red
capacitor, fixed, pF, +5%, 100V (unless otherwise stated) N ) Liz1 24-84832M12 blue
C151,152 21-11015B03 150, +10% capacitor, fixed pF, +5%, 100V (unless otherwise sitated) mechanical parts
C153 21-11014H32 20 gﬂo 21-11014H35 27
C154 21-11014H41 47 1 21-11014H48 91 : 16-84776M01 cover
C156 21-11014H16 4.3, +.25 pF C112 21-11014H31 18
C157 21-11015B15 1500, +10% j C113,114 21-11014H36 30 04/30/88
C158 21-11014H48 91 C115 21-11014H31 18
C159 21-11014H41 47 C116 21-11014H35 27
coil coil, RF HLN4260A Internal Casting Hardware Kit MXW-3093-A
L150 24-82723H36 41 uH, yellow H]? gﬁgggzggi )?gleoxw ’ REFERENCE MOTOROLA
£152,153 24-83397L.13 .82 uH, gray-red
[154 24-82723H22 15 uH, brown-green L112,113 24-83884G09 blue SYMBOL PART NO. DESCRIPTION
t etor ) resistor, fixed, ohm, +5%, 1/4 watt (unless otherwise stated) 02-84773E02 tension nut
ransistor (see note R110 06-11009C73 10k 03-00138841 set scres {8-32 X 5/8)
Q150,151 48-82022N01 FET. type M2201 ‘ ferenced piart 03-10943M10 tapping screw (3 X 0.5 X 8)
. . ) non-referenced piarts 03-10943M14 tapping screw (3.5 X 0.6 X 6)
E?f;%‘?;y""e"’ ohm, :Sg/a 11 /fo\é\ggianéess otherwise stated) 6-84918MO01 Tior Sioa 03-10943M15 tapping screw (T3.5 X 0.6 X 8)
R 03-80132J02 heavy duty pan screw
E 15-80209801 preselector cover
transformer 11/10/88
. 15-80210B02 preselector cover
T150,151 24-80276D01 toroid 15-83214M01 plug cover
6/20/88 15-84817M01 VCO cover
notes: 15-84851M01 buffer cover
1. For best performance, order diodes, transistors, and integrated circuits by Motorola part 15-84852M01 mixer cover
number. ] . 15-84853M01 preamp cover
2. Transistors Q150 and Q151 must be replaced as a pair. i 32-80042D01 mixer gasket
: 32-80043D01 preamp gasket
32-82796H01 gasket (2 used)
! 37-00122063 teflon tubing (4 used)
) HLN4250A Low Pass Filter Board MXW--3092-A 6/20/88
|
: REFERENCE MOTOROLA
I SYMBOL PART NO. DESCRIPTION
capacitor, fixed, pF, +5%, 100V (unless otherwise: stated)
C110 21-11014H35 27
Ci111 21-11014H48 9%
Cc112 21-11014H30 16
C113-114 21-11014H36 30
C115 21-11014H30 16
Cc116 21-11014H35 27
coil
L110-113 . 24-83884G09 blue, 6 1/2 turns
resistor, fixed, ohm, +5%, 1/4 watt (uniess otherwiise stated)
R110 06-11009C73
Circuit Board Diagrams and Parts Lists ; mechanical parts
. . . 26-84918M01 shiield
for First Mixer and Low Pass Filter ’ —
)/
PW—GOOB—O : note: For best performance, order diodes, transisfiors, and integrated circuit devices by
11/11/88 : Motorola part number.










MOTOROLA
Mobile Products Division

Transmitter

1. Theory of Operation

The SYNTOR X high-band transmitter has three major
section: the intermediate power amplifiers (IPA), the power
amplifier (PA), and the directional coupler board. All of them
have 50—ohm interfaces that facilitate troubleshooting and re-
pair.

1.11PA

The 40-mW transmit injection signal from the frequency
synthesizer goes to the two—stage variable gain exciter. Col-
lector current for these stages (Q701 and Q702) is proportion-
al to the power control voltage developed by the regulating
and protective feedback system. The output of the IPA (1.5
watts maximum) is coupled to the power amplifier.

1.2 POWER AMPLIFIERS

1.2.1 100-Watt Power Amplifier

The RF signal passes from the IPA to the final power am-
plifier via a coaxial cable. The signal then goes through the
predriver stage Q801 and to the driver stage Q802. Two class
C parallel transistor stages (Q803 and Q804) bring the output
up to its final level.

The transmitter uses temperature—sensing circuitry to pro-
tect the final power amplifier against high temperatures. This
circuitry works in conjunction with the power control circuits
to reduce the radio output power whenever the transistor tem-
perature exceeds 80°C. The power control circuitry measures
the current in the final PA stage. The RF drive to the PA is re-
duced whenever it exceeds a safe level.

1.2.2 40-Watt Power Amplifier

The RF signal passes from the IPA to the final power am-
plifier via a coaxial cable. The signal then goes through the

© Motorola, inc. 1989
All Rights Reserved
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driverstage Q801. A class C transistor stage (Q802) brings the
output up to its final level.

The transmitter uses temperature—sensing circuitry to pro-
tect the final power amplifier against high temperatures. This
circuitry works in conjunction with the power control circuits
to reduce the radio output power whenever the transistor term-
perature exceeds 80°C. The power control circuitry measures
the current in the final PA stage. The RF drive to the PA is re-
duced whenever it exceeds a safe level.

1.3 DIRECTIONAL COUPLER BOARD

The RF power output from the final amplifier module goes
to the directional coupler. The directional coupler measures
both the forward and reflected power. Information relating to
the forward and reflected power relays to the power control
circuitry on the common circuits board. The power control cir-
cuits react to any change in power by changing the RF drive to
restore the RF power output to its original level.

When the reflected power at the radio output connector
reaches a level that can damage the final power transistors, the
power control circuitry reacts by reducing the RF power out-
put to a safe level. The reflected power should always be less
than 40% of rated output power. The directional coupler RF
output goes to the antenna via a harmonic filter and the anten-
na switch.

1.4 METERING

Through the transmitter metering socket (J952) on the
common circuits board, transmitter parameters are monitored
as follows:

o J952-3 checks the IPA control voltage.

¢ J952—4 produces a DC voltage proportional to the 9.6V
regulated supply.

¢ J952-5 measures the current in the final stages of the
transmitter.

wW10001S81-B
3/30/89




1.5 POWER CONTROL AND PROTECTION
CIRCUITRY

Sensing circuits monitor PA current, heatsink tempera-
ture, control voltage, forward power, and reflected power. The
circuitry compares these parameters with acceptable refer-
ences and combines them to produce the control voltage that
regulates and protects the PA by controlling the variable gain
exciter stages.

During normal operation, the regulation of transmitter
output poweris a function of the detected forward power level.
The directional coupler board contains a pickup element and
signal diodes that produce output voltage proportional to the
forward and reflected power levels. The detected forward
power voltage is applied to U901 A. U901 A compares its level
with the adjustable reference established by POWER SET po-
tentiometer R911. The output of the comparator is amplified
by Q903 and Q904 to become the power control voltage to the
exciter.

The circuits protect the transmitter by monitoring and lim-
iting critical PA parameters. Current in the final PA stage
passes throughR801, causing a proportional current path form
current limiter circuit Q905-Q908. If the current drawn over-
comes an adjustable level established by CURRENT LIMIT
potentiometer R939, then Q907 conducts harder, increasing
the quiescent level applied to protection comparator U901B.
Similarly, a voltage proportional to the VSWR at the direc-
tional coupler board is added to the steady—state level at the in-
put of the protection comparator. Increasing the input level de-
creases the output of U901B. This increases the conduction of
Q905, and the effect of this increase on the forward power lev-
el comparator circuitry decreases the control voltage, ulti-
mately reducing the PA power level.

To monitor the control voltage, the circuitry applies a por-
tion of the signal to the emitter of Q905 and compares it with
the base, whichis biased by the protection comparator output.
Anincrease in the control voltage causes feedback to the com-
parators to lower the level of the control voltage.

2. Installation Power Set Procedure

See the Maintenance and Troubleshooting section of this
manual for recommended equipment.

2.1 AUDIT POWER OUTPUT

After completion of the radio installation you must audit
the power outputof your radio. Each radio installation may af-
fect the transmitter s power output due to variations in antenna
loading. The factory sets each radio to its specific power out-
put using a calibrated 50 ohm load. Your antenna might not
present the same load impedance to the radio transmitter caus-
ing changes to system performance.

2.2 VERIFY POWER OUTPUT

Verify your system has the correct antenna for the frequen-
cy range of your radio.

Note

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

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) Measure the VSWR of the radio system for each channel.

(3) Verify power output on the transmit frequency with the
lowest VSWR is at least the 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 Low-band). Check your antenna for proper
installation and ensure it is designed for your
operating frequency.

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

(5) If measured power output using 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.

3. Transmitter Tests

Note

See the Synthesizer section of the manual for
information on transmit frequency, audio
deviation, and modulation troubleshooting.

CAUTION

Key the transmitter only while making
adjustments. Make adjustments from the
bottom of the radio and through the common
circuits board.




Table 1. Minimum Normal Current Indications for 100-watt Radios

TRANSISTOR  Collector Current 136144 MHz 150-155 MHz 155-162 MHz 162-174 MHz
Q801 DIRECT — C17A 1.2A 0.75A
Q802 DIRECT — 2.4A 2.4A 2.5A
Q802 DROP ACROSS R822 — 240 mV 240 mV 250 mV
Q803,804 DROP ACROSS R801 — 160 mV 170 mvV 160 mV
Q803,804 MTR 5 — 16 uA 17 uA 16 uA

3.1 PRELIMINARY TEST

Connect the radio to a proper wattmeter, dummy load, and
13.4V supply. Plug a TEKS—series meter panel set to position
C or a portable test set into the alignment metering socket,
J952. Use the neutral or receive position on the meter panel, or
set the function switch on the portable test set to the receive
position.

3.2 CONTROL AND PROTECTION TESTS

3.2.1 Current Limiting (R939)

(1) Set POWER SET (R911) fully clockwise.
(2) Set CURRENT LIMIT (R939) fully counterclockwise.

(3) Key the transmitter and observe the radio current drain.
Drain should be less than 5 uA. Rotate CURRENT
LIMIT clockwise. The current drain should increase to a
maximum reading of less than 30 uA before youreach the
maximum clockwise position.

3.2.2 Power Set (R911)

(1) Set CURRENT LIMIT (R939) fully clockwise.
(2) Set POWER SET (R911) fully counterclockwise.

(3) Key the transmitter and observe the wattmeter. Rotate
POWER SET (R911) clockwise to set the maximum
power output level.

3.2.3 Thermal Protection

(1) Set CURRENT LIMIT (R939) fully clockwise.

(2) Rotate POWER SET (R911) until the power reading is at
the proper power set level for the radio under test.

(3) Atthe PA feedthrough plate, use an insulated jumper clip
to short the TEMP SENSE lead (C883, connected to
orange wire) to the B— lead (C882, connected to the
black—white wire) of the 100—watt model or to the A—
lead (C885, connected to heavy gauge black wire) of the
40—watt model.

(4) Key the transmitter and verify the power output
indication is now less than 25% of set power.

3.2.4 Reflected Power (VSWR) Protection

(1) Set CURRENT LIMIT (R939) fully clockwise.

(2) Key the transmitter and adjust POWER SET (R911) for
normal power.

CAUTION

Since the following test requires transmission
without a dummy load, key the transmitter only
long enough to allow verification of proper
operation of the equipment.

(3) Remove the 50—ohm load from the radio. Briefly key the
transmitter and verify the output power indicates less
than 50%.

3.3 RF AMPLIFICATION TESTS

3.3.1 Injection

(1) Disconnect the RF drive signal to the exciter from the
synthesizer (J700).

(2) Connecta 50—ohm terminated RF milli-voltmeter to the
synthesizer’s transmitter injection plug (P700). Residual
RF drive to the exciter in the receive mode should be less
than—15dBm. Transmitter injection in the transmit mode
should be greater than +16 dBm.

Table 2. Minimum Normal Current Indications for
40-Watt Radios

TRANSISTOR Collector Current 150-174 MHz

Q801 DIRECT 1.5A-1.3A

Q802 DIRECT 7.2A-8.2A
DROP ACROSS R801 215 mV-245 mV
MTR 5 21-24 uA

3.3.2 Exciter

(1) Disconnect the exciter output cable from the PA and
re—connect it to a wattmeter and dummy load.

(2) SetPOWER SET(R911)and CURRENT LIMIT (R939)
to mid—rotation.




(3) Key the transmitter. The minimum output power should
be greater than 1.5 watts.

3.3.3 Power Amplifier

(1) Disconnectthe PA from the antenna switch at J901 on the
directional coupler board.

(2) Connect the PA to a wattmeter and dummy load viaJ901.

(3) Set POWER SET (R911) fully counterclockwise and
CURRENT LIMIT (R939) fully clockwise. Key the
transmitter. Output power should exceed rated radio
power by at least 20%.

4. Power Amplifier Troubleshooting Guide

4.1 GENERAL

This guide is to help you locate faults once you have traced
them to the power amplifier. To conduct the checks described
here, connect 13.5 VDC to the radio through a standard cable
kit. Start with POWER CONTROL (R911) set fully counter-
clockwise and CURRENT LIMIT (R939) set fully clockwise,
and the radio keyed on a channel suspected to be defective.

4.2 NO POWER OUTPUT, OR OUTPUT LESS THAN
20% OF RATED POWER

4.2.1 Voltage Checks

With the radio unkeyed and the receiver audio at a mini-
mum, check for +13.3V DC on the collectors. If one or more
stages have zero voltage, check the associated DC feed cir-
cuits for an open circuit.

4.2.2 Individual Stage Current Checks

Check the collector currents drawn by all stages for the
normal values shown in Table 1 or Table 2.

(1) If a stage is drawing less than the minimum collector
current, check for shorts or defective components in that
stage, then check both the preceding and following
stages.

(2) - If more than one stage indicates low current, check the
earliest defective stage (toward the PA input) first.

(3) If all stages indicate low current, check the exciter
output. The exciter is defective if the output is less than
1.5 watts.

4.3 POWER OUTPUT DOES NOT EXCEED THE
RATED RADIO POWER BY 20% AT MAXIMUM
POWER SETTINGS

Check the A+ and A voltages at the collectors with the
power amplifier operating. Use only a passive voltmeter or a
VOM with 1.2 uH series chokes at the probe tips. With the
power supply accurately set for 13.5V DC, voltages on the
transistor collectors should exceed the Table 3 values (all volt-
ages measured withrespect to the A—plating on the power am-
plifier board).

(1) If all the voltages are low, recheck the power supply. If
the power supply is satisfactory, check the feedthrough
capacitors for poor solder connections and the front plug
A+ and A- connections for good contact.

(2) If some, but not all, stages have low voltages, trace back
through the DC feeds of the low voltage stages, checking
for bad connections or defective components. The
maximum normal voltage drops are 0.3V DC for R801,
0.5V DC for R822, and less than 0.1V DC for all other
components in the DC feed circuits.

Table 3. PA Collector Voltages

TRANSISTOR HLD4314A (40W) HLD4076A (100W)

Q801 12.8V DC 12.0V DC

Q802 12.6V DC 11.8V DC

Q803,804 — 11.8vV DC
Note

The following paragraphs apply only to the
100—watt model of the radio.

If there is trouble in the finals (Q803, Q804), or if other ap-
proaches have failed, check the balance in the final amplifier
by soldering a 2.7V lamp (type 338, Motorola part
#65-82671GO01) across R819, using #14 wire or a 0.1 inch
wide copper strap or braid. If the lamp lights to more than half
its normal brilliance or flashes and burns out, on side of the
parallel final amplifier circuitry is defective. If so, you should
be able to isolate the defective section by shorting the base of
one transistor to its emitter (at the transistor body, opposite
C825 or C826) with a screwdriver blade. The section that
shows the least drop in power output (when shorted) is the one
to check for defective components, bad connections, or shorts.
Make the following tests before considering the replacement
of Q803 or Q804.

CAUTION

Remove all power from the radio for the
following tests.

Note

Put the negative potential lead from the
ohmmeter on the transistor base for this test.




(3) Check the in—circuit base—emitter resistance on any Continue the investigation if this has not completely cor-
suspect transistor. If it is greater than one ohm, coil L809 rected the imbalance.
or L810 is bad. ’
(4) 1If the resistance check shows that L809 and L810 are not
defective, remove capacitor C825 or C826 and check it
for shorts, both internal (with an ohmmeter), and external Note
(visual check for solder shorts on the capacitor or printed
circuit board). If the capacitor or its connection is Put the negative potential lead of the ohmmeter
suspect, replace it and recheck the power output and on the transistor base for the following test.
balance before you continue.
Note . .
With all power removed from the radio, check for an open
When you find a gross imbalance and replace base return on Q801 and Q802 by measuring the in—circuit
suspected faulty components, always recheck base—emitter resistance. The resistance should be less than
the balance with the new components. one ohm on Q801 and less than 2.5 ohms on Q802.
Table 4. Transmitter Troubleshooting Procedures
Normal
Step Symptom Procedure indication If normal If abnormal
1 Suspected Measure RF output power at anten- Rated power Transmitter OK High Power—perform Transmitter
Transmitter na connector. Control and Protection
Failure Troubleshooting Procedure.
Low Power—go to step 3.
No power—go to step 2.
2 No Output a. Set POWER SET control fully Both greater Goto 2b. No indication—perform Transmitter
Power counterclockwise and CUR- than 10 uA Control and Protection
RENT LIMIT fully clockwise and Troubleshooting Procedure. Meter
note if Meters 3 and 5 are great- 3 indication, no Meter 5 indication—
er than the values indicated. go to step 2e.
b. Measure dc voltage across an- 4.5V dc Go to step 2c. Check coil continuity (dc resistance
tenna relay coil during TX. approx. 160 ohms).
c. Check reed switch continuity. Continuous Go to step 2d. Replace switch.
during TX
d. Check harmonic filter and output See Perform Power Repair defect.
cable for shorts and discontinui-  schematic Amplifier
ties. Troubleshooting
Procedure.
e. Measure RF signal level at syn-  +16 dBm Go to step 2f. Perform Synthesizer Troubleshoot-
thesizer output J1151. minimum ing Procedure.
f. Measure RF power at exciter 15W Perform Power Repair exciter.
output. minimum Amplifier
Troubleshooting
Procedure.
3 Low Output a. Set POWER SET control fully Greater Go to step 3b. Perform Transmitter Control and
Power counterclockwise and CUR- than 20 uA Protection Troubleshooting Proce-
RENT LIMIT fully clockwise and dure.
observe Meter 3.
b. Measure RF signal level at syn-  + 16 dBm Go to step 3c. Perform Synthesizer Troubleshoot-
thesizer output J1151. minimum ing Procedure.
c. Measure RF power at exciter 1.5W Perform Power Repair exciter.
output. minimum Amplifier
Troubleshooting
Procedure.




Table 5. Troubleshooting Chart for Transmitter Control and Protection Circuitry

Normal )
Step Symptom Procedure indication If normal If abnormal
1 No Meter3or5 a. Disconnect exciter from synthe- 9.5 Vdc Go to step 1b. a. check PA ENABLE at P401-10
with all controls sizer at J1151. Check for keyed b. Check for synthesizer lock.
open (POWER 9.5 V dc at Pin 8, U901. ¢. Check Q1007 (TX 9.5 V switch).
f.EIJSSQtSLd d. Check PA ENABLE switch
CURRENT LIM- — (@5 and Q6).
IT clockwise);  b. Measure output voltage of >3.3Vdc Repair fault in Go to step 1c.
adjusted from U901A, Pins 5 and 6. control volt-
bottom of radio age amplifiers
through holes in Q903 and
common circuits Q904.
board c. Measure voltage to input of Pin5>Pin6 U901 defective. Check for shorts or opens in resis-
U901A, Pins 5 and 6. tive feed circuits to Pins 5 and 6.
2 Meter 3 reads a. Disconnect exciter from synthe- >8V dc Troubleshoot Go to step 2b.
max of about 10 sizer at J1151. Measure voltage Q905 circuit.
uA with all con- of protection comparator output,
trols fully open. Pin 1, U901B.
Litt - X : —
th;g\LQ? out b. Measure voltage to input of Pin 3> Pin 2 U901 defective. Analyze and repair current limiter
’ U901B, Pins 2 and 3. and circuitry Q906, Q907, and
Q908.
3 All controls in- a. Disconnect exciter from synthe- 0 uA Go to step 3b. Repair fault in control voltage am-
operative and sizer at J1101. Observe Meter 3 plifiers Q903 and Q904.
Meter 3 at in RX mode.
25 uA
b. Set all controls counterclock- Pin 6 > Pin 5. U901 defective. Look for defect in voltage reference
wise. Measure Pins 5 and 6, network R926, R927, R928, R921,
U901A in TX mode. and R911.
4. Current Limit Q905 and associated resistors
(R939), and re-  probably open. Analyze and repair.
flected power
(VSWR,) protec-
tion inoperative
5. Current limit Disconnect exciter from synthesizer 15 uA Check for Analyze fault in current limit circui_t
(R939) at J700. Unsolder CURRENT short to A+ of Q906, Q907, and Q908 and repair.
inoperative SENSE line (GRN) from C887 current sense
(100-W model) or C882 (40-W line.
model). Observe Meter 3.
6. Reflected power Check and repair defect in reflected
(VSWR) protec- power detector components R901,
tion inoperative  CR901, etc.
7. Thermal Protec- Check and repair defect in thermal
tion inoperative  protection components R915,
R930, and CR904.
8. Power set Check and repair defect in forward
(R911) power detector components R902,

inoperative

CR902, etc.
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I”' or - Laos i R LS L S L L L o oomcrowe  PArts list parts list
R l's‘o J- ¥ COUPLER BOARD
Rrele ce o2t S ca2s c82s ca27 ca2s cazs c830 ) HLD4134A Power Ampiifier 30 Watt MXW-3554-A MXW-3554-A (2) HLN4167A Power Amplifier Hardware MXW-3555-D
100 NOTE4 | NOTE4 | 36 24 /I 15 ;_L s J; 44 ,I 4 ,I 36 J; 15 REFERENCE MOTOROLA REFERENCE MOTOROLA REFERENCE MOTOROLA
csor L NOTE 3 l i"otg 5 U NOTE 3 NOTE 3 NOTE 3 NOTE 3 NOTE 3 NOTE 3 NOTE 3 SYMBOL PART NO. DESCRIPTION SYMBOL PART NO. DESCRIPTION SYMBOL PART NO. DESCRIPTION
capacitor, fixed, pF, +5%, 200V (unless otherwise stated) R812 06-00125A24 91 i 4 o v
C801 21-83596E36 .01 UF, +60, —40%, 250V R813 06-00125A01 10 capacitor, fixed, pF, 45%, 250V (unless otherwise stated)
802 21-84493827 51 R814 06~11009C01 10 €814,815 21-84366F12 200
C843 21-84366F22 50
~ Rl R813 gsol 803,804 21-80169A55 57 R815,816 06-00125A11 27
FROM EXCITER - I e ‘5"% M9860 807 08-83813H23 068 uF, 50V R818 06-00125C01 10, 210% mechanical parts
woTE ’ C808 21-83406D56 24, 500V
3 NoTE 3 Cc810 21-82204B54 150 mechanical parts ' 14-80077A01 PA insulator compartment
RE12 C812,813 21-84493B30 62 - 14-80283B01 filter insulator
200 Csi8 21-84395B26 160, +2%, 250V eyl 40160 Watt PA Board 32-80084A02 stud device gasket (2 used)
NOTE 3 Cc822 21-83406D89 10, +.5 pF, 500V S o1 Thon Jerminal coax clip (2 used) 43-80014B02 PCB standoff (5 used)
cons + c825 21-84395B842 16.5, 250V P 02-00119913 nut (8-32X11/32X1/8)
A= ...’_’L"_._:: NOTES C826 21-84395B43 38, 250V 11/15/88 TTTeee
1000 l 1. UNLESS OTHERWISE SPECIFIED C827,828 21-84395B44 46, 250V /
RESISTOR VALUES ARE IN DHAS. gggg g:ﬂgggag ?2-5252%\/ .
CAPACITOR VALUES ARE IN PICOFARADS. 5,
cee C831,832 21-82187B49 150, +10%, 500V parts list
——E i INDICATES MICROSTRIP TRANSHISSION LINE. €835 23-82783B827 10, £10%, 25V
+ OWF C836-838 21-83596E36 .01 uF, +60, —40%, 250V HLN4046A Feedthru Plate MXW-4502-A
C839 23-83210A22 660, —10, +150%, 25V
INDICATES PA REF (A-) €840 21-84493823 120 REFERENCE MOTORGLA DESCRIPTION
C844 21-84493B23 120 SYMBOL PART NO.
s} INDICATES CHASSIS REF.
Lcoas Lcaas  _Lcsao L ...o B C845 21-83406D71 33, 500V capacitor, fixed, pF, 500V (unless otherwise stated)
120 01UF 120 T T C846 21-83406D97 15, 500V C831-887 21-82812H03 100, +100. ~0%
NOTE S 1N %gc . ;‘32“ 3. FREQUENCY RANGE SENSITIVE PARTS.INDICATED VALUE IS c847 20-84579B11 7 -57%, 175V, variable » +109, 0%
FOR 146-174 MHZ. SEE PARTS LIST FOR 136-144 MHZ C891 21-82187849 150, £10%, 500V mechanical parts
Vel VALUES. coil, RF -
p " 64-80005A01 feedthru plate
FOR 136 - L801 24-80036A02 ferrite bead, .5 turn
USED FOR 136 -154MHZ CROSS RANGE HLD4134A. L803 24-84614A05 15 turns 04-83755H01 solder washer, 7 used
S. USED FOR 146-174 MHZ ONLY. GDW-0306-0 L804 24-83884G06 4.5 turns, white 5/9/88
L805 24-83884G08 5.5 turns, orange
L806 24-84614A03 2.5 turns .
1807,808 24-80066A03 harmonic filter .
1809 ) 24-80066A04 harmonic filter pa rts ||st
1.810,811 24-80066A03 harmonic filter
L812 24-82723H28 29 uH, yellow HLD4063A Power Amplifier Transistor MXW-3557-A
L813 24-80036A02 ferrite bead .5 turn
1814 24-82723H28 29 uH, yellow REFERENCE MOTOROLA DESCRIPTION
SYMBOL PART NO.
thermistor . . . P
RT801 06-83600K09 100k, green wransistor Schematic, Circuit Board Diagram,
resistor, fixed, ohm, +5%, 1/2 watt (unless otherwise stated) Q801 48-00869860 NPN, type M9860 and PanS LIStS fOI’ HLD41 34A
RO 17-80233801 02 Qso2 48-84411L04 NPN, type M1104 30-Watt Power Amplifier
R802 06-11009C49 1k TioEe PW—3553-A
R806 06‘”?09233 ?20 note: For best performance, order diodes, transistors, and integrated circuit devices by -
Rt 06-00125A01 0 Motorola part number. 11/20/88
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! 3 Laos J ¢ parts list parts list
st HARMONIC FILTER -
i HLN5109A 40-Watt Power Amplifier Hardware MXW-2589-A HLD4314A 40-Watt Power Amplifier Board  MXW-2565-A MXW-2565-A (2)
150
REFERENCE MOTOROLA REFERENCE MOTOROLA REFERENCE MOTOROLA
@%?35 La0a ces2 L8o7 L808 L809 L810 Le1t ~ 10 DIRECTONAL SYMBOL PART NO. DESCRIFTION i SYMBOL PART NO. DESCRIPTION SYMBOL PART NO. DESCRIPTION
1€ ’ Y ’ ’ ’ P COUPLER B0ARD — - : itor. fi ; :
150 1 1 1 1 j‘ capacitor, fixed, pF, +5%, 250V (unless otherwise stated) | Capaciton, fixed, BF, 8%, 500V (uress ottenvise sated) Rete 06-11009C19 %
822 CcB2s C826 ca27 cszs8 c829 C830 4 C806 21-84366F12 200 ©802.803 21-83406D92 '36 ur, +6U, o1 o
2z & L o Jeo Jen e I i s X0 & e 5o mechanial parts «
v 841 21-84366F 12 200 ceo7 08-83813H23 ;068 uF, 50V 01-80705156 40/60 Watt PA solder resistor board
c842 21-84366F22 50 - ceos 21-80171A45 30 29-80014A01 terminal coax clip (2 used)
C843 21-84366F08 40 c810 21-82204854 150, 200V 75-80054F01 compression pad
c8os : C813 21-80169A55 57, 200V 42-10217A02 tie strap
RE11 R813  pr 0801 30 coil, RF c817 21-83406D92 36
FROM EXCITER —p QA w1 M3860 L850,851 76-80094B01 ferrite core . cs18 21-84395B07 60, 250V 11/15/88
:_I: ) ' resistor, fixed, ohm, +5%, 1/4 watt (unless otherwise stated) f gg;g 821 gtggjgggg; gg I.
RE12 R820 06-11009C65 4.7K Caz2 21-83408D56 4 parts ist
. C825 21-84395816 15, +10%, 250V
200 g mechanical parts . Cs2e 51-84395817 36, 250V HLN4046A Feedthru Plate MXW-4502-A
14-80077A01 PA insulator compartment . C827,827 21-84395B18 44, 250V
- —pBLk ol cess NOTES ” 14-80283801 insulator filter 829 21-84395817 36, 250V REFERENCE MToROLA DESCRIPTION
T 32-80084A02 stud gasket device (2 used) i €830 21-84395B16 15, £10%, 250V d
1000 1+ UNLESS OTHERWISE SPECIFIED >
RESISTOR VALUES ARE IN OHMS,. 02-00119913 nut 8:3; -834 gézgg;g;ggg 130, ?(1)3 625\/ capacitor, fixed, pF, 500V (unless otherwise stated)
CAPACITOR VALUES ARE IN PICOFARADS- i< ‘o, — o
csot 1588 C836-838 . 21-83596E36 01 UF +60, ~40%, 250 Cesr-887 21-62612H03 100, +100, 0%
—"—{ £ 2. PZ7777) INDICATES MICROSTRIP TRANSMISSION LINE. C839 23-83210A22 660, —10,+150%, 25V "
/7‘:/ LO1UF 1 //////; Caas 21-83406D69 30 mechanical parts
C848 21-83596E36 .01 UF +60, —40%, 250
! ICATES PA REF (A~ » g 64-80005A01 feedthru plate
: i 47 Vv INDICATES PA REF (a-) C891 21-83596E10 220, +20% 04-83755H01 solder w;sher, 7 used
‘ } /), INDICATES CHASSIS REF, coil. RF o
,
Tootor ’<fgg3 ’f:g‘ L801 24-80036A02 ferrite bead, 5 turn
L802 24-83977B02 ferrite choke, 2.5 turn -
GEW-2%67-0 ) 1803 24-84614A05 1.5 turns, airwound pa rts | ist
g 1804 24-83884G06 white, 4.5 turns
L805 24-84411B02 yellow, 14.5 turns HLD4125A 40-Watt Power Amplifier Transistor MXW-2591-A
L806 24-83547G10 2.5 turns, airowund
1807,808 24-80066A01 harmonic filter REFERENCE MOTOROLA DESCRIPTION
1809 24-80066A02 harmonic filter SYMBOL PART NO.
L810,811 24-80066A01 harmonic filter N " -
L812 24--82723H43 .029 uH, yellow/orange capacitor, fixed, pF, +5%, 25V (unless otherwise stated)
c853 21-82372C07 .05 UF, +80, —20%
thermistor .
RT801 06-83600K09 100k, green g;gswtor (see note) 4600869860 NPN Vo860
1 — 1
] r:asé?tor, fixed, ohm, i.’;‘;/o_,;ég swagté 2(untess oth:nﬂtiseogtagss) Q802 48-80225C11 NPN, t;gz M2511
: . N . . shunt, .03, 4.
Schematic, Circuit Board Diagram, RB02 0611009049 T Q802 et on 48-84411L04 :PN type M1104
H H R806 06-11009C33 220 resistor, fixed, ohm, +5%, 1/2 watt (unless otherwise stated)
; and Parts Lists for the HLD431 4A R811 06-00125B864 6.2, 1/2W R817 06~00125A09 22
40-Watt Power Ampiifier R812 06-00125A32 200, 1/2W R819 06-00125A09 22
R813 06-00125B64 6.2, 1/2W
PW—2564—A R814 06-11009C01 10 note: For best performance, order diodes, transistors, and integrated circuit del,?é;g/f,e
R815 06-11009C19 56 ‘ ps : i : 9 4
11/15/88 Motorola part number.
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MODEL COMPLEMENT
HLN4094A HARDWARE KIT (RGX
HLD4076A PA BOARD (RN - RI¥
HLD40O67A POWER TRANSISTOR (RGIL-RGIY)
HUN4O46A FEED THRU PLATE
CAUTION

FROM
EXCITER

COMPONENT SIDE 45 GEW-3110- A
SOLOER SIDE & GEW-3111- A
OVERLAY = GEW-3{12-A

parts list

HLD4076A Power Amplifier Board

REFERENCE  MOTOROLA

parts list

SYMBOL PART NO. DESCRIFTION
capacitor, fixed, pF 5%
unless otherwise stated

C801 21-00863629 330 +10%

Cc802 21-82372C10 .05 +20%, 25V

C803 21-83406D77 30

C804 21-84493B59 39

C805, 806 -21-83406077 30

€807, 808 21-84493B65 100

C809 21-84493B66 150

C810 21-83596E10 220 pF +20%

cs811, 812 21-84493B63 75

C813, 814 21-84493B64 91

c816 08-82096J18 .1 uF 4 10%, 250V

cs17 21-83596E10 220 pF +20%

Cc818 08-82096J08 .022 uF +10%, 250V

C819-822 21-84493B35 18

C823, 824 21-84715F26 56

C827, 828 21-82372C10 .05 uF +20%, 25V

C830-837 21-80169A74 60

838 21-84395B47 140, 850V

C839 23-83210A22 660 uF + 150, - 10%, 25V

C840 21-00863629 330 +10%

C842 21-84395B40 70, 350V

C843 21-84395B41 19, 350V

C845 21-84395B46 150, 250V

Cc847 21-84395B35 240 1 10%, 350V

Cs48 21-84395B45 12, 350V

C849 21-84395B828 32, 350V

C850, 851 21-84395B36 40, 350V

C852 21-84395B39 30, 350V

C853 21-84395B38 11, 350V

€859 08-82096J20 .22 uF +10%, 250V

C864 21-82187807 470 +10%

€865 21-82372C04 .05 uF +80, -10%

cas2 21-83596E21 .01 uF +80, —20%, 200V
coil

L801 24-83884G01 3%z turns

1802 24-82723H27 1.2 uH

L803 24-80036A02 ferrite bead, %2 turn

L804 24-80277A10 air wound

L805 07-80062B02 V2 turn

1.806, 807 24-80036A02 ferrite bead, V2 turn

L808 24-80277A14 1V2 turns

L809, 810 24-82723H27 1.2 uH

L811 24-80277A13 7V2 turns

L813 24-80277A17 1% turns

L814 24-80277A18 62 turns

L815-818 24-80277A11 62 turns

1820 24-82723H41 A4 uH

Lg21 24-80036A02 ferrite bead, V2 turn
thermistor

RT801 06-83600K09 100k @ 15°C
resistor, fixed, Q@ 5%, 12 watt
unless otherwise stated

R801 17-80165C01 .01 $£10%

R802 06-11009C49 1k, Ya watt

R806 06-11009C33 220

R807 06-00125A41 470

R808, 809 06-11009C09 22, Vu watt

R810 06-00125A41 470

R811 06-00125C01 10 +10%

R812 06-00127C17 47 +10%, 2 watt

R813 17-82036G07 1.5 £10%, 2 watt

R814 06-00125B61 47

R815, 816 06-00125C03 12 £10%

R817, 818 17-82036G11 33 +10%, 2 watt

R822 17-82291B24 .1, 3 watt

R827 06-00125B61 4.7

R830 06-11008C97 100k

HLN4245A Power Amplifier Hardware MXW-3123-A
REFERENCE MOTOROLA
SYMBOL PART NO. DESCRIPTION
capacitor, fixed, pF, +5%, 100V (unless otherwise stated)
825,826 21-80069B01 310, 350V
mechanical parts
02-00119913 nut
02-10971A63 machine nut
02-80006A01 nut spanner
03-10911A11 machine screw M3X0.5X8
03-10943M15 tapping screw TT3.5X0.6X8
03-10943M17 tapping screw TT3.5X0.6X13
04-00114522 lock washer
04-82345A01 shoulder washer
14-80103B01 heat sink insulator
14-80143A04 high band/low band insulator
14-84985M01 insulator
15-80053B01 shield cover
15-84763M02 housing
26-80016B02 exciter board heat sink
26-84786M04 PA shieid
26-84861M01 heat sink
32-80080A01 antenna connector gasket
32-80084A02 stud device gasket
42-80013A01 coax clip
43-80013B01 high power board stand off
55-84300B04 handle
11/15/88
ts list
HLD4067A Power Amplifier Transistor MXW-3124-A
REFERENCE MOTOROLA
SYMBOL PART NO. DESCRIPTION
transistor
Q801 48-00869860 NPN, type M9860
Q802 48-00869583 NPN, type M9583
Q803,804 48-84411L04 NPN, type M1104
resistor, fixed, ohm, +5%, 1/4 watt (uniess otherwise stated)
R819 06-11086C11 10, 2W
11/15/88

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

parts list

HLN4046A Feedthru Plate MXW—4502-A
REFERENCE MOTOROLA
SYMBOL PART NO. DESCRIPTION

capacitor, fixed, pF, 500V (uniess otherwise stated)
C881-887 21-82812H03 100, +100, —0%

mechanical parts

note: For best performance, order diodes, transistors, and integrated circuits by Motorola

part number. H

64—-80005A01 feedthru plate
04-83755H01 solder washer, 7 used

5/9/88

Schematic, Circuit Board Diagram, and Parts Lists
for the HLD4076A 100-Watt Power Amplifier
PW-3109-A
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HLD4076B VHF Power Amplifier Board 100 Watt MXW-6015-0 HLN4046A Feedthru Plate . MXW-4502-A
REFERENCE MOTOROLA REFERENCE MOTOROLA
SYMBOL PART NO. DESCRIPTION SYMBOL PART NO. DESCRIPTION
capacitor, fixed, pF, 5%, 500V (unless otherwise stated) capacitor, fixed, pF, 500V (unless otherwise stated) -~
c801 21-.00863629 330, +10%, 600V C881-887 21-82812H03 100, +100, ~0%
c802 21-82372C10 .05 uF, +20%, 25V mochanical perts ‘ ! ;
c803 21-83406D77 30 i : ‘ N
Eoiz c882 ‘ 10 DiREG
gggg 806 gljg‘;:gggi? gg 64-80005A01 feedthru plate p— o 2EKWHT 2 coupLEd
C807.808 21-84493B65 100 04-83755H01 solder washer, 7 used 1000
c809 21-84493B66 150 5/9/88
C810 21-83596E10 220, +20% ‘ Jugot
c811,812 21-84493B63 75 :
C813,814 21-84493864 91 e :
c816 08-11051A13 1 UF, 63V ! aTeot
c817 21-83596E10 220, +20% : £911 ces3
818 08-11051A09 1022 uF, 63V parts list TEMPERATURE oo ORG _ovco ‘ : "
C819-822 21-84493B35 19 1000 : 100K
823,824 21-84715F26 56 HLN4245A Power Amplifier Hardware MXW-3123-A : AT 28% ¢
827,828 21-82372C10 .05 uF, +20%, 25V c884 : R8O1 RE80S €881  roqg
C830-837 21-80169A74 60 REFERENCE MOTOROLA DESCRIPTION A+ p—DED = - ¢ . 2o VIO TO XMIT
c838 21-84395B47 140, 350V SYMBOL PART NO. A+REF RED | 1000 cotb _L -0t l 220 1000 METER S
€839 23-83210A22 660,-10,+150, 25V I - - 08I c839 cass
capacitor, fixed, pF, +5%, 100V (unless otherwise stated) VOLTAGE 660UF
€840 21-00863629 330, +10, 600V c886 . .022UF 220: -
Ca42 21-84395B40 70, 350V 825,826 21-80069B01 310, 350V N BLK * Rez2 \
‘ —’-—“—'—_-0'—‘9’—?
c843 21-84395B41 19, 350V T 0.1 JuB02
C845 21-84395B46 150, 250V mechanical parts 1000 TRANSISTOR
c847 21-84395B35 240, +10%, 350V 02-00119913 nut .
848 21-84395B45 12, 350V 02-10971A63 machine nut ~ R802 c []
C849 21-84395B28 32, 350V 02-80006A01 nut spanner . i 1K 859 e <
850,851 2184395836 40, 350V 03-10911A11 machine screw M3X0.5X8 § : FINAL o EE R
€852 21-84395B839 30, 350V 03-10943M15 tapping screw T73.5X0.6X8 cess AMPLIFIER Q804
€853 21-84395B838 11, 350V 03-10943M17 tapping screw TT3.5X0.6X13 R 24 ; ) 3 -
C859 08-11051A15 .22 uF, 63V 04-00114522 lock washer Tiooo ' N Fow
C864 21-82187850 470, +10% 04-82345A01 shoulder washer : 8 —?-
€865 21-83596E10 220, +20% 14-80103B01 heat sink insulator ; 3
C871 21-82372C07 .05 uF +80, —20%, 25V 14-80143A04 high band/low band insulator £910 Cc887 Q80!
car2 21-83596E21 101 UF +80, —20%, 200V 14-84985M01 insulator CURRENT oo CORN sty Rez7 Loz ce27 aso2
: 15-80053B01 shield cover Y000 4 It Ret7
connector receptacie - ; cete AY
15-84763M02 housing OSUF 33
JU8B01,802 06-11009D23 0 26-80016B02 exciter board heat sink g {
coil, RF 26-84786M04 PA shield 6 1803 Rete OJUF
1801 24-83884GO1 red, 3 1/2 turns 26-84861M01 heat sink e.7 Leo?
1802 24-82723H27 1.2'uH,. green 32-80080A01 antenna connector gasket a7 .
1803 24-80036A02 ferrite bead, 1/2 turn 32-80084A02 stud device gasket {€ lcsso _|cesa SHOWN FROM COMPONENT SIDE 8- 70 012 Avia Avia
1804 24-80277A10 air wound 42-80013A01 coax clip 220 Teo  Teo via cas2 cese cess SOLDERSIDE 4§ GCW-6011-0
1806,807 24-80036A02 territe bead, 1/2 turn 43-80013B01 high power board stand off c810 Q803 XMTR METER S TEMPERATURE SENSE 7O CB85 CURRENT SENSE
1808 24-80277A14 1 1/2 turns, air wound 55-84300804 handle ] ) p miio4 TOE908 VIA CB8! TOES! VIACBB3 E910 ViA C887 COMPONENT SIDE @ GCW-6012-0
FrRE - R L S & §uaon 21— orear — cowerso
urns, airwoun 2 — 73—
L813 24-80277A17 1 1/2 turns, airwound . 1 021 823 ce2s _lcs3r | ce3e
L814 24-80277A18 6 1/2 turns, airwound _Lcas | Ci LS LS T T HARMONIC F 5 J
L815-818 24-80277A11 6 1/2 turns, airwound . % Leos DRIVER Tee Te lRst’ c872 tgc:‘sn Tee Tai0 5 e ONIC FILTER R
1820 24-82723H41 14 uH, yellow/brown H catl c8t3 ) 820 cexs c8ar
L821 24-80036A02 ferrite bead, 1/2 turn parts list | i€ i€ oso2— 22 Ve € B i¢ AN - o o~ £ » 70 DIRECTIONAL
i i 78 91 0.14uH [ a N ¥ COUPLER BOARD
tF?frrmstor HLD4067A Power Amplifier Transistor MXW-3124-A Reos ‘ AMPL % M9583 €820 _|c822 lRate -OWF c824 ca26 ce32 | cass .o caaz c843 246 :
801 06-83600K09 100k, green . 22 T c809 cei2 >, -~ ;'-\19 12 :':Lou T = “Srere . IR == RB30 C848 c849 €850 c851 c852 €853
resistor, fixed, ohm, +5%, 1/2 watt (unless otherwise stated) 2$MEB%EI_NCE gfg.?ngu DESCRIPTION €805 . |ecsor {€ {¢ 9 ’ 56 310 10 60 60 T 19 100K iz Rz 40 a0 20 = 14
RB01 17-80165C02 RES SHUNT : Tso T2 Thoo 180 L - = Y7232 cess
RE02 06-11009C49 1K transistor o ) h
€803 ‘ ic
R806 06-11009C33 220 Q801 48-00869860 NPN, type M9860 > o Reo® i€ TR 7 ; p>080t cei4 804 i€ :
R8o7 06-11045A41 470 Q802 48-00869583 NPN; type M9583 FROM EXITERD” 22 Y (2~ “ “ e, /M5860 L80s Tt - 104 150 rh
R808,809 06-11009C09 22 Q803,804 48-84411L04 NPN, type M1104 c804 €806 €808 o2 _lce33 _jces?
RE10 06-11045A41 470 LRE07 RO Qa1 R = - TR i 806 Teo e
R811 06-11045A01 10 resistor, fixed, ohm, +5%, 1/4 watt (unless otherwise stated) > 470 470 39 30 10 T;oo L 60 60
R812 06-00127C17 47, +10%, 2 watt R819 06-11086C11 10, 2W c801 .
R813 17-82036G07 1.5, £10%, 2 watt i€
R814 06-00125861 47 : ) ) o 1171588 30
R815,816 06—11045A03 12 note: For best performance, order diodes, transistors, and integrated circuit devices by C864 k- cez28 R
R817.818 17-82036G11 33, +10%, 2 watt Motorola part number. .00047uF | L S
R822 17-82291B24 1,3 watt c802 O5uF 33
R827 06-00125B61 47 73 77 e ‘
R830 06-11009C97 100k 35 *
LOSUF GEW-6014-0
mechanical parts
29-80014A01 terminal coax clip (2 used) Y,
26-80052B01 filter shield 7 ;
26-80018C01 mounting cap heat sink
07-80062B02 inductance bracket MODEL COMPLEMENT
07-80062804 inductance bracket HLN4094A HARDWARE KIT (RGI ~RGIY)
HLD4076A PA BOARD (R -RI¥)
11/20/88 HLD4067A POWER TRANSISTOR (RGIL-RGIY) ¢
i HLN40O46A FEED THRU PLATE
CAUTION :
NOTES: WHEN MOUNTING TRANSISTORS
: T OVERTIGHTEN (BEYOND
1. UNLESS OTHERWISE SPECIFIED; GAPACITOR i gf’,"lgc,?mmbg o ofm AGE
VALUES ARE IN PICOFARADS. ‘ TO TRANSISTORS MAY RESULT.
277774 INDICATES MICROSTRIP TRANSMISSION LINE. ~
3 INDICATES PA REF (A~)
777 INDICATES CHASSIS REF ‘
S h . . C . B d D 4. ALL PARTS MAY BE REMOVED FROM THE TOP OF THE BbARD. .
chematic, Circuit Board Diagram, t
and Parts Lists for HLD4076B N
100—Watt Power Amplifier
PW-6028-0
11/20/88
I




parts list

HI.N4247A intermediate Power Amplifier MXW-3125-A
REFERENCE MOTOROLA
SYMBOL PART NO. DESCRIPTION
capacitor, fixed, pF, +10%, 100V (unless otherwise stated)
C700 21-11015B05 220
C701 08-11051A07 .01 uF, +5%, 63V
C702 21-11014H40 43, +5%
C703 21-11015B05 220
C704 23-11013D55 4.7, +20%, 20V
C704 23-11054N08 4.7, 35V
C705 21-11014H22 7.5, £.5 pF
C706 21-11015B05 220
C707 21-11014H38 36, +5%
C708 21-11015B05 220
C710 21-11015B05 220
c711 21-11014H23 8.2, +.5 pF
Cc712 21-11014H35 27
C713,714 21-11015B05 220
C715 08-11051A07 .01 uF, +5%, 63V
connector receptacle
J700 09-80001F01 phono jack
coil, RF
L700 24-83884G01 3.5 turns, red
L701 24-83884G08 5.5 turns, orange
L702 24-80036A01 ferrite bead, .5 turn
L703 24-82723H27 1.2 uH
L704 24-83884G07 2.5 turns, green
L705 24-83961B02 5 turns, green
L706 24-83884G06 4.5 turns, white
L707 24-83884G07 2.5 turns, green
connector plug
P700 09-83445L10 3-contact
transistor (see note)
Q701 4800869591 NPN
Q702 48-00869859 NPN
resistor, fixed, ohm, +5%, 1/4 watt (unless otherwise stated)
R700 06-11009C25 100
R701 06-11009C49 1k
R702 06-11008C39 390
R703 06-11008C11 27
R704 06-11009C33 220
R705 06-00124B61 4.7
R706 06—-11009C41 470
mechanical parts
29-80014A01 terminal coax clip
11/15/88

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

Motorola part number.

parts list

HLN4244A IPA Feedthru Plate MXW-3126-A
REFERENCE MOTOROLA
SYMBOL PART NO. DESCRIPTION
capacitor, fixed, pF, +20%, 500V (unless otherwise stated)
C8,9 21-82812H07 470
mechanical parts

04-83755H01 solder washer

64-80251A02 feedthru plate
HLN4242A Directional Coupler MXW-3127-A
REFERENCE MOTOROLA
SYMBOL PART NO. DESCRIPTION
capacitor, fixed, pF, +10%, 100V (unless otherwise stated)
€801,902 21-11014H32 20, +5%
€903-905 21-110158B05 220, +10%
diode (see note)
CR901,902 48-84616A11 hot carrier
connector receptacle
J901,902 09-80001F01 jack phono
Jo03 28-84324M02 3—contact, male plug
coil, RF ’
1901,902 24-84393B04 7 1/2 turns
L3903 24-82723H27 1.2 uH, green
resistor, fixed, ohm, +5%, 1/4 watt (unless otherwise stated)
R901,802 06-11045A21 68, 1/2 watt
R904,905 06~11009C29 150

mechanical parts
14-80278B01 coupler insulator (2 used)
26-80279B01 coupler shield
. 11/15/88

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

Motorola part number.
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Schematic, Circuit Board Diagram, and
Parts Lists for HLN4247A IPA and
HLN4242A Directional Coupler
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@ MOTOROLA
Mobile Products Division

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
U1000B 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,

© Motorola, Inc. 1988
All Rights Reserved
Printed in U.S.A.

® o [ o
technical publication services
5555 North Beach Street, Fort Worth, Texas 76137 8/30/88

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



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 should be
.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 volts. 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.
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o]

Q950
COLLECTOR

CHECK uso1 | NO

AND U950.

REPLACE
DEFECTIVE

COMPONENTS.

(HIGH)

> 9V NO PA ENABLE.

ICHECK PERSONALITY]|
BOARD.

SHORTED. CHECK

Q950 NOT CONDUCTING
PROPERLY OR Q951

R963, R962, AND Q951.

Q957 NOT CONDUCTING
Q950 PROPERLY. CHECK Q950
’ AND R962.

REPLACE
DEFECTIVE

COMPONENTS.

REPLACE
DEFECTIVE
COMPONENTS.

REPLACE
Ugs0.

REPLACE
Q951.

PROBLEM IN PA.
GO TO PA TROUBLE-
SHOOTING CHART.

UNPLUG J951.

REPLACE U951.

IF CONDITION

PERSISTS, REPLACE
ugs0.

REPLACE
U950.

DOES
U950-2 = U950-3
?

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.)

FAULTY DIVIDER
NETWORK,. U350, Q950,
Q951. CHECK U950,
Q9850, Q951, R986,
R987, R984, R985.

REPLACE REPLACE
DEFECTIVE DEFECTIVE
COMPONENTS. COMPONENTS.

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.

IMPROPER PA ENABLE
VOLTAGE. CHECK
PERSONALITY BOARD.

RECONNECT
R9S51.

s
U950-8 = 0.6V
?

OVERDRIVE SHUTBACK
MODE. TURN POWER SET
POT FULLY CLOCKWISE.
KEY TRANSMITTER AND

ADVANCE SLOWLY.

CAN
POWER QUTPUT BE
SET TO PROPER
LEVEL?

POWER CONTROL
OPERATING
CORRECTLY.

IS
Q952
COLLECTOR
= 0.3V

IS
U950-7 = 0.6v
? :

POWER CONTROL
INCORRECTLY IN VBWR
SHUTDOWN. CHECK R954,
R970, RY68, RIS55,
U901, RE52, RIG6H,
AND R967.

REPLACE
DEFECTIVE
COMPONENTS.

WITH POWER CONTROL
VOLTAGE (J951-1) > 1V
BUT < 8.8V, ADJUST
POWER $ET POT SO
THAT U961-8 < 0.6V.

is
Ug50-9
APPROXIMATELY
4.3V

s
U950-8?< 0.6V

YES

ADJUST PO! POWER CONTRO
FOR cou‘f‘rﬁ?,f E.TNEOT INCORRECTLY IN HIGH

VOLTAGE > 1V BUT DRIVE CUTBACK MODE.
< 8.8v. :

CHECK R973, R974,
R975, CR950, U501

REPLACE
Q852.

CHECK PA OUTPUT
SUBSTRATE FOR HIGH
TEMPERATURE. IF LOW
REPLACE THERMISTOR
(RT850).

POWER CONTROL
INCORRECTLY IN HIGH
DRIVE CUTBACK MODE.

REPLACE
DEFECTIVE
COMPONENTS.

DOE POWER CONTROL
U950-10 =

: NO INCORRECTLY IN HIiGH
. DRIVE CUTBACK MODE.
("953;1)’2 CHECK R973, R974,

R975, CR950, U501,
YES

POWER CONTRO!
OPERATING CORRECTLY REPLACE
(HIGH DRIVE DEFECTIVE
CUTBACK MODE). GO COMPONENTS.

TO PA TROUBLE-
SHOOTING CHART.

CHECK RESISTIVE
DIVIDER R972, R971,

AND U950.

REPLACE
DEFECTIVE
COMPONENTS.

GEW—2699-0

START

NO POWER CONTROL
(SEE NOTE)

CHECK DIRECTIONAL
COUPLER. (NOTE:
DIRECTIONAL COUPLER
iN PA COMPARTMENT.)

1S
Q951 BASE

IS
U950-14 = 8V
>8.8V ?
?

SLOWLY ADJUST
POWER SET
POT (R979).

REPLACE
Ug50.

DOES
U950-12 VARY FROM
0-5.8v

Q951
SHORTED.

CHECK
POWER
SET POT.

CHECK U951 AND
ASSOCIATED
CIRCUITS.

REPAIR OR
REPLACE

DEFECTIVE

COMPONENTS.

Q950
SHORTED.

NOTE

WHEN THE POWER AMPLIFIER FAILS,, IT IS VERY PROBABLE THAT THE
POWER CONTROL PROTECTION FUINCTIONS ARE NOT OPERATING
PROPERLY. CONSEQUENTLY, IT IS RECOMMENDED THAT THE FOLLOW-
ING THREE CHECKS ILLUSTRATED 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 OTHIER CHECKS, INSUFFICIENT POWER
OUTPUT AND LACK OF POWER CONTROL.

NOTE

ALL VOLTAGE VALUES ARE REFERENCED TO A-.

GCW—2700—A

ALY VSWR PROTECTION

DOES
U950-6 =
(J951-6)/2.5
?

NO FAULTY DIVIDER
NETWORK OR IC. CHEC
R968, U950, R969.

REMOVE 50-OHM
LOAD FROM
RADIO OUTPUT.
MOMENTARILY KEY
TRANSMITTER.

REPLACE
DEFECTIVE
COMPONENTS.

IMPROPER VSWR READING.
CHECK R968, R969,
U950, AND
DIRECTIONAL COUPLER.

1S
MS2/MS1 >
0.46V

REPLACE
DEFECTIVE
COMPONENTS.

(NOTE: DIRECTIONAL
COUPLER IN PA
COMPARTMENT .}

REPLACE
DEFECTIVE
COMPONENTS.

FAULTY DIVIDER OR
IC. CHECK R968,
R969, RS70, U9SO.

REPLACE
DEFECTIVE
COMPONENTS.

Q952 NOT CONDUCTING
PROPERLY. CHECK
R970, R976, R978, Q952.

START LOW-LINE CUTBACK

REDUCE SUPPLY VOLTAGE
TO 10.8V. (NOTE: THIS
MAY CAUSE POWER
CONTROL TO GO INTO
HIGH DRIVE CUTBACK,
REDUCING OUTPUT
POWER.)

1S
K8.4 STILL AT
9.4v

REPLACE
U950.

(SEE NOTE)

FAULTY DIVIDER
NETWORK OR IC. CHECK
R984, R985, R986, RIS7,
€954, U950, R982, AND

R983.

FAULTY VOLTAGE
REGULATOR. GO TO
VOLTAGE REGULATOR
TROUBLESHOOTING
CHART.

[S]
u950-14 > 7v
?

CHECK U950
AND U851.

GCW-2701-0
START
HIGH-DRIVE PROTECTION
REMOVE
PLUG J951.
Is
Ugs0-8 > 1v
2
Q952 NOT CONDUCTING NO FAULTY DIVIDER OR iC.

CHECK R971, R972, R973,
R974, R975, CRI50, AND
ugs0.

PROPERLY. CHECK Q952
AND ASSOCIATED
CIRCUITS.

is
U950-10 > U950 9
?

Q951 NOT CONDUCTING
PROPERLY. CHECK Q950
Q951, R962, AND RI63.

REPLACE REPLACE
DEFECTIVE U951-8 SHORTED OR DEFECTIVE
COMPONENTS. U950 DEFECTIVE. COMPONENTS.

REPLACE
DEFECTIVE
COMPONENTS.

REPLACE
DEFECTIVE
COMPONENTS.

GCwW-2702-0

COMPONENT.

REPLACE
DEFECTIVE

REPLACE
DEFECTIVE
COMPONENTS.

GBW-2703-0

Troubleshooting Charts for

Common Circuits Board
PW-2767-A
1/25/89
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HLN4906A Jost . R900 7 CONT‘#-DL»UOLT}Q‘& parts .|St
VHF COMMON CIRCUITS BOARD (“’" W)L BE v rewe sense [7 ] : — . 3% — HLN4906A VHF Common Circuit Board MXW-2485-0 MXW-2485.0 (2)
- R914 ROI6 Q901 % t
R909 ) 220pF REFERENCE  MOTOROLA REFERENCE  MOTOROLA
W eoe Ro08 LSBT 33k bd 580 (HEAT";‘L'? g L SYMBOL PART NO. DESCRIPTION SYMBOL PART NO. DESCRIPTION
22k 10k MOUNTED) capacitor, fixed, uF +10%, 100V R1006 06-11009A43 560
- e - SR . SR - R913 unless otherwise stated R1007 06-11009A66 5.1k
. , N R9I0 R9M 30 rxesv Q, €900 08-11051A07 01 15%, 63V R1008 06-11009A88 43k
[N LR ] v \ R904 T 33 ; €901, 902 21-11015805 220 pF R1009 06-11009A65 47k
i o St Bk ' 3’ : 8%° 47k R xGoe €903 08-11051A07 .01 1 5%, 63V R1010 06-11009A66 5.1k
s, g , : €904 08-11051A09 022 £5%, 63V R1011 06-11009A65 4.7k
‘ A e U ‘ i ; ; R900 0 T C905 23-11013D55 4.7 420%, 20V, tantalum R1012 06-11009AS5 1.8k
L ] P m— ; ‘ i @ R90S R906 902 c903 +4 C905 €906, 907 21-11015B05 220 pF R1013 06-11009A66 5.1k
' R902 1 ‘ 5 : a7k 220pF T ’ Ter €908 08-11044A34 018 15%, 63V R1014 06-11009A81 22k
= Co09 08-11051A05 0047 4 5%, 63V R1015 06-11009A35 270
R905 g 3 PAA- | 1 —— RoT €910 23-11013F59 2.2 420%, 35V, tantalum R1016 06-11009A45 680
e R9O7 C1000 08-11051A13 A +5%, 63V R1017 06-11009A65 4.7k
71 RS Ne | 2 HE 82 TX95V C1001, 1002 21-11015805 220 pF R1018, 1019 06-11009A59 2.7k
= BT1000 + L900 C1003 23-11019A39 47 1£20%, 16V, electrolytic R1020 06-11009A35 270
T, ' - 260K & C1004 08-11051A10 033 +5%, 63V R1021, 1022 06-80037G07 18, %W
* 914 A R930 - (mo"‘j 5,56 cont voumae | & %9922 % Rezo Rois C1005 21-11014847 82 pF +5% R1023 06-11009A65 4.7k
643 ~ 1 120 C1006 21-11015805 220 pF R1024 06-11000A73 10k
R93s R9 ~ (2.57v  ean|a & rox ] c1007 23-84538G06 47 +20%, 20V, tantalum_
3 p 39k ki C1008 23-11048C11 10 +20%, 35V, electrolytic integrated circuit (see note)
A Vi.Zg  CURRENT LIMIT | 5 €1009 2311013657 10 120%, 25V, tantalum U900 51-80067C03  dual op amp
R 3 __w Q 1.9, PA CURRENT SENSE | 3 | R926 C1010 2111015805 220 pF U1000 51-80067C068  quad op amp
© v L] 27k US00-B R922 U1001 51-80068C02 voltage regualtor, 5V
P . 3 - ‘ diode (see note)
) 4950 coor > 14 | CR900, 901  48-80005E01 silicon ‘ voltage regulator (see note)
UR &M o DETECT BIAS | 1 220pF L 3 R924 CR1000-1004  48-80005E01 silicon VR1000 48-82256C53 18V, zener
R925 47k
CRI004 FORWARD PWR DET | 2 N S 1 co08 h (see note) mechanical parts
19 c909 REFLECTED PWR DET | 3 35k = 018 HY1000 01-80715D03 hybrid regulator 14-83820M02 thermoconductor insulator
. — i ¢ ot 04-84152B01 shoulder washer
F RY2 - €907 connector receptacie 03-10805A05 maching screw (M3 x 0.5 x 8)
R1013 § 4 . cRgO! {I) Q903 1 2209F J300 30-80263K01 10-contact, cable assembly 05-80200K01 nylon rivet
2 | I M9643 R928 R929 J950 28-84324M02 polarized 3-contact note: For best performance, order diodes, istors, and integrated circuits by M !
Slwol « 1003 o2 p A i M 220 8.2k 5 Jg51 28-84647L.05 7-contact part number. pe ‘ 4
0303 & ' . i 909 Q904 J952 09-84207B01 7-contact
gl x| & . . R1010 8 ! 0047 o\ M9s42 Q905
o 90 L PR R CURRENT o A <{ ' Hoesz J952 L900 24-82835G by H uel
; €905 RENT 5 35K romo 933 o34 4-82835G08 2.6 uH, redblueigold
" CRIOO! ADJUST 22k 18 12k MS;EK?:G s Cavreo LV urane transistor (see note)
= TX95V P Q900 4800869642 NPN
6 = - P Current T Q901 48-84411L10 PNP, heatsink mounted
j i . e Q902, 903 48-00869643 PNP
] ®ro Q904, 905 48-00869642 NPN
‘ ) : .
: o 8 oo A Grd L %4 Q908 48-00869649 PNP
H o - > i — T_. Q1000 48-84413L05 PNP, type M1305 heatsink mounted
2383 2 Y ks Q1001 48-00869640 NPN, type M9640
| T 952 ! SWITCHED B+ | 4 Q1002 48-00869649 PNP
a0 . i . ) 2 €1000 | L CI001 RIOO! RI002 Q1003, 1004  48-00869643 PNP
: . : . % ‘ 1T T 2200 § 500 270k RI903  HYI000_ T q e v‘@,@ Q1005 48-00869642 NPN
; 4 % 4 " e 553 T Q1006 48-84413L10  NPN, type M1310 heatsink mounted,
- . . CR1000 bseek i F  XCRIOO! Q1000 c1003 L* Darlington
« . . c R1005 e & , ! 2 22;"”‘ MI30% c1002 % 47
. ~~g§§ Vs . . HY1000 : 7K ) ‘L‘Sﬁﬁ’é‘& = q év resistor, fixed, @ £5%, e W
' . L J950 : ' ! U1000-C | Q1001 ' unless otherwise stated
‘ C1006, 100 @ & @ Ne R SIS M9640 R1004 C 9% o R900 06-11009A67 5.6k
. . ” KEYED 94V | 8 |- HY1000 = 3 270 : R901 06-11009A66 5.1k
o - L . [ ealunldnte | 2, RY02 06-11009A81 22k
‘ w E 13 S 7OVDe f1005 R903 06-11009A35 270
i v " - le ! R904 06-11009A89 47k
| : : B- |3 +— + H 62 1/2W
. | W k. L i P /A Q1002 ) R905 06-11009A05 15
o - - Rl | N Is l &/ M9649 55, » iyeda R906 06-11009A89 47k
. S G — (i : " ! ! R07 06-11009A23 82
. g | = = - 560 * 96V Q1006 5,2, R0 18.80087E08 10K, variable
: y o 96V |1 o - MI310 v Kec R909 06-11009A85 33k
® 1 - gy RI007 RI008 (HEATSINK R910 06-11009A49 1K
- ] ( :E} 1 su o MOUNTED) /~— Re11 06-11009A85 33k
- 5 \ e : . U1000-D g R912 06-11009A71 8.2k
! JgS1 on RIOI6 R913 06-11009A39 390
1009 & . C906 = Rig09 BNz 680 RIoI8 c1006 Ro14 06-11009A25 100
Wviooo  cloig | UIOOO-A e Ri023 % Q1005 27k 2200F R915 06-11009A29 150
| s o NC rtr-= 2200 | ao0 | Q1003 47k > S * RO16 06-11009A43 560
: | Fr— NC | 71— i h S 51k M9643 1005 c, R917 06-11009A99 120k
i ‘ . 00 e [ 10 ___@ RIOI2 820 = RI020 v R918, 919 06-11009A4:
| 1 ! is! 8 16K Q1004 1 RIOI9 270 g \ -11009A49 1k
: ; : | o UNSWSY RIOI7 27ki s — R920 06-11000A27 120
. iy = w Eop ok VRIO00 CRI003 47k 18 1/2W 1.8 1/2W R921 06-11009A63 3.9k
o ! Lje ; 18V RiCi » - R922 06-11009A65 4.7k
® ® ] ; croo7 L* R923 06-11009A33 220
r - . - | | RIO13 RIOIS Ro36 47 R924 06-11009A65 4.7k
" B ) = ; 5.1k 270 - = R925 06-11009A35 270
A C R S S/ : i + + Ro35 R926 06-11009A59 2.7
st oo i S . S e . S - B s FAENABLE | 5 A Y% ngs R927 06-11009A87 3gk
1 TX9.5V M9649 R928 06-11009A33 220
COMPONENT SIDE VIEW el r R miew
g - _ +1 co10
COMPONENT SIDE & GEW-2505-0 FUSED As | 6 1 1 uoor P T - UNSW 5V 22 Ro31 06-11009A63 3.9k
: OVERLAY - GEW-2507-0 CW% 5 T %009 = R932 18-80087E07 5k, variable
5V R933 08-11009A79 18k
R934 06-11009A51 1.2k
UNSWITCHED 5V | © R935 06-11009A65 4.7k
CODE STORAGE | 10 - " R936 06-11009A89 47k
R1024 CRI004 BTI000 = R1000 06-11009B14 470k
swsv |2 10k 36V GEW -3010-0 R1001 06-11009B06 220k
Schematics, Circuit Board Diagram, and ] : : R1002 Ge-11000Ad0 1k
Parts List for HLN4906A VHF Common Circuits Board R1004 0611009435 270
PW-2587-C i R1005 06-11045A20 62, o W
3/15/89 i '
i




: . ~300 , HLN4906B

arts I|St ’ J-?i CR900 5.6k .
P rewe sense [ 7 : o T VHF COMMON CIRCUITS BOARD
HLN49068 VHF Common Circuits Board for SYNTOR X 9000 MXW-2485-B MXW-2485-8 (2) Rs01 POWER R909 100 ggg o T 220pF

: 33k E
REFERENCE MOTOROLA ; REFERENCE MOTOROLA . 5.1k R908 $SET . (HEATSINK \& =
SYMBOL PART NO. DESCRIPTION SYMBOL PART NO. DESCRIPTION RS0z 10k Teoo o MOUNTED) . E% \
capacitor, fixed (unless otherwise stated) R1020 06-11009A35 270 R910 Rol1 ]=:m 39'3
€900 08-11051A07 01 UF, +5%, 63V R1021,1022 06-80037G07 1.8, 12W RS04 * 33k TX9.5V
€901 21-11015B05 220 pF, +10%, 100V R1023 06-11009A65 4.7k 903 Py Rol5 | co04
€902 21-11015B05 220 pF, +10%, 100V R1024 06-11009A49 1k 3 RO A DA
€903 08-11051A07 01 uF, +5%, 63V R1025 06-11009A73 10k N 1 .
C9o04 08-11051A09 .022 uF, +5%, 63V integrated circuit (see note) 09’63 +.1_ 905
€905 23-11054N08 4.7 uF, £10%, 35V, tantalum U900 51-80067C03 dual opamp R905 R906 co0z | o T
€906,907 21-11015B05 220 pF, +10%, 100V U1000 51-80067C06 quad opamp E a7 220pF T L4
co08 08-11051A20 018 uF. +5%. 63V U1001 51-80068C02 5V voltage regulator = R9IT
€909 08-11051A05 (0047 uF, +5%, 63V PA A= |1 b— o
C910 23-11054M01 2.2 UF, +10%, 35V, tantalum voltage regulator {see note) = R9OT
C1000 08-11051A13 1 UF, +5%, 63V YR1000 48-82256C53 18V ne | 2 NC 3% x5V
€1001,1002 21-11015B05 220 pF. +10%. 100V - -
C1003 23-11019A39 47 uF 120% 16V, electrolytic mechanical parts , + L900
C1004 08-11051A10 033 uF, +5%, 63V 03-10911A11 machine screw (3 x 0.5 x 8) CONT VOLTAGE | 6 e Q902 919 rozo R9I8
C1005 21-11014B47 82 pF, +5%, 100V 26-84835M04 regulator heatsink ! Moeas 120 Tk
C1006 21-11015B05 220 pF, +10%, 100V 75-80171L01 hybrid pad &
Cc1007 23-84538G06 47 uF, +20%, 20V, tantalum 54-80072G01 label PA A+ | 4 R92! 1
C1008 23-11048C11 10 uF +20% 35V, electrolytic 03-10943M10 tapping screw (3 x 0.5 x 8) CURRENT L 39k =
€1009 23-84538G29 47 UF £20% 10V, tantalum 05-80200K01 nylon rivet MIT | 5
c1oto 21-11015B05 220 pF, +10%, 100V 14-83820M02 heat conductive insulator PA CURRENT SENSE | 3 [ — Rozs
diode (see note) 04-84180C01 nylon shoulder washer L X
CR900,901 48-83654H01 silicon 3/15/89 4950
CR1000-1007 48-83654H01 silicon note: For best performance, order diodes, transistors, and integrated circuit devices by hias €901
hybrid (see note) Motorola part number. DETECT BIAS | | 220pF
HY1000 01-80715D03 hybrid regulator assembly FORWARD PWR DET | 2 R2972§
connector receptacle REFLECTED PWR DET | 3 R3992;,
J950 28-84324M02 3 contact ||
Jo51 28-84647L05 7 pin
J952 09-84207B01 7 contact CR90! A Q903
coil, RF - M9643 R928
1900 24-82835G08 2.6 uH, red blue gold N 220
transistor (see note) o
Q900 48-00869642 NPN %9(% N 3.3962;_‘ Q905
Q902,903 48-00869643 PNP Ro32 RO3! ’ M9642
Q904,905 48-00869642 NPN CURRENT &k { J952
Q906 48-00869649 PNP LIMIT R930  R933 R934
Q1000 48-84413L05 PNP, with heatsink ADJUST 22k 18k 1.2k METERING s
Q1001 4800869640 NPN, type M9640 TX95V SOCKET
Q1002 48-00869649 PNP = 12_
Q1003,1004 48-00869643 PNP = 6 1
Q1005 48-00869642 NPN 7 A
Q1006 48-84413L10 NPN, Darlington TX9.5V I
resistor, fixed, ohm, +5%, 1/8 watt (uniess otherwise stated) J300 t = __]
RS00 06-11009A67 5.6k —
R901 06-11009A66 5.1k :
R902 06-11009A81 22k - SWITCHED B+ | 4 o0n
R903 06-11009A35 270 1000 L sk CI00t RIOO!
R904 06-11009A89 47k 1 220pF  § o0 220k 903 HYi000 ‘k
R905 06-11009A05 15 pe ¢ - 7, '
R906 06-11009A89 47k CRI000 | ek 1 212%%% % CRIOO! Q1000 ci003 L+
R907 06-11009A23 82 ; 5l O MI305 CRI002 § a7
R908 18-80087E08 10k potentiometer HY1000 | | 7 (HEATSINK =
R909 06-11009A85 33k e I AN UI000-C| Q1001 | MOUNTED)
R910 06-11009A49 1k 1°% 90 | U1000-B L3 J N V9640 ] L cio0a
RO11 06-11009A85 33k NG i Al s I 033
R912 06-11009A71 8.2k KEYED 94V | 8 — | rrrab U, HY1000
R913 06-11009A39 390 | deavl™ 5 : = VS
R914 06-11009A25 100 . | 1 7 15¢ - :
R915 06-11009A29 150 B- |3 |— s 1 |
R916 06-11009A43 560 = 1§ o0k |
R917 06-11009A99 120k Is |
R918,919 06-11009A49 1k r |
R920 06-11009A27 120 = = ——== 96V Q1006
R921 06-11009A63 3.9k 96V | 1 —" MIS10
R922 06-11009A65 4.7k
R923 06-11009A33 220 1 RIco? B ML -
R924 06-11009A65 4.7k
R925 06-11009A35 270 U1000-D \, \ /
Roos St 1000n87 S ' Ri00S —t BN 680 atoos 3 5 c1006
R928 06-11009A33 220 wyiooo  coo | UIOOO-A a7k RI023 4]_ ripvd g vl @
R929 06-11009A71 8.2k NC rtr—— -  220pF RIOI0 Q1003 a7k SN c SOLDER SIDE GAW-2504-A
R930 06-11009A81 22k NC |7 | e | S5 9 51k M9643 €1005
27k 10 5 RIOI2 82pF = RI020 i,
R931 06-11009A63 39k | 5! 1 s e L Q1004 INSWE W RIO19 270 COMPONENT SIDE  “  GW-2505-A
R932 18-80087E07 5k potentiometer : ' ) wosas RIOIT 27k] Ri021 Ri053
R933 06-11009A79 18k Dok VRI000 & CRIO03 7k 18 72w e OVERLAY ®B GXW-2507-A
R934 06-11009A51 1.2k R 18v 2 RIO14 »
R935 06-11009A65 4.7k 4Tk c1007 L+
R936 06-11009A89 47k RIOI3 RIOIS R936 7T
R1000 06-11009B14 470k 4 5 1k 270 4k | 4
R1001 06-11009B06 220k 1 1 RO3S
R1002 06-11009A49 1k d = 47K A\ Q906
R1003,1004 06-11009A35 270 PA ENABLE | 5 MOG2S
R1005 06-11045A20 62, 1/2W RI025 CR1007
R1006 06-11009A43 560 e *
R1007 06-11009A66 5.1k 1 13 CRIOGS +1 C910
R1008 06-11009A88 43k FUSED A+ | 6 U001 = —> UNSW 5V I 22
R1009 06-11009A65 4.7k €1008 " =< CI009 =
R1010 06-11009A66 5.1k 10 ¥ CRI006
R1011 06-11009A65 4.7k - T
R1012 06-11009A55 1.8k UNSWITCHED 5v | 9
" . . L .

Rio1s 0-11000A68 A CODE STORAGE | Id P, " filh—ey Schematics, Circuit Board Diagram, and
R1015 06-11009A35 270 10k Bl oEW-3010-8 Parts List for HLN4906B VHF Common Circuits Board
R1016 06-11009A45 680 SWsv |2 PW-6468-0
R1017 06-11009A65 4.7k L
R1018,1019 06-11009A59 2.7k 3/15/89




HLN4906C
VHF COMMON CIRCUITS BOARD

AR AT
% 1. %Mﬁi At

®
®

BTIO00

SOLDER SIDE & GPW-6470-0
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parts list

HLN4906C VHF Common Circuits Board for SYNTOR X 9000 MXW-6474-O MXW-6474-0O (2)
REFERENCE MOTOROLA REFERENCE MOTOROLA
SYMBOL PART NO. DESCRIPTION SYMBOL PART NO. DESCRIPTION
capacitor, fixed (unless otherwise stated) R1018,1019 06-11009A59 2.7k
€800 08-11051A07 .01 uF, 5%, 63V R1020 06-11009A35 270
C901,902 21-11015B05 220 pF, £10%, 100V R1021,1022 06-80037G07 1.8, 12W
C903 08-11051A07 .01 uF, 5%, 63V R1023 06—-11009A65 4.7k
C904 08-11051A09 .022 uF, +5%, 63V R1024,1025 06-11009A73 10k
SR RmEE i om g et o 1
i - pr, +10%,
Co08 08-11051A20 018 uF, +5%, 63V 1000 SR oy i
€909 - 08-11051A05 0047 uF, +5%, 63V U1001 51-80068C02 5V voltage regulator
€810 23-11054M01 2.2 uF, £10%, 35V, tantalum
€1000 08-11051A13 1 UF, £5%, 63V voltage regulator (see note)
€1001,1002 21-11015B05 220 pF, +10%, 100V VR1000 48-82256C53 18v
€1003 23-11019A39 47 uF, +20%, 16V, electrolytic
1004 08-11051A10 033 uF, 5%, 63V " mechanical parts
C1005 21-11014B47 82 pF, +5%, 100V .
C1006 21-11015B05 220 pF, +10%, 100V fi:gggggmg; Lﬁux'md?;ﬁmﬁsulamr
C1007 23-84538G29 47 uF, +20%, 10V, tantalum 04-84180C01 - nylon shoulder washer
C1008 23-11048C11 10 uF, +20%, 35V, electrolytic 05-80200K01 nylon rivet
C1009 23-84538G29 - 47 uF, +20%, 10V, tantalum Y
C1010 21-11015B05 220 pF, +10%, 100V 3/15/89
diode (see note) note: For best performance, order diodes, transistors, and integrated circuit devices by
CR900,901 48-83654H01 silicon Motorola part number.
CR1000-1007 48-83654H01 silicon
hybrid (see note)
HY1000 01-80715D03 hybrid regulator assembly
connector receptacle
J300 . 30-80263K01 10 contact cable assembly
J950 28-84324M02 3 contact
J951 28-84647L05 7 pin
Jo52 09-84207801 7 contact
coil, RF
L900 24-82835G08 2.6 uH, red blue gold
transistor (see note)
Q900 4800869642 NPN
Q901 48-84411L10 PNP, heatsink mounted
Q902,903 " 48-00869643 PNP
Q904,905 48-00869642 NPN
Q906 48-00869649 PNP
Q1000 48-84413L05 PNP, with heatsink
Q1001 48-00869640 NPN
Q1002 48-00869649 PNP
Q1003,1004 48-00869643 PNP
Q1005 48-00869642 NPN
Q1006 48-84413L10 NPN, Darlington, heatsink mounted
resistor, fixed, ohm, +5%, 1/8 watt (unless otherwise stated)
R900 06-11009A67 5.6k
R901 06-11009A66 5.1k
R902 06-11009A81 22k
R903 06-11009A35 270
R904 06~11009A89 47k
R905 06-11009A05 15
R906 06—-11009A89 47k
R907 06~-11009A23 82
R908 18-80087E08 10k potentiometer
R909 06-11009A85 33k
R910 06-11009A49 1k
R911 06-11009A85 33k
R912 06—-11009A71 8.2k
R913 06-11009A39 390
R914 06-11009A25 100
Rg15 06—11009A29 150
RS16 06-11009A43 560
R917 06-11009A99 120k
R918,919 06-11009A49 1k
R920 06-11009A27 120
R921 06-11009A63 3.9k
Ro922 06—11009A65 4.7k
R923 06-11009A33 220
R924 06~11009A65 4.7k
R925 06-11009A35 270
R926 06-11009A59 2.7k
Ro27 06~11009A87 39k
R928 06-11009A33 220
R929 06—-11009A71 8.2k
R930 06—11009A81 22k
R931 06~11009A63 3.9k
R932 18-80087E07 5k potentiometer
R933 06-11009A79
R934 06-11009A51 1.2k
R935 ; 06-11009A65 4.7k
R936 : 06-11009A89 47k
R1000 06-11009B14 470k
R1001 06-11009B06 220k
R1002 ; 06-11009A49 1k
R1003,1004- 06-11009A35 270
R1005 06-11045A20 62, 12W
R1006 06~11009A43 560
R1007 06-11009A66 5.1k
R1008 o 06—-11009A88 43k
R1009 06-11009A65 4.7k
R1010 & 06-11009A66 5.1k
R1011 06—11009A65 4.7k
R1012 06-11009A55 1.8k
R1013 06—11009A66 5.1k
R1014 06-11009A65 4.7k
R1015 : 06~11009A35 270
R1016 v 06-11009A45 680
R1017 06—11009A65 4.7k
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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 pro-
gramming 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).

©Motorola, Inc. 1988
All Rights Reserved
Printed in U.S.A.

technical publication services
5555 North Beach Street, Fort Worth, Texas 76137

1.2 CONTROLS AND INDICATORS
1.2.1 Power Switch

The power switch is a slide switch on the right—hand bot-
tom surface of the control unit. It turns the radio and its acces-
sories on and off.

1.2.2 Display

The eleven—character vacuum fluorescent display’s pri-
mary function is to display mode numbers, mode names, vol-
ume 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.

W10002525-C
11/22/88
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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 indi-
cators. The XMIT indicator lights when the radio is transmit-
ting. 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 de-
tects activity on a non-priority (NON-PRI) channel, the
NON-PRI light comes on. Activity on a second priority chan-
nel 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 num-
ber. 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.

GPW—4141-A

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) op-
tions 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—programmed “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 back-
lighting. 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 en-
tering 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 fea-
tures built into the system. The control unit design allows in-
stallation in even the smallest of down-sized vehicles. Sys-
tems 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:

e Mode Names

e Squelch Level

e Volume Level

e Status Codes

e 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 function keys 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 on a 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-
cates on the serial bus, receives and interprets keypad data,
and controls the volume. The MPU sends ASCII data to a de-
coder 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 | 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 /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 Jus Jué

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, C06 pulls the inverting input of
US5 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 R14, the voltage on the invert-
ing input drops below that of the non—inverting input, the out-
put goes high, and the microprocessor can start op~rating.
R14 is now pulling up on CO06, and the inverting—input volt-
age 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 as-
table 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
haif 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, in-
ducing negative current in T1.

This current flows through either CR13 or CR14, charg-
ing C27 and C28. As the voltage on C28 increases beyond
—35 volts, CR13 begins to conduct, pulling U5’s inverting in-
put 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 sup ply is not regulated, but it tracks the —35 volt supply.

Similarly, the AC supply for the vacuum fluorescent fila-
ment is not regulated, 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. Output transistors (Q28, Q29, Q30) can sink 300mA
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 regula-
tors. 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 or-
ange 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 against inad-
vertently writing into the EEPROM. When MIC HI is
grounded, Q21 (normally on) is turned off. A hot—carrier di-
ode (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 re-
set; 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 op-
erate: 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 volt-
ages 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 it into 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 L101 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.




16 mm
SELF-TAPPING
SCREWS (2)

etses 26 BocRbAba

PREL GO avOCBBEY

crece se cececren
aniry

arb ",}

8 mm
SELF-TAPPING
SCREWS (5)

CONTROL

BOARD
c36 ced ©4Y, ; '\‘
« t980CeOe ’
. P

oonu"uon“::”“: ?‘3
DISPLAY
BOARD
GPW-3017-A

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 cir-
cuit 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 con-
trol board. Remove the back of the control unit housing. Re-
move the black gasket around the switch and set it aside. Re-
move 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 ex-
treme 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 posi-
tion 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 6-8 inch lIbs. Be sure
the black gasket is around the outside groove of the front hous-
ing. 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 in-
puts from switches. See the cable kit section for typical con-
nections 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.

The relay can be normally—on or normally—off depending
on how the VIP outputs are configured. The control unit pro-
vides 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 con-
nected to ground while the other side is connected to a buff-
ered 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 pro-
gramming 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
toother cablekits or control panels may cause elec-
trical 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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parts list
p/o HLN4907D Control Unit (Display Board)
p/o HLN4896C Control Unit (Display Board)

MXW--2568-C

REFERENCE MOTOROLA
SYMBOL PART NO. DESCRIPTION
capacitor, fixed, uF, +10%, 50V (unless otherwise stated)
c101 23-11048C11 10, +20%, 44V, electrolytic
ci02 21-13741B21 .001
C103-108 21-13741B29 .1, +80, —20%

- diode (see note)
CR101 48-80026P03 red LED

. CR102 48-80236E08 silicon

. CR103 48-80026P04 yeliow LED

. CR104 48-80236E08 silicon
CR105 48-80026P03 red LED
CR106 48-80236E08 silicon

© CR107 48-83654H01 silicon
CR109-118 48-80246K04 green LED
CR123 48-80026P04 yellow LED
CR124-129 48-80026P03 red LED
CR130-136 48-80236E08 silicon
CR137 48-84616A11 silicon
CR137 48-80012E01 hot carrier
CR138 48-80236E08 silicon

. coil, RF
L101 24-11047A44 390 uH
L102 24-80138G07 15.0 uH, +5%
transistor (see note)

© Q101-103 48-80141L02 NPN

- Q104 48-80141L04 NPN

. Q105120 48-80141L02 NPN
resistor, fixed, ohm, +5%, 1/8 watt (uniess otherwise stated)
R101-103 06—-11077A50 100
R104 06-11077A90 4.7k
R105-107 06-11077A64 390
R108 06-11077A84 2.7k i
R109 06—-11077A36 27
R112-118 06-11077823 100k E
R119 06-11077A50 100
R120,121 06—-11077A57 200

. R122-132 06-11077B23 100k
R133,134 06-11077A98 10k
R135 06-11077A50 100
R136-139 06—11077A90 4.7k
R140-154 06-11077B23 100k
R157 06-11077B11 33k
R158 06-11077A70 680
R160 06-11077811 33K
Ri61 06-11077A94 6.8k
R162 06-11077A92 5.6k
R163 06-83600K09 100k green thermistor
R164 06-11077A98 10k
R200 06—-11077A74 1k
integrated circuit (see note)
U101 51-80236C04 display driver
ut02 72-80242J01 vacuum-florescent display
varactor
VR108 48-82256C67 10V zener, 1W

120/89

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

Motorola part number.

HKN4241A and HKN4242A Cable Kits for SYNTOR X 9000

MXW-2529-A

REFERENCE
SYMBOL

MOTOROLA
PART NO.

DESCRIPTION

non—referenced items

01-80739T53
01-80739T55
01-80701T89
09-84151B03
09-84151B05
39-10184A44
15-10183A17
36-80220B06
03-00140079
42-80156B01
0980227801
15-80217K01
15-80216B01
32-83859M01

22 foot cable assembly (HKN4241A enly)
10 foot cable assembly (HKN4242A enly)
66" lead and lug assembly

contact receptacle

plated contact recepta

contact receptacle

2 contact housing

connector knob

tapping screw, 6-19 x 1/2

retainer ring

female contact

front cable housing

back housing connector

connector gasket

120/89
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parts list

HLN4907D Control Unit (Controller Board) MXW-2528-C MXW-2528-C (2)
REFERENCE MOTOROLA REFERENCE MOTOROLA
SYMBOL PART NO. DESCRIPTION SYMBOL PART NO. DESCRIPTION
capacitor, fixed, uF, +5%, 50V (unless otherwise stated) R28 06-11077B15 47k
C1 21-11032B13 .1, +80, —-20% R29 06-11077A90 4.7k
Cc3 21-13740860 300 pF R30,31 06-11077B11 33k
Ccé 23-11048C05 1, +20%, 63V, electrolytic R35 06-11077A70 680
Cc7 21-11032B01 .001, +80, ~20% R36-38 06-11077A82 2.2k
cs 21-13740B57 220 pF R39 06-11077A98 10k
Cc11 23-11048C10 10, +20%, 63V, electrolytic R49 06-11077815 47k
Cc12,13 23-11048C05 1 +20%, 63V, electrolytic R50 06-11077A80 4.7k
Cc14 21-13740B39 39 pF R51 06—11077A86 3.3k
Ci15 23-11048C06 2.2, +20%, electrolytic R52 06-11077A90 4.7k
c17 21-11032B13 .1, 480, -20% R53 06-11077A74 1k
c22,23 21-11032B13 .1, +80, ~20% R54 06-11077B07 22k
C24 21-11032B15 .22, +80, ~20% R55 06-11077A98 10k
C25 23-11013E57 10, +20%, 25V, tantalum R56 06-11077A90 4.7k
Cc26 21-11032B13 .1, +80, ~20% R57,58 06-11077A98 10k
C27,28 23-11048C10 10, +20%, 63V, electrolytic R59 06-11077B15 47k
C29,30 21-11032B01 .001, +80, -20% R60 06-11077A90 4.7k
C31 21-11032B13 .1, +80, -20% R61-63 06-11077B15 47k
[ox7:4 21-13740B34 24 pF R63 06-11077A98 10k
C33 21-13740B31 18 pF R64 06-11077A66 470
C37,38 21-11031A60 820 pF R65 06-11077B15 47k
C39-64 21-13740B60 300 pF R66 06--11077A%4 6.8k
C66 21-13740B60 300 pF R67 06-11077B06 20k
ce7 21-13741B45 .01, £10% R68 06-11077A74 1k
Cce9 21-13740B19 5.6 pF, +.5 pF, 50V R69,70 06-11077815 47k
Cc71 21-13741B45 .01, £10% R71 06-11077A82 2.2k
c72 21-13740B39 39 pF R72 06-11077A74 1k
C73-76 21-13740B57 220 pF R73 06-11077807 22k
Cc77 21-13740B60 300 pF R74 06-11077A98 10k
C78-80 21-13741B45 .01, +10% R75 06-11077B15 47k
Cc81 21-13740B60 300 pF R76 06-11077B07 22k
R77 06-11077A98 10k
diode (see note) R78 06-11077B15 47k
R5,6 48-80236E08 silicon R79 06-11077B07 22k
CR10-12 48-80236E08 silicon R80 06-11077A98 10k
CR14,15 48-83654H01 silicon R81 06-11077B15 47k
CR19,20 48-80236E08 silicon R82-84 06-11077B11 33k
CR21 48-82466H18 rectifier R86 06-11077A98 10k
CR23 48-84616A11 silicon R87 06-11077A84 2.7k
CR24 48-84616A11 - silicon R8s 06-11077A98 10k
R89 06-11077A84 2.7k
jumper R91,92 06-11077A74 1k
Ju2 06-11077A01 0 ohm R94-96 06-11077A70 680
JUs-7 06-11077A01 0 ohm R97 06-11077A36 27
JU20 06-11077A01 0 ohm R99 06—-11077A36 27
Juz2z2 06—-11077A01 0 ohm
switch
connector receptacle St 40-80033K01 toggle
J1 28-80228J01 50 contact mini D connector
transformer
coil, RF T1 25-80277402 voltage conversion
L1 24-80138G04 5.6 uH, +5%
integrated circuit (see note)
transistor (see note)} ur 51-83627M42 bipotar
Q1 48-80141L01 PNP u4 51-80067C05 opamp
Q2 48-80141L03 PNP us 51-80046K01 compartor
Q3 48-80141L04 NPN u7 51-~80068C02 voltage regulator
Q4 48-80182D22 SCR
Q5 48-80141L03 PNP varactor (see note)
Q6 48-80141L04 NPN VR1-4 48-80140L11 7.5V zener
Q7 48-80141L03 PNP VR9 48-82256C67 10V zener, 1W
Q8 48-80141L04 NPN VR13 48-80236E14 43V zener
Q1 48-80182D11 NPN VR15-17 48-80140L11 7.5V zener
Qi2 48-80141L04 NPN
Qi3 48-80141L01 PNP crystal (see note)
Q15 48-80141L03 PNP Yi 48-80113K03 4.9152 MHz
Q16 48-80141L04 NPN N
Q17,18 48-80141L03 PNP non-feferenced items
Q19 48-80141L02 NPN 01--80740T41 component side shield assembly
Q20 48-80141L03 PNP 26-80003K01 component side shield
Q2t 48-80141L02 NPN 55-84300B02 handle
Q23 48-00869732 PNP 05-80200K01 nylon rivet
Q25-27 48-80141L03 PNP 09-80002K01 IC socket
Q28-30 48-80182D28 NPN 09-80269803 dual IC socket
Q31 48-80141L02 NPN 14-80076L01 insulator shield
Q32 48-80141L02 NPN 14-80269K01 insulator
Q33 48-80182D08 - NPN 26-80220K01 solder side shield
Q34 48-80141L.04 NPN 29-10134A68 connector lug, 12 used
32-80179J01 D connector gasket
resistor, fixed, ohm, +5%, 1/8 watt (unless otherwise stated) 32-80181J01 face connector gasket
R1 06-11077A82 43-80011L01 8 position LED spacer
R2 06-11077A98 10k 43-80012L01 2 position LED spacer
R3 06-11077A90 4.7k 54-80111F01 PROM label
R4 06-11077A50 100 75-05295B01 crystal base pad
RS 06-11077A50 100 75-80098J01 keypad
R6 06-11077A90 4.7k 75-80184J01 VF shock pad
R7 06-11077A98 10k 75-80268K01 IC shock pad
R8 06-11077A82 2.2k
R9 06-11077B05 18k 1/20/89
R10,11 0611077831 220k note: For best performance, order diodes, transistors, and integrated circuit devices by
R12 06~-11077A90 4.7k Motorola part number.
R13 06-11077B23 100k
R14 06-11077B11 33k
R15 06-11077A98 10k
R16 06-11077A90 4.7k .
R17 06-11077B15 47k Schematics, Circuit Board Diagrams, and
R18 06-110778B11 33k . .
R19 06-11077A98 10k Parts Lists for the Control Unit
R24 06-11077A36 27
R25 06-11077A74 1k PW-6186-0
R26 06-11077B07 22k (Sheets 1 of 2)
R27 06-11077A98 10k : 1/18/89
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parts list

Mechanical Parts List for Systems 9000 Control Unit MXW-2293-F
REFERENCE MOTOROLA
SYMBOL PART NO. DESCRIPTION
1 13-80087401 escutcheon
2 38-80090J01 push—in key top (specify legend required)
3 38-80253K01 plug key
4 61-80095J01 VF lens
5 32-80057K01 lens gasket
6 15-08088J01 front housing
7 61-80097J01 LED tens
8 38-80091J02 mode rocker top
8A 38-80091J02 volume rocker top
9 38-80092J01 dimmer key top
10 32-80180J01 housing gasket
1 61-80185J01 keyboard lightpipe
12 75-80098J01 elastomeric keypad
13 72-80242J01 VF display
14 75-80184J01 VF shock pad
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 TORX plastite screw, 2.12x 1.27 x 8
24 05-80200K01 nylon rivet
25 32-80178J401 on/off gasket
26 75-80268K01 IC shock pad
27 26-80003K01 component side shield
28 55-84300B02 shield handle
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 refief bracket
36 33-80178MO1 nameplate
37 03-10908A18 TORX machine screw, 3.0 x .5x 6
38 30-80229N01 radio cable
39 30-80223J01 microphone cable
40 15-80221J01 vehicle interface port connector
41 32-80275K01 VIP gasket
42 4380127401 trunnion spacer
43 07-80263L01 trunnion bracket
44 03-80160E01 wing screw, 2 used
45 03-00136756 mounting screw, 4 used
3/30/89
Exploded View and Parts List

for Control Unit
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parts list STANDARD CABLING SECURENET CABLING
HKN4241A 17’ Negative Ground Cable Kit MXW-2046-A CONTROL UNIT RADIO
REFERENCE MOTOROLA ] _
SYMBOL PART NO. DESCRIPTION CONTROL HEAD o ORN . BLK — RADIO on+ | 15 ——JU?EL + 'l’ BLK o] a-
01-80739T54 17’ cable assembly IGN+ {15 —M\ ¢ ° M, /7‘7 /7]7 "B A- 16N~ |32 NG ,J, ,J,
29-84528B05 lug - [
3000851875 batt ble, black -|32F——INC
01-80701789 62"?)§Zxcckale§d aﬁg lug assembly B Al'?‘lt" GRN RED BATT. 47 A\ p GRN [ RED A|A+
09-84151B03 contact receptacle * 147 S\ o A A+ I BATT+
09-84151B0S tact receptacl
30-80229N01 radio cable [ I BATT* 39 NG 101cHas BATT - 30 NC 10 |CHAS
39-10184A44 contact receptacle, 2 used BATT - 31
15-10183A17 2 contact receptacle housing 34 RED
36-80220B806 connector knob RED SPARE-2 |29 13 | SPARE-2
03-00140079 tappi , 6 x 19 x 1/2, 4 used
42-10217A02 t;pg:gp,sczrivsvedx X e SPARE-2 |29 13 |SPARE -2 BATT- 14 8-
42-80156B01 retainer ring BATT - 14 8 B- 8
09-80227B01 power contact, female, 2 used ' 27 NC
15-80217K01 front cable housing 27 NC
15-80216B01 back cable housing BRN
32-80004L01 cable connector gasket BROWN SPARE-1|28 24| SPARE-1
30-00812505 8 gage cable, red SPARE -1|28 24| SPARE -1 ) DIG GND BLU B—
30-10286C79 20 strand wire, white/blue DIG GND BLUE 8- i * 49 32 >
30-10286F21 20 strand wire, black/violet < 49 32 » SW B+ 48 YEL SW B+
54-80072G01 ircuit board label < -
34-80072G01 gg:;q oard label < SW B+ a8 YELLOW 6 SW B+ l 6 SW Br 1
5/10/88 ~ TWISTED PAIR 7 >
Fes T T T T T T T T T T 1 WHITE Y PP ! + |17 X SLK X r; 17{+
+ |17 + BUS WHT BUS
: EMERGENCY SW (NORMALLY : sus " |, [ecack TWISTED PAIR X |} 1os| BUS - |50 —— 25| -
A t -
I BUSY | 33 HH
- : : gusy |33 -BLACK/RED —— 5 | Busy I “: :US;HLD
| I 19| B- SHLD ANA GND |16 vio
VIOLET 26| ANA GND
! | ANA GND |16 26| ANA GND BLK~ORN ©
B t | RESET | 26 | BLACK / ORANGE 4 |ResET RESET |26 4 | RESET
I OPTIONAL [ DET AUD|45 BLK-BRN P
- ] 2 | DET
e AL DET AUDIO 45| PLACK/BROWE £+— 2 | DET AUDIO T DET AUD
, I ; 11| b~ SHLD
, 11| D- SHLD -
NOTE: 1 TX AUD las BLK-GRN o
VIP INPUTS ARE PROGRAMMABLE.THIS MEANS VIP IN TX AUDIO |46} BLACK/GREEN =—| 3 | Tx AUDIO g 3 | TX AUD
#1, VIP IN #2, OR VIP IN #3 COULD BE MADE AN EMER- [ : 18| T- SHLD
GENCY SWITCH DEPENDING ON HOW THE CONTROL 18| TX SHLD —~ BLK-YEL —~
HEAD 1S PROGRAMMED - BLACK/YELLOW - 12— — 27| MIC HI
. 12— T——127{ MIC HI T
THE OTHER SWITCH CONTACT SHOULD BE CON- . 1 13 - 14| MIC LO
NECTED TO DIG GND PINS 20, 21, OR 26. 13 14|MIC LD ) 44 ORN
GPW-3002-B 44 ORANGE 37| SPKR HI ¢ N 37| SPKR HI
_________________ R , 1 22
l,. .; E " GREEN 22| sPKR Lo E —— SPKR LO
| ; 10 20| B~
1 HORN AND LIGHTS RELAYS | 10 -BLACK/GREEN 20| B- , BLK—ORN
| (NORMALLY OPEN) | 43 -BLACK/ ORANGE 16 | WE « 43 34| R— SHLD
' ] MIC LO
: ! MIC LO 29| KID 33| RX AUD
. MIC HI 36| NC
. I ‘\:\C { . 8 MiC HI 23| KEY , at sw Bs SRR 2| e
: ' I a4 SW B+ SPKR 21| CHANNEL ACTIVITY j
| 40 f——— Hui ‘
A , HORN | 40 HUB 30| NG s 30| NC
RELAY — 24— FFT 21| Ne
TOVIP ! : 24 FTT 12| NC
B 23 P
N | | 23— PTT/HUB REF 9 | FLT AuDIO TT/HUB REF 9 | FLT AuD
: \\c : 18/ SW B+ 15| FLT AUDIO SHLD 18| SW B+ SECURENET 15| FLT AUD SHLD
- T A I > 19| sw B+ 1| FTT 19| SW B+ 1| PTT
[ ' I 35| sw B+ 28| NC 35| SW B+
. 20| DIG GND —
A ' LIGHTS ' 20| DIG GND 33| RX AUDIO 6 NC 35(NC
TOVIP ' RELAY | 21| bi6 GND 1 RED 16 | WE
B 5 I 21| DIG GND 34| RX SHLD WHT
| ' 36| DIG GND 35| NC I 36| DIG GND 5 29| kip
| (OPTIONAL) [ = = (1 2 YEL 23| KEY
R a 14 : 36| NC BLK
vIPIN{ 2 |3 13| 8- viPIN{ 2|3 4 31| B- 5
— 3 | 37| (DATA IN) 3 f— NC | 28| NC
) 3 | 37| (DATA IN) —
NOTE: 1 e
VIP OUTPUTS ARE PROGRAMMABLE. ONE CONTACT OF 1]2
THE RELAY SHOULD BE CONNECTED TO THE VIP QUT- viP ouTd 2 VIPOUT{ 2 | 1
PUT PROGRAMMED FOR THE RELAY AND THE OTHER 3 | 34| (sTROBE)
CONTACT TO SW B+ PINS 18, 19, OR 35. 3 |34| (STROBE)
Negative Ground Cable GPW_3003-A 38| (CLOCK) 38| (CLOCK)
Wiring Diagrams 5 | (DATA OUT)
5 | (DATA OUT) GDW-2652-A
PW-2779-C 5] (oATA © — GoW-3013-A
5/10/88
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HLN5389A Microphone Hardware MXW-5475-A
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 03-80076E04 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

03-10943M089 Tapping sorew (3 X 0.5 X 6)
54-84962K01 safety tag

33-80016P01 nameplate

04-80093E01 flat washer (p/o housing assembly)
46-80297N01 hang-up stud (p/o housing assembly)
46-80281G01 mic weight (p/l housing assembly

8/30/88

GDW -2049-A

parts list

HLN4384B Microphone Circuit Board MXW-2057-C
REFERENCE MOTOROLA
SYMBOL PART NO. DESCRIPTION
capacitor, fixed uF, +5%, 50V (unless otherwise stated)
C1301 21-11038H35 24 pF
C1302 21-11039B13 .001 +10%
C1304 23-11019A20 10 +20% 25V, electrolytic
C1305 08-11017A14 047
C1306 21-11038P50 220 pF
C1307 21-11039813 .001 +10%
C1308 08-11051A14 .15 63V
diode (see note)
CR1301 48082256C25 12V zener +5% 400mW
connector receptacle
JU1301,1302 06-11009823 0 ohm jumper
microphone
MK1301 50-80258E04 electret cartridge
transistor (see note)
Q1302 48-80182D08 NPN
resistor, fixed ohm, +5%, 1/4 watt (uniess otherwise stated)
R1302 06-11009C57 2.2k
R1303 06-11009C49 1k
R1305 06-11009C97 100k
R1306 06-11009C19 56
switch
S$1301 40-80652E02 momentary switch

mechanical part

14-80652E01 switch insulator
4/19/88

note: For best performance, order diodes, transistors, and integrated circuits by Motorola

HLN4384B MICROPHONE BOARD (EARLY VERSION)

M
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.

r—

B VSNV —

part number.
o L T T |
S TR R R SRR L ey, |
SHOWN FROM SOLDER SIDE 4 \ s1301
“,; RT.T.
i \ 2
o~ 2 COMPONENT SIDE @ GBW-3447-A
g ’? , SOLDER SIDE ;, GBW-3448-A
é Y é OVERLAY -~ GBW-3449-A
v
MK 1301
_____ 1 R1302 R1303
X cizo1 T cmozT 22K " K 1 VRIZ01 MIC HI
L Lonoa Ll 12v —© (RED)
L % ' I 10 c1207
r | = = = $R1305| 001 o S1301
} 100K = = T—.__PUSH TO TALK
N N.C.
o B 1305 i P e
z L\Q1302)  <C1309 ® P
047 s /M82 62PF (GRN)
= ®)>—DIG GND A g(n)%Rr?E%H%«RE
01;06 —® M e 1o | (oerdxl(n).qsuown
2P0PF = (BLK) FROM _CONNECTOR
R16306 — FRONT VIEW)
1 l{VEMICLE ¢ ¢«—HUB
= CHASSIS = (BLU)
| GROUND) \ [
MIC HANG-UP L_MIC HANG-UP
STUD

l cLip

GCW-6290 O

Microphone and Hardware
PW-2048-E

(Sheet 1 of 2)
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HLN5459A MICROPHONE BOARD (LATER VERSION)

( Yes

parts list

r
l

l

I

!

l =) %
l

I

L

HLN5459A Microphone Circuit Board MXW-6286-O
REFERENCE MOTOROLA
SYMBOL PART NO. DESCRIPTION
capacitor, fixed uF, +5%, 50V (unless otherwise stated) .
C1301 21-11038H35
C1302 21-11039813 .001 +10%
C1304 23-11019A20 10 +20% 25V, electrolytic
C1305 08-11051A11 .047
C1306 21-11038P50 220 pF
C1307 21~11039B13 .001 +10%
C1308 08-11051A14 1563V
C1309 21-11014H44 62pF, 100V
diode (see note)
CR1301 48-11034A36 12V zener +5% 400mwW
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 06-11009A 19 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.
15
i 14
SOLDER SIDE @ GBW-6287-0 parts IISt
COMPONENT SIDE & GBW-6288-0 HLN5336A Microphone Hardware MXW-5096-B
OVERLAY — GBW-6289-0
REFERENCE MOTOROLA
SYMBOL PART NO. DESCRIPTION
1 15-80137D05 microphone front housing
2 38-80144D03 microphone button
3 30-80147H04 microphone cable
4 05-80221K01 PTT switch grommett
8 32-80058H03 housing gasket
10 01-80710770 rear housing
11 03-80076E04 hi-lo screw
14 35-80083D01 felt baffle
15 05-80148D01 microphone grommet
3/30/89
I R1302 RI303
} AV AAA
! 2.2K iK 'O MIC HI{RED)
' ] SI30t
Frcizol Fcizoz2 ircizos dci3o7 _{ci308 | Ci309 VRI3O! -
I T 27PF 7 o0l Tio .00l Toi5 Tezer Hizv | PUSH TO TALK
R1305
| S100K
PTT(GRN)
| >
e = = | = = = @PTT/HUB REF(WHT
@ MIC LO(BLK)
L ‘ l NOT
= 1305 £7\Q1302 L USED
)l P = .
.047
MICROPHONE CONNECTOR
(DETAIL SHOWN FROM
FRONT VIEW)
Ci306
At}
Al
220PF

Microphone and Hardware
PW-2048—E

(Sheet 2 of 2)
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-

GXW-6285-0

MICROPHONE BOARD

GDW-2049-A



HSN4018A SPEAKER AND ACCESSORIES

12
10
GPW-3459-8B
HLN4022C Installation Kit MXW-6475-0O HSN4018A Speaker MXW-2053-C
REFERENCE MOTOROLA REFERENCE MOTOROLA
SYMBOL PART NO. DESCRIPTION SYMBOL PART NO. DESCRIPTION
03-12002A28 screw, self—drilling, 1/4—14 x 1-1/2" (4 used) 4 03-00136756 tapping screw (10-16x 5/8)
04-00007688 lockwasher, 1/4 2 15-10183A18 connector housing plug, 2~contact
29-00812980 terminal, closed—end“ 3 39-10184A45 contact plug, 2 used
37-00081057 grommet, rubber, 1/2 4 42-82018H05 cable retainer
42-80366B66 cable tie (10 used) 5 42-84081A03 wire clamp with S~hook
43-82292M01 bushing, spacer (4 used) 6 03-00140001 tapping screw (6—19 x 7/8), 4 used
4/11/89 7 03-84244C03 black shadow wing screw, 2 used
8 50-80135E01 speaker
9 07-80200E01 black speaker trunnion bracket
10 13-82671M04 bezel
11 15-84981B07 speaker base cover
12 32-84564B01, speaker gasket

4/19/88

Speaker and Accessories
PW-6542-0
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