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PERFORMANCE SPECIFICATIONS

GENERAL

‘ Number of Frequencies

Type of Squelch

2to 32 channels, synthesized

1000 Series: Carrier Squelch
7000 Series: Private-Line and Digital Private-Line
9000 Series: Select 5

12 V dc nominal, negative ground

Primary Power

Dimensions 10 Watt Front Mount Models: 27.3cm L X 17.9cm W x 5.1cm H (10.77 L x 77 W x 2" H)
30 Watt Front Mount Models : 32.4cm X 17.9cm W X 5.1cm H (12.8” L X 7” W X 2’ H)
10 Watt Remote Mount Models: 29.8cmL x 17.9cm W x 5.1cm H (11.7” L x 7’ W x 2"’ H)
s 30 Watt Remote Mount Models: 34.8cm L X 17.9cm W X S.lemH (13.7”L x 7 W x 2’ H)
Weight 10 Watt Front Mount Models: 3.3 kg (7.3 1b.)
30 Watt Front Mount Models: 3.6 kg (7.91b.)
- 10 Watt Remote Mount Models: 3.9 kg (8.61b.)
30 Watt Remote Mount Models: 4.2 kg (9.3 1b.)
Typical Battery Current Drain (Less Options)
Minimum R} Frequency Standby Receive at Rated Transmit at Rated
Model Series Power Output Range (MHz) @13.8VY Audio @138V Power @13.8 VY
D/T23EXA 10 Watts 136-174 350 mA 1.1A 3.0A
D/T43EXA 30 Watts 136-174 350 mA 1.1A 7.5A
TRANSMITTER
Output Impedance 50 Chms

L Xg

Frequency Stability

+0.0005% from —30°Cto +60°C ( +0.0002% optional) (+ 25 °C reference)

Spurious and Harmonics

10 Watt Models: 80 dB below carrier
30 Watt Models: 85 dB below carrier
(lessthan2 x 10~ ' watts all models)

Modulation

(16F3) =5 kHz for 100% @ 1000 Hz
(20F3Y) =4 kHz, coded mode

Audio Sensitivity

80 mV nominal for 60% system deviation

FM Noise

50dB

Audio Response*

+1/~3dB from 300 to 3000 Hz
+1/~1.5dB from 400 to 2700 Hz

Audio Distortion*

Less than 3% at 1000 Hz to 60% deviation

Frequency Separation 26 or 28 MHz
RECEIVER
Audio Cutput EIA: 5 Watts @ 3% distortion
Input Impedance 50 Ohms
EIA Modulation Acceptance +7kHz

Frequency Stability

+0.0005% from —30°C to + 60 °C ambient (+ 25 °C reference) ( +0.0002% optional)

Squelch Sensitivity*

Carrier Squelch: 10 dBq (fixed)
PL/DPL: 6 dBq (fixed)

Maximum Frequency Separation

4MHz or 12 MHz in two 6 MHz ““‘windows’” with wide-spaced (dual) front end option B434.

Spurious and Image Rejection

85dB

Sensitivity* 20dB Quieting: 0.35uV
EIASINAD: 0.28 uV

Intermodulation 80dB

Selectivity 30 kHz Channel Spacing: 90 dB E1A

25 kHz Channel Spacing: 85 dB EIA

SPECIFICATIONS SUBJECT TO CHANGE WITHOUT NOTICE




PERFORMANCE SPECIFICATIONS (Cont’d.)

SECURITY
Scrambler Type Digital
Coding Method Multi-Register Non-Linear Combiner
Number of Codes 2.36 x 107 orthogonal (unique) codes
Synchronization Self synchronizing (no preamble required)
Code Key Initialization Random
Code Key Generation External hand held microprocessor controtied code inserter
(Cat. #T3010_.X)
Code Storage Volatile Electronic Memory h
Number of Codes Per Radio One (2nd related code optional)
Analog to Digital Conversion Continuousiy Variable Slope Delta Modulation (CVSD)
Voice Sample Rate 12 Kilo Bits/Sec -
*Specification applies to clear mode only. Performance in the private mode has been tailored to deliver optimum intelligibility and voice recogni-
tion.
FCC DESIGNATION
Model Transmitter = Applicable Rule-. - 'Emissions
Series Power of Parts Authorized Type Acceptance Numbers
D/T23EXA 10 Watts 2290, 74 15F2, 16F3, ABZ9QBT3646
s 7 16F9, 20F3Y

D/T43EXA 30 Watts ABZ9QBT3647

Chassis Assembly Breakdown Chart

TLN2324B Chassis Assembly
TRN4600A Power Interconnect Board
TRNS5365A Power Interconnect Board
TRN4602A Transmitter Feedthrough Plate

TRN4603A Chassis Hardware

viii
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INTERNAL OPTION TABLE

Option No. Description Kits Added Kits Deleted
All Models
B303AA Dual Code VLN4124A VLN4123A
B304AA Proper Code None None
B434AA Wide-Space Receiver (Dual Front End TLD4778A, TLN2461B TRD6161B
Range 1)
B434AB Wide-Space Receiver (Dual Front End TLD2462B, TRN4778A TRN6162A
RrRange 2)
B462AA Fast-Lok Synthesizer (Range 1) TLD2541A, TRNS5129A, TRN4601A, TRN4669A,
TRNS5218A TLD2441A, TRN5243A
B462AB Fast-Lok Synthesizer (Range 2) TLD2542A, TRN5129A, TLD2442A, TRN4601A,
TRNS218A TRN4669A, TRN5243A
B310AA Range 2 to Range 1 TFD6431A, TLD9142A, TFD6432A, TLDY9143A,
TLD2441A, TRD6161B TLD2442A, TRD6162B
B310AB Range 2 to Range 1 (Dual Front End) TFD6431A, TLD9142A, TFD6432A, TLD9143A,
TLD2441A, TLD2461B TLD2442A, TLD2462B
B310AE Range 2 to Range 1 {Fast-Lok) TFD6431A, TLD9142A, TFD6432A, TLD9143A,
TLD2541A, TRD6161B TLD2542A, TRD6162B
B310AF Range 2 to Range 1 (Dual Front End and TFD6431A, TLD9142A, TFD6432A, TLD9143A,
Fast-Lok) TLD2461B, TLD2541A TLD2462B, TLD2542A
Carrier Squelch Models
Bl1AK Time-Out Timer (60 seconds) VKN4021A, TRN4615A, VKN4020A
TRNS666A .
B287AA Non-Standard Time-Out Timer None None
B313AE Sel Singletone (Dash Mount) VKN4026A, VLNI1013A, TRN5241A, VKN4020A
TLN2394B, TRN4659A,
TRN4661A, TRN4663A,
TRN4666A, TRNS5244A
B313AF Sel Singletone (Remote Mount) VKN4026A, VLNI014A, VLNIiO0l1 A, TRNS241A,
TLN2394B, TRN4659A, VKN4020A
TRN4661A, TRN4663A,
TRN4666A, VLN1012A,
TRNS244A
B75AA Omit Time-Out Timer on Single-Tone None None
Models
PL/DPL Squelch Models
B7SAA Omit Time-Out Timer None None
B287AA Non-Standard Time-Qut Timer None None
B463AJ Selectable PL 1-10 Codes (Dash) VLNI1013A, TRN4661A, None
TRN4663A
B463AK Selectable PL 1-10 Codes (Remote) VLNI1014A, TRN4661A, VLNIQ11A
TRN4663A, VLNI1012A
B290AJ Selectable PL 1-30.Codes (Dash) VLNI1013A, TRN4661A, None
TRN4664A, TRN4689A
B290AK Selectable PL 1-30 Codes (Remote) VLNI1014A, TRN4661A, VLNIOI11A
TRN4664A, TRN4689A,
VLNIOI12A
B446AA Decode Only None None
B445AA Tone Encode Only (Front Mount) TMNI1024A TMNI1025A, TRN4660A,
TRN4604A
Tone Encode Only (Remote Mount) TMNI026A TMNI1027A, TRN4660A,

TRN4604A

Select 5 Signaling Models

Refer to Select 5 Manual Supplement for Select 5 Signaling option information.

Models with Channel Scan Monitor Option

Refer to Channel Scan Option Manual for Channel! Scan Monitor option information.
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EXTERNAL OPTION TABLE

Option No, Description Kits Ad«ied Kits Deleted
Antennas
B70AM Omit Antenna None TAD6111/2/3/4%
B652AA 1/4 Wave Rooftop (Range 1) TADG6280A TADG111/2/3*
B652AB - 174 Wave Rooftop (Range 2) TADG6290A TADG6112/3/4*
Installation

B398AC Spare Encryption Hybrid VLNIO17A None
B71AR Omit - Std, Mobile Mic None TMNI1024A
B71AS Omit Mobile Sig. Mic None TMNI025A L
B71AT Omit:Std. Remote Mic None TMN1026A o - : -
B71AU Omit Remote Sig. Mic None : TMNI1027A ‘ "
B87AH Omiit Speaker None TSN6031A o
BI61AY Omit Bat Cbl None TKN8158B o -
Bl61BA Omit Rem Bat Cbl - None TKN8173B
B6SAA Omit Installation Kit None TRN4675A S -
BOOCU Omit Accessories (CS) None TADS6113A, TKNSISSB,

TMN1024A, TRN4GTSA,

TSN6031A e
B9OCY Omit Accessories (CS Remote) None TADG6113A; TKN8173B,

TMNI1026A, TRN4GT5A

TSN6031A s e
BYOCZ Omit Accessories (PL7SS Remote) None ' TAD6L13A, TKN8IT3B,

} TMNI027A, TRN46T5A,
: TSN6031A

B296AA Mouriting Tray W/Latches TRN4678A TRN4675A

©B297AA - Mounting Tray W/RT Hand Lock TRN4679A TRN46T5A
B113AD Ignition Control-of PTT (Front Mount) -~ TKN8160A Norie
BH3AF Ignition Control of PTT (Remote Mount) - TKN8197A None . .
B654AD Remote Mounting Kit (17 f1.) VKN4032A, TSN6032A VKN403 1A, TSNM o o
B654AF Remote Control Head Cable (17 ft.) VKN4032A , ~ VKN4031A ‘ “

: B30IAA Alternate Mic Location (Std. Mic) TMN1024A TMNI1026A .
B301AB Alternate Mic Location (Sig. Mic) TMNI1025A TMNI027TA o u
B46SAA Base Station Option TRN489SA ' ~ TADG6II3A, TKNSIs9B, =

TRN4675A, TSN6O3 1A

* Actual kit depends upon radio model.
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MULTIPLE—CODE UNITS ONLY TRANSMIT

INDICATOR
(RED)

PL/DPL CODE PL/DPL CODE SELECT

DISPLAY PUSHBUTTONS

PUSH-TO-TALK
SWITCH

MONITOR
PUSHBUTTON

SQUELCH
PUSHBUTTON

CHANNEL
INDICATOR

RECEIVER MODE
INDICATOR (YELLOW)

TRANSMIT MODE
SELECTOR SWITCH (YELLOW)

OFF-ON/
VOLUME CONTROL

CHANNEL SELECTOR
TRANSMIT'MODE INDICATOR

8USY LIGHT DUAL CODE MODELS ONLY

INDICATOR

|7DVP CODE SELECT

(ORANGE) DVP CODE
SWITCH SELECT INDICATOR
(YELLOW}

CHANNEL DISPLAY
LIGHT—-DEPENDENT

Pl R
RESISTOR SPEAKE

KEYLOAD
CONNECTOR

FAEPS—35881-0
{G803)

Figure 1.
Typical DVP MCX100 Radio Set Controls and Indicators

1. INTRODUCTION

1.1 The DVP MCXI100 Radio Set has been designed to

meet worldwide radio frequency specifications.
The radio set operates in the VHF frequency range of
136 to 174 MHz, and, depending on the model used, can
provide rf power output of either 10 or 30 watts in
systems employing minimum channel spacing of either
25 or 30 kHz. Up to 32 channels are available.

1.2 The extreme flexibility of the DVP MCX100 radio

in various system applications is provided by the
availability of microprocessor-based signaling con-
figurations. These are Private-Line (PL) tone-coded

squelch, Digital Private-Line (DPL) coded squelch, and
Select 5 five-tone sequential signaling. Options to these
signaling configurations are available to further
customize the radio to the individual user.

1.3 Flexibility of the radio is also enhanced by the

availability of several mounting configurations
and options. Models are available which allow front
mounting, either from above or below. Other models
allow mounting the radio in a remote location such as
the trunk or floor, using a remote control head. Special
screws and locking hardware are available for all models
to provide increased security from theft.
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2. DVPMCXI100O0PTIONS

DVP MCX100 radios can include the following op-
tions:

® Time-out-timer to limit transmission duration (stand-
ard on PL/DPL and Select 5 models).

® Dual Code option allows a second D VP key capabili-
ty, with operator selection of either key.

® Proper Code option mutes the receiver audio
whenever a DVP signal is received which was en-
crypted with a key different from that of the receiver.

® Special PL/DPL squelch signaling options such as
Encode Only and Selectable PL allow special
operator functions. Refer to the option chart in this
manual for information on manual coverage.

® Special Select 5 signaling options (refer to Select 5
signaling manual supplement for details).

® Widespace (dual front end) receiver allows wider
receiver overall channel spacing.

® Fast-Lok synthesizer allows for fast channel changing
(included as part of priority Channel Scan option.)

¢ Ignition push-to-talk control to allow monitoring of
radio while preventing unauthorized use of transmit-
ter.

¢ Channel Scan monitor to allow monitoring of several
channels simultaneously.

® Locking mounting hardware for greater security in
radio installation.

s Base station accessories to allow use of radio as a base
station.

Refer to the option chart in this manual for a list of
available options and location of servicing information.

3. INSTRUCTION MANUALS

3.1 Installation, operation, and servicing information

for the DVP MCX100 radio is covered in this in-
struction manual. Service manuals may be ordered at
time of equipment purchase, by contacting your
Motorola service representative, or by writing to the
following address:

Motorola, Incorporated

Communications Group Parts Department
1313 E. Algonquin Road

Schaumburg, Illinois 60196 U.S.A.

The- option chart contained in this manual
references manuals providing service information on
particular options. The following is a brief description
of the contents of manuals that may be required by the
service technician,

3.2 This service manual contains all schematic

diagrams, circuit board details, parts lists, and
alignment information for DVP standard carrier, tone-
coded Private-Line squelch, and Digital Private-Line
squelch radio models, and information on certain op-
tions available for these models. Detailed theory of
operation and maintenance procedures for the radio set
are also contained in this manual.

3.3 The owner’s manual packaged with each radio set
provides detailed operating procedures.

3.4 All information on Select 5 signaling is contained

in a supplement to this manual. The supplement
contains model information, schematic diagrams, cir-
cuit board details, parts lists, theory of operation,
maintenance, and troubleshooting information for all
Select 5 signaling configurations and options.

3.5 Information on Channel Scan monitoring is con-

tained in a supplement to this manual. The supple-
ment contains kit information, schematic diagrams, cir-
cuit board details, parts lists, theory of operation,
operating instructions, maintenance, and
troubleshooting information for all Channel Scan
monitoring configurations.

4. ELECTRICAL DESCRIPTION
4.1 RECEIVER

The standard DVP MCX 100 radio receiver uses a
FET front end for high sensitivity and low noise, crystal
filters for i-f selectivity, and integrated circuits for
amplification, limiting, and detection. The standard
front end provides a receive bandwidth of 4 MHz. An
optional widespaced (dual) front end is available to
allow a total receive bandwidth of 12 MHz; it provides
two 6 MHz ‘“‘windows’’ which may be independently
tuned anywhere within the 136-to-162 or 146-to-
174 MHz bands.

4.2 TRANSMITTER

The transmitter circuitry amplifies the frequency-
modulated low level rf output from the frequency syn-
thesizer, and contains power regulation and protection
circuitry for the power amplifier. A harmonic filter is
used to attenuate spurious radiations, and a non-
mechanical PIN diode transmit-receive switch circuit is
used for reliability.

o




KEYLOAD
CONNECTOR

HI RNG
FLTR

PROBE HOLE

J300
ANTENNA
CONNECTOR

FAEPS—35880-0
(U606}

DvP
BOARDS

OPTION BOARD

HEAT SINK
(30 WATT
MODELS ONLY)

Figure 2.
DVP MCXI100 Radio Top View with Cover Removed

4.3 FREQUENCY SYNTHESIZER

4.3.1 In the receive mode the digital frequency syn-

thesizer generates the low side injection signal
that is applied to the mixer. During transmission the
synthesizer generates the low level frequency modulated
signal that is applied to the transmitter low level
amplifier stage.

4.3.2 The frequency synthesizer includes a reference

oscillator, a frequency modulated (in transmit
mode) voltage controlled oscillator (VCO), and fre-
quency selecting logic circuitry. The logic circuitry con-
trols the operating frequency of the phase-locked VCO.
Frequency select data from the binary-coded front panel
frequency switch is applied to the programmable read-
only memory (PROM) integrated circuit on the syn-

thesizer board. The PROM is programmed with
customer-specified data which determines the transmit
and receive frequencies for each position.

5. PHYSICAL CHARACTERISTICS
(Refer to Figures 1, 2 and 3)

5.1 The radio set is constructed in a rugged cast metal

chassis with separate top and bottom covers. The
front of the radio housing contains the control knobs,
buttons, and indicators. The back of the radio housing
contains the connectors for external power, micro-
phone, antenna, and external option connections.
30 Watt models also have a heat sink on the back of the
radio chassis for power transistor cooling,.

DESCRIPTION




DVP ENCRYPTION
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SYNTHESIZER
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BOARD 1 vssasn
REMOVAL H
HANDLE
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FRONT END
BOARD
{SINGLE FRONT
END SHOWN)

HARMONIC
FILTER

ANTENNA
CONNECTOR

FAEPS-35883-0

Figure 3.
DVP MCX100 Radio Bottom View with Cover Removed

5.2 Compartments inside the chassis isolate the PA,
receiver front end, frequency synthesizer, option
area, and main board from each other. Additional
shields are mounted over sensitive components on the
main board, and compartment shields are used over the
synthesizer and power amplifier compartments.

5.3 The top and bottom covers are easily removed for
service access. Most boards are connected to other
radio circuitry with plug-in connectors, and may easily
be removed from the radio for service or replacement by
removing securing screws and pulling from the radio.

5.4 The front panel, switch, display, and circuit board

assembly may easily be removed for service and
testing without removing any circuit boards from the
chassis.

6. SERVICE

Should you wish to purchase a service contract for
your Motorola equipment, contact your Motorola ser-
vice representative.
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1. INTRODUCTION

This section of the manual describes the installation
procedures for a front-mount and a remote-mount
radio set. Procedures common to both radios are found
under the heading ALL MODELS.

2. PREINSTALLATION TESTS

All DVP MCX100 radio sets are thoroughly tested
and inspected before shipment to customers. It is,
however, suggested that the transmitter frequency,
deviation, and power output be checked at the time of
installation, after servicing, and periodically as required
by applicable law. It is the license holder’s responsibility
that the operating parameters of his station comply with
applicable laws governing radio communication equip-
ment.

3. FRONT-MOUNT RADIO SETS

Step 1. Depending on the option ordered, front-
mount radios may be mounted using either standard or
optional trays. (Refer to Figure 1.)

Step 2. Mount the tray securely by means of the four
(10 x3/4") screws provided.

Step 3. Install the radio into the mounting tray using
either the two mounting screws or the latches (depen-
ding on the type of tray ordered).

4. REMOTE-MOUNT RADIO SETS

Step 1. Mount the control head on the desired spot,
using the mounting bracket provided.

Step 2. Install the transceiver mounting tray at the
desired location, using the four (10 x3/4°’) screws pro-
vided.

Step 3. Install the remote transceiver into the mount-
ing tray, using either the mounting screws or latches
(depending on the tray ordered).

SLOTS (4}

OPTIONAL LATCHES {2)

{A) STANDARD MOUNTING TRAY
FOR FRONT—MOUNT
MOBILE RADIO SETS.

(B)  MOUNTING TRAY FOR FRONT—MOUNT MOBILE
RADIO SETS PROVIDED WITH OPTIONAL
LATCHES. THIS TRAY CAN ALSO BE FAEPS_36118-0
PROVIDED WITH ONE OF TWO LOCKS. (M586)

Figure 1. Mounting Trays

Step 4. You may change the orientation of the cable at
the control head end by removing the four screws,
rotating the plastic assembly as required, and replacing
the screws.

Step 5. Route the cable assembly from the control
head to the transceiver; insert the cable connector into
the mating connector on the transceiver and hold it in
place by inserting the retaining clips through the slot in
the protective connector shield on the transceiver.

5. ALLMODELS

Step 1. Install the loudspeaker in the desired location
and connect it to the transceiver.

Step 2. For mobile units, mount the microphone
hangup clip at the selected position. If the alternative

technieel writing sresviees

1301 E. Algonquin Road, Schaumburg, II. 60196

3/15/83- PHI

68P81064E07-0O

INSTALLATION




microphone option or remote mount model has been Step 3. Mount the antenna and route the coaxial cable

ordered the microphone can be connected to the to the radio set.
transceiver rather than to the remote-mount control
head. For base station applications, the base Step 4. Install the dc power cable in accordance with
microphone should be directly connected to the rear of the instructions provided in Figures 2 through 4.
the unit. MBBI113 is the ignition control of PTT option.
MICROPHONE  RED F350
CONNECTOR [ \——— TOBATTERY + TERMINAL (SEE TEXT)
r- --» TOBATTERY + TERMINAL OR OTHER SOURCE -~
GREEN F351 ' OF BATTERY POSITIVE VOLTAGE
SPEAKER (CREEN e (RECOMMENDED FOR RADIOS WITH MBB113 OPTION)
CONNECTOR .
ACCESSORIES - - - ® TO ACCESSORY SIDE OF IGNITION SWITCH
CONNECTOR BLACK F353 -~
[———————————®\$—— & TO VEHICLE CHASSIS (SEE TEXT}

\

F352
ANTENNA CONNECTOR IO ACCESSORY SIDE OF
ORANGE IGNITION SWITCH GBEPS-36119-0

Figure 2. Power Lead Connections for
Front Mount Mobile Radios

RED (HEAVY, F350
RED TOBATTERY
F354

(LIGHT] + TERMINAL
EZENANKEECiOR (SEE TEXT
! . K F353
égiﬁjsgfgﬂ BLAC TO VEHICLE
ACCESSORIES e ! : CHASSIS
1OR ALTERNATE (SEE TEXT)
CONNECTOR MICROPHONE : TO ACCESSORY SIDE
LOCATION! Fi62 OF IGNITION SWITCH
1 ORANGE _~ » tRADIOS WITH MBB 113
‘ OPTION)Y
X — —
)\ . A‘:,*# ey I Co TRANSCEIVER PACKAGE
Herna r 1 M_i' | | :
o L oL
Wl JU - ®

ju
|

|

CONTROL
HEAD

GBEPS—36120-0

i o)
Ul

STANDARD
ANTENNA MICROPHONE

CONNECTOR LOCATION

\ REMOTE MOUNT CABLE KIT

GREEN F351 >

[—-—‘\4_—-/__— —+#TOBATTERY + TERMINAL

OR OTHER SOURCE OF
POSITIVE BATTERY VOL TAGE

t

| OR (RECOMMENDED FOR RADIOS
| \ WITH MBB113 OPTION}
L__ __p TO ACCESSORY SIDE

- OF IGNITION SW|TCH

Figure 3. Power Lead Connections for
Remote-Mount Radios
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1. INTRODUCTION 3. OPERATION

The DVP MCXI00 FM Two-Way Radio is
available in front-mount, remote-mount, and base sta-
tion models.

2. CONTROLS AND INDICATORS 3.1 TOTURN RADIO SET ON

Figures 1, 2, and 3 show the various controls that Turn the Off-on/Volume control
are available on the DVP MCX 100 radio sets. Your par- clockwise until a click is heard. (In certain mobile in-
ticular radio may differ, depending on the model and stallations, you may also be required to turn on the igni-
options that have been ordered. tion switch of your vehicle.)

MUTLIPLE PL/DPL CHANNEL DUAL CODE MODELS ONLY
CODE MODELS ONLY INDICATOR |
|

I DVP CODE DVP CODE SE LECT'

IPL/DPL PL/DPL | BUSY LIGHT PTT SELECT INDICATOR
CODE CODE SELECT INDICATOR PUSHBUTTON SWITCH (YELLOW)
DISPLAY PUSHBUTTONS {ORANGE)

TRANSMIT
INDICATOR
(RED)

MONITOR
PUSHBUTTON

SQUELCH
PUSHBUTTON

RECEIVE MODE

INDICATOR
(YELLOW)
TRANSMIT MODE
TRANSMIT MODE  INDICATOR CHANNEL  OFF—ON/VOLUME - KEYLOAD FAEPS_35703-0
SELECT SWITCH  (YELLOW) SELECTOR  CONTROL CONNECTOR (G603)

OPERATING INSTRUCTIONS

Figure 1. Front-Mount Radio Controls
‘ and Indicators (Typical)
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MULTIPLE PL/DPL CODE MODELS ONLY DUAL CODE MODELS ONLY
i ]

I PL/DPL
CODE
DISPLAY

BASE STATION
MOUNTING TRAY PUSHBUTTON PUSHBUTTON SELECT SWITCH {(YELLOW) (B603)

PL/DPL 1 TRANSMIT  BUSY LIGHT I DVP CODE  DVP CODE 1
CODE SELECT INDICATOR INDICATOR SELECT SELECT INDICATOR
PUSHBUTTONS (RED) (ORANGE) SWITCH (YELLOW)

RECEIVE MODE
INDICATOR
(YELLOW)

KEYLOAD
CONNECTOR
(HIDDEN}

TRANSMIT

OFF~ON/VOLUME BAR

CONTROL

MONITOR

CHANNEL BAR
SELECTOR

CHANNEL
INDICATOR

TRANSMIT
MONITOR SQUELCH TRANSMIT MODE  MODE INDICATOR FAEPS—35704-0

Figure 2. Base Station Radio Controls
and Indicators (Typical)

PUSHBUTTON CONTROL SYMBOLS

Radio
Type

Private-Line
Squelch or Digital
Private-Line
Squelch Models

Base Station Carrier Squelch
Models Models

Pushbutton
Symbol

W O ®

-




3.2 TORECEIVE

Use the following sequence to set the Off-
on/Volume control ()  of your radio to a com-
fortable listening level.

Step 1. Turn the Channel Selector to the desired chan-
nel as indicated by the Channel Indicator.

Step 2. Depress (push in) the Squelch @ and
Monitor pushbuttons, depending on the model
used (see Figures 1, 2, 3).

Step 3.  Adjust the Off-on/Volume control )  un-
til the background noise is at the desired level.

Step 4. After setting the volume level, push and
release the pushbuttons to place them in the ““out’’ posi-
tion (white color showing). For a base station, you
should release the Monitor pushbutton (%)

NOTE

When a private message is received, the
Receive Mode Indicator should light and
the speaker unmute. if the incoming
message was encrypted with a key that is
different from the radio key, noise will be
heard from the speaker. In radios equip-
ped with the Proper Code option, this
noise will not be heard unless the
microphone is off-hook or the Monitor
pushbutton @ is depressed (pushed
in).

3.3 TOTRANSMIT

NOTE
For mobile radios equipped with the igni-
tion control of PTT option, the transmit-
ter cannot be operated unless the vehicle
ignition switch is turned on.

Step 1. Press the Transmit Mode Select switch &)
to choose the private or standard mode. The Transmit
Mode Indicator will light when the private mode is
selected. On models with the Dual Code option, select
the desired code for transmitting by pressing the DVP
Code Select switch . The DVP Code Select In-
dicator will light when you have selected code 2.

PTT
PUSHBUTTON

TRANSMIT
INDICATOR
{RED}

SQUELCH RECEIVE

TRANSMIT TRANSMIT

PUSHBUTTON  MODE MODE
INDICATQR  SELECT
(YELLOW) SWITCH

KEYLOAD
CONNECTOR

CHANNEL
INDICATOR

OFF—-ON/VOLUME
CONTROL

CHANNEL FAEPS-35705—0
SELECTOR (H603)

MODE
INDICATOR
(YELLOW)

Figure 3. Remote-Mount Radio Controls
and Indicators (Typical)
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Step 2. Before starting transmission, monitor all traf-
fic on the selected channel to ensure that it is not in use.

Step 3. To monitor on units with Private-Line and
Digital Private-Line squelch, remove the mobile micro-
phone from its hangup clip or depress the Monitor

(®  bar on the base station microphone. If the chan-
nel is clear, you may transmit your message.

Step 4. (For Single Tone models equipped with Call
pushbutton only.) Before starting voice
transmission, depress the Call pushbutton  (3)

Step 5. Hold the microphone approximately 2 inches
from your mouth, depress and hold the push-to-talk
(PTT) pushbutton (or Transmit % bar on base sta-
tions), and speak into the microphone. The Transmit
Indicator lights. The transmitted audio will be either en-
crypted or non-encrypted, depending upon the mode
setting. If the transmitted audio is non-encrypted, a
“short tone or ‘“‘beep’’ will be heard immediately after
the microphone is keyed. After finishing your message,
release the PTT pushbutton to receive a reply.

Step 6. (Mobile units only.) After completing the call,
place the microphone in the microphone hangup clip.

3.4 TOTURN RADIO SET OFF

Turn the Off-on/Volume control com-
pletely counterclockwise until a click is heard. (In cer-
tain mobile unit installations, the radio may also be
turned off by turning off the vehicle ignition switch.)

4. ELECTRONIC ENCRYPTION KEY TRANSFER

Step 1. Turn the radio on and set the Off-on/Volume
control () toacomfortable listening level.

Step 2. Connect the cable from the Code Inserter to
the Keyload Connector.

Step 3. Press the push-to-transfer switch on the side of
the Code Inserter. The transfer is completed when a
tone is heard from the speaker, and the message
LEEFP P appears on the Code Inserter display.

S. SELECTABLE SIGNALING OPTIONS

SELECTABLE PRIVATE-LINE (PL) OR
DIGITAL PRIVATE-LINE (DPL) TONE-CODED
SQUELCH OPTION (Applicable to Private-Line tone-
coded or Digital Private-Line binary-coded squelch
models only). Depending on the options ordered, the
user may change the operating PL/DPL code (encode,
decode, or both) of the radio set to permit its use in
systems having different PL/DPL operating codes. The
appropriate PL/DPL code is selected by using the
PL/DPL Code Select pushbutton or pushbuttons and is
indicated by the PL/DPL Code Display.

SELECTABLE SINGLE TONE ENCODER (Units
with Single -Tone Encoder Option Only.) The Single
Tone Select pushbutton is used to select the desired fre-
quency of the encoder tone (10 tones are available). The
Single Tone Display indicates the selected tone by means
of a single digit (0 through 9). The encoder tone is
transmitted with each activation of the Call pushbut-

ton (J)
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-THEORY OF OPERATION

1. INTRODUCTION

1.1 This section describes the Theory of Operation of

the DVP MCXI100 Radio Set. To help the ser-
viceman more readily understand the discussion, the
material is presented in three distinct levels: General
Description, Functional Description, and Detailed
Description.

¢ General Description — For ease of discussion, the
circuits comprising the radio set are organized into
seven functional groups. The General Description in-
troduces the serviceman to these functional groups
and gives a brief description of each. An accompany-
ing block diagram outlines the functional groups,
shows the relationship and signal flow between the
groups, and the signal flow through the groups
(where applicable).

¢ Functional Description — This description further
details the operation of each functional group. A sup-
porting functional block diagram accompanies each
description to show the circuits, signals, and intercon-
nections that go to make up the group.

e Detailed Description — The detailed description
gives complete circuit descriptions for each functional
group. In this description, the schematic diagrams in
the diagrams section are used as references.

1.2 As an additional aid, an overall functional in-
terconnection diagram of the radio set is provided
in the manual.

2. GENERAL DESCRIPTION
(Refer to Figure 1)

2.1 The Front Mount Radio Set operates in the VHF

frequency range of 136 to 174 MHz, and, depen-
ding on the model used, can provide rf power output of
either 10 or 30 watts in systems employing minimum
channel spacing of either 25 or 30 kHz. Models allowing
use of up to 32 channels are available.

2.2 The seven functional groups that make up the

DVP MCXI100 radio set are: receiver circuits,
transmitter circuits, frequency synthesizer circuits, DVP
(Digital Voice Protection) circuits, PL/DPL (Private-
Line/Digital Private-Line) circuits, time-out timer cir-
cuits, and power distribution circuits. A brief descrip-
tion of each functional group is given in the following
paragraphs.

2.3 RECEIVER CIRCUITS

2.3.1 The receiver circuits in the standard radio set

use a single front end that utilizes FETs (field-
effect transistors) for rf amplification, mixing, and i-f
input stages for high sensitivity and low noise; crystal
filters for i-f selectivity; and integrated circuits for
amplication, limiting, and detection. The standard,
single front end provides a receive bandwidth of 4 MHz.

2.3.2 An optional widespaced dual front end allows a

total receive bandwidth of 12 MHz; it provides
two 6 MHz “‘windows’’ which may be independently
tuned anywhere within the 136 to 162 or 146 to 174 MHz
bands. Tuning within each band is accomplished by two
6 MHz-wide tuneable helical filters. Selection of either
the low range or high range 6 MHz filter is under the
control of the frequency synthesizer circuits (front end
select signal).

2.3.3 The receive rf from the antenna and the receive

injection signal from the frequency synthesizer
circuits are mixed in the single front end (or optional
widespaced dual front end) to produce the 21.4 MHz i-f
frequency. The i-f signal is amplified, filtered, and ap-
plied to a limiter/quadrature detector to recover the
audio from the frequency-modulated carrier. The
recovered audio is processed by low level audio and
muting circuits. The receiver audio is then amplified by
the audio amplifier and applied to the speaker.

2.3.4 The low level audio and muting circuits also pro-

cess the sidetone/alert tone from the DVP cir-
cuits, the PL/DPL circuits (or optional time-out timer
circuits) and the PL filtered audio (from the PL/DPL
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circuits). The audio muting circuits mute the receiver
audio in response to control signals from the receiver
squelch circuits (when no on-channel carrier is pre-
sent); the transmitter circuits (when PTT is keyed); the
frequency synthesizer circuits (when out-of-lock); the
DVP circuits; or the PL/DPL circuits (when a valid
tone-coded or binary-coded signal is not received). The
DVP circuits, optional time-out timer circuit, or
PL/DPL circuits can also gate audio to the speaker to
allow insertion of sidetones or alert tones
into the audio path.

2.3.5 The low level audio circuit also supplies an op-

tion receive audio signal to the DVP circuits for
code detection and audio recovery. If the signal is not
coded, the audio is routed either back to the low level
audio circuits, or to the PL/DPL board (in radios so
equipped) for tone decoding and filtering before being
returned to the low level audio circuits. If the signal is
coded, the DVP recovered audio is routed back to the
low level audio circuits.

2.3.6 The squelch circuit incorporates a high-speed,

variable closing-time constant that provides op-
timum squelch performance for both weak and strong
signals. Pushing in the squelch pushbutton on the front
panel defeats the carrier squelch circuits, unsquelching
the receiver audio.

2.3.7 A front panel BUSY light is used in PL/DPL
squelch or Select 5 signaling models to indicate
channel activity.

2.4 TRANSMITTER CIRCUITS

2.4.1 The transmitter circuits amplify the frequency-

modulated low level rf output (transmit injection
signal) from the frequency synthesizer circuits for radia-
tion by the antenna. The transmit injection signal is ap-
plied to the low level amplifier (exciter), which supplies
the rf drive for the 10 watt power amplifier. The final rf
is applied through a harmonic filter/antenna switch to
the antenna. In 30 watt models, the 10 watt power amp-
lifier supplies the rf drive for the higher-powered
amplifier.

2.42 A transmit power and level control circuit

monitors the control voltage supplied by a direc-
tional coupler, located on the harmonic filter/antenna
switch hybrid, to maintain the radiated rf output at a
relatively constant level regardless of operating frequen-
cy, battery voltage, or temperature. A control circuit
shuts down the transmitter if the synthesizer frequency
goes out-of-lock (lock detect signal), or reduces output
power to prevent damage to the rf final amplifier if a
fault occurs in the antenna system.

2.4.3 PTT signals from the microphone, (which are

processed by the DVP circuits, the PL/DPL cir-
cuits, or the optional time-out timer circuits, if present)
are applied to a PTT logic circuit to control transmitter

keying. A transmitter audio/IDC (instantaneous devia-
tion control) circuit processes the microphone audio to
produce the IDC audio. The microphone audio is also
pre-emphasized in the transmit audio/IDC circuitry. If
the radio is transmitting in the private mode, this audio
is digitized and then encrypted by the DVP circuits. The
encrypted bits are then used to modulate the VCO
(voltage controlled oscillator), and the 14.4 MHz
reference oscillator in the frequency synthesizer. If the
radio is transmitting in the clear mode, the IDC audio
directly modulates the VCO. In DPL radios, the PL/
DPL circuits also generate a reference modulation
signal which modulates the 14.4 MHz reference
oscillator. By modulating the reference oscillator, the
low frequency modulation capability of the radio is ex-
tended nearly to dc, a requirement for both DVP and
DPL.

2.5 FREQUENCY SYNTHESIZER CIRCUITS

2.5.1 The frequency synthesizer circuits generate the

low side receive injection frequency and the
transmit injection signal. In the receive mode, the fre-
quency synthesizer locks on a frequency that is
21.4 MHz (i-f frequency) lower than the desired receive
frequency. In the transmit mode, the frequency syn-
thesizer locks on the transmit output frequency. The
frequency synthesizer is set to the transmit mode by the
+9.6T keying voltage generated by the transmitter cir-
cuits.

2.5.2 The frequency synthesizer employs a phase-

locked-loop that maintains a constant VCO fre-
quency (limited only by the frequency stability of the
14.4 MHz reference oscillator). Logic circuitry controls
the operating frequency of the phase-locked VCO. Fre-
quency select data from the front panel channel selector
switch is applied to a plug-in PROM (programmable
read-only memory) module. The PROM is factory-
programmed or field-programmed with customer-
specified data that determines the transmit and receive
frequencies for each position of the channel selector
switch. Channels can be added or changed by simply
changing the PROM.

2.6 DVPCIRCUITS

2.6.1 The Digital Voice Protection (DVP) circuitry in-

terfaces with the radio’s audio circuits to add a
high security scrambled voice mode. Microphone audio
is digitized, transformed into cipher, and applied to the
transmitter circuits. Similarly, received cipher is
transformed into audio and applied to the speaker.
Logic circuits and audio switches allow operation in
either the private (coded) mode or the standard (clear)
mode.

2.6.2 The private mode employs a digital non-linear

coding scheme. Microphone audio is digitized by
a Continuously Variable Slope Delta modulator
(CVSD) whose output is applied to a non-linear digital
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Figure 2. Receiver Circuits, Functional Block Diagram
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encryption circuit. The encrypted data is then filtered
and used to modulate the synthesizer. In the receive
mode, cipher from the discriminator is applied to a
decoder whose digital output is converted to an analog
signal by the CVSD. A filter shapes the received audio
before it is applied to the speaker amplifier circuit.

2.6.3 All Motorola DVP system components (base sta-

tions, mobiles, and portables) utilize a self syn-
chronizing non-linear digital voice scrambling scheme
with a capacity for 2.36 x 10*' unique orthogonal
codes. Once loaded the chosen code is internally stored
and completely unreadable. A single electronic key in-
serter (with appropriate interconnect cable) allows easy
code insertion on any desired schedule. Selection of
either private or standard transmissions may be made at
the front panel by the operator.

2.6.4 Additional features are included to ensure
operator convenience and flexibility.

¢ Fully automatic selection and front panel indication
of private receive mode.

¢ Audible alert to remind the operator that he is in-
itiating a standard transmission.

2.6.5 Optional functions are also available to expand
the radio’s capabilities. These are dual code
capability and proper code detect circuitry.

2.7 PL/DPL CIRCUITS

2.7.1 The PL/DPL circuits encode (during transmit)

and decode (during receive) the sub-audible
Private-Line and Digital Private-Line squelch signals
for compatibly-equipped radios. The Private-Line or
Digital Private-Line coded squelch information is pro-
grammed into a code plug (used in single-code PL/DPL
configurations), or a personality ROM (read-only-
memory) used in multiple-code PL/DPL configura-
tions. The Private-Line squelch eliminates annoying co-
channel message reception by accepting only those
signals with the proper, predetermined tone code. The
Digital Private-Line squelch allows only those calls that
use the proper system code to be heard. A front panel
Monitor pushbutton, when pushed in, defeats the
PL/DPL decoder circuits, allowing all activity on the
channel to be monitored. The PL/DPL decoder circuits
are also automatically defeated when the microphone is
removed from its hang-up clip.

2.7.2 The PL/DPL circuits are controlled by a

microcomputer which accomplishes all tone (or
code) generation and detection digitally, eliminating all
mechanical reed assemblies. The circuits also in-
corporate a time-out timer function that unkeys the
transmitter after a predetermined interval. This prevents
accidental (or intentional) repeater lock-up, or tying up
a channel by prolonged transmitter keying. A
sidetone/alert tone, audible in the speaker, warns the

operator that the timer is shutting off the transmitter.
The timer is reset instantly when the PTT button on the
microphone is released.

2.8 TIME-OUT TIMER CIRCUITS

The time-out timer circuits are an option used in
carrier squelch models. The circuits perform the same
function as the time-out timer previously described in
the PL/DPL circuit description.

2.9 POWER DISTRIBUTION CIRCUITS

The power distribution circuits supply and
distribute all the necessary dc power required to operate
the radio set. The radio set is designed for use in 12 V dc
negative ground systems only. Power inverters are
available for use in systems having different voltages or
polarity. Input power is applied to the radio set via a
three-wire fused power cable. A fourth fused wire is
connected to the vehicle ignition switch in radios
employing ignition control option B113. The Off-
on/Volume switch on the front panel controls the ap-
plication of power to the radio set.

3. FUNCTIONAL DESCRIPTION

3.1 RECEIVER CIRCUITS
(Refer to Figure 2)

The receiver circuits are functionally arranged into
the single front end, the optional widespaced dual front
end, and the main board receiver circuits.

3.1.1 Single Front End

The standard single front end is located on the
single front end board. The single front end generates
the receiver i-f signal using the receiver rf signal from
the antenna switch in the transmitter circuits and the
receiver injection signal from the frequency synthesizer
circuits. The receiver rf is filtered by an antenna filter,
amplified by rf amplifier Q700, filtered again by an in-
terstage filter, and finally applied to mixer Q701. The
receiver injection signal is also applied to the mixer, via
an injection filter. The mixer combines the two signals
to produce the 21.4 MHz receiver i-f signal which is ap-
plied through an impedance matching network to the
receiver circuits on the main board.

3.1.2 Widespaced Dual Front End

3.1.2.1 The optional widespaced dual front end is

housed in a metal casting that is mounted to
the main board. Except for the helical filters, circuit
components are mounted on an amplifier board and a
mixer board, located inside the casting. The widespaced
dual front end provides extended frequency coverage by
switching the receiver rf between two, 6 MHz-wide,

THEORY OF OPERATION




tuneable helical filters. Each filter can be tuned to any
desired 6 MHz-wide frequency band within the frequen-
cy range of the radio. Switching between ranges is con-
trolled by the front end select signal supplied by fre-
quency synthesizer circuits. As in the single front end,
the widespaced dual front end generates the receiver i-f
signal using the receiver rf signal from the antenna
switch in the transmitter circuits and the receiver injec-
tion signal from the frequency synthesizer circuits. The
receiver rf is filtered by an input filter, amplified by rf
amplifier Q750, and applied to an input diode switch.
The input diode switch, together with an output diode
switch, determine which rf frequency range is selected.

3.1.2.2  Frequency range selection is determined by the

logic state of the front end select signal applied
to the front end logic circuit. When the front end select
signal is high, the front end logic circuit switches the in-
put and output diode switches to a high-range condi-
tion. This routes the output from the rf amplifier
through the high range filter to the mixer. When the
front end select signal is low, amplified rf is switched to
the mixer via the low range filter. Also applied to the
mixer, via an injection filter, is the receiver injection
signal. The mixer combines the two signals to produce
the 21.4 MHz receiver i-f signal that is applied to the
receiver circuits on the main board.

3.1.3 Main Board Receiver Circuits

The remainder of the receiver circuits are located
on the main board and are functionally arranged into
the following circuits: an i-f circuit, a limiter/
quadrature detector, a low-level audio circuit, a audio
muting circuit, an audio power amplifier, and a squelch
circuit. Additionally, in PL/DPL squelch or Select 5
signaling models, a busy light circuit is included.

3.1.3.1 I-F Circuit

The i-f circuit consists of two buffers, an i-f
amplifier, and a series of crystal filters cut to a fun-
damental frequency of 21.4 MHz. The receiver i-f signal
from the single front end (or the optional widespaced
dual front end) is applied through first buffer Q1 to
four-pole crystal filter Y1. The filtered i-f output from
Y1 is buffered again by Q2, amplified by U1, and fur-
ther filtered by two-pole crystal filters Y2A and Y2B.
The amplified and filtered i-f output from Y2B is ap-
plied to limiter/quadrature detector U2.

3.1.3.2 Limiter/Quadrature Detector U2

Limiter/quadrature detector U2 is an in-
tegrated circuit that recovers the audio from the
frequency-modulated carrier. The limiter/quadrature
detector buffers the recovered audio and applies it to the
low-level audio circuit. In PL/DPL or Select 5 signaling
models, it also supplies a sense signal to the busy light
circuit to control the busy light on the front panel.

3.1.3.3 Low-Level Audio Circuit

The low-level audio circuit consists of detector
audio buffer US0A and de-emphasis amplifier U5S0B.
The recovered audio from the limiter/quadrature detec-
tor is applied through U50A to U50B. The recovered
audio from U50A is also applied as the optional receive
audio to the DVP circuits, and to accessories connector
J350-1. If this is a DVP signal, the re-constructed audio
is switched back into the low level audio path. If it is not
a DVP signal, then it is routed, unchanged, back into
the low level audio path. If the radio is equipped with
PL/DPL the audio is then routed to the PL/DPL
board. The PL/DPL circuits, in turn, inject the PL
filtered audio signal into the recovered audio path be-
tween USOA and USOB. The recovered audio is
amplified and de-emphasized by U50B and is applied to
primary mute gate Q50 in the audio muting circuit.

3.1.3.4 Audio Muting Circuit

3.1.3.4.1 Primary mute gate Q50 and secondary mute

gate Q58 form the audio muting circuit.
Audio inputs to the circuit are the recovered audio from
the low-level audio circuit and the sidetone/alert tone
from the DVP or PL/DPL circuits (or the time-out
timer or Select 5 signaling circuits). The sidetone/alert
tone is inserted into the circuit, via the volume control,
which is between Q50 and Q58.

3.1.3.4.2 The audio muting circuit gates the receiver
audio on and off in response to four signals:

* the high lock detector (VCO lock) signal from the fre-
quency synthesizer circuits;

* the +9.6T keying voltage from the transmitter PTT
logic circuit;

* the sidetone enable signal from the DVP, PL/DPL,
time-out timer, or Select 5 circuits;

* the DVP mute signal which is a combination of DVP
muting functions and the receive audio mute signal
from the PL/DPL or Select 5 circuits, and the squelch
signal developed by the receiver squelch circuit.

3.1.3.4.3 When no mute signal is applied to the audio

mute line, series mute gate Q50 is on and
shunt mute gate Q58 is off. This allows receiver audio
from the low-level audio circuit to be applied through
the volume control to the audio power amplifier. If the
audio mute line is driven high, the audio is muted. This
occurs when the synthesizer frequency is out-of-lock,
the transmitter is keyed, the DVP circuitry has not
detected a coded message, the PL/DPL circuit (or Select
5 signaling circuits) have not decoded a correct signal,
or the receiver quieting level is insufficient to open the
squelch circuit.
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Figure 4. Frequency Synthesizer Functional Diagram



3.1.3.4.4 To allow the sidetone/alert tone to be in-

serted into the audio path when the re-
covered audio is muted, the sidetone enable signal is ac-
tivated (goes low). This allows the sidetone/alert tone to
be routed through the volume control to the audio
power amplifier.

3.1.3.5 Audio Power Amplifier

The audio power amplifier consists of tran-
sistors Q51 through Q57. It supplies up to five watts of
audio power to the speaker. A discrete design is used for
low noise, high alternator whine rejection, and max-
imum possible audio output swing.

3.1.3.6 Squelch Circuit

3.1.3.6.1 The squelch circuit consists of four opera-

tional amplifiers, a full-wave rectifier, two
squelch switch transistors, a variable time-constant
stage, and the front panel squelch pushbutton. The
recovered audio output from detector buffer US0A in
the low-level audio circuit is applied to audio-captured
limiter/noise amplifier U2100A. The output from
U2100A is applied through SQ (squelch adjust) poten-
tiometer R2103 (which adjusts the noise quieting level at
which the squelch operates) to a second amplifier,
U2100B. The amplified output from U2100B is detected
by a full-wave rectifier to produce an average dc voltage
at the output of the third amplifier, U2100C. The out-
put voltage at U2100C is proportional to the receiver
quieting level. This dc quieting level voltage is then com-
pared to a fixed dc reference voltage by integrator/com-
parator U2100D. When the quieting level dc voltage is
below the reference voltage (carrier signal absent),
U2100D turns on squelch switch Q2101. This drives the
receive audio mute line high. The receive audio mute
line goes to the DVP board which then outputs a high
on the DVP mute line. This turns on squelch buffer
Q2102 which mutes the receiver. When the quieting level
rises above the reference voltage (carrier signal present),
squelch switch Q2101 and Q2102 turns off, putting a
low on the receive audio mute line. This signal then goes
to the DVP board, which puts a low on the DVP mute
line, turning off Q2102 and unmuting the receiver. If
the squelch pushbutton is pushed in (unsquelch posi-
tion) the output at current driver Q2101 is grounded,
preventing the squelch signal going to the DVP board
from indicating a squelch condition, regardless of the
noise quieting level.

3.1.3.6.2 The receive audio mute signal is also con-

trolled by the PL/DPL (or Select 5) circuits.
When a proper PL/DPL code is not received the receive
audio mute signal goes high, causing the DVP board to
put a high on the DVP mute line, muting the radio.
When a valid PL/DPL code is detected, the PL/DPL
circuits provide an active low on the receive audio mute
line. This causes the DVP board to unmute the radio.
The PL/DPL circuitry can prevent Q2101 from muting
the receive audio, even though the level of noise quieting
is below the squelch circuit opening threshold.

3.1.3.6.3 Variable time constant stage Q2100 (not
: shown in block diagram) provides a high
speed closing time constant for strong signals,
eliminating the noise bursts normally heard at the end of
a transmission. The time constant increases during very
weak signal conditions to eliminate the chatter that is
often heard when signals fade. The variable time cons-
tant is controlled by the dc quieting level voltage from
U2100C.

3.1.3.7 Busy Light Circuit

The busy light circuit controls the lighting of
the front panel busy light in PL/DPL squelch or Select 5
signaling models. The circuit is contained on the busy
light board, which is mounted on the main board. The
circuit consists of level detector Q1200 and driver
Q1201, and uses the sense signal developed by limiter/
quadrature detector U2, and the squelch output from
U2100D to light the busy light, indicating channel ac-
tivity.

3.2 TRANSMITTER CIRCUITS
(Refer to Figure 3)

3.2.1 Circuit Boards

3.2.1.1 The transmitter circuits are arranged into

functional groups that are mounted on the
main board and the PA interconnect board. Two PA in-
terconnect boards can be used, depending on the
transmitter power output. In 10 watt models, a 10 watt
PA interconnect board is used. In 30 watt models, a 30
watt interconnect board is used.

3.2.1.2 The main board contains part of the PTT logic

circuit, the transmit audio/IDC (instantaneous
deviation control) circuit, and the transmit power level
and control circuit. The 10 watt PA interconnect board
contains the low level amplifier, the 10 watt power
amplifier, and the harmonic filter/antenna switch. The
30 watt PA interconnect board contains the same three
functional groups just mentioned; in addition, the 30
watt power amplifier, mounted in the external heat sink,
is added. In this high-power version, the 10 watt power
amplifier drives the 30 watt power amplifier.

3.2.2 PTT Logic Circuit

3.2.2.1 The PTT logic circuit supplies the +9.6T key-

ing voltage to the transmitter and mutes the
microphone audio during receive and unmutes the audio
during transmit. The 9.6T keying voltage also switches
the frequency synthesizer circuits to the transmit mode,
mutes the receiver audio circuits, and lights the transmit
indicator on the front panel to indicate that the radio set
is transmitting.

3.2.2.2 The PTT logic circuit can be controlled from
any of several sources:
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the microphone,

the DVP circuits,

the PL/DPL circuits,

the time-out timer circuits (used as an option in car-

rier squelch models only),

* the vehicle ignition switch (with ignition control op-
tion B113 only),

¢ and external accessories connected at the rear of the

radio, using J350 pins 1 through 7.

Mic audio transmissions are inhibited while a PTT is be-
ing generated by a Select 5 signaling option or externally
connected accessory. This prevents microphone noise
from being inserted into the transmitter audio path
when data (or optional Select 5 signaling) transmissions
are being made.

3.2.2.3 Pressing the push-to-talk button on the

microphone supplies a mic PTT signal (via
J350-14 in front-mount radios, or via P380-1 in remote
mount radios), through jumper JU302, to mic mute
control stage Q303. This enables Q303, which activates
in turn, two signals. One signal is the mic mute enabling
signal which is routed to mic audio mute gate Q325 in
the transmit audio/IDC circuit. The gate allows
microphone audio to be applied to the transmitter audio
circuits. The second signal is the PTT enabling signal
that tells the DVP, PL/DPL and time-out timer circuits
that the radio is being keyed. The DVP board will then
pull the delayed PTT line low. This is the signal which
actually enables the +9.6T switches Q302 and Q307.
When these switches are enabled, the +9.6T keying
voltage is generated.

3.2.2.4 In radios having the ignition control option,

Jjumper JU302 is cut and Q304 is added, allow-
ing the vehicle switched ignition voltage to control the
PTT logic circuit, via ignition control stage Q304. Igni-
tion voltage is supplied to the radio via an additional
(orange) wire.

3.2.3 Transmit Audio/IDC Circuit

3.2.3.1 The transmit audio/IDC circuit processes the

microphone audio to ensure that the proper
level of audio drive is supplied to the VCO hybrid in the
frequency synthesizer circuits. When the radio is
transmitting clear mode, the IDC audio directly
modulates the VCO. In PL/DPL radios the low fre-
quency PL/DPL encode (tone) signal from the
PL/DPL circuits is combined with the microphone
audio and is routed, via IDC deviation control and com-
pensation circuits, to the VCO hybrid. A second
modulation signal is routed to the 14.4 MHz reference
oscillator in the frequency synthesizer to obtain low fre-
quency transmit response. When the radio is transmit-
ting in private mode, the IDC audio is routed to the
DVP board, and converted to a digital signal which is
then encrypted. This signal is splatter filtered and then
modulates both the VCO and the 14.4 MHz reference
oscillator.
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3.2.3.2 . Microphone audio is applied to mic mute gate

- Q325, via connector P350-12 in front mount
radios, or via connector J380-4 in remote mount radios.
The mic mute gate applies the audio to limiter U325A,
via a pre-emphasis network. Transmit audio from op-
tions or accessories can also be injected into the input
path of U325A, without pre-emphasis, via connectors
J350-2 or P352-17. The output from U325A is applied
to the input of splatter filter U325B. Inserted into this
audio path is the PL/DPL VCO-modulation tone input
from the PL/DPL circuits.

3.2.3.3 The output from the splatter filter is sent to the

DVP board. If the radio is transmitting in
clear mode, the audio is routed back to IDC mute gate
Q326, which is open in the receive mode. The deviation
level of the clear mode transmit audio is adjusted by
VCO MOD potentiometer R341. The IDC audio then
continues to the frequency synthesizer circuits to drive
the VCO hybrid. If the radio is transmitting in private
mode, the IDC audio is converted by U103 (on the DVP
board) to a digital waveform. This digital waveform is
then encrypted by HY101 and splatter filtered by U102.
The deviation level of the transmitted DVP data is ad-
justed by potentiometer R158. From R158 the DVP
data is sent back into the transmit path at IDC mute
gate Q326, and from there on to the frequency syn-
thesizer VCO hybrid. The VCO allows transmissions
which carry information above 50 Hz.

3.2.3.4 Both DVP and DPL signals modulate the

14.4 MHz reference oscillator. The reference
oscillator allows transmissions which carry information
below 50 Hz. The level of the DPL modulation signal is
adjusted by potentiometer R344 before being routed to
the reference oscillator. The level of the DVP modula-
tion signal is adjusted by potentiometer R159 on the
DVP board. The DVP signal then gets routed to the
reference oscillator.

3.2.4 Transmit Power and Level Control Circuit

3.2.4.1 The control circuit provides power leveling

and protection for the final power amplifier
circuits in the transmitter. The circuit acts as a control
loop to protect the power amplifier against possible
damage due to excessive temperature (in 30 watt
models) or excessive reflected rf output power. If a
possible excessive temperature condition should occur,
or if the rf output power exceeds a preset level, or if ex-
cessive antenna mismatch is present, the circuit reduces
the gain of the low level amplifier, hence the rf drive
level to the final power amplifier. The circuit also
disables the rf drive (by removing the LLA A + source
voltage) if the frequency synthesizer goes out-of-lock.
Short circuit protection removes the LLA voltage if a
short circuit occurs onthe LLA A + line.

3.2.4.2 The transmit power and level control circuit
consists of transistors Q225, Q226, Q227,
Q228, and differential amplifier U300B. The




temperature sensing signals supplied to the control cir-
cuit are the temperature compensation and heat sense
monitoring signals. The temperature compensation
monitoring signal is developed by negative-coefficient
diode CR1451, mounted near the directional coupler.
The heat sense signal is developed by a thermistor
located in the 30 watt power amplifier only. The rf out-
put power is monitored at the directional coupler. The
directional coupler signal is a dc voltage that represents
the weighted sum of the forward and reflected power. If
any of these signals indicate a fault, the voltage varia-
tion on the directional coupler signal line is compared
by differential amplifier U300B to a fixed dc reference.
The amplifier then causes the control circuit to reduce
the LLA A + voltage, hence the rf output power, until
the fault is stabilized. PWR ADJ potentiometer R245
presets the rf output level by setting a dc reference
voltage for the differential amplifier. Voltage limit
potentiometer R236 sets an upper limit on the LLA A +
voltage available to the LLA, to prevent damage to the
10 watt PA due to overdrive from the LLA.

3.2.5 Low Level Amplifier

The low level amplifier is a two-stage, non-linear
amplifier that supplies the rf drive for the 10 watt power
amplifier. The input to the low level amplifier is the 136
to 174 MHz transmit injection signal from the frequen-
cy synthesizer circuits. The signal is amplified by
amplifiers Q200 and Q201 to produce the rf drive out-
put. The gain of the amplifiers is controlled by the LLA
A+ operating voltage supplied and regulated by the
transmit power level and control circuit. By controlling
the gain, hence the rf drive, the rf output power is main-
tained within prescribed limits.

3.2.6 10 Watt Power Amplifier

The 10 watt power amplifier consists of a single,
non-linear stage Q250.that supplies the final rf output
for low power transmitters. Operating power for the
amplifier is the PA A+ voltage supplied by the power
distribution circuits. The rf output from the power
amplifier is applied to the input of the harmonic
filter/antenna switch. In models using the 30 watt
power amplifier, the rf output serves as the final rf drive
for the high power amplifier.

3.2.7 30 Watt Power Amplifier

This power amplifier provides the final rf output
for high power transmitters. The amplifier consists of a
single, non-linear stage, Q1400. The PA A + voltage is
supplied by the power distribution circuits. Tempera-
ture protection is provided by a thermistor located near
the amplifier. A temperature in excess of 120°C,
monitored by the heat sense signal, causes the power
level and control circuit to reduce the rf output power to
bring the temperature within safe limits. The final rf
output from the amplifier is applied to the harmonic
filter/antenna switch.

3.2.8 Harmonic Filter/Antenna Switch

The harmonic filter/antenna switch attenuates
harmonics of the assigned transmit frequency
during transmit mode, and helps attenuate higher-
frequency spurious responses of the receiver during
receive mode. It also switches the antenna between the
transmit signal path and receive signal path.

3.2.8.1

3.2.8.2 When the transmitter is in the transmit mode,

the final rf output is routed through the
transmit port of the antenna switch, the harmonic filter,
and directional coupler to the antenna. In the receive
mode, the receive rf from the antenna is directed
through the directional coupler and harmonic filter to
the receive port of the antenna switch, The receive rf is
then routed to the front end of the receiver. The direc-
tional coupler signal monitors the forward versus
reflected power allowing the transmit power level and
control circuit to keep the rf output power level within
the preset level.

3.3 STANDARD-LOCK FREQUENCY
SYNTHESIZER CIRCUITS
(Refer to Figure 4)

The frequency synthesizer circuits are functionally
arranged into the channel selection and display circuits,
the synthesizer board circuits, and the VCO hybrid cir-
cuits.

3.3.1 Channel Selection and Display Circuits

3.3.1.1 The channel selection and display circuits con-
sist of the front panel channel selector switch
and the channel display. The channel selector switch is
located on the switch board and the channel display is
located on the display board. The channel display con-
sists of two, seven-segment LED displays. A dim-
mer/thermal control circuit on the display board
automatically adjusts the LED’s intensity to suit am-
bient light conditions. The circuit is powered by the SW
A + voltage supplied by the power distribution circuits.
The SW A + voltage is applied to the dimmer/thermal
control circuit via diodes CR800 and CR801 on the
switch board.

3.3.1.2 The channel selector switch encodes the

selected channel in five binary bits and sup-
plies the data on address lines AQ through A4 to fre-
quency select PROM U117 on the synthesizer board.
The five address lines are also fed to the PL/DPL cir-
cuits for encoding the information on the selected chan-
nel for transmisison. In selectable PL/DPL options on-
ly, the encoded address data for the PL/DPL circuits is
generated by a selectable PL/DPL board. In this op-
tion, jumpers JU361 through JU365 on the front panel
interconnect board are removed to disconnect the chan-
nel selctor switch from the PL/DPL circuits.
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3.3.2 Synthesizer Board Circuits

The synthesizer board circuits include nine cir-
cuits: a 14.4 MHz reference oscillator, frequency select
PROM U117, divider/phase detector U115, a PROM
enable circuit, a lock detect switch circuit, a charge
pump and loop filter circuit, a frequency shift logic cir-
cuit, the VCO buffers and transmit/receive injection
switch, and a VCO AGC circuit.

3.3.2.1 14.4 MHz Reference Oscillator

The 14.4 MHz reference oscillator is a high-
accuracy, temperature compensated crystal reference
oscillator. The output of the reference oscillator is ap-
plied to divider/phase detector U115 to generate the
reference frequency used to control the VCO frequency.
The reference modulation signal from the transmitter
circuits modulate the oscillator.

3.3.2.2 Frequency Select PROM, U117

3.3.2.2.1 Frequency select PROM (programmable

read-only memory) Ull17 is a plug-in
memory device that stores information regarding
transmit and receive frequencies as well as filter selec-
tion for dual front end. Changes in any of the
parameters can easily be affected by simply replacing
the PROM with another factory-programmed PROM
having the required information.

3.3.2.2.2 Addressing for the PROM is applied on ad-

dress lines AQ through A4 by the channel
selector switch, and by the +9.6T keying voltage from
the transmitter circuits. When the +9.6T keying voltage
is high, the data transferred out of the PROM contains
transmit frequency information. The data is applied to
divider/phase detector U115 via a four-bit data bus, D0
through D3. The data for each channel consists of six 4-
bit words. The PROM only applies the data to Ul15
when a power enable voltage (+ 5 V dc) is applied to the
PROM by the PROM enable circuit.

3.3.2.3 Divider/Phase Detector U115

3.3.2.3.1 Divider/phase detector Ul15 contains the

negative feedback, phase-locked-loop cir-
cuitry that controls the VCO frequency. The
divider/phase detector contains a reference divider, a
loop divider, and a phase detector. The reference
dividier divides down in frequency the 14.4 MHz
reference oscillator signal and applies it as the reference
frequency input to the phase detector. The loop divider
divides down (in frequency) the negative feedback in-
put, which is the buffered VCO rf signal originating at
the VCO in the VCO hybrid. This signal is applied as the
loop frequency input to the phase detector. The phase
detector compares the phase difference between the two
frequencies and generates error pulses on the UP and
DOWN output lines that are proportional to any phase
difference. (Phase is used as the controlling variable
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since small phase errors may exist in the locked-loop but
frequency errors cannot.) The UP and DOWN error
pulses are applied, via the charge pump and loop filter
circuit, to the VCO steering line (which controls the
VCO frequency) to complete the feedback loop.

3.3.2.3.2 The action of the negative feedback loop can

be explained as follows. If the output fre-
quency goes high, the loop frequency output also goes
high, thus causing a leading phase displacement on the
phase detector loop input. Since the reference signal
phase does not change, the phase detector detects this
condition and cause the generation of error pulses on
the DOWN line. This is reflected on the VCO steering
line to cause a reduction in frequency, thus compen-
sating for the original frequency difference. The
divider/phase detector also supplies a monitoring
LOCK signal to the lock detect switch to indicate if the
synthesizer frequency is, or is not, locked onto the cor-
rect frequency.

3.3.2.3.3 The divider/phase detector also supplies

data outputs S1, VCOI, and VCO2 to the
frequency shift logic circuit. These data lines are used to
select the VCO band shift ‘‘window’’, which is the VCO
sub-range frequency required by the selected operating
frequency. The divider/phase detector also feeds a front
end select signal to the optional widespaced dual front
end in the receiver circuits. The front end select signal
activates the correct frequency-range filter in the
widespaced dual front end depending on the receive fre-
quency of the selected channel.

3.3.2.4 PROM Enable Circuit

The PROM enable circuit and frequency
change detector, consisting of ICs U116 and U351,
allows divider/phase detector U115 to address the
PROM. A pulse on the FC line from frequency change
detector U351 on the front panel interconnect board
causes the PROM to be addressed by U115. The PROM
is addressed when any of the following occur.

® The transmitter is keyed (+9.6T at U351 causes FC
pulse to occur).

¢ The frequency is changed (sensed by a change of state
on any (A0-A4) address line applied to U351).

¢ The synthesizer goes out-of-lock (active lock detector
output from lock detector switch circuit).

When one of these conditions occur, the
PROM enable circuit applies an enable signal to U115,
and U115 responds by returning a STROBE signal. The
STROBE signal activates the PROM enable circuit, and
the PROM enable circuit activates the PROM by apply-
ing +5 V dc operating power to its Vcc input. The
PROM enable circuit also sends a synthesizer out-of-
lock signal to the lock detect switch circuit. This ensures
that the circuit develops an active lock detector output if




only the transmitter is keyed or if the frequency is
changed.

3.3.2.5 Lock Detect Switch Circuit

The lock detect switch circuit consists of tran-
sistors Q154, Q155, Q156 on the synthesizer board and
of U350 and Q350 on the Front Panel Interconnect
Board (identified as lock detect delay). The circuit
generates an active lock detector output signal that
disables the receiver (in the receive mode) or the
transmitter (in the transmit mode) if the synthesizer fre-
quency goes out-of-lock. The circuit disables the
receiver (or transmitter) when an un-lock condition is
sensed by divider/phase detector U115, or if the un-lock
condition is forced by the PROM enable circuit.

3.3.2.6 Charge Pump and Loop Filter Circuit

The charge pump and loop filter circuit con-
sists of transistors Q150, Q152, and Q153 and an
associated filter network. The circuit changes the UP or
DOWN error pulses from divider/phase detector U115
to a corresponding dc voltage. The dc voltage is then
filtered to become the VCO steering line voltage used to
control the frequency of the VCO. As part of the
negative feedback phase-locked-loop, the charge pump
and loop filter circuit control the closed-loop response
and removes noise from the divider/phase detector out-
put.

3.3.2.7 Frequency Shift Logic Circuit

The frequency shift logic circuit consists of
transistors Q171 and Q172, and IC U171. The circuit
controls the switching of the VCO to the sub-range fre-
quencies at which it operates for a selected channel.
These sub-range frequencies, or band shift *‘windows’’,
are encoded in the PROM, read-out to divider/phase
detector U115, applied from U115 on the S1, VCOI,
and VCO?2 data lines, and are applied to the frequency
shift logic circuit. The circuit then supplies six outputs
to PIN (diode) switches in the VCO hybrid. Depending
on the logic states of the six outputs (S1 and S1; S2 and
S2; and S3 and S3), the PIN diodes switch the VCO to
the correct sub-range frequency.

3.3.2.8 VCO Buffers and Transmit/Receive Injection
Switch

The VCO buffers consist of transistors Q190
and Q192. The transmit/receive switch consists of tran-
sistor Q191. The buffers receive the VCO rf feedback
signal from the VCO. The buffered signal is applied to
the loop divider in divider/phase detector U115 to
generate the loop frequency used to control the VCO
frequency. The buffers also feed the VCO rf feedback
signal to either the transmit or receive injection ports on
the synthesizer interconnect board. Transmission along
either port is controlled by the +9.6T keying voliage
applied to the transmit/receive injection switch. A high

+9.6T keying voltage (transmit mode) causes the injec-
tion switch to forward bias diode CR190, routing the
VCO rf to the transmit injection port at connector
P344-1. From the port, the signal is fed, via a coaxial
cable, to the low level amplifier in the transmitter. A
low +9.6T keying voltage (receive mode) forward
biases diode CR191, thus routing the VCO rf to the
receive injection port at connector J357. From the port,
the signal is fed as the receiver injection signal to the
mixer in the receiver.

3.3.2.9 VCO AGC Circuit

The VCO AGC circuit consists of transistors
Q188 and Q189. The circuit stabilizes the VCO gain by
maintaining a constant rf level in the VCO tank circuit.
A dc sample of the VCO rf output is applied to the VCO
AGC circuit as the AGC detect signal. 1f the signal
varies, the circuit feeds an AGC control signal back to
the VCO tank circuit to maintain a constant VCO rf
output.

3.4 FAST-LOKFREQUENCY SYNTHESIZER
CIRCUITS (Refer to Figure 5.)

The frequency synthesizer circuits are functionally
arranged into the channel selection and display circuits,
the synthesizer board circuits, the VCO hybrid circuits
and the synthesizer rf amplifier circuit.

3.4.1 Channel Selection and Display Circuits

The channel selection and display circuits used
with the Fast-Lok synthesizer are the same as the cir-
cuits used with the standard lock synthesizer. Refer to
the channel selection and display circuits paragraphs in
the standard lock frequency synthesizer section.

3.4.2 Synthesizer Board Circuits

The synthesizer board circuits include eight cir-
cuits; a 14.4 MHz reference oscillator, frequency select
PROM U116, divider U115, phase detector U140, an
adaptive loop filter, a PROM enable circuit, a frequen-
¢y shift logic circuit, and a VCO AGC circuit.
3.4.2.1 14.4 MHz Reference Oscillator
The 14.4 MHz reference oscillator U101 is a 2
ppm, temperature-compensated crystal oscillator. The
output of the reference oscillator is applied to divider
U115 to generate the reference frequency used to con-
trol the VCO frequency. The reference modulation
signal from the transmitter circuits modulates the
oscillator.

3.4.2.2 Frequency Select PROM, U116

3.4.2.2.1 Frequency select PROM (programmable

read-only memory) Ull6 is a plug-in
memory device that stores information regarding
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transmit and receive frequencies as well as filter selec-
tion for optional dual front end. Changes in any of the
parameters can easily be affected by simply replacing
the PROM with another factory-programmed PROM
having the required information.

3.4.2.2.2 Addressing for the PROM is applied on ad-

dress lines AO through A4 by the channel
selector switch, and by the 9.6T keying voltage from the
transmitter circuits. When the 9.6T keying voltage is
high, the data transferred out of the PROM contains
transmit frequency information. The data is applied to
divider/phase detector U115 via a four-bit data bus, D0
through D3. The data for each channel consists of six 4-
bit words. The PROM only applies the data to U115
when a power enable voltage (+ 5 V dc) is applied to the
PROM by the PROM enable circuit.

3.4.2.3 PROM Enable/Frequency Change Detector

The PROM enable circuit and frequency
change detector, consisting of U116, U351, Q115, Q117
and Q118 allow divider U115 to address the PROM. A
pulse on the FC line from frequency change detector
U351 on the front panel interconnect board causes the
PROM to be addressed by U115. The PROM is address-
ed when any of the following occur.

¢ The transmitter is keyed (+9.6T at U351 causes FC
pulse to occur)

* The frequency is changed (sensed by a change of state
on any (A0-A4) address line applied to U351).

® The synthesizer goes out-of-lock (sensed by phase
detector U140 internal lock detect circuit).

When one of these conditions occur, phase detector
ADAPT output U140-10 goes high. This applies an
ENABLE signal to UI115-28 via QIl17, and U115
responds by returning a STROBE signal. The STROBE
signal activates the PROM enable circuit, and the
PROM enable circuit activates the PROM by applying
+ 5V dc operating power to its Vcc input.

3.4.2.4 Divider U115

3.4.2.4.1 The divider circuit contains two program-

mable dividers and control circuitry. The
reference divider acts upon the 14.4 MHz reference
oscillator input. This divider is set by the PROM input
data to divide the input frequency down to a reference
frequency of 4.167 kHz, 5.00 kHz, or 6.25 kHz. The
loop divider is set by the PROM input data to divide the
desired VCO feedback frequency down to the reference
frequency. The loop (divided VCO) signal and the
reference signal are then coupled to the phase detector
circuit,
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3.4.2.4.2 The divider also supplies data outputs SO,

~ VCOI, and VCO2 to the frequency shift
logic circuit. The SO output is routed through a syn-
chronizing “‘D”’ flip-flop on phase detector U140. These
data lines are used to select the VCO band shift “‘win-
dow’’, which is the VCO sub-range frequency required
by the selected operating frequency. The divider also
feeds a front end select signal (S1) to the optional
widespaced dual front end in the receiver circuits. The
front end select signal activates the correct frequency-
range filter in the widespaced dual front end depending
on the receive frequency of the selected channel.

3.4.2.5 Phase Detector U140

3.4.2.5.1 Phase detector U140 compares the reference

and loop frequency outputs of the divider
circuit and uses this information to generate a dc control
signal that is coupled through the adaptive loop filter to
tune the VCO.

3.4.2.5.2 The phase detector also monitors the status

of the frequency change (FC) line (P353-8)
and uses this information to generate the control signal
for the adaptive loop filter. A ““D”’ flip-flop (U140-11,
6) synchronizes the divider SO output to the rising edge
of the loop (divided VCO) pulse.

3.4.2.6 Adaptive Loop Filter

3.4.2.6.1 The adaptive loop 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.

3.4.2.6.2 The adaptive loop filter, which is connected

to the phase detector output line (U140-15),
is controlled by the phase detector to operate in either of
two modes, either the Adapt or the Receive/Transmit
mode is selected depending upon the state of the syn-
thesizer at a given time. The Receive/Transmit mode is
selected for transmitting and receiving while the Adapt
mode is entered during any period when the synthesizer
changes frequency.

3.4.2.7 Frequency Shift Logic Circuit

The frequency shift logic circuit consists of
transistors Q155 and QI156, and IC U155. The circuit
controls the switching of the VCO to the sub-range fre-
quencies at which it operates for a selected channel.
These sub-range frequencies, or band shift ‘“‘windows’’,
are encoded in the PROM, read-out to divider U118,
applied from U115 on the SO, (via U140) VCOI, and
VCO?2 data lines, and are applied to the frequency shift
logic circuit. The circuit then supplies six outputs to PIN
(diode) switches in the VCO hybrid. Depending on the
logic states of the six outputs (S1 and S1;S2 and
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S2; and S3 and S3), the PIN diodes switch the VCO
to the correct sub-range frequency.

3.4.2.8 VCO AGC Circuit

The VCO AGC circuit consists of transistors
Q170, Q171 and Q1300. The circuit stabilizes the VCO
gain by maintaining a constant rf level in the VCO tank
circuit. A dc sample of the VCO rf output is applied to
the VCO AGC circuit as the AGC DETECT signal. If
the signal varies, the circuit feeds an AGC control signal
back to the VCO tank circuit to maintain a constant
VCO rf output.

3.4.3 Synthesizer RF Amplifier Board

RF buffer Q190 raises the VCO rf output level,
feeding the transmit/receive injection switch as well as
providing the VCO frequency feedback signal to divider
U115 via buffer transistor Q116 on the synthesizer
board. The transmit/receive injection switch consists of
PIN diodes CR190 and CR191 and transmit/receive in-
Jection switch Q191. Transmission along either port is
controlled by the 9.6T keying voltage applied to Q191.
A high 9.6T keying voltage (transmit mode) forward
biases CR191, routing the VCO rf to the transmit injec-
tion port at connector P374-1. From the port, the signal
is fed, via a coaxial cable, to the low level amplifier in
the transmiter. A low 9.6T keying voltage (receive
mode) turns on transistor Q191, forward biasing
CR190, routing the VCO rf to the receive injection port
at connector J357. From the port, the signal is fed as the
receiver injection signal to the mixer in the receiver.

3.4.4 Voltage Controlled Oscillator

The voltage controlled oscillator (VCO) used
with the Fast-Lok synthesizer is the same as the VCO
utilized with the standard lock synthesizer with the addi-
tion of a feedthrough capacitor/filter wall. Refer to the
VCO description paragraphs in the standard lock syn-
thesizer section for operation information.

3.5 DVPCIRCUITS
(Refer to Figure 6.)

The DVP circuitry is contained on two boards
located within the radio housing just behind the front
panel circuitry. The boards use CMOS integrated cir-
cuits to perform the audio switching and control func-
tions which are necessary to control the MCX700 radio.
A 5-pin connector at the side of the radio allows loading
an electronic encryption key into the DVP circuitry.
Switches and indicators necessary to control the DVP
circuitry are conveniently located on the radio front
panel.

3.5.1 DVP Definitions

The following is a definition of some of the ter-
minology used in explaining DVP operation and cir-
cuitry.

ALERT TONE is sounded at the speaker when the
operator transmits in the standard mode. The tone
alerts the operator that the transmission is not en-
crypted. The alert consists of a 750 Hz tone for about
80 milliseconds.

® CIPHER TEXT refers to the digital waveform which
represents the encrypted audio.

¢ CODE is the word sometimes used in place of the cor-
rect term which is key (see key).

®* CODE INSERTER is an electronic device used to
load an electronic encryption key into DVP equipped
radios.

®* CROSSOVER JITTER is the ratio of crossover time
(X) to whole bit time (T). See Figure 7. For example,
with X equal to 0.55cm and T equal to 3.5cm, the
crossover jitter is 15.7%.

ZERO CROSS OVER

CROSSOVER TIME (X)

OVERALL
EYE
AMPLITUDE (2}

WHOLE BIT TIME (T) MINIMUM SAMPLE VALUE (Y}

GAEPS—33721-0 EYE PATTERN

Figure 7. Cipher Text Waveform

®* DECRYPTION converts cipher text to plain text.

* DUAL CODE is a second key capability. The key is
stored in the Code 1 position. The Code 2 position
electronically alters the stored key. An operator con-
trol selects either Code 1 or Code 2.

¢ ENCRYPTED VOICE COMMUNICATION is call-
ed private mode, secure mode, cipher, or cipher text
depending on the context in which the term is used. In
this mode, the audio signal is converted to a digital
signal and encrypted before transmission. At the
receiver, the receiver signal is decrypted, and the
resulting digital signal is used to reconstruct the audio
waveform.

®* ENCRYPTION converts plain text to cipher text.

¢ END-OF-MESSAGE (EOM) signal is a short burst of
6 kHz sine wave transmitted at the end of a private
mode message by a DVP radio. EOM lasts for the in-
terval usually used for the PL reverse burst signal
which is about 180 milliseconds. The EOM signal
functions as a squelch closure.
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* EYE OPENING is the ratio of the minimum sample
value to the overall eye amplitude expressed as a
percentage. See Figure 7. For example, with Y equal
to 1.0cm and Z equal to 2.5¢cm, the eye opening is
40.0%.

* EYE PATTERN is transmit cipher text converted by
the splatter filter. See Figure 7. The term eye pattern
is used because the oscilloscope trace vaguely
resembles the shape of the human eye.

* KEY consists of a sequence of bits that are elec-
tronically stored in the encryption module. The key is
transferred to the module through the 5-pin connec-
tor on the side of the radio. The key is sometimes
referred to as the electronic key to distinguish it from
a physical key such as a car key. The key is sometimes
casually referred to as a code.

* PLAIN TEXT refers to the digital waveform which
represents the non-encrypted audio.

* QUALITY OF RECEIVED SIGNAL is expressed by
an error rate or probability of error. This number ex-
presses the probability that any bit that is recovered
by the receiver is in error. The error rate measures the
quality of a private mode signal in much the same way
that quieting or SINAD measure the quality of a
standard mode signal. For DVP radios the error rate
is usually measured for plain text rather than cipher
text since it is easier to measure. For plain text
messages to be intelligible in the DVP MCX100, the
error rate should be less than 5%.

¢ SPLATTER FILTER converts the transmit cipher
text signal to an eye pattern signal.

STANDARD VOICE COMMUNICATION is called
standard mode, clear mode, bypass mode, or plain
text depending on the context in which the term is
used. In this mode of operation, the audio signal is
transmitted exactly like an FM two-way radio nor-
mally transmits an audio signal.

TURN-OFF-CODE (TOC) is the term sometimes
used instead of end-of-message (EOM).

ZERO CROSSOVER corresponds to the transition
point between bits. See Figure 7.

3.5.2 DVPSignal Routing

3.5.2.1 The DVP circuitry controls both the receive

and transmit portions of the DVP MCX100
radio. When the radio is receiving, the DVP circuitry
checks the signal. If the signal is coded, decrypted audio
is routed to the radio speaker. If the signal is not coded,
discriminator audio is routed to the radio speaker.
When the radio is transmitting, the DVP circuitry will
route either IDC audio or DVP cipher to the radio
modulating circuitry, depending upon the front panel
mode setting.

18

3.5.2.2 -Buffered discriminator output is routed to the

"DVP circuitry for code detection and audio
reconstruction. It first goes through an equalizer and is
then applied to U102. If the signal is DVP code, U102
reclocks the signal to recover the cipher text. The cipher
text then goes to the encryption hybrid where it is
decrypted to produce the plain text. The plain text is
then routed to the CVSD, where the audio is
reconstructed. U102 will then switch U105C so that
decrypted audio is routed back into the radio low level
audio path. If the incoming signal is not DVP code,
U102 does not switch U105C and the buffered
discriminator signal is routed back into the low level
audio path.

3.5.2.3 IDC audio is routed to the DVP circuitry to be

digitized by the CVSD. The output of the
CVSD (the plain text) goes to the encryption hybrid.
The hybrid encrypts the plain text to produce cipher
text. From the hybrid, the cipher text passes through a
splatter filter on U102 and then goes to the deviation ad-
justment potentiometers, R158 and R161. The DVP
signal then goes to analog switches U105A and U105B.
If the radio is set for coded transmission, and the DVP
circuitry has received an active PTT signal, UI105A and
U105B will be switched so that the DVP signal is passed
back into the radio transmit circuitry. If the radio is set
for clear transmission, the IDC audio will be passed
back into the radio transmit circuitry by U105A.

3.6 PL/DPL CIRCUITS
(Refer to Figure 8)

3.6.1 Squelch Code Systems

3.6.1.1 The PL/DPL (Private-Line/Digital Private-

Line) circuits greatly improve the privacy of
communications for a number of private users that may
be sharing an rf channel. The circuits encode (transmit)
and decode (receive) PL (tone coded) and DPL (binary-
coded) squelch signals to unsquelch compatably-equip-
ped radios. The use of a personality ROM (read only
memory), allows PL and DPL signaling tones to be mix-
ed (transmit in one code scheme and receive in another
on the same channel).

3.6.1.2 The PL/DPL coded squelch circuits unsquelch

the receiver upon receipt of a properly coded
signal. In the PL mode, a sub-audible tone frequency is
detected, whereas in the DPL circuits, a 23-bit binary
code word is detected. In either case, the code is
transmitted continuously during the transmit mode, to
unsquelch the receiver. Other receivers operating on the
same rf channel but not compatable with the code signal
remain squelched. In both systems, the code signal fre-
quency is below the 300 to 3000 Hz audio band and is
therefore not heard in the speaker.

3.6.2 Microcomputer and Memory

3.6.2.1 An 8-bit, 40-pin microcomputer and a per-
sonality ROM control the PL/DPL decoding
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Figure 8. PL/DPL Circuits, Functional Diagram
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and encoding functions. The personality ROM is
factory-programmed with user-specified operating
parameters. For single and multi-code operation,
changing codes is accomplished by removing the per-
sonality ROM and inserting another ROM,

3.6.2.2 The microcomputer accesses the personality

ROM whenever it requires information to con-
trol its operation. Software programming within the
microcomputer then directs the decoding and encoding
processes. In multiple PL/DPL squelch models, chan-
nel selection data is applied to the personality ROM on
five address lines (AO-A4) encoded by the channel select
switch on the front panel. In selectable PL/DPL
squelch models only, the five address lines are encoded
by a selectable PL/DPL board.

3.6.3 Decoding

3.6.3.1 An inactive PTT signal from the microphone

initiates the decode process. The inactive
signal causes PTT logic circuit Q1703 to set the
microcomputer to the receive mode. The option receive
audio from the receiver circuits is applied to the
microcomputer, via low pass decode filter U1701. This
allows only the PL or DPL tones (or codes) to be ap-
plied to the microcomputer for decoding. The PL or
DPL tones (or codes) are removed from the optional
receive audio by high pass filter hybrid HY1702. The
filtered output, containing voice only, is the PL filtered
audio that is inserted into the receiver low level audio
stages.

3.6.3.2 When the microcomputer is set to the receive
mode, and a valid PL or DPL code is decoded,
the microcomputer enables receive mute logic circuit
Q1702 and U1704. The circuit then supplies an active
low receive audio mute signal to the receiver circuits to
unmute the audio. The decoder circuits can be bypassed
to allow all signals on the channel to be monitored. This
permits a check of a selected channel to see if it is in use
before transmitting. Pushing in the Monitor pushbutton
on the front panel disables the PL/DPL decoder cir-
cuits. This allows the receiver carrier squelch circuit to
control the receiver audio. Leaving the microphone off-
hook performs the same function, via the hang-up
switch signal applied to the receive mute logic circuit.

3.6.4 Encoding

3.6.4.1 An active microphone PTT signal applied to

the PTT logic circuit activates the encoding
process. The circuit applies a signal to the microcom-
puter, setting it to the .transmit mode. The microcom-
puter responds by applying a delayed PTT signal to the
DVP PTT logic circuits on the DVP board, keying the
transmitter. When microphone PTT is released, the
delayed PTT signal remains low for a preprogrammed
time interval, during which the ‘‘reverse-burst’’ or turn-
off code is transmitted. At the end of this interval, the
transmitter dekeys.

3.6.4.2 During encoding, the microcomputer begins

' timing the duration of the transmission, and
times out (dekeys the transmitter automatically) at the
end of a user-specified interval. Up to seven time-out in-
tervals can be selected for the time-out-timer, depending
on the inclusion or exclusion of jumpers JU1, JU2, and
JU3 in the circuit. When time-out occurs, the sidetone
enable signal is activated, and the sidetone/alert tone is
heard in the speaker.

3.6.4.3 The microcomputer applies PL or DPL signal-

ing information on four digital data lines. For
PL tone transmission, the digital data is converted to an
analog signal by a D/A (digital-to-analog) converter in
hybrid HY1701. The PL/DPL signal is filtered by a
low-pass encode filter, also part of hybrid HY1701. The
PL or DPL signdl produced is then applied to the
transmitter audio/IDC curcuits and also to the
reference oscillator/IDC circuit. The levels at these two
points are controlled by potentiometers.

3.6.5 Activity Checker

This circuit resets the microcomputer if a
microcomputer fault occurs. During normal operation,
the microcomputer applies strobe pulses to activity
checker Q1707 and U1702. If strobe pulses are not
generated for 15 milliseconds, indicating a microcom-
puter fault, the activity checker generates a reset pulse
to reset the microcomputer. The reset pulse is also ap-
plied to the PTT logic circuit to unkey the transmitter
during the microcomputer fault. The reset pulse is
disabled when the microcomputer is again operating
properly.

3.7 TIME-OUT TIMER CIRCUITS
(Refer to Figure 9)

3.7.1 The time-out timer circuit is used as an option in

carrier-squelch models. The circuit dekeys the
transmitter after a predetermined period of time and
allows the sidetone/alert tone signal to be heard in the
speaker. The time-out timer circuit consists essentially
of a 33 Hz clock generator, a 775 Hz tone oscillator, and
a counter to count the clock pulses.

3.7.2 The time-out timer circuits produce three output
signals: the TOT control signal that unkeys the
transmitter; the sidetone enable signal that unmutes the
receiver audio; and the sidetone/alert tone signal that is
inserted into the receiver audio line when the receiver is
unmuted. The circuits are controlled by the PTT signal
generated by PTT logic in the transmitter circuits.

3.7.3 When the transmitter is not being keyed, the

PTT signal is high and the time-out timer circuits
are in the reset condition. In this state, the outputs from
the circuits allow the transmitter to be keyed while
preventing the sidetone/alert tone from being heard in
the speaker. As soon as the transmitter is keyed, the
PTT signal goes low, taking the counter (U1802) out of
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reset. U1802 then counts the clock pulses generated by
U1801C. When the selected output of U1802 goes high,
the clock oscillator (U1801C and U1801D) is inhibited
and stops clocking the counter. The high output of the
counter enables the 775 Hz tone oscillator, causing the
tone to be inserted into the receiver sidetone path. The
output high of the counter also drives the sidetone
enable buffer (Q1803), and the TOT PTT control buffer
(Q1802). Q1803 pulls the sidetone enable signal low,
allowing the 775 Hz tone to be heard in the speaker, and
Q1802 applies a low TOT PTT control signal to the
DVP PTT circuitry, causing the radio to stop transmit-
ting.

3.7.4 The time-out timer circuits remain in this state
until the PTT signal goes high again
(microphone dekeyed). This resets the counter, causing
its output to go low again. This enables the clock
generator, disables the tone oscillator and the transistor
drivers, and allows the transmitter to be keyed again.

3.8 REMOTE MOUNT CIRCUITS
(Refer to Figure 10.)

3.8.1 Functions

3.8.1.1 Most of the control head functions in the

remote mount models operate in the same
manner as the front panel functions do in front mount
models. The only difference is that these functions are
performed through a 36-conductor interconnect cable.
The following functions operate identically in both
front mount and remote mount radios.

e DVP control
* Channel select lines

* Monitor, or Secondary Call/External Alarm push-
button

¢ Call Pushbutton
e Call light indicator

* 10/100 Call or Selectable PL/DPL Code Select push-
buttons

e Select 5 signaling thumbwheel switches.

3.8.1.2 The following functions operate differently in
remote mount models.

Power on-off

Monitor pushbutton

Busy light indicator

Transmit indicator

PTT (when used with control head microphone)
Volume

The above functions require processing by the
remote interface board for operation. Refer to Figure 8.
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Three wires in the interconnect cable (marked A, B, and
C) perform multiple functions. The functions they per-
form are determined by the dc voltage level on the lines.

3.8.1.3 Lines A and C use comparators on the inter-

face board to decode the function to be per-
formed. Comparators on the interface board are biased
such that the voltage on the line determines if the com-
parator output is in the high state (approximately 11.5V
dc) or low state (approximately 1.4 V dc).

3.8.1.4 Line B sources current (transmit mode) to the

control head or sinks current (busy mode)
from the control head, depending on the state of the
9.6 T line and busy line from the radio.

Line Functions
A Power On-off/Squelch
B Transmit/Busy Indicators
C PTT/Microphone Audio

3.8.2 Power On-Off/Squelch

3.8.2.1 Refer to the remote mount functional diagram

and function chart (Figure 8). When the con-
trol head on-off switch (part of Off-on/Volume con-
trol) is closed, 4.8 V is present on line A which activates
the on-off comparator, Q2201 and Q2203, on the
remote interface board. The output of the comparator
drives Q2202 into saturation, turning on the radio. Note
that the + BATT return for the control head is provided
through the ground wire in the 36-conductor intercon-
nect cable. If this cable is not connected to the
transceiver, the contol head is inactive.

3.8.2.2 With the Squelch push button out (radio

squelched) the output of the squelch com-
parator, U2200D, is high. Pushing the squelch button in
(radio unsquelched) raises the voltage on line A to 8.3 V
dc and causes the output of U2200D to go low. The on-
off comparator is not effected by the Squelch pushbut-
ton.

3.8.3 Busy/Transmit Indicators

In the transmit mode, 9.6 T is applied to line B
through CR2200 on the remote interface board. This
causes the Transmit LED in the control head to become
forward biased (ON) and the Busy indicator reverse
biased (OFF). In the busy mode, line B is pulled low by
Q2200, causing the Busy indicator LED to become for-
ward biased and the Transmit indicator LED reverse
biased. When the radio is not in the transmit mode, or
the channel is not busy, both diodes are off, CR2200 is
reverse biased and Q2200 is in cutoff, preventing cur-
rent from flowing through the LEDs. Both the Transmit
and Busy indicator LEDs cannot be on at the same time.

3.8.4 PTT/Microphone Audio

3.8.4.1 The microphone in the control head controls
the PTT line via the PTT comparator,

-~
-
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U2200C, and Q2205 on the remote interface board. The
PTT comparator senses the dc voltage on line C in the
functional diagram. If the microphone is off-hook and
the PTT switch is pressed, the voltage on line C drops
from 9.6 V to 5.8 V causing the output of U2200C to go
high, saturating Q2205. Q2205 pulls the PTT line low
which keys the transmitter. While transmitting, line C
also carries the microphone audio to the radio IDC cir-
cuitry.
3.8.4.2 If the control head has a signaling microphone
and is on-hook, the microphone ground is
broken by the hang-up switch, prventing line C from
dropping in voltage when the microphone PTT switch is
pressed. The output of U2200C remains low, preventing
the transmitter from keying up.

3.8.4.3 The diode network on the non-inverting input

of U2200C permits a signaling microphone to
be connected at the radio instead of at the control head.
With a signaling microphone connected at the radio, the
voltage on line C goes low (5.8 V) when the microphone
PTT switch is pressed, regardless of if the microphone is
on-hook or off-hook. To prevent the transmitter from
keying on-hook, the non-inverting input of U2200C is
pulled low (lower than the inverting input) through
CR2203, VR2232 and the hang up switch. The output of
U2200C remains low, preventing the transmitter from
keying.

3.8.5 Volume Control

To minimize noise pick-up in the interconnect
cable, the receiver audio is amplified 15 dB and buffered
by U2200B and Q2204 on the interface board before be-
ing applied to the volume control in the control head.
The volume control applies the audio signal to an emit-
ter follower, Q2251, which returns the signal to a 15 dB
attenuator on the interface board.

3.9 POWER DISTRIBUTION CIRCUITS
(Refer to Figure 11.)

3.9.1 General

3.9.1.1 The power distribution circuits supply the
necessary dc power to the boards that make up
the DVP MCXI100 radio set. Regulators and filters on
various boards are provided to supply regulated and

filtered voltages, where necessary.

3.9.1.2 Primary input power from the vehicle in the
form of BATT + (green wire), PA A+ (red
wire), and ground (black wire) is applied to connector
J359. The wires are in a power input cable; J359 is on
the power interconnect board. Ignition control option
B113 uses a fourth wire (orange) for ‘‘ignition control
of transmit’’. Each wire is fused. Refer to the Installa-
tion section of this manual for power lead connections.

3.9.1.3 The BATT + voltage is routed through the

' power interconnect board and front panel in-
terconnect board to the front panel power on/off
switch. The BATT + voltage is also routed through the
switch board to the display board to provide power to
multiple-code memory circuits. When the power switch
is set to the on position, the BATT + voltage is applied
to the SW BATT + line. This voltage is applied through
the front panel interconnect board and power intercon-
nect board to connector P359. A small wire jumper on
plug P359 applies the SW BATT + voltage to the SW
A+ line. The SW A + voltage, in turn, is routed along
several paths.

3.9.1.4 One SW A+ path is through connector J351

to the main board. On the main board, the
SW A + voltage is also applied to accessories connector
J350-7 for equipment connected to this jack. A second
path for the SW A + voltage is through the power inter-
connect board to the front panel interconnect board
where it is again distributed. One path is through the
DVP encryption board to the switch board and display
board. Another path is to the PL/DPL board, or other
option boards mounted in the same location.

3.9.1.5 The PA A+ voltage is routed, via the power

interconnect board, to the PA interconnect
board through feedthrough-capacitor C263, where it
supplies operating voltage to the 10 watt PA and, in 30
watt models, the high-power PA mounted in the exter-
nal heat sink. PA A + voltage is also supplied, through
J351, to the main board, where it serves as the voltage
source for the 9.6 volt regulator, the transmitter power
control circuit, and the receiver audio power amplifier.
PA A + also goes to J352 where it gets routed to the
DVPboards.

3.9.1.6 Reverse polarity and transient voltage protec-
tion is provided by diodes CR350 and CR351,
and varistor RV352, The black ground lead is connected
directly to the chassis via the power interconnect board.
A separate logic ground (for digital circuitry in the
radio) is connected to the chassis at the same point.

3.9.1.7 The optional ignition control of transmit input
is supplied to circuitry on the main board via
J351.

3.9.2 Main Board Regulators and Filter

3.9.2.1 A +9.6 V regulator, a +4.8 V regulator, and
a C-multiplier filter are located on the main
board. The +9.6 V regulator regulates the PA A + in-
put voltage and is turned on by the SW A+ input
voltage. The regulator consists of U300A, Q300, and
Q301. It supplies regulated +9.6 V dc to the main
board, the synthesizer board, the optional widespaced
dual front end, the DVP boards and the optional
PL/DPL or time-out timer boards.
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3.9.2.2 The +4.8 V regulator, Q306, converts the

regulated +9.6 V dc to aregulated +4.8 V dc.
The regulator provides a temperature-compensated,
low-impedance bias supply for IC’s in the audio and
squelch stages of the receiver and transmitter circuits on
the main board, and DVP boards.

3.9.2.3 The C-multiplier filter consists of transistor

Q305. It filters and reduces the SW A +
voltage to +11.7 V dc and supplies it to the receiver i-f
circuits on the main board, and to circuits on the single
front end board.

3.9.3 Synthesizer Board Regulator and Filter

A +5 V IC regulator and a noise filter are
located on the synthesizer board. The +35 V regulator,
U140, provides regulated +5 V dc to the logic circuits
on the board. The noise filter, including transistors
Q140 and Q141, reduces the +9.6 V dc to 8.9 V dc and
supplies it to the VCO and to various circuits on the syn-
thesizer board.

3.9.4 DVP Board Regulator

Regulator U101 is a regulator which supplies
+5 V dc to some of the logic circuits on the DVP
boards.

3.9.5 PL/DPL Time-Out Timer Board Regulator

Regulator U1703 is an IC that provides regulated
+ 5 V dc to logic circuits on the board.

3.9.6 Time-Out Timer Board

The +8.8 V regulator on this board consists
simply of Zener diode VR1801, resistor R1807, and
capacitor C1803. The circuit provides regulated and
filtered + 8.8 V dc to circuits on the board.

4. DETAILED DESCRIPTION
NOTE
The schematic diagrams referenced in the

Detailed Description are located in the
Diagrams section of this manual.

4.1 RECEIVER CIRCUITS

4.1.1 Single Front End
(Refer to Single Front End schematic diagram)

4.1.1.1 The standard single front end is located on the
single front end board. The single front end
consists of an antenna filter, an rf amplifier, an in-
terstage filter, an injection filter, and a mixer. Depend-
ing on the kit used, the single front end provides a

4 MHz receive bandwidth, tuneable within the 136 to
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162 MHz (TRD6161B) or 146 to 174 MHz (TRD6162B)
band.

4.1.1.2 Receiver rf from the receive port of the anten-

na switch in the transmitter circuits is routed to
the input of the antenna filter. The antenna filter is tun-
ed by coils RF1 (L700) and RF2 (L701). The rf output
from the filter is amplified approximately 10 dB by rf
amplifier Q700 before being applied to the interstage
filter. This filter is tuned by coils RF3 (L703), RF4
(L704), and RFS (L705). The filtered rf output is ap-
plied to the gate of N-channel JFET (junction field-
effect transistor) mixer Q701. A second input to the
mixer is the low side receiver injection signal generated
by the frequency synthesizer circuits in the receive
mode. The receiver injection signal is applied to the mix-
er via the injection filter. Coils LO1 (L710), LO2
(L709), and LO3 (L708) tune this filter. The INJ
METER point provides a dc voltage (typically between
2.1 to 3.5 V dc) that is proportional to the mixer source
current flowing through resistor R703. The INJ
METER point is used to tune the receiver injection filter
for maximum injection drive to the mixer.

4.1.1.3 The receiver injection signal output from the

injection filter is applied to the source of mixer
Q701. The mixer combines the receiver rf and the
receiver injection signal to produce the 21.4 MHz
receiver i-f signal. The i-f output from the mixer drain is
applied through a 50-ohm impedance matching network
to the input of the receiver i-f circuit on the main board.
The mixer characteristics are optimized to produce ex-
cellent intermodulation immunity.

4.1.2 Widespaced Dual Front End

(Refer to Widespaced Dual Front End schematic
diagram)

4.1.2.1 The optional widespaced dual front end is
housed in a metal casting that contains the
amplifier board, the mixer board, and the tuneable
helical filter coils. Depending on the kit used, the
widespaced dual front end provides extended frequency
coverage, consisting of two 6 MHz-wide ‘“‘windows®’
tuneable anywhere within the range of 136 to 162 MHz
(Range I) or 146 to 174 MHz (Range I1). The extended
coverage is provided by low-range and high-range three-
cell helical filters, each 6 MHz wide, that can be tuned
to any desired center frequency within one of these
ranges. Selection of the appropriate (low-range or high-
range) filter is made by the front end select signal
generated by the frequency synthesizer circuit in the
receive mode. Figure 12 illustrates two examples of the
tuning capability of the widespaced dual front end. One
example illustrates tuning for continuous 12 MHz
coverage, and the other illustrates tuning for two 6 MHz
“‘windows”’,

4.1.2.2 Receiver rf from the antenna switch is applied
to the input filter. The input filter is approx-
imately 30 MHz wide and is factory-tuned by coils




L701, L702, and L703. The filtered rf output is
amplified approximately 12 dB by wideband rf
amplifier Q750. Diode CR751 protects Q750 against
high level rf signals or transients. The rf output from
Q750 is then switched to either the high-range or low-
range filter, depending on the biasing of the input PIN
didoe switch (CR752 through CR755) and the output
PIN diode switch (CR761 and CR762). Biasing, in turn,
is controlled by the front end select signal.

4.1.2.3 The front end select signal is applied to the

front end select logic circuit consisting of dif-
ferential amplifiers U750A and U750B. When the front
end select signal is low (typically 0.2 V dc), the output
from U750A is also low (2.7 V dc), and the output from
U750B is high (5.8 V dc). This combination of voltage
levels turns on diodes CR753 and CR755 in the input
diode switch, and diode CR762 in the output diode
switch. (The remaining diodes in the input and output
diode switches are reverse biased, and are therefore
turned off.) When CR753 and CR762 are turned on,
CR753 switches the rf output from Q750 to the low-
range filter, and CR762 applies the filtered output to the
mixer. When CR755 turns on, it switches the input of
the high-range filter to rf ground through capacitor
C756, further isolating the two filters. Low-range filter
coils L704, L705, and L706 tune the filter, and the low-
range test point serves as the rf monitoring port while
tuning.

4.1.2.4 When the front end select signal is high

(typically 6.9 V dc), the front end select logic
circuit changes state. This turns on diodes CR752 and
CR754 in the input diode switch, and diode CR761 in
the output diode switch. In this condition, CR752
switches the rf output from Q750 to the high-range
filter, and CR761 transfers the filtered output to the
mixer. Diode CR754 switches the input of the low-range
filter to rf ground. The high-range filter is tuned by coils
L707, L708, and L709. The high-range test point serves
as the monitoring port for the filter.

4.1.2.5 The mixer is configured as a broadband,

double-balanced mixer. It consists of matched
quad diode CR760 and transformers T760 and T761.
Transformer T760 couples the selected rf signal to the
mixer network while T761 couples the receiver injection
signal to the mixer network. The receiver injection
signal, which is generated by the frequency synthesizer
circuits in the receive mode, is applied to the mixer, via
the injection filter. The injection filter is approximately
30 MHz wide and is factory-tuned by coils L710, L711,
and L712. The filtered injection signal is applied to the
mixer network to produce the 21.4 MHz receiver i-f that
is applied to the receiver i-f circuit on the main board.

4.1.3 Main Board Receiver Circuits

(Refer to Main Board and Power Interconnect
Board schematic diagrams)

4.1.3.1 I-FCircuit

Several stages of filtering and amplification
are provided by the i-f circuit. Selective i-f filtering is ac-
complished using dual-resonator, mode-coupled,
monolithic crystals cut to a fundamental frequency of
21.4 MHz. Each crystal filter, consisting of two poles, is
mounted in a single i-f can. Due to the inherent
piezoelectric properties of the crystal material, input
signals selectively produce mechanical vibrations that
propagate through the device. At the output, the same
piezoelectric property selectively converts the
mechanical vibratigns into the i-f electrical signal.
4.1.3.1.1 Figure 13 is a simplified diagram showing
the coupling effect of the piezoelectric pro-
perties. The figure shows that the high “Q’’ of the
crystals create steep skirts that result in excellent on-
channel intelligibility and off-channel signal rejection.
The i-f circuit requires no tuning and makes extensive
use of shielding to minimize unwanted pick-up by the
high- gain stages.

4.1.3.1.2 The 21.4 MHz signal from the single front

end (or optional widespaced dual front end)
is applied to first buffer Q1. The buffer provides a con-
stant 50-ohm impedance match between the mixer and
four-pole crystal filters Y1A and Y1B. This impedance
match is maintained even though the crystal filter im-
pedance varies widely for only a few kHz deviation
from the i-f frequency. Capacitors C24 and C25, across
Y1A and Y1B, improve the adjacent channel selectivity.

4.1.3.1.3 The output from the crystal filters is applied

to second buffer Q2. The buffer, together
with resistor R3, serves as an impedance termination for
the crystal filters, and improves the system noise figure.
The i-f signal is amplified by wideband integrated circuit
amplifier U1, and is further filtered by two-pole crystal
filters Y2A and Y2B. The filtered output is applied
through an r-c matching network to integrated circuit
limiter/quadrature detector U2.

4.1.3.2 Limiter/Quadrature Detector
4.1.3.2.1 Limiter/quadrature detector U2 is a 16-pin,
monolithic integrated circuit that includes
three stages of i-f amplification, a quadrature fm detec-
tor that recovers the audio from the frequency-
modulated carrier, and an audio preamplifier. The
limiter/quadrature detector includes approximately
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Figure 13. Simplified Piezoelectric Coupling Diagram

85 dB of i-f gain, and produces a recovered audio out-
put level of 16 mV rms per one kHz deviation. The
polarity of the output is positive, producing an increas-
ing positive voltage for increasing frequency. The
recovered audio output level is adjusted for maximum
output by quad coil LS.
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4.1.3.2.2 The limiter/quadrature detector also
develops a dc output voltage that is propor-
tional to the rf input. This voltage is monitored at the
RISE METER point for receiver alignment. For PL/
DPL squelch or Select 5 singaling models, the dc output
voltage also serves as the carrier level sense signal that
lights the BUSY light on the front panel. (Refer to the
paragraph that describes Busy light circuit.) The
recovered audio output from the limiter/quadrature
detector is applied to detector buffer US0A in the low-
level audio circuit.
4.1.3.3 Low-Level Audio Circuit
4.1.3.3.1 Detector buffer USOA serves as an audio
operational amplifier whose gain is flat
from 0.1 Hz to 100 kHz. The gain is determined by
selected resistor R50 and feedback resistor R51. The
audio output from US50A is applied to second opera-
tional amplifier U50B, which serves as a de-emphasis
amplifier. The audio output from U50A is also applied
as the option receive audio signal to the DVP circuitry,
the PL/DPL circuit, accessory connector J350-1, and
the squelch circuit. If the DVP circuitry detects a coded
transmission, it switches decoded audio back into the
audio path. If the DVP circuitry does not detect code, it
passes the low level audio untouched. From the DVP
board, the audio routing depends on whether or not the




radio is equipped with PL/DPL. If the radio has the
PL/DPL option, the audio from the DVP board is
routed to the PL/DPL board for tone decoding and
filtering. The PL filtered audio is then injected back in-
to the low-level audio path at the input of U50B (junc-
tion of R52 and R53). If the radio is not equipped with
PL/DPL, the audio from the DVP board is injected
back into the low-level audio path at the same junction
(USOB, R52 and R53). In either case, R52 is effectively
an open circuit because of the low output impedance of
either the PL filter or the DVP buffer.

4,1.3.3.2 The de-emphasis network is formed by

resistor R55 and capacitor C55. Capacitor
CS53 attenuates frequencies beyond 3 kHz, and C54
reduces low frequency noise that may appear on the
receiver injection signal inserted into the front end by
the frequency synthesizer circuits. Capacitor C54 also
helps eliminate PL tones that may appear on the PL
filtered audio line when a PL channel is in use. The
audio output from US0B is applied to primary mute
gate Q50 in the audio muting circuit.

4.1.3.4 Audio Muting Circuit

4.1.3.4.1 Primary mute gate Q50 and secondary mute

gate Q58 form the main components of the
audio muting circuit. The circuit can be gated on (un-
muted) and off (muted) by four signals.

¢ The high lock detector (VCO lock) signal from the
frequency synthesizer circuits;

¢ The +9.6T keying voltage from the transmitter PTT
logic circuit;

¢ The DVP muting signal which is a combination of
DVP muting functions, the receive audio mute signal
from the PL/DPL or Select 5 circuits, and the squelch
mute signal developed by the receiver;

¢ The sidetone enable signal from the DVP circuits, the
PL/DPL, time-out timer, or Select 5 circuits;

If a mute signal is not supplied by the frequency syn-
thesizer, transmitter, or DVP circuitry, the audio path is
gated on as follows.

4.1.3.4.2 De-emphasis Amplifier

US50B supplies a low-impedance, +4.8 V dc
source voltage to the emitter of Q50. The base current
for Q50 flows through resistor R56 to ground, satur-
ating Q50. Therefore, the audio applied to the emitter
of Q50 also appears at the collector of Q50. The base
voltage of Q50 is applied, via resistor R76 and Zener
diode VRS54, to the base of Q58, but because the base
voltage of Q50 is lower than the breakdown voltage of
VRS54, Q58 is cut off. This allows audio from the collec-
tor of Q50 to pass through the volume control and, via
capacitors C64 and C59, to the audio power amplifier.

4.1.3.4.3 If the synthesizer frequency is out-of-lock, a

high voltage is applied to the base of Q50 via
diode CR302. Since the emitter of Q50 is maintained at
+4.8 Vdc by U50B, Q50is cut off. The high voltage at
the base of Q50B is also applied, via R76 and VRS54, to
the base of Q58. Since VRS54 is now conducting, Q58
becomes saturated. The combined attenuation of cut-
off series gate Q50, and saturated shunt gate Q58, is in
excess of 100 dB.

NOTE
Refer to the “TP9 Mute Voltage Chart”’
on the schematic diagram for voltage
levels at test point 9.

4.1.3.4.4 In a similar manner to that just described,
muting also occurs under the following con-
ditions.

e During transmit, the 9.6T keying voltage from the
transmitter circuits is applied to the base of QS0B, via
diode CR303.

e With no on-channel carrier and the squelch pushbut-
ton at the front panel in the squelched (out) position,
the squelch circuit supplies a high voltage (+8.4 V) to
Q50, via Q2101, the DVP muting circuitry and Q2102
in the squelch circuitry.

¢ In PL/DPL squelch or Select 5 signaling models,
audio is muted in the signaling squelch mode of
operation by a high receive audio mute signal applied
from the signaling board. This signal goes to the DVP
muting circuitry, via P352-12, which puts a high on
Q2102, muting the receive audio.

4.1.3.4.5 To allow sidetone to be inserted into the

audio path when the receiver audio is
muted, the sidetone enable signal goes to ground. This
turns off Q58 and allows the sidetone/alert tone from
the DVP, the PL/DPL, time-out timer, or Select 5
signaling circuits to be inserted through the volume con-
trol to the audio power amplifier. The sidetone level is
automatically reduced if the receiver is suddenly un-
squelched due to an on-channel signal; as Q50 turns on
to unmute the receiver audio, the resistive combination
of R60 and 2,000 ohm volume control R819 is effective-
ly reduced to approximately 440 ohms, thus lowering
the sidetone level supplied to the volume control.

4.1.3.5 Audio Power Amplifier

4.1.3.5.1 The receiver audio is amplified by the audio

power amplifier, which is composed of tran-
sistors Q51 through Q57. The amplifier residual noise
level is at least 40 dB lower than that of currently
available integrated circuit amplifiers and supplies five
watts of power to the 2 ohm speaker.

4.1.3.5.2 Transistor Q52 is a current source used to
provide a constant base biasing current to
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the output stages as the A+ supply voltage varies be-
tween +10.8 and + 16.5 V dc. Resistors R61 and R62,
and capacitors C57 and C58 attenuate noise and alter-
nator whine present on the SW A + voltage source used
to bias Q51. This achieves an alternator whine rejection
considerably greater than that obtainable with in-
tegrated circuit power amplifiers.

4.1.3.5.3 Capacitors C64 and C59, and resistor R73

form a two-pole, active high-pass filter us-
ing the audio power amplifier as the gain element. This
configuration achieves rapid attenuation of noise, hum,
and PL tones below 300 Hz without affecting response
above 300 Hz.

4.1.3.6 Squelch Circuit

4.1.3.6.1 The squelch circuit consists essentially of an

integrated circuit containing four opera-
tional amplifiers, a full-wave rectifier, a variable time
constant circuit, and two current drivers. The audio out-
put from detector buffer USOA is coupled through
capacitor CS1 to first amplifier U2100A. This amplifier
operates as an audio-captured limiter that reduces high
frequency modulation noise. The output from U2100A
is adjusted by SQ (squelch adjust) potentiometer R2103,
which controls the noise queting level at which the
squelch operates. The audio is then applied to second
amplifier U2100B. Amplifier U2100B amplifies squelch
noise above 12 kHz, and also acts as a temperature-
compensated stage whose gain varies with temperature
to track changes in characteristics of diodes CR2102
through CR2105. These diodes form the full-wave rec-
tifier that increases the operating speed of the squelch
circuit by detecting both positive and negative noise
spikes. This produces a dc output from third opera-
tional amplifier U2100C that is proportional to the
receiver quieting level.

4.1.3.6.2 Operational amplifier U2100D integrates the

dc output from U2100C using resistor
R2111 and capacitor C2107 and compares the dc
average with a fixed reference voltage at pin 13 of
U2100D. The reference voltage is determined by
resistors R2113 and R2114. When the carrier signal is
absent, the dc voltage at pin 3 is below the reference
voltage, causing the output from U2100D to go high.
This turns on current driver Q2101, which applies a high
to the DVP muting circuitry, via P352-12. This causes
the DVP circuitry to put a high on the base of Q2102,
supplying a high voltage to Q50, and muting the receive
audio. When the carrier signal is present and quieting
occurs, the dc voltage at pin 3 rises above the reference
voltage. This drives the output of U2100D low, turning
off Q2101 and applying a low to the DVP muting cir-
cuitry. The DVP muting circuitry then applies a low to
the base of Q2102, unmuting the receive audio. The
squelch circuit is defeated by pushing the squelch
pushbutton in. This prevents Q2101 from applying a
high to the DVP board, thus keeping the audio un-
muted.
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4.1.3.6.3 The receiver audio can also be muted or un-

" muted by the receive audio mute signal sup-
plied by the PL/DPL Squelch or Select 5 signaling cir-
cuits. When a valid PL/DPL code is not detected, the
receive audio mute signal at connector P352-12 is high.
This applies a high to the DVP muting circuitry, which
responds by putting a high voltage on the base of
Q2102, muting the receiver.

4.1.3.6.4 In PL/DPL radios, the PL/DPL decoder

circuit unmutes the audio by supplying an
active low receive audio mute signal to the DVP mute
circuitry, via connector P352-12. For weak signals, the
squelch circuit would otherwise mute the audio with a
high voltage from the emitter of Q2101. This enables
reception of weak signals that are below the squelch cir-
cuit threshold of 10 dBq, but are above the decode
threshold of the PL/DPL decoder circuit (approximate-
ly 6dBq.).

4.1.3.6.5 Transistor Q2100 reduces squelch closing

time depending on the strength of the carrier
signal. The closing time is determined by the charging
time (r-c time constant) of resistor R2116 and capacitor
C2109. For weak carrier signals, a longer time constant
is produced (approximately 200 milliseconds); for
stronger signals, a faster time constant is produced (ap-
proximately 0.1 milliseconds). As the carrier level in-
creases, the dc output from U2100C increases propor-
tionally. This turns on Q2100, reducing the charge
through C2109 and allowing the base of Q2101 to
follow the output of U2100D. For dekey of strong
signals, sudden negative-going spikes at the output of
U2100C rapidly turn off Q2100 via diode CR2106. This
causes positive pulses at the base of Q2101, muting the
audio fast enough that no squelch tail is heard. The base
of Q2101 is maintained high by the output of U2100D,
via resistor R2116.

4.1.3.7 Busy Light Circuit
(Refer to Main Board and Power Interconnect
Board)

4.1.3.7.1 The Busy light circuit is mounted on the

Busy light board and is used in PL/DPL
squelch or Select 5 signaling models. The circuit con-
trols the Busy liht on the front panel. The Busy light is
an orange LED that lights to indicate that a channel is in
use.

4.1.3.7.2 The Busy light circuit is controlled by the

sense signal developed by limiter/
quadrature detector U2, the squelch output of U2100D,
and the 9.6T keying voltage. The sense signal is a dc
voltage that varies in proportion to the signal level pre-
sent in the receiver 1-f. In single front end receivers, the
sense signal varies from approximately 2.1 V dc¢ (no
receiver i-f signal) to 4.6 V dc (strong receiver i-f signal).
In widespaced dual front end receivers, the no-signal
voltage is approximately 1.5 V dc.




4.1.3.7.3 In the absense of an on-channel signal, the

sense voltage of the base of switch Q1200 is
below the reference voltage at its emitter. The reference
voltage is determined by BUSY LIGHT ADJ poten-
tiometer R1202. A clockwise adjustment reduces the
threshold sensitivity. The reference voltage keeps switch
Q1200, current driver Q1201, and the Busy light off.
When a signal is present in the receiver i-f, the increased
sense voltage turns on switch Q1200. This turns on cur-
rent driver Q1201, supplying current to the LED via
resistors R1206 and R1207, causing it to illuminate. The
emitter of Q1200 is returned to the 9.6T keying voltage
rather than to ground to prevent the Busy light from
turning on due to transmitter sideband noise present in
the receiver i-f during transmit.

4.1.3.7.4 The squelch output of U2100D is used to in-

sure that the Busy LED does not turn on
unless the squelch circuitry has also determined that car-
rier is present. This prevents the LED from turning on
when the radio is in a very noisy rf environment where
the sense signal would rise high enough to turn on the
LED, even though the radio is not receiving a transmis-
sion. The collector of Q2103 forces the busy light con-
trol signal low (LED off) unless the squelch circuit
detects carrier.

4.2 TRANSMITTER CIRCUITS

4.2.1 PTT Logic Circuit

(Refer to Main Board and Power Interconnect
Board)

4.2.1.1 The PTT logic circuit generates the 9.6T
voltage (keyed +9.6 V dc) used to key the
transmitter. The circuit also mutes the microphone
audio supplied to the transmit audio/IDC circuit during

receive and unmutes the audio during transmit.

4.2.1.2 The PTT logic consists of ignition control
stage Q304 (used in models with ignition con-
trol option B113 only), mic mute control Q303, active
jumper Q308, and 9.6T switch Q302 and Q307. The
9.6T keying voltage is generated at the common collec-
tors of Q302 and Q307. In the receive mode, Q302 is
held off and Q307 is held on due to voltage divider net-
work R310, R311, R316, and R317. The 9.6T keying
voltage is, therefore, low (near ground potential).

4.2.1.3 The PTT logic circuit can be controlled by any
of six sources.

¢ The microphone, via J350-14 in front mount radios
or P380-1 in remote mount radios,

¢ The DVP circuitry,
¢ The PL/DPL squelch or Select 5 signaling circuits,

¢ The time-out timer circuits (when used as an option in
carrier-squelch models only),

® The vehicle’s ignition switch (in ignition control op-
tion B113 only), or

® Accessories connected externally via J350-6.

4.2.1.4 Pressing the microphone push-to-talk button

supplies a mic PTT ground signal, via J350-14
and jumper JU302, to mic mute control Q303. (In
remote mount radios, the mic PTT signal from connec-
tor P380-1 is also applied to Q303 along this path.)
Transistor Q303 turns on due to the base-emitter current
flowing through it, and supplies a low mic mute signal
to turn on mic audio mute gate Q325 via R327 in the
transmit audio/IDC circuit. Turning on Q325 allows
microphone audio to be passed to the audio circuits.
With the ignition control option, jumper JU302 is cut,
R313 and Q304 are added, and Q303 is controlled by ig-
nition control transistor Q304. In this option, the
positive voltage from the vehicle’s ignition switch,
routed to the radio via an additional orange wire, sup-
plies current to the base of Q304 via R313. This allows
the mic PTT signal to key Q303, via the saturated stage
Q304.

4.2.1.5 In carrier-squelch radios, when Q303 is keyed

via a low mic PTT signal at the emitter (TP44),
the base voltage (TP43) goes low. This supplies a low
PTT signal to the DVP PTT circuitry via P352-4. The
DVP PTT circuitry grounds P352-5, the base of Q308.
This allows the DVP circuitry to control the 9.6T
generating transistors, Q302 and Q307 via P352-3
(TP41). When PTT goes low, the DVP circuitry puts a
low on the base of Q302 and Q307, providing the 9.6T
keying voltage (actually 9.5 V dc due to Q302’s satura-
tion voltage) at the collector of Q302 (TP39).

4.2.1.6 In carrier-squelch models with the time-out

timer option, operation is similar to above, ex-
cept that the time-out timer also has an input to the
DVP PTT circuitry. The time-out timer monitors the
voltage at TP43, low with the microphone keyed, via
P352-4. At time-out, the timer circuit puts a low on the
TOT line (J101-24) going to the DVP PTT circuitry.
This causes the DVP circuitry to remove the low on the
base of Q302 and Q307, removing the 9.6T keying
voltage.

4.2.1.7 In PL/DPL squelch models, the PL/DPL cir-

cuits monitor mic PTT status via P352-4.
When the mic PTT signal goes low, the PL/DPL cir-
cuitry then supplies an option delayed PTT low signal to
the DVP PTT circuitry, via J101-25. The DVP circuitry
then controls the 9.6T keying voltage via J352-3.

4.2.1.8 Radios with Select 5 signaling or with external

accessories connected via J350 key the
transmitter by supplying a low at TP43 via P352-4
(Select 5) or J350-6 (accessories). This keys the transmit-
ter via a low PTT signal to the DVP PTT circuitry.
Also, because Q303 base is grounded, this stage as well
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as Q325 cannot turn on, muting microphone audio dur-
ing transmissions initiated by Select 5 signaling or ac-
Cessory circuits.

4.2.2 Transmit Audio/IDC Circuit

(Refer to the Main Board and Power
Interconnect Board)

4.2.2.1 The transmit audio/IDC circuit consists of mic

audio mute gate Q325, operational amplifier/
limiter U325A, splatter filter U325B, DVP audio switch
U105A and B and IDC mute gate Q326.

4.2.2.2 Audio is applied to mic audio mute gate Q325

from the microphone, via connector P350-12
(front mount radios), or connector P380-4 (remote
mount radios). When Q325 is turned on by the low mic
mute signal from the PTT logic circuit (Q303), the audio
output from Q325 is applied through pre-emphasis net-
work C326 and R328 to operational amplifier/limiter
U325A. Transmit audio from options or accessories can
also be inserted into the audio path via connectors
J350-2 and P352-17. Resistor R329 and capacitor C327
provide a flat response for the option transmit audio.
Diode CR325 limits the audio output from U325A to a
symmetrical waveshape centered at approximately 4.8 V
dc. Resistors R331, R332, and R333 form a 6 dB at-
tenuation pad that prevents the full-limited output of
U325A from causing clipping in the output of splatter
filter U325B. Capacitor C333 and inductor 1325 reduce
adjacent channel splatter by filtering harmonics above
the audio passband.

4.2.2.3 The PL/DPL signals from the PL/DPL cir-

cuits are inserted into the audio input of the
splatter filter, via connector P352-20, at the junction of
resistors R331 through R334. PL/DPL insertion after
the limiter maintains constant PL deviation regardless
of the degree of limiting.

4.2.2.4 The output from the splatter filter goes to the

DVP circuitry via J1001 (IDC AUDIO) and
J101-15. If it is a coded transmission the audio is con-
verted to a digital waveform by U103, encrypted by
HY101, and splatter filtered by U102. The signal then
goes to potentiometers R158 and R161. R158 adjusts the
level of DVP signal sent back into the VCO modulation
path to Q326, via J101-17 and J1002 (VCO MOD).
R161 adjusts the level of DVP signal sent to the
14.4 MHz reference oscillator via J352-16. If the
transmission is in a clear mode, the audio comes back
unaltered from the DVP circuitry to Q326, via J101-17
and J1002 (VCO MOD). IDC mute gate Q326 is cut off
in the receive mode due to the absence of the 9.6T key-
ing voltage at its base. When cut off, Q326 prevents
noise in the IDC stages from modulating the VCO. Dur-
ing transmit, the gate is turned on as the 9.6T keying
voltage is applied to its base via R337. The output from
the gate is coupled through capacitor C331 to VCO
MOD potentiometer R341, which adjusts the deviation

32

level of the VCO modulation. The output from the
potentiometer is the VCO modulation signal used to
drive the VCO hybrid in the frequency synthesizer cir-
cuits. If the radio has the PL/DPL option, the PL/DPL
circuitry will also modulate the 14.4 MHz reference
oscillator. The reference modulation signal is sent from
the PL/DPL circuitry via J352-16 to the REF MOD
level-adjust potentiometer R344, and from there to the
14.4 MHz oscillator in the frequency synthesizer cir-
cuitry.

4.2.2.5 The two modulating signals carry information
at different frequencies. The VCO modulation
line carries information above 50 Hz and the reference
modulation line carries information below 50 Hz. Two
IDC outputs are used because, due to the nature of the
frequency synthesizer correction loop, the VCO cannot
be modulated below 50 Hz without the loop tracking
out the signal, resulting in no modulation of the syn-
thesizer VCO. However, by modulating the reference
oscillator with frequencies below 50 Hz, the synthesizer
correction loop can track frequency changes down to
nearly 0 Hz. This technique, called ‘‘dual port modula-
tion”’, allows modulation to take place over a very wide
range of frequencies, while maintaining practical
amounts of loop filtering and reasonable lock times.

4.2.3 Transmit Power and Level Control Circuit

(Refer to Main Board and Power Interconnect
Board)

4.2.3.1 The transmit power and level control circuit

consists of differential amplifier U300B and
transistors Q225 through Q228. The circuits form a con-
trol loop that reduces or inhibits the rf drive, therefore
the transmitter rf output power, if any of the following
occurs.

e LLA (low level amplifier) A+ voltage, which con-
trols rf drive available from the low level amplifier,
exceeds a preset maximum limit;

e Short-circuitin LLA A + line;
¢ RF output power becomes excessive;
¢ [Load mismatch becomes excessive;

® Overtemperature conditions exists (25/30 watt power
amplifier only);

* Synthesizer goes out-of-lock.

4.2.3.2 The directional coupler signal monitors the rf

output power, the temperature compensation
signal monitors the directional coupler temperature, the
heat sense signal monitors the temperature of the
30 watt power amplifier, and the lock detect signal
monitors synthesizer lock condition.




4.2.3.3 Transistor Q225 utilizes the PA A + voltage to

supply the regulated LLA A+ voltage to the
low level amplifier. Differential amplifier U300B com-
pares any parameter changes to a fixed dc reference
voltage and develops a correction signal that adjusts the
LLA A + voltage, to offset the changes. The fixed dc
reference voltage determined by resistor network R238,
R239, R240 and voltage limit potentiometer R236, is ap-
plied to the positive input of U300B. The sensing
voltage appears at the negative input of U300B. The dc
level at this input is determined by the voltage divider
circuit of R243, R244, and R246, and PWR ADJ poten-
tiometer R245. The PWR ADJ potentiometer sets the rf
output power level of the transmitter. Once set, the loop
maintains this output power. During normal operation,
the voltage levels at both the positive and negative in-
puts of U300B is approximately +5 V dc.

4.2.3.4 If the rf output power increases, the direc-
tional coupler monitoring signal decreases.
This lowers the dc level at the negative input of U300B,
causing the output from U300B to increase. This
decreases the current through Q227, causing the output
from series-pass transistors Q225 and Q226 to decrease.
This lowers the LLA A + voltage, reducing the gain of
the low level amplifier. With lowered gain, the rf drive is
reduced, causing the rf output power to be reduced to
the desired level. As a result, a constant power level in-
dependent of frequency and temperature is maintained.

4.2.3.5 In the 30 watt power amplifier only, the

negative input of U300B also samples the heat
sense monitoring signal developed by the thermistor
(RT1401) mounted near the power transistor. If the
temperature rises above 120°C the heat sense monitor-
ing voltage decreases. This causes diode CR227 to con-
duct, reducing the voltage at the negative input of
U300B. This, in turn, causes the correction loop to
reduce the LLA A+ voltage until the temperature is
stabilized.

4.23.6 The LLA + voltage is made self-limiting by

voltage limit adjust potentiometer R236,
resistor R237, and diode CR226. If the LLA A+
voltage rises above the level set by potentiometer R236,
diode CR226 conducts, increasing the voltage at the
positive input of U300B. This increases the output from
U300B, causing the correction loop to reduce the LLA
A+ voltage to the preset level. The positive input of
U300B is also controlled by the temperature compensa-
tion monitoring signal developed by a temperature- sen-
sitive diode (CR1451) located near the directional
coupler. Increased temperature at the directional
coupler causes the correction loop to reduce the LLA
A + voltage.

4.2.3.7 The LLA A+ voltage is disabled if the syn-

thesizer goes out-of-lock. Normally, the lock
detect signal from the frequency synthesizer circuits is
low. This keeps Q228 switched off, which keeps the
LLA A+ voltage on. If the synthesizer goes out-of-

lock, the lock detect signal goes high. This switches on
Q228, which applies a ground to the base of Q226. This
turns off Q225 and Q226, disabling the LLA A+
voltage.

4.2.3.8 The LLA A+ voltage is also turned off if the

LLA A+ line is short-circuited to ground.
Diode CR225 becomes forward biased at this time, turn-
ing off Q225 and Q226.

4.2.3.9 The LLA A+ voltage is disabled during

receive mode. Because the 9.6T keying voltage
is absent, the negative input of U300B is forced low,
causing the output from U300B to rise towards the PA
A + supply voltage. This effectively removes the drive
from the base of Q226, allowing the PA A + voltage,
via resistor R225, to keep Q225 off.

4.2.4 Low Level Amplifier
(Refer to Power Amplifier schematic diagram)

The low level amplifier supplies the rf drive for
the 10 watt power amplifier. The 136 to 174 MHz
transmit injection signal from the frequency synthesizer
circuits is applied through a 3 dB resistor pad to the in-
put of the low level amplifier. The pad, comprised of
resistors R1451, R1452, and R1453, attenuates and
isolates the synthesizer from low level amplifier input
impedance variations. The injection signal is passed
through a high pass filter network to remove low fre-
quency spurious signals before being applied to the two-
stage, non-linear amplifiers Q200 and Q201. Collector
power for the two stages is the LLA A+ voltage sup-
plied by the transmitter power and level control circuit,
via feedthrough capacitor C214 on the feedthrough
plate. The LLA A + voltage controls the gain of the low
level amplifier and is precisely regulated to maintain the
rf output power level at the preset level. The 2.2 watt
output from the amplifier is applied through an attenua-
tion network composed of resistors R1454 through
R1457, to the input of the 10 watt power amplifier. The
attenuation is 2.3 dB in 10 watt transmitters; 1 dB in
30 watt transmitters. The pad isolates the low level
amplifier from input variations of the power amplifier.

4.2.5 10 Watt Power Amplifier
(Refer to Power Amplifier schematic diagram)

4.2.5.1 The 10 watt power amplifier consists of a
single non-linear amplifier stage, Q250. The
power amplifier produces the final rf output for the low
power DVP MCX100radio set. In radio sets that use the
30 watt power amplifier, the 10 watt unit is used to drive
this high power amplifier. Operating voltage for the
power amplifier is the PA A + voltage suppied by the
power distribution circuit. The voltage is applied via
feedthrough capacitor C263 on the feedthrough plate.
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4.2.5.2 The rf output from the 10 watt power ampli-

fier is applied along a microstrip transmission
line to the harmonic filter/antenna switch. The length
of the microstrip is selected to maximize the attenuation
of second harmonics.

4.2.6 30 Watt Power Amplifier
(Refer to Power Amplifier schematic diagram)

4.2.6.1 The 30 watt power amplifier is driven by the

10 watt power amplifier via a coaxial cable.
The 30 watt power amplifier uses a single, non-linear
power transistor, Q1400. The PA A + voltage from the
power distribution circuits supplies the operating
voltage for the power amplifier. Thermistor RT1400 is
mounted near the power transistor. RT1400 controls the
output power of the transmitter to keep the temperature
within safe limits.

4.2.6.2 The temperature of Q1400 is monitored by the

heat sense signal returned to the transmit
power and level control circuit via feedthrough
capacitors C1416 (on the 30 watt power amplifier) and
C267 (on the feedthrough plate). If the temperature
reaches 120 °C, the resistance of RT1400 decreases. This
is reflected on the heat sense monitoring signal to cause
the control circuit to reduce the output power until the
temperature is stabilized. The final rf output from the
power amplifier is routed to the harmonic filter/anten-
na switch hybrid on the PA interconnect board.

4.2.7 Harmonic Filter/Antenna Switch
(Refer to Power Amplifier schematic diagram)

4.2.7.1 The 10 watt rf signal (or the 30 watt rf signal)

_ is applied to the input port of the antenna
switch. The antenna switch is controlled by the 9.6T
keying signal generated by the PTT logic circuit. The
signal is supplied via feedthrough capacitor €296 on the
feedthrough plate.

4.2.7.2 With the radio set in the transmit mode, the

9.6T keying signal is enabled. The antenna
switch directs the rf signal through the transmit port of
the switch, through the harmonic filter and directional
coupler to the antenna. In the receive mode, the 9.6T
keying signal is grounded. Incoming receive rf is then
reflected back through the directional coupler and har-
monic filter, and through the receive port of the antenna
switch to the input of the receiver front end. The har-
monic filter removes spurious signals generated by the
power amplifiers and the antenna switch by presenting a
high VSWR (voltage standing wave ratio) load to all fre-
quencies above the VHF range.

4.2.7.3 The directional coupler is a microstrip that

senses forward and reflected power in the rf
output line. The forward and reflected ports of the
coupler are directed to their respective detector circuits
where the signals are filtered, rectified, weighted, and
summed to produce a dc voltage that is proportional to
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the sum of the forward and reflected power. This dc
voltage, which decreases with increased power, is the
directional coupler monitoring signal that is returned to
the transmit power and level control circuit, via feed-
through capacitor C294 on the feedthrough plate. If the
rf output power increases to a level that could damage
the power amplifier circuits, the directional coupler
monitoring signal causes the control circuit to reduce
the rf output power to a safe level.

4.2.7.4 The temperature of the directional coupler is

monitored by diode CR1451. The diode sends
a temperature compensation monitoring signal to the
transmit power and level control circuit via feedthrough
capacitor C295 on the feedthrough plate. As directional
coupler temperature varies, due to ambient conditions
or dissipation, the changing forward voltage drop of
CR1451 is sensed by the transmit power and level con-
trol circuit. The changing voltage drop acts to offset the
rf output power variations which would otherwise occur
due to temperature-induced changing characteristics of
the directional coupler.

4.3 FREQUENCY SYNTHESIZER CIRCUITS

The frequency synthesizer consists of the channel
selection and display circuits, the synthesizer board cir-
cuits, and the VCO hybrid circuits. The channel selec-
tion and display circuits, which include the front panel
channel selector switch and LED display, are covered in
the functional description of the frequency synthesizer
circuits and are not detailed here.

4.3.1 Synthesizer Board Circuits

NOTE
Except for the divider/phase detector
(U115) circuit description, the following
descriptions refer to the schematic
diagrams in the Synthesizer section.

4.3.1.1 14.4 MHz Reference Oscillator

The 14.4 MHz reference oscillator provides a
stable reference for the frequency synthesizer. The
oscillator is completely self-contained and non-
serviceable. During transmit operation, low frequency
(below 50 Hz) DVP and DPL signals are routed directly
to the reference oscillator. This is required because
divider/phase detector U115 can track low frequency
modulation, and prevent direct low frequency audio
(frequencies required for DVP and DPL) from
modulating the VCO.

4.3.1.2 Frequency Select PROM

Frequency selection data (factory or field pro-
grammed) in the PROM is addressed by five binary bits
from the channel selector switch via five address lines,
AO through Ad4. The five bits comprise the channel
select word.




NOTE
On the synthesizer schematic diagram, use
the address line designations on the out-
side of the U117 symbol. The designations
inside the symbol do not correspond to
the channel select address lines.

Frequency selection in the PROM is further
determined by the presence or absence of transmitter
keying signal, 9.6T, at pin 5 of the PROM as follows:

* Presence of 9.6T: data words specify transmit fre-
quency

® Absence of 9.6T: data words specify receive frequen-
cy.

Data words transfer from PROM U117, to divider
U115, when a +5 volt enable signal at pin 15 (VCC)
coincides with arrival of a word select signal (three ad-
dress bits, A0-A2) from the divider. Frequency data is
transferred to the divider by six 4-bit words on data lines
DO through D3.

4.3.1.3 PROM Enable Circuit

4.3.1.3.1 The PROM enable circuit allows
divider/phase detector U115 to address the
PROM for either of three conditions:

® The transmitter is keyed.
¢ The frequency is changed.
¢ The synthesizer goes out-of-lock.

When the transmitter is keyed the PROM
enable circuit is controlled by the 9.6T keying voltage,
either directly or via U351, depending on the model.
When the frequency is changed the circuit is controlled
by the AQ address line from the channel selector switch,
or by the output (FC) of frequency change detector
U351, depending on the model. If the synthesizer goes
out-of-lock, the circuit is controlled by the lock detect
switch.

4.3.1.3.2 The PROM enable circuit used with the

TRNS5243A synthesizer consists of IC U116
and output inverters Q118, Q119, and Q120. The 9.6T
keying voltage or a change in frequency is sensed by fre-
quency change detector U351. U351 produces a positive
going pulse on the FC line for every change in an input
line (AO-A4 or 9.6T). The positive pulse sets flip-flop
U116A and U116B, causing the output to go high. This
turns on Q118, driving Q118 output low.

4.3.1.3.3 The output of Q118 is connected to the

LOCK output line of divider U115. The out-
put of Q118 is driven low and forces the lock detector
switch into an out-of-lock condition. This causes the
lock detect switch to generate a high lock detect signal
that is fed back to series-connected NOR gates U116C

and U116D. The high output from NOR gate U116D
turns on Q120, driving its output low, and resets flip-
flop U116A and B. The low output of Q120 is the read
enable signal applied to the enable input of U115. With
the enable input activated, U115 outputs a 10 microsec-
ond low STROBE signal that reoccurs every 200
microseconds. The low STROBE signal turns on Q119.
When Q119 turns on, it turns on Q115, and when Q115
turns on, it supplies +5 V dc enabling voltage to the
VCC pin of the PROM. With the PROM enabled, fre-
quency data is read from the PROM to the divider
Ul1s.

4.3.1.3.4 When the synthesizer locks onto the correct

frequency, the LOCK output from Ul15
goes high. This disables the enable input to UlIlS5,
disabling in turn the STROBE output from U115. With
the STROBE output disabled, power is removed from
the PROM, and the PROM enable circuit reverts to its
initial condition.

4.3.1.4 Divider/Phase Detector

(Refer to Synthesizer section 68P81045E88, in
the service manual.) The divider/phase detector con-
tains the following circuits:

¢ multiplex control

® six 4-bit latches

¢ loop divider (programmable)

¢ phase detector

¢ reference divider (programmable)

4.3.1.4.1 Multiplex Control

The multiplex control circuit performs three
functions:

e Three address bits on lines AO through A2 select 4-bit
words in the PROM. The selected 4-bit words con-
taining frequency data are transferred from the
PROM to the six 4-bit latches.

e An ENABLE signal initiates generation of 10
microsecond STROBE signals that reoccur every 200
microseconds.

e Produces a LATCH CONTROL signal that deter-
mines which data words are stored in each of the six
latch registers.

4.3.1.4.2 Latch Circuits

4.3.1.4.2.1 The six 4-bit latches are activated when the

multiplex control circuit receives the ac-
tive (low) enable signal from the PROM enable circuit.
The multiplex control circuit also applies a latch control
to the six 4-bit latches,

4.3.1.4.2.2 The information stored in the six 4-bit lat-

ches determines the values (A and B) for
the counters in the loop divider. The stored information
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also determines the output levels of the S1, VCOl, and
VCO?2 signals appearing at pins 17, 19, and 20, respec-
tively, of U115. These signals are applied to the frequen-
cy shift logic circuit to determine at which sub-range the
VCO operates.

4.3.1.4.2.3 The SO signal from the latch registers, ap-

pearing at pin 18, is used only with dual
front end receiver models. The signal is used to select
one of two 6 MHz filters at the front end of the receiver.
When the SO signal is low, the low range 6 MHz filter is
switched into the rf signal path. When the SO signal is
high, the high range 6 MHz filter is switched into the rf
signal path.

4.3.1.4.3 Loop Divider

The loop divider contains a double-pro-
grammable dual modulus counter. The counter acts as a
programmable divider for the VCO rf feedback signal
from the VCO output by dividing by 64 for a program-
mable number of (A) cycles, and then by 63 for another
programmable number of (B) cycles. Divider rf buffer
Q192 isolates the VCO rf feedback signal from the
divider. The loop divider divides the VCO feedback
signal by 64 ‘A’ times and by 63 ““B’’ times. The out-
put of the loop divider counters is the loop frequency
signal that is applied as the second input to the phase
detector. The loop frequency signal is the VCO output
signal frequency divided by (64A and 63B). The loop
frequency is applied to one input of the phase detector.

4.3.1.4.4 Reference Divider

The reference divider divides the
14.4 MHz signal from the reference oscillator to any of
three reference frequencies: 4.166 kHz, 5.0 kHz, or
6.25 kHz. These frequencies are determined by the
channel spacing of the DVP MCXI100 radio set. The
reference frequency is applied as one input to the phase
detector.

4.3.1.4.5 Phase Detector

The phase detector compares the reference
and loop frequency outputs from the two dividers for
frequency and phase. The phase detector uses the fre-
quency and phase relationships to produce pulses for
the UP and DOWN output lines. If the loop frequency
is lower than the reference frequency, the phase detector
produces a number of UP error pulses that is propor-
tional to the amount of error. If the loop frequency is
higher than the reference frequency, the phase detector
produces DOWN error pulses. The UP and DOWN er-
ror pulses are applied to the charge pump and loop filter
circuit to affect the output frequency of the VCO. The
output of the phase detector continues to adjust the
VCO output frequency until the loop frequency equals
the reference frequency. The synthesizer is then ‘“lock-
ed’’ on frequency and a logic high is generated at the
LOCK output of the phase detector. The logic high is
applied to the lock detect switch. The lock detect switch
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controls the various transmitter and receiver circuits
that are disabled when the synthesizer is out of lock.

4.3.1.5 Lock Detect Switch Circuit

4.3.1.5.1 The lock detect switch monitors the LOCK

output from divider/phase detector Ul15.
When the LOCK output is high, the synthesizer is lock-
ed onto the correct frequency, and when it is low, the
synthesizer is out-of-lock. When the synthesizer goes
out-of-lock, the lock detect switch supplies a high
LOCK DET signal to disable the transmitter (during the
transmit mode) or to disable the receiver (during the
receiver mode). The high LOCK DET TRIGGER out-
put is also applied to the PROM enable circuit to
energize the PROM.

4.3.1.5.2 The lock detect switch consists of Schmitt

trigger Q154 and Q155, and inverter Q156.
The LOCK DET TRIGGER signal is developed at the
collector of Q156. When the LOCK output from U115
is high (synthesizer in-lock), the high output keeps Q154
on and Q155 off. When Q155 is off, Q156 is also off,
thus keeping its collector output low.

4.3.1.5.3 When the LOCK output from U115 goes low

(synthesizer frequency out-of-lock), the low
error pulses are filtered by integrator network R159 and
C156. When the pulses are wide enough, the dc voltage
at the junction of R159 and C156 falls below the
threshold voltage of the Schmitt trigger, causing it to
change state. This turns on Q156, driving its output
high, thus activating the LOCK DET TRIGGER signal.
The Schmitt trigger returns to its original state when the
charge on capacitor C156 is sufficiently high to turn on
Q154.

4.3.1.5.4 Radios using the TRN5243A Synthesizer

Board and TRN5241A/TRNS5244A Front
Panel Interconnect Board also contain lock detect delay
IC U350. U350 outputs a pulse of longer duration than
the lock detect pulse, to make sure that the synthesizer
in radios equipped with the Channel Scan monitor op-
tion is locked before squelch status is checked.

4.3.1.6 Charge Pump And Loop Filter Circuit

4.3.1.6.1 The charge pump and loop filter circuit con-

verts the UP and DOWN pulses generated
by divider/phase detector U115 to the dc VCO steering
line voltage. The VCO steering line voltage determines
the operating frequency of the VCO. Pulses on the UP
line increase the VCO steering line voltage (increasing
the VCO operating frequency), whereas pulses on the
DOWN line decrease the VCO steering line voltage
(decreasing the VCO operating frequency).

4.3.1.6.2 The VCO steering line voltage is developed

by transistors Q150, Q152, and Q153. Tran-
sistors Q152 and Q153 comprise the charge pump that
serves as the current source to increase or decrease the

.




amount of charge on loop filter capacitor C150.
Capacitor C150 and resistor R156 form the loop filter
that controls the stability and response of the VCO feed-
back loop. Transistor Q150 serves to limit the voltage
onthe U115 UP line to 5 V dc.

4.3.1.6.3 The dc output from the charge pump is
filtered by reisistors R157 and R158;
capacitors C151 and C152; and inductor L127. The
filter removes undesireable noise and variations from
divider/phase detector U115 that would otherwise
modulate the VCO. The filtered dc VCO steering line
voltage is applied to the VCO to adjust its frequency.
4.3.1.7 Frequency Shift Logic Circuit
4.3.1.7.1 The DVP MCXI00 radio set provides ex-
tended frequency coverage in two ranges:
136 to 162 MHz (Range I) and 146 to 174 MHz (Range
II). To allow the VCO to operate within this wide fre-
quency band, the two frequency ranges are divided into
two sub-ranges. For Range 1, the VCO operating sub-
range is 114.6 to 162.0 MHz. For Range II, the VCO
operating sub-range is 124.6 to 174.0 MHz. To select the
proper VCO sub-range, the frequency shift logic circuit
develops 16 discrete switching conditions on six data
lines. The data lines control PIN (diode) switches in the
VCO hybrid that switch (shift) the VCO to the proper
sub-range frequency. The VCO is shifted up or down in
increments of 6.2 MHz, 12.4 MHz, or 24.8 MHz.

4.3.1.7.2  The frequency shift logic circuit consists of
transistors Q171 and Q172, and IC UI171.
The circuit is controlled by the VCO1, VCO2, and Sl
data outputs from divider/phase detector U115, the fre-
quency and shift information is initially stored in the
PROM and is transferred into U115 as a four-bit word.

4.3.1.7.3 The VCOl1, VCO2, and Sl data outputs

from U115 develop corresponding frequen-
cy range shift signals, designated S3, S2, and S1, respec-
tively, used to control the frequency shift. Each fre-
quency range switch signal, in turn, consists of com-
plimentary logic outputs. Logic outputs S3, and S3 con-
trol the 6 MHz shift. Logic outputs S2 and S2 control
the 12 MHz shift, and logic outputs S1 and S1 control
the 24.8 MHz shift. Transistors Q171 and Q172
generate the S3 and S3 logic outputs, whereas U171
generates the remaining logic outputs. When a logic out-
put is high, it is at +8 V dc. When it is low, it is at
ground. The logic outputs are applied on the six data
lines to the PIN switching decodes to shift the VCO to
the proper sub-range frequency.

4.3.1.7.4 Depending on the frequency shift selected,

the dc voltage on the VCO steering line (bet-
ween +3 and + 8 V dc) is shifted up or down by 5 V dc.
Since the voltage level on the VCO steering line deter-
mines the VCO operating frequency within the sub-
range, the frequency shift changes the VCO operating
frequency accordingly. An increase in the VCO steering
line voltage increases the VCO operating frequency.

Conversely, a decrease in the VCO steering line voltage
decreases the VCO operating frequency.

4.3.1.7.5 Table 1 tabulates the eight descrete switching

conductors outputted by the frequency shift
logic circuit. For each switching condition, the table
shows the logic states of the S1, S2, and S3 frequency
range select signals, and the sub-range frequency at
which the VCO is operating.

Table 1.
Frequency Shifting of VCO Sub-Range Frequencies

Frequency Range
Switching  Select Signals
Condition S1 S2 S3

VCO Sub-Range
Range I Range Il

114.610120.595 124.610130.595
120.6t0 126.595  130.61t0 136.795
126.6t0132.495 136.8t0 142.995
132.5t0138.395 143.0to 149.195
138.410144.295 149.2t0 155.395
144.310150.195 155.4t0 161.595
150.210156.095  161.610 167.795
156.1t0162.0 167.810 174.0

00 AN B LN —
O = O = O O -

4.3.1.8 VCO Buffers And Transmit/Receive Injection
Switch

4.3.1.8.1 The VCO Buffers and transmit/receive in-

jection switch route the rf output from the
VCO to either the transmit or receive injection ports on
the synthesizer board. The VCO buffers isolate the
VCO tank circuits from varying loads and noise
generated by the transmit/receive switch.

4.3.1.8.2 The VCO buffers consist of transmit/receive

buffer Q190 and divider rf buffer Q192. The
rf output from the VCO is applied to the base of Q190.
The amplified VCO rf is then applied to the anodes of
PIN diodes CR190 and CR191. Diode CR190 is in the
transmit injection line and diode CR191 is in the receive
injection line. Depending on the biasing of the diodes,
amplified VCO rf is switched to either the transmit or
receive injection line.

4.3.1.8.3 The biasing of the diodes is controlled by

transmit/receive injection switch Q191.
When the transmitter is keyed, the 9.6T keying voltage
is applied to the cathode of CR190 and to the base of
Q191. The 9.6T applied to CR190 forward biases the
diode, switching the amplified VCO rf to the transmit
injection port. From this port, the signal is applied as
the 136 to 174 MHz transmitter injection signal to the
low level amplifier in the transmitter. The 9.6T voltage
applied to Q191 turns on Q190, effectively reverse- bias-
ing CR191. In the absence of the 9.6T keying voltage
(signal low) the reverse action takes place. Diode CR191
becomes forward biased, switching amplified VCO rf to
the receive injection port. The output is the 114.4 to
152.6 MHz receive injection signal that is routed to the
mixer in the receiver.

4.3.1.8.4 The amplified VCO rf output from Q191 is
also applied to divider rf buffer Q192. The
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output from Q192 is a buffered VCO rf signal that is ap-
plied to the loop divider in divider/phase detector U115
to generate the loop frequency signal.

4.3.1.9 VCO AGC Circuit

The VCO AGC circuit provides a constant rf
level in the VCO tank circuit. The VCO AGC circuit
consists of transistors Q188 and QI189. A rectified dc
sample of the VCO rf output is applied as the AGC
detect signal to the base of Q189. If the level of the
signal increases, indicating a rise in the VCO rf output,
Q189 conducts more, causing a corresponding decrease
in the current flow through current driver Q188. Since
the collector output of Q188 is the AGC control signal
coupled to the source of the VCO FET, the decreased
AGC control curent reduces the VCO tank voltage to
offset the increased rf output. Conversely, a correspon-
ding decrease in the VCO rf level would cause the AGC
control signal to rise, increasing the VCO tank voltage
and raising the VCO rf level.

4.3.2 VCO Hybrid Circuits
(Refer to Synthesizer schematic diagram)

The VCO hybrid circuits are functionaly arrang-
ed into the VCO steering line, the PIN (diode) switches,
the VCO modulator, and the VCO.

4.3.2.1 VCO Steering Line

4.3.2.1.1 The dc voltage on the VCO steering line

determines the operating frequency of the
VCO within the sub-range selected by the frequency
shift logic circuit. The steering line output is determined
by the UP and DOWN pulses generated by
divider/phase detector U115 (on the synthesizer board),
and which is converted and filtered to a dc voltage by
the charge pump and loop filter circuit (also on the syn-
thesizer board). The dc voltage is applied to the network
of varactor diodes that control the frequency of the
VCO. When the VCO frequency is not equal to the
desired frequency, the dc voltage on the VCO steering
line steps to another level to change the VCO operating
frequency. When the VCO locks to the desired frequen-
cy, the VCO steering line maintains a constant voltage
level.

4.3.2.1.2 The varactor diode network consists of

CR1301 through CR1304. Capacitor C1307
couples the varactor network to the VCO tank circuit,
via the VCO transmission line. The varactor network is
configured to prevent high level rf from the VCO
transmission line from being rectified by the varactor
diodes. This eliminates noise that might otherwise
modulate the VCO.

4.3.2.1.3 The capacitance of the varactor diodes deter-

mines the reactance of the VCO tank circuit,
and therefore the operating frequency. The dc voltage
level present on the VCO steering line determines the
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capacitance of the varactor diodes. Variations in their
capacitance therefore change the VCO tank circuit reac-
tance, varying the VCO operating frequency. The range
of levels present on the VCO steering line extends from
+3 to +8 V dc. An increase in VCO steering line
voltage causes the capacitance of the varactor diodes to
decrease and the VCO frequency to increase. Converse-
ly, a decrease in VCO steering line voltage causes an in-
crease in the capacitance of the varactor diodes and a
reduction of the VCO frequency.

4.3.2.2 PIN (Diode) Switches

4.3.2.2.1 The PIN diodes switch the VCO to the pro-

per sub-range operating frequency by
removing or inserting capacitive or inductive elements
of the VCO tank circuit, via the transmission line. When
the PIN diodes are off (reverse biased), they effectively
create an rf open circuit between the capacitive or in-
ductive elements and the transmission line. When the
PIN diodes are on (forward biased), they effectively
create an rf short circuit to the transmission line, inser-
ting the capacitive or inductive elements into the VCO
tank circuit. Inserting capacitive elements decreases the
VCO operating frequency. Inserting inductive elements
increases the VCO operating frequency.

4.3.2.2.2 The PIN diodes are controlled by the

6.2 MHz, 12.4 MHz, and 24.8 MHz fre-
quency range shift signals generated by the frequency
shift logic circuit on the synthesizer board. The 6.2 MHz
shift is initiated by the S3 frequency range shift signals
S3 and S3. When the S3 line is low (ground) and the S3
line is high (+8 V dc), PIN diode CR1306 is reverse
biased. This effectively uncouples capacitor C1300 from
the VCO tank circuit. When the logic states of the S3
and S3 lines change, CR1306 becomes forward biased,
effectively inserting C1300 into the VCO tank circuit.
This decreased capacitance causes the VCO frequency
to shift upwards by 6.2 MHz.

4.3.2.2.3 PIN diode CR1320 controls the 12.4 MHz
shift by removing or inserting inductor
L1309 and a short, series-connected transmission line to
the VCO tank circuit. The 12.4 MHz shift is initiated by
the S2 frequency range shift signals S2 and S2. When
the S2 line is high and the S2 line is low, inductor L1309
and the short transmission line (an inductive element)
are inserted into the VCO tank circuit. This parallel in-
ductance shifts the VCO frequency up by 12.4 MHz.

4.3.2.2.4 PIN diodes CR1340 and CR1341 control the

24.8 MHz shift, which is initiated by the S1
frequency range shift signals S1 and S1. Before the
24.8 MHz shift is initiated, the S1 line is low and the S1
line is high. This turns on CR1340, effectively short cir-
cuiting a second VCO transmission line to rf ground, via
capacitor C1340 and C1325. This removes the second
VCO transmission line from the VCO tank circuit, and
prevents it from resonating due to stray capacitance to
prevent noise from being introduced into the VCO tank
circuit. When the 24.8 MHz frequency shift is activated,




the S1 line goes high and the S1 line goes low. This turns
on diode CR1341, connecting the two VCO transmis-
sion lines together, via capacitors C1340 and C1341.
This effectively shortens the VCO transmission line,
decreasing the inductance of the VCO tank circuit, and
thus shifting the VCO frequency up by 24.8 Hz.

4.3.2.2.5 Because of coupling losses between the VCO

tank circuit and shifting elements during
shifts (approximately 6 MHz), compensation must be
provided. To reduce the coupling loss when the 12.4
MHz shift is initiated while a 28.4 MHz shift is in effect,
compensating diode CR1312 is provided. When the S1
line controlling the 24.8 MHz shift is high and the S1
line is low, diode CR1312 is turned on. This effectively
disconnects the short transmission line from inductor
L1309.

4.3.2.2.6 Capacitor C1302 provides steering line com-
pensation for S1 shift. The varactor diodes
and capacitor C1307 are connected to one side of the
transmission line. Sensitivity of the varactor diodes is
reduced when the S1 transmission line is added to the
VCO tank. With capacitor C1300 in parallel with
C1307, the sensitivity of the varactors to the VCO is
maintained.
4.3.2.3 VCO Modulator
4.3.2.3.1 The VCO is modulated by the VCO modula-
tion signal (transmit audio signal) supplied
by the transmitter circuits. The VCO modulation signal
carries microphone audio (and PL or DPL signals, if
present) whose frequencies are above 50 Hz. (Frequen-
cies below 50 Hz are on the VCO reference signal sup-
plied only to the 2 PPM 14.4 MHz reference oscillator
on the synthesizer board.) The VCO is modulated with
the VCO modulation signal by varactor diode CR1300.
The VCO modulation signal increases and decreases the
capacitance of CR1300, thus changing the frequency of
the VCO (direct frequency modulation).

4.3.2.3.2 Because the VCO can operate over a wide
range of frequencies, the sensitivity of the
VCO is subject to slight drifting. This is due to changes
in the VCO steering line voltage, or to coupling losses
that occur in the VCO tank circuit when the PIN diode
switches shift the VCO to a new sub-range frequency.
To compensate for this drift, and to maintain the
modulation level constant throughout the range of the
VCO frequencies, compensation is provided for the
VCO steering line voltage and for frequency shifts. To
compensate for changes in the VCO steering line
voltage, a second varactor is used. This varactor
CR1305, is connected in series with varactor CR1300
and the VCO steering line. As the VCO steering line
voltage changes, the capacitance of CR1305 changes,
thus altering the capacitance in the VCO tank circuit.

4.3.2.3.3 To compensate for frequency shifts, the dc
bias on varactor CR1300 is varied. This is
accomplished by a modulation compensation network

composed of resistors R1310, R1311, and R1312; and
diodes CR1307, CR1308, and CR1309. The network is
controlled by the S1, S2, and S3 frequency range shift
signals. Depending on the logic states of these signals,
the dc bias on CR1300 changes, changing the varactor
sensitivity to audio levels.

4.3.2.4 VCO

4.3.2.4.1 The VCO generates frequency modulated
transmit injection and stable receive injec-
tion frequencies. The operating frequency range of the
VCO extends from 21.4 MHz below the radio operating
frequency (to provide low-side receiver injection at the
lowest radio operating frequency) continuously to the
highest radio operating frequency. The VCO also pro-
vides a feedback signal at the injection frequency that is
used by divider/phase detector U115 on the synthesizer
board to generate the loop frequency signal.

4.3.2.4.2 Transistor Q1300 is the amplifying element
of a grounded-gate oscillator. The oscillator
operates in the VHF frequency band at the desired injec-
tion frequency. The drain of Q1300 is coupled to a
microstrip transmission line through capacitor C1308.

4.3.2.4.3 The VCO tank circuit is composed of

capacitors C1309, C1313, and C1327; the
transmission line; and the capacitive and inductive
elements inserted into, or removed from, the VCO tank
circuit by the PIN switching diodes. The transmission
line serves as the inductive component of the VCO tank
circuit. Microstrip plates attached to the tranmsission
line act as tuning capacitors on the VCO tank circuit.
Factory-tuned tuning jumpers R1 and R2 are also at-
tached to the transmission line to tune the VCO tank cir-
cuit.

4.3.2.4.4 The VCO rf output signal from the tank cir-

cuit is coupled through capacitor C1308 to
the transmission line. The rf passes through the
transmission line and is coupled into the VCO output
buffer Q1330, via capacitor C1330. The output buffer
feeds the VCO rf signal to the transmit/receive rf buffer
on the synthesizer board. The rf signal present at this
point is either a low-side receiver injection signal
21.4 MHz below the receiver operating frequency, or a
transmitter injection signal at the desired transmitter
operating frequency.

4.3.2.4.5 An AGC circuit is used to maintain constant

rf levels in the VCO tank circuit to ensure
consistent sideband noise characteristics across the en-
tire frequency band. A sample of the VCO rf signal is
rectified by diode CR1310 to provide a dc voltage with
level proportional to the VCO rf level. The rectified dc
voltage is applied to the AGC circuit on the synthesizer
board. the AGC circuit returns a dc control voltage that
maintains the VCO tank voltage constant (approximate-
ly 3 V rms).
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4.4 FAST-LOK FREQUENCY SYNTHESIZER
CIRCUIT

The Fast-Lok frequency synthesizer consists of the
channel selection and display circuits, the synthesizer
board circuits, the synthesizer output amplifier circuit,
and the VCO hybrid circuits. The channel selection and
display circuits, which include the front panel channel
selector switch and LED display, are covered in the
functional description of the standard lock frequency
synthesizer circuits and are not detailed here.

4.4.1 Synthesizer Board Circuits

NOTE

Except for the divider U115 and phase

detector U140 circuit descriptions, the

following descriptions refer to the

schematic diagrams in the Fast-Lok Fre-

quency Synthesizer section.
4.4.1.1 14.4 MHz Reference Oscillator
The 14.4 MHz reference oscillator provides a
stable (+2 ppm) reference for the frequency syn-
thesizer. The oscillator is completely self contained and
non-servicable. During transmit operation, low fre-
quency (below 50 Hz) DVP or DPL signals (ref mod)
are routed directly to the oscillator. This is required
because the divider/phase detector (U115/U140) can
track low-frequency modulation, to prevent direct low-
frequency audio (used in DVP and DPL signaling) from
modulating the VCO.

4.4.1.2 Frequency Select PROM

Frequency selection data (factory or field pro-
grammed) in the PROM is addressed by five binary bits
from the channel selector switch via five address lines,
AQ through A4. The five bits comprise the channel
select word.

NOTE
On the synthesizer schematic diagram, use
the address line designations on the out-
side of the U116 symbol. The designations
inside the symbol do not correspond to
the channel select address lines.

Frequency selection in the PROM is further determined
by the presence or absence of transmitter keying signal,
9.6T, at pin 5 of the PROM as follows:

® Presence of 9.6T: data words specify transmit fre-
quency

* Absence of 9.6T: data words specify receive frequen-
cy

Data words transfer from PROM U116 to divider U115,
when a + 5 volt enable signal at pin 16 (VCC) coincides
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with arrival of a word select signal (three address bits,
AO0-A2) from the divider. Frequency data is transferred
to the divider by six 4-bit words on data lines DO
through D3.

4.4.1.3 PROM Enable Circuit

4.4.1.3.1 The PROM enable circuit allows divider
U115 to address the PROM when any of the
following occur:

¢ The transmitter is keyed.
* The frequency is changed.
¢ The synthesizer goes out of lock.

If the transmitter is keyed or the frequency is changed,
frequency change detector U351 on the front panel in-
terconnect board emits a positive going pulse of approx-
imately S usec duration. This pulse is sensed at phase
detector U140-5 and causes the phase detector ADAPT
output (U140-10) to go high. If the synthesizer goes out
of lock, circuitry within phase detector U140 senses the
out-of-lock condition and causes the ADAPT output
(U140-7)to go low.

4.4.1.3.2 The PROM enable circuit consists of a por-

tion of phase detector U140 as well as tran-
sistors Q115, Q117 and Q118. Transmit PTT, frequency
change, or synthesizer out-of-lock causes phase detector
ADAPT output Ul40-10 to go high. This turns on
Q117, providing low READ ENABLE signal to divider
U115-28. With the READ ENABLE input activated,
U115 applies a 10 microsecond low STROBE signal that
recurs every 200 microseconds. The low STROBE signal
turns on Q118. When Q118 turns on, it turns on Q115,
and when Q115 turns on, it supplies +5 V dc enabling
voltage to the Vcc pin of the PROM. With the PROM
enabled, frequency data is read from the PROM to the
divider U115.

4.4.1.3.3 At the end of the three millisecond adapt in-

terval the phase detector ADAPT output
goes low. This turns off Q117, disabling the READ
ENABLE input to Ul15. With the STROBE output
disabled, power is removed from the PROM.

4.4.1.4 Lock Detect Switch Circuit

4.4.1.4.1 The lock detect switch monitors the ADAPT

output from phase detector U140. When the
ADAPT output is high, the synthesizer is locked onto
the correct frequency, and when it is low, the syn-
thesizer is out-of-lock. When the synthesizer goes out-
of-lock, the lock detect switch supplies a high LOCK
DETECT signal to disable the transmitter (during the
transmit mode) or to disable the receiver (during the
transmit mode) or to disable the receiver (during the
receive mode).

4.4.1.4.2 The lock detect switch consists of inverter
Q142, The LOCK DET TRIGGER signal is




developed at the collector of Q142. The LOCK DET
TRIGGER signal is routed through CR351 to become
the LOCK DET signal for the radio set.

4.4.1.5 Divider

(Refer to functional diagram in Synthesizer
section.) The divider contains the following circuits:

¢ multiplex control

® six 4-bit latches

¢ loop divider (programmable)

¢ reference divider (programmable)

4.4.1.5.1 Multiplex Control

The multiplex control circuit performs three
functions:

* Three address bits on lines AO through A2 select 4-bit
words in the PROM. The selected 4-bit words con-
taining frequency data are transferred from the
PROM to the six 4-bit latches.

e An ENABLE signal initiates generation of 10
microsecond STROBE signals that reoccur every 200
microseconds.

® Produces a LATCH CONTROL signal that deter-
mines which data words are stored in each of the six
latch registers.

4.4.1.5.2 Latch Circuits

4.4.1.5.2.1 The six 4-bit latches are activated by a

latch control when the multiplex control
circuit receives the active (low) enable signal from the
PROM enable circuit.

4.4.1.5.2.2 The information stored in the six 4-bit

latches determines the values (A and B) for
the counters in the loop divider. The stored information
also determines the output levels of the SO, VCO1, and
VCO?2 signals appearing at pins 17, 19, and 20, respec-
tively, of U115. These signals are applied to the frequen-
cy shift logic circuit to determine at which sub-range the
VCO operates.

4.4.1.5.2.3 The SI signal from the latch registers, ap-

pearing at pin 18, is used only with dual
front end receiver models. The signal is used to select
one of two 6 MHz filters at the front end of the receiver.
When the S1 signal is low, the low range 6 MHz filter is
switched into the rf signal path. When the S1 signal is
high, the high range 6 MHz filter is switched into the rf
signal path.

4.4.1.5.3 Loop Divider

The loop divider contains a double-
programmable dual modulus counter. The counter acts

as a programmable divider for the VCO rf feedback
signal from the VCO output by dividing by 64 for a pro-
grammable number of (A) cycles, and then by 63 for
another programmable number of (B) cycles. Divider rf
buffer Q116 isolates the VCO rf feedback signal from
the divider. The loop divider divides the VCO feedback
signal by 64 ““A”’ times and by 63 ‘‘B’’ times. The out-
put of the loop divider counters is the loop frequency
signal that is applied as the second input to the phase
detector. The loop frequency signal is the VCO output
signal frequency divided by (64A plus 63B).

4.4.1.5.4 Reference Divider

The reference divider divides the 14.4 MHz
signal from the reference oscillator to any of three
reference frequencies: 4.166 kHz, 5.0 kHz, or6.25 kHz.
These frequencies are determined by the channel spac-
ing of the DVP MCXI00 radio set. The reference fre-
quency is applied as one input to the phase detector.

4.4.1.6 Phase Detector
(Refer to functional diagram)

4.4.1.6.1 Phase detector U140 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 (FC) line
and uses this information to generate control signals for
the adaptive filter.

4.4.1.6.2 The phase detector output signal level is con-

trolled by the length of time between the
positive transition of the reference signal and the
positive transition of the loop signal. When the
reference signal goes high (at U140-2), the ramp
generator (Q140) turns on, maintaining a constant cur-
rent through C142. This constant current generates a
linear rise (ramp) in the voltage at U140-24. The rise of
the ramp voltage halts when the LOOP signal (at
U140-23) switches to a high level, causing Q140 to turn
off.

4.4.1.6.3 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 the sample timing capacitor, C141. During this time,
the two hold capacitors (C143 and C144) are charged to
a level determined by the ramp voltage. At the end of
the sample time, ramp capacitor C142 is discharged in
preparation for the next cycle.

4.4.1.6.4 The accumulated charge on the hold capa-

citors is used to control the conduction of a
push-pull output driver. The output driver consists of
an internal NPN transistor and an external PNP tran-
sistor controlled by the signal at U140-17. The PHASE
DET OUTPUT signal at U140-15 is coupled, via the
adaptive loop filter, to the VCO, where it controls the
generation of injection frequencies.
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4.4.1.6.5 In addition, the phase detector generates the

control signals for the adaptive filter and
PROM enable circuits. When changing operating chan-
nels while in the receive mode or changing from the
transmit mode to the receive mode, the FC pulse (at
U140-5) causes the ADAPT line to go high and the
ADAPT line to go low for approximately 3.0
milliseconds.

4.4.1.6.6 To achieve maximum switching speed, the

SO, VCO01, and VCO2 signals must shift the
VCO subrange coincident with the rising edge of the
loop (divided VCO) pulse at U140-23. VCO1 and VCO2
are synchronized to the loop pulse internally within
divider U115. The SO output of divider U115-17 is fed
to the input of a D flip-flop within phase detector
U104-11. This flip-flop is clocked by the loop pulse,
allowing its output to respond to an SO change only at
the rising edge of the loop pulse. The synchronized SO
flip-flop output U140-6 is fed to frequency shift driver
U155-10.

4.4.1.7 Adaptive Loop Filter

4.4.1.7.1 The adaptive loop 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.

4.4.1.7.2 The adaptive filter, which is connected to the

PHASE DET OUTPUT line (U140-15) is
controlled by the phase detector to operate in either of
two modes. Each mode requires different filter
characteristics, and these characteristics are changed by
transmission gates which switch filter components into
and out of the steering line signal path, as determined by
the phase detector.

4.4.1.7.3 When the synthesizer is in the normal

transmit or receive mode, the phase detector
drives ADAPT high, turning off Q143. All four
transmission gates (Ul141A, B, C, D) are off. The
natural loop frequency of the synthesizer in this mode is
approximately 35 Hz. The adaptive loop filter stays in
this mode as long as the radio is transmitting or receiv-
ing. In this mode the steering line is filtered by R147, a
shunt path consisting of R148, C145 and C146, and by
R149 and C147. The signal passes to the VCO via RF
filter L143 an C147.

4.4.1.7.4 When the synthesizer is in the Adapt mode,

the phase detector drives ADAPT low, turn-
ing on Q143. This causes the collector of Q143 to go
high, turning on all four transmission gates U141A, B,
C, D. The synthesizer has a high natural loop frequency
in this mode allowing it to change frequencies rapidly.
The adaptive filter switches into this mode for approx-
imately 3.0 milliseconds as the radio changes from the
transmit mode to the receive mode or from one receive
frequency to another (for example, when changing the
operating channel of the radio). In the adapt mode, the
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greater part of the adaptive loop filter is shorted by
transmission gate U141A, and the phase detector output
is connected to C147. When the filter is in the Adapt
mode, C146 and Cl147 are being charged. The ac-
cumulated charge on C147 prevents the VCO from
changing frequencies while the mode is changed from
adapt to normal receive/transmit operation. Cl147
always remains connected to the steering line. The signal
passes to the VCO via the RF filter comprised of L143
and C159.

4.5 DVPCIRCUITS
(Refer to DVP schematic diagram)

The electrical circuits of the DVP control boards
are subdivided into the following: power supply and
regulator, clock, receive audio, squelch, push-to-talk
(PTT), transmit audio, key insertion, and mode control
circuits.

4.5.1 Power Supplies and Regulators

Three different voltage suplies are used on the
DVP boards. Regulated 9.6 volts powers most of the
DVRP circuitry and comes from the radio 9.6 V regulator
circuitry, via P352-6. SW A + powers the front panel in-
dicator LEDs and comes from P364A-5. PA A+
powers the 5 volt regulator (U101) and comes from
P352-8.

4.5.2 Clock

The clock generating circuitry is contained
within U102, the DVP Control and Interface 1.C. This
I.C. contains a high frequency oscillator, a prescaler,
and a phase-locked loop for frequency generation and
division. Crystal Y101 at pins 17 and 19 maintains the
oscillator frequency at 3,072 kHz. This frequency is
divided by 256 in the prescaler and phase-locked loop to
produce the system 12 kHz clock. The prescaler divides
by 4, and the phase-locked loop divides by either 63, 64
or 65 depending on whether incoming data transitions
are late, absent, or early with respect to the system 12
kHz clock. The 12 kHz clock output of the phase-locked
loop keeps the CVSD (U103) and the encryption hybrid
(HY101) synchronized for DVP functions.

4.5.3 Receive Audio

4.5.3.1 The buffered discriminator output is routed to

the DVP board via P352-7 and J101-S. If the
discriminator output is not a DVP signal, it is gated
through U105C to buffer U107D and back to the radio
audio path via J101-7. The discriminator data also goes
to the DVP equalizer filter which is formed by U107B
and an amplifier contained in U102 (between pins 3 and
5). The filter shapes the eye pattern to create a greater
eye opening at U102-5. In general, the eye opening at
U102-5 should be about 10% more than the eye opening
of the incoming discriminator data.




4.5.3.2 Pin § of UI02 is internally connected to a

limiter whose output is on U102-6. This output
swings between supply voltage and ground. Feedback
from the limiter to the amplifier input through R120
gives a small amount of hysteresis that causes small
crossover distortions on the amplifier output on
U102-5. This positive feedback prevents any clock syn-
chronous noise from causing false code detects on very
quiet standard mode signals. In addition, switched bias
output on U102-8 turns off when code is detected and
turns on when no code is detected. This allows the
amplifier and limiter to quickly adapt to off channel
signals and lowers the initial error rate. This output goes
through R121 to modify the voltage on C106. All the dc
voltages on U102-3, 4, 5, and 6 are within 0.1 volt of
each other, and they are biased internally to half the
supply voltage.

4.5.3.3 The limiter output of U102 is internally used to

synchronize the clock and operate the code
detector. The clock is synchronized with a digital phase-
locked loop which effectively divides an internal 64 X
clock signal by 63, 64, or 65 depending on whether the
limiter transitions are late, absent, or early respectively.
This produces a 12 kHz clock on U102-23 which clocks
the encryption hybrid (U8) and the CVSD (U7). The
clock maintains board synchronization. If the clock
should fail for any reason, much of the rest of the DVP
circuitry becomes inoperable.

4.5.3.4 The clock is used inside U102 to reclock the

limiter output at the center of the bits. This
signal is called receive cipher and comes out of U102-10.
This cipher text goes into the encryption hybrid on
HY101-5. HY101 decrypts the cipher and outputs plain
text on HY101-15. The plain text goes to the CVSD,
U103-10.

4.5.3.5 The CVSD reconstructs the audio by low pass

filtering the plain text with an internal FIR
filter and multiplying the result by the step size voltage
on U103-6. The step size is determined by an internal
detector that increases the step size when 3 zeros in a
row are detected or when 3 ones in a row are detected.
This condition is referred to as slope overload and in-
dicates that the step size is too small. The reconstructed
audio output goes out U103-15 to analog switch U105C.

4.5.3.6 The audio gate (U105C) then switches either
buffered discriminator or CVSD receive audio
back into the radio audio path via J101-7.

4.5.4 Squelch

4.5.4.1 The squelch circuit consists of the DVP Inter-
face and Control IC (U102), the CVSD (U103)
detector, U106A and U106B. The majority of the
squelch circuit is in U102 and consists of two detectors.
These detectors are called phase-lock and correlation.
The phase-lock detector measures the synchronization
of the limiter output with the 12 kHz clock. There will

be a phase-lock indication for most periodic signals,

EOM, and cipher. The correlation detector measures
the randomness of the limiter output. Most standard
mode signals are correlated as are most tones and EOM.
With these two detectors, U102 can determine the kind
of discriminator signal being received.

4.5.4.2 The proper code detector in U103 is another

correlation detector which measures the cor-
relation of the received plain text. For signals which
decrypt to produce intelligible plain text, the degree of
correlation will be high; and the detector output on
U103-14 will go high. For signals that are noisy or
decrypted with the wrong key, the degree of correlation
is low; and U103-14 is low. This signal goes to U102-28
and is used in the squelch decision. The PL disable input
at U102-2 also affects the squelch decision. If this pin is
high, U102 will ignore the CVSD proper code detector
signal, and will unsquelch for all coded signals. U102-2
will be high if the radio is not configured for proper
code, or if the microphone is off-hook, or if the monitor
switch (in radios so equipped) is depressed. Two other
signals also affect the squelch output (pin 14) of U102.
These are: 1) the squelch input from the carrier squelch
or PL circuitry, and 2) an input from the DVP drop out
timer on pins 12 and 13 of U102, The input from the
carrier squelch or PL circuitry goes to U107A via
P352-12 and J101-9. U107A is configured as a com-
parator so that the squelch input at U102-22 will be a
digital signal. This input tells U102 what state the stan-
dard radio squelch is in.

4.5.4.3 Once U6 has determined the type of signal at

the discriminator, it can set its squelch output,
U102-14. If the signal is not coded, U102 will squelch or
unsquelch the radio according to its input from the stan-
dard radio squelch (U102-22). If the signal is DVP code
then the outputs from U102 will be affected by the drop
out timer, PL disable, and the proper code input from
U103. When a private mode message is received,
(U102-15) will go high. U102-16 and U102-14 outputs
will go high if either the PL disable input is high, or if
proper code is detected by U103. In addition, the drop
out timer is activated by charging up C124 on U102-12.
If EOM id detected, the drop timer is cancelled by
discharging C124, U102-15 output stays high, U102-16
and U102-14 will go low. If noise is detected, the drop
out timer is delayed by allowing C124 to discharge
through R126. During the delay, U102-15 remains high.
U102-14 and U102-16 will stay high if either the PL
disable is high or proper code is detected. This drop out
delay provides fade protection for private mode signals.
When the drop out timer times out, U102-14, U102-15
and U102-16 will go low. When a standard mode
message is detected, both U102-15 and U102-16 will go
low, and the drop out timer is cancelled by discharging
C124,

4.5.4.4 UIO6A and U106B form the last stage of the

DVP squelch circuitry. These two gates per-
form the following functions: 1) remove squelch tails
after a DVP signal has been received, 2) provide a
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means for option accessories to control the radio
squelch while the radio is receiving a D VP transmission,
and 3) allow verification tone to be heard during key in-
sertion, U106-6 is the DVP squelch output and this is
routed back to the radio squelch circuit via P101-16 and
J1003.

4.5.5 Push-To-Talk (PTT) Circuitry

4.5.5.1 The PTT circuitry on the DVP board consists

mainly of U108, Q103, Q104 and part of the
interface and control IC (U102). When an active PTT
occurs, the PTT flow on the DVP board will depend on
whether the radio is set to standard or private transmit
mode.

4.5.5.2 In standard transmit mode the following ac-

tions occur. U108-4 will go low, causing
U108-3 and U108-6 to go high. When U108-6 goes high,
U108-5 will go low and turn Q112 on. The emitter of
Q112 is connected to the radio PTT circuitry, via
P352-3, and causes the transmitter to key. When the
PTT is released, Q112 turns off, causing the transmitter
to turn off.

4.5.5.3 When the radio is in the private transmit

mode, the following actions will occur. U108-4
will go low, causing U108-3 to go high, and U108-1 to
go low. This supplies an active low PTT to U102-11,
causing U102 to be set to transmit mode. U102-18 will
then go high, causing the following actions: 1) analog
switches U105A and U105B will be set so that DVP
cipher is sent back into the transmit path, 2) Q111 turns
on and its emitter goes high, 3) the collector of Q113
goes low and puts the encryption hybrid (HY101) into
transmit mode, 4) U108-7 goes high. The emitter of
Q111 is connected via P101 and J1004 to the PL encode
filter (if radio is PL equipped). When this signal goes
high, it prevents the PL filter from sending PL tones in-
to the transmit path. This is prevented because the PL
tones would interfere with the DVP cipher being
transmitted. When U108-7 goes high, U108-5 will go
low and turn on Q112. This causes the transmitter to
key. When the active PTT is released, U102-11 will go
high. This causes U102 to stop sending cipher and to
start sending EOM. U102-18 is sustained high for an ad-
ditional 180 milliseconds while EOM is being transmit-
ted. After EOM, U102-18 will go low, causing the
transmitter to turn off.

4.5.6 Transmit Audio

4.5.6.1 When the radio is set to standard mode, IDC

audio comes in via J1001 and J101-15. It then
goes through transmission gate U105B and right back
into the transmit path via J101-18 and J1002.

4.5.6.2 When the radio is set to private mode, the IDC

audio goes to an amplifier on U103 (the
CVSD). The CVSD transmit circuit consists of an
amplifier from U103-1 to U103-18 followed by a limiter
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output -on U103-16. The limiter output is reclocked
through a 3-bit decision rule register to control the com-
pand output on U7-7. The compand output is integrated
by R144 and C114 to make the step size voltage which
goes in on U103-6. The step size is modulated by the
limiter output to create the pulse amplitude modulated
(PAM) output on U103-5. The PAM output is com-
pared to the mic amplifier output by the feedback
through R153 and C116. The result of the loop is that
the PAM output is a digital reconstructed version of the
mic amplifier output. The CVSD amplifier output on
U103-18 is therefore the amplified difference between
mic audio and reconstructed mic audio. The TX DATA
on U103-8 is a reclocked limited version of the error and
the compand output on U103-7 which is just TX DATA
after passing through the register for the 3-bit rule. TX
DATA on U103-8 is the transmit plain text.

4.5.6.3 The transmit plain text goes into the encryp-

tion hybrid on HY101-17 where it is encrypted.
The resulting cipher text comes out HY101-14. This
goes through a splatter filter on U102-25 and comes out
on U102-27. The splatter filter is carefully constructed
to produce an eye pattern with no overshoot, 80% eye
opening, and zero crossover jitter. The splatter filter
runs on the splatter filter supply connected to U102-26.
It is worth noting that EOM always comes out of the
splatter filter except when transmitting cipher in the
private mode.

4.5.6.4 The splatter filter output (U102-27) goes to

two deviation control pots, R158 and R161.
R158 controls the amplitude of signal sent back into the
VCO modulation path and R161 controls the amplitude
of signal sent back into the reference oscillator path.
The wiper of R158 is coupled through C119 to buffer
U107C. The output is U107C goes through transmission
gate U105B and the VCO via P101-17 and J1002.. The
wiper of R161 goes to transmission gate U105A, then to
the reference oscillator via P101-11 and P352-16. Note
that with this circuit arrangement the private mode
deviation is controlled by the DVP potentiometers and
by the standard radio deviation adjustment poten-
tiometers, R341 and R344. The deviation adjustment
should therefore be carried out in two steps. First the
standard mode deviation should be adjusted as it is done
in a standard radio. The private mode reference
oscillator adjustment should then be set by R161 so that
the modulation is 4 Vp-p at the reference oscillator in-
put (P355-7). Then the private mode deviation should
be adjusted by turning R158 for 4 kHz of deviation.

4.5.7 Key Insertion

4.5.7.1 The key insertion circuit consists of the 5-pin

key insert connector and the encryption hybrid
(HY101). Three signal lines, one control and one
ground line go into the 5-pin connector. The three
signals are key insert data (KID), write enable bar (WE),
and key (KEY). The control line is key insert ground
(KIG). KIG is connected to the ground wire in the key




insert cable that connects to the 5-pin connector. When
the cable is connected the KIG line is pulled to ground
and M1 on HY101 is grounded. For dual code radios,
M1 is high for code 2 and low for code 1. For single
code radios with a TRN6777B Encryption Hybrid, M1
must be pulled low. Since key insertion works on code 1,
the KIG signal ensures reliable key insertion even for
dual code radios.

4.5.7.2 The key insertion process is straight forward.

The WE and KEY signals go directly into the
encryption hybrid on HY101-4 and 8 respectively. When
key bits are being transferred over the KEY line to the
encryption hybrid, the WE line must go low to enable
the write process in the encryption hybrid. For that in-
terval, the clock must be synchronized with the key bits.
The clock synchronization is done by sending KID to
U102-3. KID swamps out the discriminator signal and
goes through the phase-lock loop for clock synchroniza-
tion. After the key has been inserted into the encryption
hybrid, the code inserter sends an encrypted tone via the
KID line to the hybrid. If the key insertion was suc-
cessful, the hybrid will decrypt the tone and it will be
heard in the speaker. The message ‘“‘BEEP?’’ will then
appear in the code inserter display to remind you to
listen for the tone.

4.5.8 Mode Control Circuitry

4.5.8.1 The DVP mode controlling circuitry consists
mainly of the DVP Control Board, the 6-pin
connector J104, U109 and U110. The DVP Control
Board sits just behind the radio front panel, beside the
radio channel selector switch. It holds the switches and
LED’s necessary to control and indicate the mode of the
DVP circuitry. U110A and U110B are used to buffer
and ‘‘square-up’’ the signal coming from the switches
on the DVP Control Board before it is applied to the
clock inputs of U109. U109A and U109B are configured
as toggle flip-flops, whose outputs will toggle from one
state to the other whenever they are clocked. UI09A
controls the transmit mode of Ul02, and in radios
equipped with the Dual Code option, U109B controls
whether the encryption hybrid is in Code 1 or Code 2.

4.5.8.2 When the output of UI09A is high, U102 will

be set to private transmit mode, and when its
output is low, U102 will be set to standard transmit
mode. The output of U109A is changed by pressing and
releasing S102 on the radio front panel. This sends a
single clock pulse to UI09A (via J104-6 and U110A) and
causes the output of UIO9A to change state. This
changes the transmit mode of U102, When the output of
U109A is high, buffer U110B will apply a high to the
base of Q106. Q106 then turns on DS123 (on the DVP
Control Board) via J104-4, indicating that the radio is in
private transmit mode.

4.5.8.3 Inradios equipped with the Dual Code option,

U109B controls whether the radio is in Code 1
or Code 2. When S101 is depressed, a single clock pulse
is applied to the clock input of U109B (via J104-3 and

U110D). This causes its output to change state, chang-
ing the encryption hybrid from Code 1 or Code 2 or
vice-versa. When HY101-5 is high, the encryption
hybrid will be set to Code 2, and the output of U110E
will be high. This causes Q107 to turn on DS121 on the
DVP Control Board (via J104-2), indicating that the en-
cryption hybrid is in Code 2.

4.5.8.4 When the radio is receiving a private message,

U102-15 will be high. This causes Q109 to turn
on DS122 on the DVP Control Board (via J104-5), to in-
dicate that a private message is being received.

4.6 PL/DPL CIRCUITS
(Refer to PL/DPL Encoder/Decoder
Schematic Diagram)

The operation of Private-Line or Digital Private-
Line circuits is controlled by a single-chip, 8-bit, 40-pin
microcomputer, U1705.The system uses a personality
ROM preprogrammed in accordance with user-
specified parameters. Software programming within the
microcomputer controls the operation of the decoding,
encoding, and microcomputer self-test circuits. The
microcomputer is clocked by a 4 MHz oscillator, using
externally-connected crystal Y1.

4.6.1 Decoding

The decoding process uses high and low-pass
filters to separate the coded tones from the composite
audio signal that is received. The coded tones are shaped
into square waves and processed by the microcomputer
and memory. If the received code corresponds to the
preprogrammed code in the memory, the receiver audio
circuit is unmuted. If the received code does not match
the preprogrammed code in memory, the receiver audio
circuit remains muted.

4.6.1.1 PTT Circuit
4.6.1.1.1 Decoding is in process at any time an active
microphone PTT signal is absent at the base
of inverter Q1703. When the PTT signal is absent
(high), Q1703 turns on, developing a low at the collec-
tor. The low output is applied through diode CR1708 to
inverter Q1710, turning it off. The output from Q1710
is the sidetone enable signal applied to the muting cir-
cuits in the receiver. When Q1710 is off, the sidetone
enable signal is not grounded, allowing the primary and
secondary mute gates on the main board to operate
simultaneously.

4.6.1.1.2 The low output from Q1703 is also applied

to pin 17 of the microcomputer, setting it to
the receive mode. In the receive mode, the microcom-
puter outputs a low signal at pin 37 that turns off in-
verter Q1704. The output from Q1704 is the delayed
PTT signal that is supplied to the DVP PTT circuits to
key and unkey the transmitter. When Q1704 is off, the
delayed PTT signal is high, unkeying the transmitter.
Diode CR1709 prevents the high output from Q1704
from turning on inverter Q1710.
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4.6.1.2 High-Pass Voice Filter

The option receive audio from the DVP cir-
cuits is applied along two paths. One path is through a
two stage, high pass decode filter, hybrid HY1702, to
remove the PL or DPL signaling tones from the option
receive audio. The output from HY1702 is PL filtered
audio containing voice only that is inserted into the
receiver audio. The low output impedance of HY 1702
allows direct connection to the receiver low-level audio
path without requiring the use of jumpers.

4.6.1.3 Low-Pass Decode Filter

4.6.1.3.1 The second option receive audio path is

through dual operational amplifiers
U1701D and U1701A, which are configured as low pass
filters. The filters attenuate frequencies above 200 Hz
(noise and voice) allowing only the low frequency PL or
DPL signals to pass. The filter provide a different
cutoff frequency for PL tones or DPL signals: 220 Hz
for PL tones and 140 Hz for DPL signals. The cutoff
frequencies are determined by transistors Q1701 and
Q1709, which are controlled in turn, by the signal level
output at pin 36 of the microcomputer. When the
microcomputer is set to the receive mode, pin 31 outputs
one of two voltage levels: 0.05 V dc for PL tones or
3.9 V dc for DPL signals. Transistors Q1701 and Q1709
therefore respond accordingly to control the cutoff fre-
quencies at the two filters.

4.6.1.3.2 The filtered output from second-stage filter

U1701A is applied to operational amplifier/
limiter U1701B to produce a square wave output signal.
The square wave signal is inverted by an inverter stage in
D/A (digital-to-analog) hybrid HY 1701 and is applied
to pin 16 of the microcomputer.

4.6.1.4 Receive Mute Control

4.6.1.4.1 The microcomputer, having encoded a valid

code programmed by the code plug (or per-
sonality ROM), and having been set to the receive
mode, produces a high output at pin 35. This turns on
PL/DPL mute switch Q1702, causing a low signal to be
applied to the input (pin 12) of non-inverting three-state
buffer U1704. This IC can provide three output condi-
tions, active high, active low, or an open circuit. The
output from U1704 (pin 11) is the receive audio mute
signal that is applied to the receiver audio to mute or un-
mute the audio. When the receive audio mute signal is
high (a valid PL or DPL signal not received) the receiver
audio is muted. When the signal is in the high im-
pedance state, receiver audio muting is controlled by the
carrier squelch circuit, allowing all signals on a channel
to be heard. When the input to U1704 is low (indicating
a valid code) the receive audio output from U1704 is
also low, thereby unmuting the receiver audio and
allowing only the valid PL or DPL message to be heard.
The active-low output of U1704 overrides control of the
audio mute line by the carrier squelch circuits, allowing
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signals-to be heard even if below the carrier squelch
opening threshold.

4.6.1.4.2 The receive audio mute signal can be set to
the high impedence state (disabled) if either
the front panel Monitor pushbutton is pushed on or if
the microphone is off-hook. Normally with the Monitor
pushbutton in the PL/DPL squelch model (out posi-
tion), or the microphone on-hook, ground is applied to
the disabling input (pin 15) of U1704. From the Monitor
pushbutton, the ground is the monitor switch signal ap-
plied to pin 15 via diode CR1703. From the
microphone, the ground is the hang-up switch signal ap-
plied through diode CR1704. The ground keeps U1704
enabled allowing only valid PL or DPL squelch signals
to be monitored. Pushing in the Monitor pushbutton, or
leaving the microphone off-hook effectively disables
U1704. This sets its output to the high impedance state
allowing all signals on a channel to be monitored.

4.6.2 Encoding

The encoding process uses preprogrammed
codes stored in personality ROM. Coded digital bits are
converted to low frequency analog code signals. The
analog code signals modulate the VCO in the frequency
synthesizer. Time-out timer and sidetone alert functions
are also provided in conjunction with encoding.

4.6.2.1 PTT Circuit

Encoding is activated by the transmitter cir-
cuits when the push-to-talk button on the microphone is
pressed. This supplies a low PTT signal to switch
Q1703, turning it off. The high output developed by
Q1703 is applied to pin 17 of the microcomputer, setting
it to the transmit mode. The high output from Q1703
has no effect on the state of switch Q1710 (which is off
at this time) due to the reverse bias of blocking diode
CR1708.

4.6.2.2 Delayed PTT

When the microcomputer is set to the transmit
mode, it responds by outputting a high signal at pin 37.
This turns inverter Q1704 on, driving its delayed PTT
output signal to ground, and keying the transmitter via
the option del PTT signal to the DVP PTT circuitry.
The ground output from Q1704 is also applied through
diode CR1709 to inverter Q1710. Since Q1710 is already
off at this time, the ground keeps Q1710 off. After a
microcomputer-controlled delay time, which is coded by
the personality ROM, the high output from pin 37 goes
low. The delay time is either 150 milliseconds for PL
signaling tones or 180 milliseconds for DPL signaling
codes. After the programmed delay, the low output
from pin 37 turns off Q1704, driving the delayed PTT
output signal high and unkeying the transmitter. With
the ground output from Q1704 removed from the base
of Q1710, Q1710 turns on, driving its output low. This
produces an active sidetone enable signal that is applied




to the volume control circuits in the receiver to unmute
the audio.

4.6.2.3 Time-Out Timer

4.6.2.3.1 During encoding, software programming
directs the microcomputer to enable the
three data outputs that control the time-out time func-
tion. These outputs appear at pins 18, 19, and 26 of the
microcomputer. The time-out time is determined by
jumpers JU1, JU2, and JU3, and depending on whether
they are in or out of the circuit. Up to seven time-out in-
tervals can be preprogrammed, as shown in Table 2.

Table 2. Time-Out Selection

Jumpers
JU1 JU2 JU3

Time-Out Timer

In Out Out 15 Seconds
Out Out Out 30 Seconds
Out In Out 60 Seconds

In In Out 90 Seconds
Out Out In 2-1/2 Minutes

In Out In 5 Minutes
Out In In None

4.6.2.3.2 When the three data outputs are enabled,

square wave pulses appear at the base of
Q1705, producing a square wave output at its collector.
A low pass encode filter network, composed of resistors
R1715 and R1716, and capacitor C1711 converts the
square wave pulses to an 800 Hz triangular waveshape
that is the time-out timer alert tone. The alert tone is in-
serted into the receiver audio, via the volume control.
Because the receiver audio path between the volume
control and the speaker is unmuted by the low sidetone
enable signal, the time-out timer alert tone is heard in
the speaker.

4.6.2.3.3 The time-out timer circuits can be reset by

momentarily releasing the push-to-talk but-
ton on the microphone. This action turns on switch
Q1703, grounding pin 17 of the microcomputer. This
sets the microcomputer to the receive mode disabling
the three time-out timer data outputs at pins 18, 19, and
26 of the microcomputer.

4.6.2.4 Digital/Analog Converter

During encoding, the microcomputer outputs
the PL or DPL signaling codes as four data bits at pins 3
through 6 of the microcomputer. The four data bits are
applied to a D/A (digital-to-analog) converter in hybrid
filter HY1701. The D/A converter is a resistive ladder
network that converts the PL or DPL digital data to an
ac analog signal. The ac analog signal is filtered by two
low pass filter stages, also part of hybrid HY 1701, that
have a cutoff frequency of 360 Hz. The filtered output
is then divided into two signals that are used to
modulate the VCO in the frequency synthesizer circuits.
One signal, coupled through capacitor C1718, is the
reference signal that carries signaling information below
50 Hz. The other signal, coupled through capacitor
C1712, is the PL and DPL VCO modulation signal that

carries information above 50 Hz. The VCO modulation
signal is routed via the transmit audio/IDC circuits in
the transmitter, to the synthesizer. When PL signaling
tones are being encoded, only the PL/DPL VCO output
is required by the VCO. When DPL signaling tones are
being encoded, both the VCO modulation and reference
modulation outputs are necessary. Resistor R1705, con-
nected to pin 13 of HY1701, is factory-selected to pro-
duce a frequency deviation of 550 + 50 Hz.

4.6.3 Activity Checker

4.6.3.1 The microcomputer activity checker circuit
consists of the circuitry of Q1706, Q1707, and
U1702. The activity checker is controlled by the strobe
output pulse appearing at pin 7 of the microcomputer.
Normally, strobe pulses are generated every
4 milliseconds. The pulses are sensed by Q1707, which
drives U1702. This causes the output of U1702 (pin 8) to
be at ground and the reset pulse supplied to pin 39 of the
microcomputer to be disabled (high). If a microcom-
puter fault occurs, software programming within the
microcomputer prevents strobe pulses from being
generated for 15 milliseconds. This causes 31 Hz square
wave pulses to be generated at the output of U1702. The
pulses are inverted by Q1706 and are applied to the reset
line to reset the microcomputer causing it to restart its
operation. The microcomputer resets until the fault is
remedied and 4 millisecond strobe pulses are again
generated.

4.6.3.2 The square wave output from the activity

checker is also used during transmit to unkey
the transmitter when a microcomputer fault occurs. The
square wave pulses are integrated by capacitor C1715
and resistor R1734, which turns on inverter Q1708. This
turns off Q1704, driving its delayed PTT. output signal
high. This disables the delayed PTT signal and unkeys
the transmitter.

4.6.3.3 The actvity checker also incorporates a built-in
power-up function that automatically causes a

reset at power turn-on, to ensure that the microcom-

puter starts properly when radio set power is turned on.

4.6.4 Microcomputer Test Program

4.6.4.1 A built-in test program may be used to verify
the operation of the microcomputer, and pro-
vide a test signal for troubleshooting the PL/DPL
board circuitry. To activate the test mode, turn on the
radio set power, ground TP6 (U1705-6), and ground
TP5 (U1705-38) in order. In test mode, the microcom-
puter outputs square waves at all 1/0 ports. The period
of the square wave signal at each bit (pin) of the
microcomputer is twice the period of the preceding bit,
with the shortest period at the lowest numerical bit (such
as P0-0) being 88 microseconds. The test waveform
series at all ports (PO, P1, P4, and P5) is the same, and
all are synchronized.
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4.6.4.2 Because external circuitry normally grounds

certain microcomputer ports, the test pattern
may appear to be missing at the PTT port (P1-0 at
U1705-17) or at some of the channel select ports, depen-
ding on the position of the channel select switch. To
observe the test program waveform at the PTT port,
press the microphone push-to-talk button. To observe
the waveforms at the channel select ports, it is necessary
to unground the channel select lines in question by selec-
ting channels that cause a high on the line being tested,
or by lifting the desired microcomputer pin from the
socket.

4.6.4.3 To stop the test program, remove both ground
connections at the test points.

4.7 TIME-OUT TIMER
(Refer to Time-Out Timer schematic diagram)

4.7.1 The time-out timer is an option used in carrier
squelch models only. The time-out timer circuit
board is located in the option area of the chassis. The
purpose of the time-out timer is to unkey the transmitter
and alert the operator after a predetermined period of
transmit time. The time-out timer is reset ever time the
microphone PTT button is pressed and released.

4.7.2 The time-out timer circuits are controlled by the

PTT logic in the transmitter circuits. The PTT
signal is applied to counter U1802. When the PTT signal
goes low, it takes the counter out of reset. The counter
then starts counting the 33 Hz clock signal generated by
U1801C and U1801D. JUI1 through JUS determine the
allowable duration of the transmission, and only one of
them should be in. Refer to the schematic diagram for a
table giving jumper status and time-out times.

4.7.3 When the selected output of U1802 goes high, it

does four things: 1) it enables the 775 Hz tone
oscillator formed by U1801A and U1801B, 2) it disables
the 33 Hz clock generator formed by U1801B and
U1801C, 3) it turns on Q1803, and 4) it turns on Q1802.

4.7.4 The collector of Q1802 then goes low, applying a

low to the TOT PTT control signal, P1801-8.
This signal goes to the DVP PTT circuitry via J101-24,
and causes the DVP circuitry to dekey the transmitter.
The collector of Q1803 applies a low to the sidetone
enable signal via P1801-7 and P352-10, allowing the
775 Hz tone being inserted into the receiver sidetone (via
P1801-10 and J352-18) path to be heard.

4.7.5 The time-out timer circuitry remains in this state

until the PTT signal goes high (microphone PTT
button is released). This puts the counter into the reset
mode again, and all of its output go low. This disables
the 775 Hz tone oscillator, re-enables the 33 Hz clock
generator, and turns off Q1802 and Q1803. When
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Q1802 turns off, it no longer disables the DVP PTT cir-
cuitry and the transmitter may then be keyed again.

4.8 POWER DISTRIBUTION CIRCUITS
(Refer to Main Board and Power Interconnect
Board Schematic Diagram)

4.8.1 The +9.6 V regulator is the source for distribu-

tion of regulated 9.6 volts. The regulator con-
sists of operational amplifier U300A (which functions
as a differential amplifier), series pass transistor Q300,
and driver transistor Q301. The differential amplifier
samples a percentage of the +9.6 V dc output from the
series pass transistor, as determined by divider R307 and
R308. The sample is compared to a fixed dc reference
voltage, and controls the conduction of transistors Q301
and Q300 to keep the sample and reference voltages
equal. A constant + 9.6 volt output is thereby maintain-
ed. Operating voltages for the regulator are the PA A +
voltage and the SW A + voltage. The PA A + voltage is
supplied to the series pass device, Q300. The SW A +
voltage turns on U300A when the front panel Off-
on/Volume control is set to the on position, thus turn-
ing on the regulator.

4.8.2 Transistors Q300 and Q301 produce the +9.6 V

dc output voltage from the PA A + input. A
portion of the +9.6 V dc output (approximately 52%,
determined by 1% resistors R307 and R308) is fed back
to the negative (-) input, pin 2, of the differential
amplifier. The voltage at pin 2 is the sample voltage.
The fixed reference voltage of +5.03 V dc appears at
the positive (+) input, pin 3. The reference voltage is
established by Zener diode VR301. The Zener diode is
biased by resistor R303 for best temperature compensa-
tion.

4.8.3 When the output from Q300 and Q301 is +9.6 V

dc, the sample voltage is the same as the
reference voltage (+5.03 V dc). If the +9.6 V dc output
increases, the sample voltage at the negative input rises
above the reference voltage at the positive input, caus-
ing the output from U300A to decrease. This decreases
the current through Q301, causing the current through
Q300 to decrease and the output voltage to decrease, un-
til +9.6 volts is obtained. As the output voltage
decreases below +9.6 V dc, the sample voltage at the
negative input of U300A decreases; the output of
U300A increases, and Q301 and Q300 conduct harder,
raising output voltage back to +9.6 volts.

4.8.4 Diode CR300 provides short-circuit protection
for Q300 and Q301 by turning them off if the
regulated output is shorted to ground. The regulator can
withstand an indefinite short in this condition; the out-
put of U300A is internally short-circuit protected.
Resistors R301 and R302 reduce the voltage gain of
Q300 and Q301 for increased stability. Resistor R306
and capacitor C304 filter high frequency Zener noise.
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SAFE HANDLING OF CMOS

INTEGRATED CIRCUIT DEVICES

Many of the integrated circuit devices used in com-

. munications equipment are of the CMOS (Complemen-

tary Metal Oxide Semiconductor) type. Because of their

high open circuit impedance, CMOS ICs are vulnerable

to damage from static charges. Care must be taken in

handling, shipping, and servicing them and the
assemblies in which they are used.

Even though protection devices are provided in
CMOS IC inputs, the protection is effective only against
overvoltage in the hundreds of volts range such as are
encountered in an operating system. In a system, circuit
elements distribute static charges and load the CMOS
circuits, decreasing the chance of damage. However,
CMOS circuits can be damaged by improper handling
of the modules even in a system.

To avoid damage to circuits, observe the following
handling, shipping, and servicing precautions.

1. Prior to and while servicing a circuit module,
particularly after moving within the service area,
momentarily touch both hands to a bare metal earth
grounded surface. This will discharge any static charge
which may have accumulated on the person doing the
servicing.

NOTE
Wearing Conductive Wrist Strap
(Motorola No. RSX-4015A) will minimize
static buildup during servicing.

- WARNING
When wearing Conductive Wrist Strap,
be careful near sources of high voltage.
. The good ground provided by the wrist
strap will also increase the danger of
lethal shock from accidentially touching
high voltage sources.
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2. Whenever possible, avoid touching any elec-
trically conductive parts of the circuit module with your
hands.

3. Normally, circuit modules can be inserted or
removed with power applied to the unit. However,
check the INSTALLATION and MAINTENANCE sec-
tions of the manual as well as the module schematic
diagram to insure there are no objections to this prac-
tice.

4. When servicing a circuit module, avoid
carpeted areas, dry environments, and certain types of
clothing (silk, nylon, etc.) because they contribute to
static buildup.

5. All electrically powered test equipment should
be grounded. Apply the ground lead from the test
equipment to the circuit module before connecting the
test probe. Similarly, disconnect the test probe prior to
removing the ground lead.

6. If a circuit module is removed from the system,
it is desirable to lay it on a conductive surface (such as a
sheet of aluminum foil) which is connected to ground
through 100k of resistance.

WARNING
If the aluminum foil is connected directly
to ground, be cautious of possible elec-
trical shock from contacting the foil at the
same time as other electrical circuits.

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

8. Prior to connecting jumpers, replacing circuit
components, or touching CMOS pins (if this becomes
necessary in the replacement of an integrated circuit
device), be sure to discharge any static buildup as
described in procedure 1. Since voltage differences can
exist across the human body, it is recommended that on-
ly one hand be used if it is necessary to touch pins on the
CMOS device and associated board wiring.
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9. When replacing a CMOS integrated circuit
device, leave the device in its metal rail container or con-
ductive foam until it is to be inserted into the printed cir-
cuit module.

10. All low impedance test equipment (such as
pulse generators, etc.) should be connected to CMOS

device inputs after power is applied to the CMOS cir-
cuitry. Similarly, such low impedance equipment should
be disconnected before power is turned off.

11. Replacement modules shipped separately from
the factory will be packaged in a conductive material.
Any modules being transported from one area to
another should be wrapped in a simlar material
(aluminum foil may be used). NEVER USE NON-
CONDUCTIVE MATERIAL for packaging these
modules.
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1. INTRODUCTION

This section contains recommended test equipment
lists, assembly breakdown descriptions, preventive
maintenance, and instructions for operational
checkout, assembly/disassembly, repairs, and
troubleshooting for the DVP MCXI00 Radio. All
assemblies and subassemblies are repairable to the com-
ponent level except the eight hybrid assemblies. The
hybrid assemblies are listed below.

voltage controlled oscillator (VCO)

low level amplifier (LLA)

10 watt power amplifier (10 W PA)

harmonic filter/antenna switch

30 watt power amplifier G0 W PA)

digital/analog converter (D/A converter) (PL/DPL

models only)

® Private-Line or Digital Private-Line filter (PL filter)
(PL/DPL models only)

* DVP Encryption Hybrid

2. TEST EQUIPMENT
2.1 REQUIRED TEST EQUIPMENT
Refer to Table 1 for recommended test equipment

required for general servicing of the DVP MCXI100
Radio.

CAUTION
The poor regulation and/or transient
response of many bench power supplies
can apply excessive voltage to high power
radios when going from the transmit to
receive condition. Avoid using these sup-
plies or damage to the radio may result.
Such supplies can also cause improper
radio operation due to loss of regulation.
The following bench supplies are approv-
ed for testing the DVP MCX100 radio:

e Motorola R1011 High Current Power
Supply

CAUTION (Cont’d.)

* Motorola TI261 Transistorized 24-
Volt to 12-Volt Converter driven by
Motorola T1012 Power Supply

e |12-Volt automotive battery with
Motorola T1012 Power Supply used as
a battery charger. The power supply
provides sufficient power to maintain
the voltage under full load conditions,
and the battery can absorb the over-
voltage upon dekeying.

2.2 ADDITIONAL TEST EQUIPMENT

The equipment listed in Table 1 is sufficient to
repair, adjust, and align DVP MCXI100 Radios and to
verify basic performance. However, to accurately
verify all radio specifications, additional test equipment
or equipment with better specifications may be re-
quired. Refer to Table 2.

2.3 PROM PROGRAMMING EQUIPMENT

The PROM assemblies may be programmed in the
field, as well as at the factory. To properly program
PROMs for the DVP MCXI00 radio, the following
equipment is necessary.

¢ R1801 Digital Analyzer/Controller with Reader/-
Programmer

e RTL5818 Adapter Board for Frequency, PL/DPL,
and Channel Scan PROMs

e RTL5820 Adapter Board for Select 5 Signaling

e RTL4805 Application Program Kit for Frequency
PROMs

e RTL4806 Application Program Kit for PL/DPL
PROMs

e RTL4807 Application Program Kit for Select 5
PROMs

e RTL4079 Application program Kit for Channel Scan
PROMS
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Table 1. Recommended Test Equipment for DVP MCX100 Radio Servicing

General Type Application Recommended Model Minimum Specifications
AC-DCYOM DC voltage measurements, general Motorola T1010 Measurement range: 0-15'V d¢
Sensitivity: 20,000 ohms/volt
DC Multimeter DC voltage readings requiring a Motorola S1063 Measurement range: 0-15 V.dc
high input resistance meter Input resistance: 11 megohms
Distortion Analyzer Hewlett-Packard Model 331A Distortion and SINAD Average-responding detector
measurements
AC Voltmeter Audio voltage measurements Motorola S1053 Measurement range: 0-10V ac
Input resistance: 10 megohms
RF Voltmeter RF voltage measurements Motorola S1339 Measurement range: 100 uV-3'V from
1 MHz-512 MHz
Inputs: 50-ohm and high impedance
Oscilloscope Waveform observation Motorola R1004 Vertical sensitivity: 5 mV-10V/division
Horizontal time base: 0.2 usec. —
0.5 sec/division
RF Wattmeter Transmitter output power Motorola S1350 with ‘Measurement range: 0-250 Watts
measurement appropriate element and
T1013 RF Dummy Load
Frequency/Deviation Transmit frequency and deviation Motorola R2001 Measurement range: 134-174 MHz
Meter modulation measurement Communications 100 Hz Resolution
System Analyzer with 0-100 kHz Deviation
high stability oscillator
(HS suffix). Frequency
calibration recommend-
ed every 6 months or
less.
RF Signal:Generator Receiver alignment and Motorola R-2001 Measurement Range: 134-174 MHz
troubleshooting Communications 100 Hz Resolution
. System Analyzer Qutput Level: 1uVto 1 Vrms
PL Tone Generator* Tone Coded Private-Line decoder Motorola R-2001 Frequency range: 50Hz - 9.999 kHz
troubleshooting Communications Output Level: 0:3 V.rms

System Analyzer or
Motorola R-1100 Code
Synthesizer (Single
stand-alone instrument)

-Audio Signal Generator

Audio circuit troubleshooting

Motorola S1067

Frequency range: 20 Hz-20 kHz
Output level: 50mV-1V

DPL Test Set** Digital Private-Line Motorola SLN6413
encoder-decoder troubleshooting
Speaker/Load Receiver alignment and TSN6031 Speaker Kit
measurement with RPX4134
’ Modification Kit
Tuning Tool Kit Receiverand transmitter alignment Motorola TRN4671
DC Power Supply DC power forshop service Motorola R1011 1-20 Vdc
; 0-40 A
Front Panel Extender . - Troubleshooting Motorola RTK4036
DVP Test Set DVP Troubleshooting Motorola R1012
*Required for tone-coded Private-Line models only
**Required for Digital Private-Line models only
NOTE

All test equipment with the exception of the DPL test set, tuning tool kit, dc power supply, DVP test set, and
front panel extender, may be replaced by the Motorola R2001 Communications System Analyzer.




Table 2. Additional Test Equipment

General Type

Recommended Model

Application

Minimum Specifications

Low Noise RF

signal generators

(2 required)

Hewlett-Packard Model - 8640B
with option H60, *‘Low  Single
Sideband Noise™

Receiver.  Intermodulation  and
Adjacent-Channel Selectivity
measurements

SSB noise- 142 dB/" Hz below carrier
(20 kHz offset 1 Hz bandwidth)

Broadband Anzac T-1000 Receiver Intermodulation and 25 dB minimum isolation
Signal Com- Adjacent-Channel Selectivity

biner, 50 ohm measurements

Three-port Measurements M501 or equivalent Three-generator - Intermodulation

resistive com-
biner, 50 ohm

measurements

Psophometer Hewlett-Packard Model 3556A CEPT method SINAD
measurements
Spectrum Hewlett-Packard Model [41T Transmitter spurs and harmonics 60.dB (minimum) dynamic range
Analyzer Mainframe with 85541 and 8552A (30 kHz bandwidth); storage and/or
Heads manual scan capability are desirable.
20 dB thruline Transmitter spurs and harmonics 35 watt minimum " continuous ‘‘power
pad; 50 ohms rating
10 dB thruline Transmitter spurs and harmonics
pad, 50-0hms

Tunable notch
filter, 50 ohms

Transmitter spurs and harmonics

30.dB minimum notch depth, tunable:
136-174 MHz

Refer to the manuals provided with the above equip-
ment for programming procedures.

3. DESCRIPTIONS
3.1 CONSTRUCTION AND ACCESSIBILITY

3.1.1 The DVP MCXI100 Radio is semi-modular. It is

constructed and housed in a durable cast metal
chassis with separate top and bottom covers. The front
panel of the radio set housing contains all operating
controls and indicators (front mount models). In remote
mount radios, all controls and indicators are located in
the control head. The rear of the front mount radio
chassis contains the connectors for dc power input,
microphone, speaker, antenna, and selected accessories.
The rear of the remote mount radio chassis contains
connectors for the dc input power, speaker, and anten-
na. A microphone may be installed at the rear of the
radio in place of the control head microphone. This is
offered as an option (alternate microphone location).
The connector for the control cable is on the front of the
remote mount chassis. High power models (30 watt)
have a heat sink on the back of the chassis for power
amplifier cooling.

3.1.2 The radio set is designed to make most

assemblies readily accessible by removing the top
cover, bottom cover, synthesizer cover, and PA shield.
Refer to Figures 1 and 2. The assemblies for the radio
set are listed below.,

* main board

* option board (if used)

¢ external heat sink

* power amplifier interconnect board

* frequency synthesizer (consists of synthesizer board
and VCO hybrid)

* 30 watt power amplifier

* front end (single or dual) (mounted on main board)
(single front end shown)

* DVPEncryption Board

* DVP Interface Board

3.1.3  Access to additional assemblies is made possible

by removal of the front panel assembly, and the
main board. Refer to Figure 3. The assemblies shown in
Figure 3 are listed below.

¢ front panel interconnect board
switch board

display board

power interconnect board
DVP Encryption Board

DVP Interface Board

An assembly not shown is the remote interface board,
for remote mount units only. This board is housed in a
metal casting which mounts to the front of the chassis
assembly, in place of the front panel assembly
used in front mount units.

3.2 POWER AMPLIFIER (PA) INTERCONNECT
BOARD

The PA interconnect board provides physical
mounting and electrical interconnection of:

® the low level amplifier hybrid,
¢ the 10 watt power amplifier hybrid, and
¢ the harmonic filter/antenna switch hybrid.
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Figure 1. DVP MCX100 Radio Set-Top Cover Removed

The PA interconnect board is located on the bottom of
the chassis, adjacent to the rear wall. All transmitter cir-
cuits except push-to-talk logic (PTT), transmit
audio/instantaneous deviation control (IDC), and
transmit power and level control are located on these
hybrids. i

3.3 EXTERNAL HEAT SINK

(Refer to Figure 1)

The external heat sink is used only with the
30 watt models. The heat sink is attached to the rear of

the radio set chassis, and houses the 30 watt power
amplifier hybrid.

3.4 30 WATT POWER AMPLIFIER
(Refer to Figure 2)

The 30 watt power amplifier hybrid is used with 30
watt models only. The amplifier is mounted inside the
external heat sink and is accessed by removing the bot-
tom cover of the heat sink.

3.5 FREQUENCY SYNTHESIZER

3.5.1 The standard lock frequency synthesizer consists
of two assemblies: the synthesizer board and the

VCO. The two assemblies are located side by side on
the bottom of the radio set and are accessed by remov-
ing the synthesizer cover. The synthesizer board con-
tains:

A reference oscillator,

Frequency selection logic circuits,

The frequency select PROM, and

Miscellaneous buffering, filtering, and control cir-
cuitry.

The VCO hybrid assembly contains:

The voltage controlled oscillator circuit,

Buffer,

Range shift circuitry, and

Varactor diodes, which produce frequency modula-
tion of the VCO.

3.5.2 The Fast-Lok synthesizer consists of the two
assemblies previously described for the standard
lock frequency synthesizer and an rf synthesizer
amplifier board. The synthesizer rf amplifier board is
visible and accessible only after the synthesizer board is
removed. The synthesizer rf amplifier board contains:
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Figure 2. DVP MCX100 Radio Set-Bottom Cover Removed

* the output rf amplifier/buffer,
¢ the transmit/receive injection switch, and
® the injection switch driver circuitry.

3.6 MAIN BOARD
(Refer to Figure 1)

The main board is located on the top of the radio
set in the rear and to the left. The main board contains
receiver circuits, voltage regulation circuits, and the
following transmitter circuits:

* portions of the push-to-talk logic,
¢ transmit audio/IDC, and
* transmit power and level control.

3.7 FRONT PANEL INTERCONNECT BOARD
(Refer to Figure 3)

The front panel interconnect board provides for
the connections between the DVP encryption board,
power interconnect board, synthesizer board, and main
board. The front panel interconnect board is located in
a slot at the front of the radio chassis accessable by

removing the front panel casting and the DVP circuit
module.

NOTE

In remote mount models, the front panel
casting is replaced by the remote mount
interface casting which contains the
remote interface board. The remote inter-
face board plugs into the DVP encryption
board when the remote mount interface
casting is mounted to the front of the
radio.

3.8 DISPLAY BOARD
(Refer to Figure 3)

The display board contains visual indicators, and
is mounted vertically in the front of the front panel
casting (front mount models only).

NOTE
In remote mount models, the display
board is located in the control head.
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Figure 3. Chassis, DVP Circuitry, and Front Panel Assemblies

3.9 SWITCH BOARD
(Refer to Figure 3)

The switch board contains operating controls and
switches and is mounted horizontally at the bottom of
the front panel casting (front mount models only.)

NOTE
In remote mount models, the switch
board is located in the control head.

3.10 POWER INTERCONNECT BOARD
(Refer to Figure 3)

The power interconnect board provides power
distribution for the radio. This board is located below
the main board and to the rear of the front panel inter-
connect board.

3.11 FRONT END
(Refer to Figure 2)

The front end contains the rf amplifier, mixer, and
tuned filters which provide selectivity. The front end is

6

attached to the main board. A single front end board
(standard) or a dual front end casting (optional) are pro-
vided with each radio model.

3.12 OPTION BOARDS

Some models may contain one or two of the
following option boards:

® PL encoder/decoder with time-out timer,
¢ Time-out timer,

® Select 5 Single Board,

¢ Select 5 Double Board, or

® Channel-Scan monitor.

Option boards are mounted in the option area
located on the top of the radio in front of the main
board as shown in Figure 1.

3.13 DVPINTERFACE BOARD AND DVP
ENCRYPTION BOARD
(Refer to Figure 1)

The DVP encryption board is mounted horizontal-
ly between the front panel interconnect board and the

«
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switch board. The DVP interface board is mounted ver-
tically on the top side of the DVP encryption board. The
DVP interface board and the DVP encryption board
perform the following functions:

encoding of clear audio for transmission,
decoding of encrypted received audio,
portions of the push-to-talk logic, and
radio muting logic.

The DVP encryption board also provides for the
feed-thru of signals between the switch board and the
fromt panel inteconnect board.

3.14 DVP CONTROL BOARD
(Refer to Figure 3)

The DVP control board provides visual indicators
and operating controls for use with DVP circuitry. This
board is heat-staked to the front panel of the radio.

4. MODEL, NOMENCLATURE, AND OPTION
DATA

To determine the options, kits, assemblies, and
subassemblies contained in various models, refer to the
model breakdown charts and parts lists in this manual.

5. PREVENTIVE MAINTENANCE
5.1 INITIAL CHECKS

5.1.1 It is recommended that the transmitter channel

frequencies be checked and the reference
oscillator adjusted, if necessary, after the first, third,
seventh, and twelfth months, and yearly thereafter. This
compensates for crystal aging. If the reference oscillator
crystal (or channel element) is replaced, the above
schedule should be repeated for the first year.

5.1.2 At initial installation and yearly thereafter, per-

form the power output and the EIA modulation
sensitivity transmitter tests and the 12 dB EIA SINAD
and squelch sensitivity receiver tests using the pro-
cedures in this section.

5.1.3 Record these readings each time they are made
and compare them with previous readings to

detect possible deterioration.

5.1.4 If it is determined that adjustments or alignment
is required, refer to the appropriate procedures

in this manual.

5.2 ROUTINE CHECKS

Step 1. Check all controls for freedom of movement.

Step 2. Check all connectors and cables for fraying,
loose connections, and bent pins.

Step 3. Remove all dust and dirt with a lint-free cloth
and a non-abrasive cleaner.

Step 4. Verify proper dc input voltage.

Step 5. Check transmitter frequency, deviation, and
power output periodically or as required by law, using
the procedures in this section.

Step 6. Verify that front panel display indicates
selected channel.

Step 7. Verify that all controls operate as specified in
the owners manual.

6. MINIMUM PERFORMANCE VERIFICATION
6.1 TEST SETUP

Prior to troubleshooting or performing
maintenance, connect radio set as illustrated in the test
setup diagrams in Figures 4, 5, and 6, as applicable.
Refer to the Owners Manual for general operating in-
structions.

NOTE
Unless otherwise specified, all tests are
performed at 25+ 2° C, using a power
supply voltage of 13.8 V dc for 10 watt
models and 13.6 V dc for 30 watt models.
6.2 PRELIMINARY PROCEDURE

After ensuring proper test setup, perform the
following procedure.

Step 1. Verify proper input voltage.

Step 2. Turn Off-on/Volume switch to the on posi-
tion.

Step 3. Verify that channel indicators illuminate.

6.3 PRELIMINARY RECEIVER TEST

NOTE
Test 6.3.1 through 6.3.4 are performed in
the clear mode. Test 6.3.5 through 6.3.7
are performed in the coded mode.

6.3.1 20dB Quieting Sensitivity Test

Step 1. Ensure that no rf input is present.

Step 2. Set Off-on/Volume control for 1 V rms noise
at 2 ohm speaker/or load. This is the 0 dB reference
level.
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Step 3. Increase on-channel generator level until noise
level is decreased by 20 dB. Note generator rf level;
should be 0.35 uV maximum (all channels).

6.3.2 12dBEIA SINAD Test

Step 1. Apply on-channel 1 mV rf signal, modulated
with 1kHz at 60% of full system deviation.

Step 2. Adjust Off-on/Volume control for 5 watts
output (3.16 V rms at 2 ohm load).

Step 3. Note the difference between levels at the
2 ohm load when a 1 kHz bandstop filter is switched in-
to and out of the distortion analyzer circuit.

Step 4. Reduce the generator rf level until the dif-
ference noted in Step 3is 12dB (12 dB SINAD is obtain-
ed). Generator rf level should be 0.28 uV maximum on
all channels.

NOTE
Local government or industry standards
may refer to this test as the SND/ND test
and may require the wuse of a
psophometric weighting network. Refer
to local specifications or regulations.

6.3.3 Squelch Opening Sensitivity Test

Step 1. Ensure that there is no rf input.

Step 2. Adjust Off-on/Volume control for 1 V rms of
noise across the 2 ohm load (0 dB reference).

Step 3. Place the squelch defeat pushbutton (@) in
the out position (white collar showing).

Step 4. Increase unmodulated rf generator level slowly
until speaker just remains unmuted.

Step 5. Verify that the amount of noise quieting is bet-
ween 9 and 11 dB for all channels.

6.3.4 Busy Light Sensitivity Test
(7000-9000 Series Models Only)

Step 1. Ensure that there is no rf input.

Step 2. Adjust Off-on/Volume control for 1.0 volts
rms of noise across the 2 ohm load (0 dB reference).

Step 3. Apply an on-channel, unmodulated rf signal,
slowly increasing the level until the front panel Busy
Light indicator (orange LED) just illuminates.

Step 4. Verify that the amount of noise quieting is at
least 20 dB and no greater than 26 dB.

6.3.5 DVP Harmonic Distortion

Step 1. Using a R1012 DVP test set, program the
radio under test with a key.

Step 2. With the R1012 encoder on 1 kHz, modulate
an rf generator with the encode output of the R1012.
Deviation should be set for 4 kHz peak. RF level should
besetto 1 mV.

Step 3. Adjust Off/on Volume control on the radio
for 3.16 V rms across a 2 ohm load.

Step 4. Measure the total harmonic distortion. 5% is
typical while 6% is the maximum limit (see note).

6.3.6 DVPEOM

Step 1. Perform Steps 1 and 2 of test 6.3.5.
Step 2. Make sure that the squelch button is out (white
collar showing).

Step 3. At this time you should hear a 1 kHz tone
from the radio (see note). Pressing the EOM button on
the R1012 to ““Burst’’ and releasing it should result in
momentary quieting at the radio speaker.
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NOTE

Many RF generators are in use which have
insufficient low frequency response for
testing DVP radios. This may result in bit
errors at the receiving radio. If bit errors
occur a ‘“‘popping’’ or “‘clicking” sound
will be heard at the test radio speaker.
Note that when a bit error occurs the har-
monic distortion will be very high.

6.3.7 DVP Receive Mode Indicator

Step 1. Perform Steps 1 and 2 of test 6.3.5.

Step 2. The yellow receive coded mode indicator
should be illuminated.

Step 3. Turn the rf generator off. The indicator light
should go off after approximately 1 second.

6.4 SECONDARY RECEIVER TESTS
NOTE

Secondary receiver tests are performed in
the clear mode.

6.4.1 Audio Power Output and Distortion

Step 1. Apply on-channel 1 mV rf signal modulated
with 1 kHz at 60% of full system deviation.

Step 2.  Adjust Off-on/Volume control for 3.16 V rms
across 2 ohm load.

Step 3. Measure total harmonic distortion. The max-
imum limit for total harmonic distortion is 3 percent.

6.4.2 Modulation Acceptance Bandwidth

Step 1. Apply on-channel signal at 1 mV modulated
with 1 kHz at 60% of full system deviation.

Step 2. Adjust Off-on/Volume control for 0.5 watts
(1 V rms across 2 ohm load).

Step 3. Reduce generator rf level until 12 dB SINAD is
obtained.

Step 4. Increase generator rf level by 6 dB and in-
crease deviation until 12 dB SINAD is again obtained.

Step 5. The deviation level corresponds to the
modulation acceptance bandwidth which must be equal
to or greater than 7 kHz.

6.4.3 Receiver Spurious Response Rejection

Step 1. Connect two signal generators to the receiver
input with a broadband signal combiner.
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Step 2. - Apply an on-channel rf signal having 1 kHz
modulation at 60% of full system deviation, with the rf
level adjusted to produce 12 dB SINAD at a reference
audio output level of 3.16 V rms across the 2 ohm load.

Step 3. Adjust the second signal generator to generate
an ‘‘undesired’’ signal. The undesired signal should in-
clude the following:

¢ Image frequency (42.8 MHz below receiver
frequency),

¢ Halfi-f (10.7 MHz below the receive frequency), and

e i-f (21.4 MHz).

Step 4. Modulate the undesired signal with 400 Hz at
60% of full system deviation. Adjust the rf level of the
generator until the level is 85 dB above the level of
desired signal generator output.

Step 5. Vary the frequency of the undesired-signal
generator between 500 kHz and 1000 MHz.

Step 6. Note any frequency at which a spurious
response is noted (other than frequencies within one
channel separation from the desired receiver).

Step 7. Adjust the rf level of the undesired-signal
generator (at the frequency of the spurious response) to
degrade the 12 dB SINAD level to 6 dB SINAD. The
difference between the two generator levels should be
greater than or equal to 85 dB.

NOTE
Spurious responses should be checked on
all channels for all three of the following
types of undesired signals: image frequen-
cy, half i-f, i-f.

6.4.4 Adjacent Channel Selectivity Test (EIA
Method)

Step 1. Connect two generators to the receiver anten-
na input using a broadband signal combiner.

Step 2. Adjust generator 1 to provide an on-channel
signal, with generator 2 rf output level at zero.

Step 3. Modulate the on-channel signal with 1 kHz at
60% of full system deviation at an rf level that produces
12 dB SINAD. Audio reference across 2 ohm load
should be 3.16 V rms.

Step 4. Adjust generator 2 for the frequency of the ad-
jacent channel, modulated with 400 Hz at 60% of full
system deviation.

NOTE
The adjacent channel is one channel spac-
ing above or below the on-channel receive
frequency.




Step 5. Increase the rf level of generator 2 until the
12 dB SINAD level is degraded to 6 dB SINAD.

Step 6. Measure the output level of both rf generators.
The difference between the two levels should be:

® 85 dB minimum for units with 25 kHz channel spac-
ing.

¢ 90 dB minimum for units with 30 kHz channel spac-
ing.

NOTE
For correct measurements, generator 2
must have very low sideband noise.

6.4.5 Receiver Intermodulation Attenuation Test

Step 1. Connect two signal generators to the receive
antenna input using a broadband signal combiner.
Step 2. Set generator 2 rf output level to zero.

Step 3. Adjust generator 1 for an on-channel signal,
modulated with 1 kHz at 60% of full system deviation.

Step 4. Adjust the rf level of generator 1 to obtain
12 dB SINAD (audio output reference level should be
3.16 V rms across a 2 ohm load).

Step 5. Record the rf level of generator 1.

Step 6. Tune generator 1 to a frequency above the
channel frequency by an amount equal to TWICE the
channel spacing for the unit being tested.

Step 7. Tune generator 2 to a frequency above the
channel frequency by an amount EQUAL to the chan-
nel spacing for the unit being tested.

Step 8. Adjust the output level of generator 2 to the
same level as recorded previously for generator 1.
Generator 2 should be unmodulated.

Step 9. Simultaneously increase the rf levels of both
generators until 12 dB SINAD is obtained again.

Step 10. Calculate the difference in dB between the rf
levels of either generator and the level recorded for
generator 1 in Step 5.

Step 11. Repeat the above procedure with both
generators tuned below the channel frequency instead of
above it.

Note that the difference calculated in Step 10 should be
greater than or equal to 80.

NOTE
For correct measurements, generator 2
must have very low sideband noise.

6.5 PRIMARY TRANSMITTER TESTS

NOTE
Primary Transmitter tests 6.5.1 through
6.5.3 are performed in the clear mode.
Primary Transmitter tests 6.5.4 through
6.5.6 are performed in the coded mode.

6.5.1 Transmitter RF Power Output

Step 1. Refer to Table 3 and find the power set level
which corresponds to the power rating of the unit being
checked.

Table 3. Power Set Levels

Power Power Set - Supply

Rating Level Voltage

(Watts) (Watts) (Volts)
10.0 10.5 min. 13:80
30:0 31.0min. 13.60

Step 2. Measure the transmitter rf output power on
each channel. The power output should not be less than
the level listed.

Step 3. Ensure that the supply voltage level is adjusted
to the level shown in Table 3.

6.5.2 Transmitter Frequency

Step 1. Couple the transmitter RF output to the input
of a frequericy counter or service monitor using ap-
propriate attenuation.

Step 2. Measure the transmitter frequency on each
channel.

Step 3. The measured frequency on any channel
should be within +200 Hz of the specified customer fre-
quency for that channel.

6.5.3 EIA Modulation Sensitivity Test

Step 1. Apply a 1 kHz signal to the microphone audio
input and key the transmitter.

CAUTION
An antenna or suitable rf load should be
connected to the antenna connector.

Step 2. Observe the modulation on an oscilloscope
connected to the output of a standard test receiver (with
no de-emphasis).

Step 3. Adjust the audio oscillator until the peak-to-
peak amplitude of the waveform is 60% of full system
deviation,
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Step 4. Measure the oscillator level at the microphone
audio input while the transmitter is still being keyed.
The audio input should be between 55 mV rms and 105
mV rms.

6.5.4 DVP Transmit

Step 1. Using a R1012 DVP test set, program the
radio under test with a key.

Step 2. Connect the modulation output of a standard
test receiver to the decode input of the R1012.

Step 3. Connect a suitable rf load to the test radio.

Step 4. Using the radio microphone talk into the test
radio while transmitting in the coded mode. You should
hear the microphone audio at the R1012 speaker.

NOTE
Many test receivers have sufficient low
frequency response for testing DVP
radios. This may result in bit errors at the
receiving R1012. These bit errors will
cause a ‘‘popping’’ or ‘‘clicking’’ sound
from the R1012 speaker.

6.5.5 DVPEOM

Step 1. Repeat Steps 1,2 and 3 of 6.5.4.

Step 2. Using the radio microphone transmit with the
test radio in coded mode. Upon dekeying the test radio
the EOM indicator on the R1012 should momentarily be
illuminated.

6.5.6 DVP Alert Tone

Step 1. Place the radio in the transmit clear mode.
Step 2. Connect a suitable rf load to the test radio.
Step 3. Transmit with the test radio. At the beginning
of each transmission you should hear a 750 Hz tone
from the speaker of the test radio (alert tone).
6.6 SECONDARY TRANSMITTER TESTS
NOTE
The secondary transmitter tests are per-

formed in the clear mode.

6.6.1 Spurious and Harmonic Attenuation

Step 1. Connect the transmitter output to a spectrum
analyzer through a suitable attenuator and establish a 0
dB reference. Recommended analyzer settings: 30 kHz
bandwidth, 1 MHz/div scan width, and 10 kHz video
filter.
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Step 2. - Insert a notch filter tuned to the carrier fre-
quency between the analyzer and the attenuator. the
notch filter should be capable of at least 30 dB attenua-
tion of the carrier frequency.

Step 3. Reduce the spectrum analyzer attenuation so
that responses of —90 dB can be observed. Note the fre-
quency and vertical position of a spurious or harmonic
response.

Step 4. Disconnect the transmitter from the analyzer.
Connect an rf signal generator to the analyzer.

Step 5. Adjust the rf signal generator for the frequen-
cy and output level necessary to product a response
identical to the one notes in Step 3.

Step 6. Note the level of the rf generator. For 10 watt
radios the maximum allowable level is — 80 dBc. For 30
watt radios the maximum allowable level is — 85 dBc.

Step 7. Repeat Steps 4 through 6 for all spurious and
harmonic responses.

6.6.2 Modulation Limiting Characteristics

Step 1. Connect an audio oscillator to the microphone
audio input. Adjust the oscillator output level (while the
transmitter is keyed)to 1.2 V rms.

CAUTION
An antenna or suitable rf load should be
connected to the antenna connector.

Step 2. Connect an oscilloscope to the output of a
standard test receiver (with no de-emphasis).

Step 3. Vary the frequency of the oscillator between
300 and 3000 Hz while maintaining the output level
given in Step 1. Observe the deviation on the
oscilloscope while the frequency is varied. The deviation
should be between 70% and 100% of full system devia-
tion (5 kHz).

NOTE
The peak-deviation frequency is typically
2700 Hz for models with a full system
deviation of 5 kHz.

NOTE

When performing the following tests
(6.6.3 through 6.6.5) on PL/DPL model
radios, it will be necessary to inhibit
transmission of the PL tone or DPL code
to obtain correct results. This can be done
by selecting a non-PL/DPL channel
(multiple PL/DPL models) or by remov-
ing J377 from P377 on the PL/DPL
board while performing these tests.




6.6.3 Transmitter Hum and Noise

Step 1. Connect an audio oscillator to the microphone
audio input. Adjust the oscillator to provide 1 kHz
modulation at 60% of full system deviation.

Step 2. Connect an ac voltmeter to the deemphasized
output of a standard test receiver. Note the meter
reading.

Step 3. Disconnect or switch off the audio oscillator
and note the meter reading. The reading should be no
higher than 50 dB below that measured in the previous
step.

6.6.4 Transmitter Audio Frequency Response

Step 1. Connect an audio oscillator to the microphone
audio input. Adjust the oscillator output level while the
transmitter is keyed to 50 mV rms.

CAUTION
An antenna or suitable rf load should be
connected to the antenna connector.

Step 2. Connect an ac voltmeter to the output of a
standard test receiver (with no de-emphasis). Use
1000 Hz as the 0 dB reference.

Step 3. Vary the frequency of the oscillator between
300 and 3000 Hz while maintaining the oscillator output
level given in Step 1. Observe the level on the voltmeter
while the frequency is varied. The meter readings should
not deviate by more than + 1/ - 1.5 dB from the typical
6 dB per octave preemphasis characteristic between the
frequencies of 400 and 2700 Hz. The meter readings
should not deviate by more than +1/ -3 dB from the
typical 6 dB per octave preemphasis characteristic bet-

ween the frequencies of 300 and 400 Hz and between the

frequencies of 2700 and 3000 Hz.

6.6.5 Transmitter Distortion

Step 1. Connect a distortion analyzer to the deem-
phasized output of a standard test receiver.

Step 2. Modulate the transmitter with a 1000 Hz tone
at 60% of full system deviation.

Step 3. Measure the total harmonic distortion.
The total harmonic distortion should not exceed 3 %.
NOTE

Reconnect J/P 377 if this was unplugged
prior to the above tests.

7. ASSEMBLY, REMOVAL AND REPLACEMENT
7.1 GENERAL

7.1.1 Refer to the DVP MCX100 Exploded Views and

Mechanical Parts Lists drawing in this manual.
The radio set exploded view shows attachment of
assemblies to the chassis. Many of the assemblies may
be removed/replaced by carefully disconnecting/con-
necting the cables and removing/securing the attaching
hardware. Refer to the following paragraphs for pro-
cedures applicable to specific assemblies involving
special precautions and steps that may not be obvious.
The power interconnect board and the power amplifier
interconnect board can not be removed. Replacement of
components on these boards, if necessary, should be
done from the exposed side of the board. The leads of
the replacement part must be properly trimmed prior to
insetion to avoid short-circuits to the chassis. It is
recommended that a spacer be placed between the board
and chassis, if possible, to prevent solder from flowing
below the board and touching the chassis.

7.1.2 During reassembly of the radio, it is very impor-

tant to tighten all screws to the correct torque.
Correct torque is essential for reliable electrical and
mechanical performance. Too little torque may result in
intermittent ground connections, microphonics, or in-
sufficient heat sinking. Too much torque may cause
stripping of the threads in the chassis. Recommended
screw torque specifications for all fasteners in the DVP
MCX100radio are listed in Table 4.

Table 4. Screw Torque Specifications

Screw Size Application Maximum Torque
M2.5:%.0.45 30'Watt final transistor;. -6+ In-Lbs.
option board regulators;
main board. heat sink
devices  (4); front. panel
dimmer pass device.
Md x 0.7 X9 30 Watt heat sink to
chassis - mtg.; top and :
bottom coverscrews 20 £21In-Lbs.
M3 x 0.5 %10 Synthesizer cover 14 +2 In-Lbs.
M3 % 0.5 X8 All “other . applications 12 + 2In-Lbs.

notlisted above

10 Watt RF final mtg, 5 +11n.Lbs,
stud

7.1.3 Before a screw is reinserted, check the threads

for foreign material. If the threads are damaged
or if foreign material is present which cannot be remov-
ed, the screw should be discarded and a new one in-
serted. Damaged or clogged threads on a screw may
damage the threads in the chassis.

CAUTION
The hybrid assemblies are not field-
repairable. Attempts to repair a hybrid
module will void the warranty.
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7.2 STANDARD SYNTHESIZER VCO
REPLACEMENT; TLD2441A, TLD2442A

Perform the following replacement steps:

Step 1. Remove three screws holding synthesizer
board in casting.

Step 2. Use pull string on synthesizer board to remove
board from casting. Pull straight up to avoid bending
the connector pins.

Step 3. Remove two screws on shield wall between
synthesizer and VCO compartments.

Step 4. Remove two screws on VCO/carrier assembly.
Lift VCO out of compartment.

Step 5. Place new VCO in compartment. Replace two
screws on VCO/carrier assembly, and tighten to 12 +2
inch-pounds.

CAUTION
DO NOT over-tighten the screws in Step
5. The screw threads in the casting could
be stripped if too much torque is applied.

Step 6. Replace shield wall and screws. Tighten to 12
+ 2 inch-pounds.

Step 7. Replace synthesizer board and screws. Tighten
to 12 +2inch-pounds. :

7.3 STANDARD SYNTHESIZER BOARD
REPLACEMENT TRNS5243A

Perform the following replacement steps.

Step 1. Remove three screws holding synthesizer
board in casting.

Step 2. Use pull string on synthesizer board to remove
board from casting. Pull straight up to avoid bending
the connector pins.

NOTE
The synthesizer has two field-replaceable
integrated circuits (ICs); the divider
(U115), and the PROM (U117). Replac-
ment is described in Steps 3 through 6.

Step 3. The divider IC may be replaced by inserting a
small round tool into the two holes opposite U115 on
the solder side of the synthesizer board, and exerting
pressure until the IC breaks free from the socket.

Step 4. The PROM IC may be replaced by inserting a

thin flatbladed screwdriver between the PROM IC and
the socket. Gently pry the PROM out of the socket.
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Step 5. When placing either U115 or U117, bend the
IC pins enough to allow them to line up with the socket
holes.

Step 6. Replace IC’s with firm pressure toward center
of IC. Be sure to observe correct orientation as in-
dicated by the circuit board legend.

Step 7. Replace synthesizer board and screws. Tighten
screws to 12 + 2 inch-pounds.

7.4 FAST-LOK SYNTHESIZER VCO
REPLACEMENT; TLD2541A, TLD2542A

Perform the following replacement steps.

Step 1. Remove three screws holding synthesizer
board in casting.

Step 2. Use pull string on synthesizer board to remove
board from casting. Pull straight up to avoid bending
the connector pins.

Step 3. Remove two screws on shield wall between
synthesizer and VCO compartments and remove wall.

Step 4. Remove two screws on VCO/carrier assembly.
Lift VCO out of compartment.

Step 5. Unsolder bare wire interconnection between
synthesizer rf amplifier board and VCO interconnect
board. Lift VCO out of compartment.

NOTE
If adequate clearance cannot be made by
tilting the VCO, remove the synthesizer rf
amplifier board (refer to Synthesizer RF
Amplifier Board Replacement para-
graph).

Step 6. Place new VCO in compartment. Replace syn-
thesizer rf amplifier board if required. Replace two
screws on VCO/carrier assembly, and tighten to 12 +2
inch-pounds.

CAUTION
DO NOT over-tighten the screws in Step
6. The screw threads in the casting could
be stripped if too much torque is applied.

Step 7. Replace shield wall and screws. Tighten to 12
+2 inch-pounds.

Step 8. Replace synthesizer board and screws. Tighten
to 12 =2 inch-pounds.

7.5 FAST-LOK SYNTHESIZER BOARD
REPLACEMENT; TRN5129A

Perform the following replacement steps.




Step 1. Remove three screws holding synthesizer
board in casting.

Step 2. Use pull string on synthesizer board to remove
board from casting. Pull straight up to avoid bending
the connector pins.

NOTE
The synthesizer has two field-replaceable
integrated circuits (ICs); the divider

(U115), and the PROM (U116). Replace-
ment is described in Steps 3 through 6.

Step 3. The divider IC may be replaced by inserting a
thin flat-blade screwdriver between the divider IC and
the phase detector IC. (The phase detector IC, U140, is
mounted beneath the divider IC.) Gently pry the divider
out of its socket taking care not to damage the phase
detector IC. An IC extractor tool may also be used.

Step 4. The PROM IC may be replaced by inserting a
thin flatbladed screwdriver between the PROM IC and
the socket. Gently pry the PROM out of the socket.

Step 5. When placing either U115 or U117, bend the
IC pins enough to allow them to line up with the socket
holes.

Step 6. Replace ICs with firm pressure toward center
of IC. Be sure to observe correct orientation as in-
dicated by the circuit board legend.

NOTE
When inserting the divider IC, prevent the
socket from spreading by holding the two
sides together with a pair of pliers.

Step 7. Replace synthesizer board and screws. Tighten
screws to 12 +2 inch-pounds.

7.6 SYNTHESIZER RF AMPLIFIER BOARD
REPLACEMENT; TRNS5218A

Perform the following replacement steps:

Step 1. Remove the synthesizer board as described in
the Fast-Lok Synthesizer Board Replacement para-
graph.

Step 2. Unsolder the connections to the rf buffer
board from the VCO interconnect board, jack J357 and
the transmit injection solid coax. Take care not to
damage the plated-through holes into which these con-
nections are soldered.

Step 3. Remove two screws on shield wall between
synthesizer and VCO compartments, and remove wall.

Step 4. Lift synthesizer rf amplifier board straight up
to remove it from the synthesizer compartment.

Step 5. Position new board in place. Make sure that
the board is seated properly and solder three connec-
tions unsoldered in Step 2.

Step 6. Replace shield wall and screws. Tighten to 12
+ 2 inch-pounds.

Step 7. Replace synthesizer board and screws. Tighten
to 12 +2inch-pounds.

7.7 TRANSMITTER MODULE REPLACEMENT

CAUTION
Before installing a transmitter hybrid
module, make sure all connection pins are
straight, and have no solder fillet around
the base that would prevent the hybrid
from sitting flat. Failure to do so could
damage the hybrid and void the warranty.

7.7.1 General

The following general procedures should be used
to ensure safe replacement of a defective module, and
proper transmitter operation.

® Use a low power soldering iron (approximately 40
watts).

e Use only 2% silver solder on all hybrids.

® Use ‘‘solder wick’ or a bulb type solder sucker to
remove and clean solder from connection pins.

® The transmitter alignment procedure should be per-
formed after any transmitter hybrid is replaced.

7.7.2 Low Level Amplifier, TLD9132A

Perform the following replacement steps.

Step 1. Unsolder the six connection pins.

Step 2. Using a small screwdriver remove the module
by alternately lifting at the two circuit board cutout
locations. Do not pull on any hybrid components. Lift
module straight up to prevent damage to transistor on
underside of board; the transistor is secured in a clip.

Step 3. Clean the six connection pins and circuit board
pads of any excess solder and straighten the pins if
necessary.

Step 4. Place the new module over the pins to check
for alignment.

Step 5. Press Q201 into heat sink using the blunt end
of a non-metallic tuning tool. Apply pressure directly on
top of Q201. When seated properly there should be no
more than 0.05 inches gap between the module and the
circuit board.
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Step 6. Bridge solder between the six connection pins
and their associated hybrid pads so solder is wicked
around 25% of the pin.

7.7.3 10 Watt Amplifier; TLD9142A, TLD9143A

Perform the following replacement steps.
Step 1. Unsolder the five connection pins.

Step 2. Remove the main board (see main board
removal/replacement procedure).

Step 3. Remove the transistor stud nut.

Step 4. From the main board side, gently tap on the
stud of the transistor to remove the module.

Step 5. Clean the five connection pins and circuit
board pads of any excess solder and straighten the pins
if necessary.

Step 6. Install the new module being careful to check
for pin alignment. Be sure to apply thermal compound
to the stud of the transistor where it contacts the chassis.

Step 7. Replace the transistor stud nut and tighten to a
torque of 5 + | inch-pounds.

Step 8. Bridge solder between the five connection pins

and their associated hybrid pads so solder is wicked
around 25% of the pin.

7.7.4 30 Watt Amplifier; TLD9151A

Perform the following replacement steps.
NOTE

All soldering in the removal of this

module is done at the hybrid end of the

wires and coaxial cables.

Step 1. Unsolder the input and output coaxial cables
so they are clear of the hybrid.

Step 2. Unsolder the jumper going to thermistor
RT1400.

Step 3. Unsolder the feed network L1403.

Step 4. Unsolder the solder lug next to thermistor
RT1400.

Step 5. Remove the two screws holding transistor
Q1400 (M1156).

Step 6. Remove the module.

Step 7. Put thermal compound on the flange of the
new module device where it contacts the heat sink.
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Step 8. Slide the new module into the heat sink mak-
ing sure it clears all connecting wires and cables,

Step 9. Install the Q1400 (M1156) mounting screws
and torque to 6 + 1 inch-pounds.

Step 10. Reconnect all wires and coaxial cables.

7.7.5 Harmonic Filter; TFD6431A, TFD6432A

Perform the following replacement steps.

Step 1. (30 watt radio only.) Unsolder the center con-
ductor of the high power PA output coax where it goes
into the PA interconnect board. Next unsolder the coax-
ial shield and lift it from between the two ground pins.
Clean excess solder from pins and center conductor
hole.

Step 2. Unsolder the five connector pins.

Step 3. Remove the wall between the harmonic filter
and 10 watt amplifier.

Step 4. Remove the screw in the corner next to the
antenna connector.

Step 5. Unsolder the jumper from the antenna con-
nector to the hybrid. Remove the coil-capacitor-lug
assembly if necessary. Remove the module.

Step 6. Clean the five connector pins and circuit board
pads of any excess solder and straighten the pins if
necessary.

Step 7. Install the new module, being careful to check
for pin alignment.

Step 8. Replace the wall between the filter and 6/10
watt amplifier. Torque screws to 12 + 2 inch-pounds.

Step 9. Replace the corner screw making sure it goes
through the solder lug. Torque to 12 + 2 inch-pounds.

Step 10. Resolder the jumper going to the antenna pad
on the hybrid. Resolder the coil-capacitor assembly to
the antenna connector if necessary. All leads in this area
must be less than 1/8 inch in length.

Step 11. Bridge solder between the five connection pins
and their associated hybrid pads so solder is wicked
around 25 % of the pin.

Step 12. Resolder the high power PA coaxial cable to
the PA interconnect board if necessary.

P




7.8 MAIN BOARD REMOVAL/REPLACEMENT

7.8.1 Main Board Removal

Perform the following removal steps.
Step 1A. Remove radio top cover.

Step 1B. (For dual front end radios only.) Remove
radio bottom cover.

Step 2. Remove four screws securing main board to
chassis; two of the screws pass through the heat sink ad-
jacent to edge of board.

NOTE
DO NOT remove two screws securing
main board to heatsink. These two screws
are identified by the legend DO NOT
REMOVE on the main board.

Step 3. (For dual front end radios only.) Remove two
screws on bottom of radio securing dual front end to
chassis crossbars.

Step 4. Remove main board by lifting alternately:
® Rear connector, J350.

* Front of board near 12-pin connector, P355.

* Side of board near 8-pin connector P351 by placing
finger or non-marring tool in slot on side of chassis.

Step 5. Remove the 3 “‘push-pin’’ connectors from the
main board leading to J101. Remove 22-pin connector
J352, by pulling straight out to avoid bending pins of
P352.

Step 6. (For remote-mount radios only.) Remove 4-
pin connector, J380, located near rear connector J350.

Step 7. Lift main board part way, avoiding thermal
grease on heat sink.

Step 8. Disconnect two coaxial cables from connec-
tors under the board. Use gas pliers to twist slightly,
while pulling straight up.

Step 9. Lift main boad completely away from chassis.
Step 10. Wipe thermal grease from heatsink with cloth

or tissue, to avoid contact with clothing and hands while
servicing board.

7.8.2 Main Board Replacement

Perform the following replacement steps.

Step 1. Plug front-end antenna coaxial cable (ANT)
into connector on power interconnect board, observing
legend (cable towards front of radio).

e ———————
CAUTION
Seat plug fully into socket. Wrong orien-
tation of connector, or failure to seat plug
fully, will damage main board com-
ponents.

Step 2. Plug injection coaxial cable (INJ) into connec-
tor on chassis. Observe orientation legend stamped into
chassis.

CAUTION
Seat plug fully into socket. Wrong orien-
tation of connector, or failure to seat plug
fully, will damage main board com-
ponents.

Step 3. (For remote mount radios only.) Install 4-pin
connector J380. Connector is keyed; wires come out
toward front of radio.

NOTE
The 3-wire cable is routed through the
signaling option area. Radios with 2-
board options, cable is routed between
upper and lower signaling boards; route
wire such that it is not pinched in upper-
to-lower board connector.

Step 4. Reconnect the 3 ““push-pin’’ connectors to the
main board from J101. Install 22-pin connector J352.
Connector is not keyed; orange dot on connector and
square pad on main board indicate pin 1; wire length
prohibits backwards-insertion. Be sure connector is not
offset one or two pins to either side.

Step 5. Apply thermal grease to heat sink and chassis
if it was wiped off during servicing.

Step 6. Place main board in chassis. Simultaneously
align front 12-pin connector, side 8-pin connector, and
rear connector into slot in chassis. Push board fully
down into chassis. Avoid pinched wires.

Step 7. Install two screws securing heat sink to
chassis. Tighten to 12 + 2 inch-pounds.

e ———

CAUTION

Correct torque is essential to ensure pro-
per radio performance. Too little torque
may result in intermittent ground connec-
tions. Too much torque may cause stripp-
ing of the casting threads.

Step 8. Install remaining two screws securing main
board to mounting bosses. Tighten to 12 +2 inch-
pounds.
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Step 9. (For dual front end radios only.) Install two
screws on bottom of chassis securing dual front end
casting to chassis crossbars. Tighten to 12 +2 inch-
pounds.

Step 10A. Replace radio top cover. Tighten screw to 20
+ 2 inch-pounds.

Step 10B. (For dual front end radios only.) Replace

radio bottom cover. Tighten screws to 20 +2 inch-
pounds.

7.9 CONTROL HEAD PLUG REMOVAL

CAUTION
Do not pull the cable plug out of the
mating connector on the radio set, until
the retainer clip is released. One or both
of the mating connectors may break if the
clip is not released.

The control head cable connector on remote
mount radio sets is secured by a retainer clip. This clip
automatically engages when the plug is inserted into its
mating receptacle in the front of the radio. Refer to
Figure 7. To remove the cable connector, push the clip
toward the center of the plug while pulling the plug
straight away from the ‘mating connector. There is an
access slot at the end of the cover. A tool, such as a
small flat-bladed screwdriver, may be inserted through
the slot to push on the retainer clip.

CABLE TO
CONTROL HEAD

PLUG RETAINER
cLip

RELEASE
SLOT

PLUG P2385

NOTE:
RELEASE RETAINER
CLIP BEFORE
REMOVING PLUG.

GAEPS-33099-0

Figure 7. Control Head Plug

7.10 DVPENCRYPTION HYBRID
REPLACEMENT; TRN6777B

Perform the following replacement steps.
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Step 1. - Remove the radio top cover.

Step 2. Remove the cable attached to the DVP inter-
face board.

Step 3. Lift the DVPinterface board up and remove it
from the radio.

Step 4. Replace the encryption hybrid. Make sure that
the component side of the new hybrid faces the DVP in-
terface board.

Step 5. Install the DVP interface board, taking care
that the hybrid clip seats properly.

Step 6. Reconnect the cable kit to the DVP interface
board.

Step 7. Install the radio top cover.

8. TROUBLESHOOTING PROCEDURES

8.1 TROUBLESHOOTING DATA
Troubleshooting data is shown in a set of ‘‘do and

don’t’’ notations, as well as troubleshooting diagrams
and tables.

8.1.1 Do’s and Don’t’s of Servicing

The notes listed below generally apply to the
main board.

¢ Do replace both Q302 and Q307 if either device fails.

¢ Do use floating (non-chassis ground) power supply
and audio distortion analyzer to avoid audio ground
loops.

® Do always install at least one main board heat sink
screw when testing, since major ground path to board
is via heat sink.

¢ Do adjust transmitter deviation according to pro-
cedure in service manual. Adjusting for full system
deviation at 1 kHz causes over-deviation at 2700 Hz.

® Do reference all test equipment ground leads to the
chassis.

s Do turn off power supply (not radio) when repairing
main board since supply voltage is present on boards
with radio off.

¢ Do remove and reinstall solder-side shields by solder-
ing and unsoldering from the solder-side of the circuit
board.

e Don’t short 9.6 T line to ground while transmitter is
keyed.

¢ Don’tshort 11.7 V supply line to ground.

¢ Don’t short 4.8 V supply line to ground.

¢ Don’t connect test equipment ground clips to quad
coil shield or to detector solder-side shield (area of U2
and L3).




START

CAUTION
READ NOTE 1

CONNECT DC POWER SUPPLY

TO RADIO SET POWER CABLE.
ADJUST DC POWER SUPPLY FOR
APPROPRIATE OUTPUT LEVEL.
(SEE NOTE 2)

CONNECT RF WATTMETER ANDVOR
LOAD TO ANTENNA JACK,

TURN RADIO SET ON

DOES POWER ON INDICATOR (OR
CHANNEL INDICATORS) LIGHT?

l YES

PRESS PTT PUSHBUTTON. NO

l YES

CHECK POWER CABLE CONNECTIONS
FOR PROPER POLARITY.

CHECK FOR SHORT-CIRCUIT IN PA A+|
OR SW A+ LINES.

DOES TRANSMIT INDICATOR LIGHT?

YES

R ALIGNMENT
PROCEDURE IN SERVICE MANUAL. NO

CHECK FOR 8.6T KEYING VOLTAGE AT
P355-5 AND TP38.

NO CHECK FUSES IN POWER CABLE. NO
ARE ANY FUSES BLOWN?

NO

CHECK FOR PA A+ VOLTAGE AT
P3IBI-1.

CHECK FOR SW A+ VOLTAGE AT
P351-3.

ARE VOLTAGES PRESENT?

YES

[CHECK ASSOCIATED CONNECTORS AND

ICIRCUITRY ON FRONT PANEL INTERCONNECT]

BOARD, SWITCH BOARD, AND DISPLAY
BOARD.

1$8.6T KEYING VOLTAGE PRESENT?

l ves

DO ALL TRANSMIT CHANNELS HAVE
SPECIFIED POWER QUTPUT

YES

NO MORE TESTING SHOULD BE NECESSARY.
RADIO SET SHOULD BE WORKING
PROPERLY.

NOTES:

1.

CAUTION:

AVOID PROLONGED KEYING (NO MORE THAN
FIVE MINUTES) WHEN MAKING TESTS TO
PREVENT OVERHEATING POWER AMPLIFIER
CIRCUITS.

2. REFER TOPOWER SET LEVEL

IN THE POWER AMPLIFIER ADJUSTMENTS
TABLE OF THE ALIGNMENT SECTION.

3. REFER TO TRANSMITTER ALIGNMENT PROCEDURE

FOR ADJUSTMENT OF R236 AND R245.

CHECK R802 ON SWITCH BOARD,
TRANSMIT INDICATOR ON DISPLAY
BOARD, AND FOR 9.6T VOLTAGE
AT J366—6 AND P367-5.

CHECK VOLTAGE AT P365-10,
VCO LOCK VOLTAGE

IF € 1.5V DC IS PRESENT,
SYNTHESIZER FREQUENCY IS

CHECK FOR 8.6 V DC AT
TP36 ON MAIN BOARD.
1S +8.6 V DC PRESENT?

CHECK ASSOCIATED PINS ON

P351 AND P380 AND CIRCUITRY
ON POWER INTERCONNECT BOARD
AND DC POWER CABLE PINS.

YES

CHECK +9.6 V REGULATOR
CIRCUITRY ON MAIN BOARD
(Q300, Q301, AND U300A).

“LOCKED ON". TAKE YES PATH.
IF >8.0V DC IS PRESENT,
SYNTHESIZER FREQUENCY IS
“QUT-OF-LOCK"”. TAKE NO PATH

lno

TROUBLE IS IN SYNTHESIZER
PROCEED TO SYNTHESIZER
TROUBLESHOOTING

SET VOLTAGE LIMIT POTENTIOMETER
R236 AND PWR ADJ POTENTIOMETER
R245 ON MAIN BOARD AS SPECIFIED
(SEE NOTE 3}

PRESS PTT PUSHBUTTON.

CHECK FOR VOLTAGES SPECIFIED AT

FOLLOWING MAIN BOARD TEST POINTS:

hid VOLTAGE (V DC)
27 <1.0

28 5.0+0.1

2 0.5 +0.5

30 <TP28

31 2.0+0.1

32 >45

50 >100

ARE ALL VOLTAGES AS SPECIFIED?

YES

CHECK PTT LOGIC CIRCUITS
ON MAIN BOARD (Q302, Q303,
Q304, Q307, AND Q308).

lNO

CHECK CIRCUITRY ON MAIN
BOARD ASSOCIATED WITH TEST
POINT NOT HAVING CORRECT
VOLTAGE

REPEAT TRANSMITTER ALIGNMENT
PROCEDURE IN SERVICE MANUAL.
DO ALL TRANSMIT CHANNELS HAVE
SPECIFIED POWER QUTPUT LEVEL?

NO

TURN PWR ADJ POTENTIOMETER R245
FULLY CLOCKWISE.

CHECK VOLTAGE AT TP27.

JF VOLTAGE 1S LESS THAN 0.1 V DC,
TAKE “LOW"” PATH.

If VOLTAGE IS APPROX. 10V DC,
TAKE "HIGH" PATH.

l LOW

CHECK VOLTAGE AT BASE OF
Q228 ON MAIN BOARD.
1S VOLTAGE LESS THAN

CHECK FOR FOLLOWING VOLTAGES AT

1.0V DC?
l YES

CHECK FOR SHORT CIRCUIT BETWEEN
Q226 COLLECTOR AND GROUND.

r

REPLACE Q225 AND/OR
Q226.

YES

NO MORE TESTING SHOULD BE
NECESSARY.

RAD!O SET SHOULD BE WORKING
PROPERLY.

Q200 OF LLA:
HiGH BASE: 25V DC@ 10V ON TP27 No
EMIT: 1.8V DC @10V ON TP27
COLL: 100V DC@10V ON TP27
ARE ALL VOLTAGES AS SPECIFIED?
YeS
l CHECK VOLTAGE AT TP250
ON 10 WATT POWER
CHECK VOLTAGE AT TP200 ON NO N
No LLA. | .( ) AMPLIFIER.
IS VOLTAGE LESS THAN 0.1V DC? |S VOLTAGE MORE POSITIVE
l YES THAN —1.0 V DC?
YES
CHECK RF VOLTAGE AT 'RF
IN' POINT ON PC BOARD. No
IS VOLTAGE LESS THAN REPLACE LLA.
1.0V RMS?
l YES
CHECK TX RF VOLTAGE ATSYNTHRF | o CHECK FILTER CIRCUIT
TEST POINT ON SYNTH BOARD. R1451, R1452, R1483, C1451
IS VOLTAGE LESS THAN 1.4V RMS? AND L1451 AND L1462,
CHECK CIRCUITRY ON PA
= INTERCONNECT BOARD BETWEEN
LLAAND 10 WATT POWER NO
AMPLIFIER.

TRANSMITTER RF INJECTION
FROM SYNTHESIZER ABSENT
OR AT LOW LEVEL.

IS CIRCUITRY OK?

CHECK VOLTAGE ATy COLLECTOR
OF Q250 ON 10 WAXTT POWER
AMPLIFIER.

IS VOLTAGE LESS TiHAN 12 V DC?

NO

10 WATT POWER

YAES

CHECK FOR SH@RT CIRCUIT
BETWEEN COLLIECTOR Q250
AND GROUND QJR OPEN
CIRCUIT TO PA A+,

PROCEED TO SYNTHESIZER

TROUBLESHOOTING. YES

J REPLACE LLA

UNLESS OTHERWISE INDICATED, THE TESTS AND COMPONENTS
SHOWN ABOVE REFER TO THE PA INTERCONNECT BOARD.

EEPS-—38037-0
(SHEET 1OF 2)

REPLACE DEFECTIVIE COMPONENT.

AMPLIFIER

PRESS PTT PUSHBUTTON.

MODELS

30 WATT POWER
AMPLIFIER =
MODELS

CHECK VOLTAGE AT TP1400
ON 30 WATT POWER

AMPLIFIER. NO

1S VOLTAGE MORE POSITIVE
THAN -5 V RMS?

YES

CHECK CIRCUITRY BETWEEN TP1400
AND 10 WATT POWER AMPLIFIER

IF CIRCUITRY IS OK, REPLACE

10 WATT POWER AMPLIFIER.

CHECK VOLTAGE AT COLLECTOR
OF Q1400 ON 30 WATT
POWER AMPLIFIER.

IS VOLTAGE LESS THAN 12V DC?

NO

CHECK AMMETER ON DC
POWER SUPPLY.

DOES AMMETER SHOW INCREASE

IN CURRENT OF MORE THAN
0.5 AMP?

NO

YES

YES

CHECK FOR SHORT CIRCUIT
BETWEEN Q1400 COLLECTOR
AND GROUND, OR OPEN
CIRCUIT TO PA A+,

PRESS PTT PUSHBUTTON.

CHECK FOR 9.6T7 KEYING
VOLTAGE AT 8.6T N TEST POINT
ON HARMONIC FILTER/ANTENNA
SWITCH.

IS 9.6T KEYING VOLTAGE
PRESENT?

NO

REPLACE 10 WATT POWER AMPLIFIER
(OR 25/30 WATT POWER AMPLIFIER).

YES

CHECK VOLTAGE AT JUNCTION
OF €287 AND TRANSMISSION LINE

ON HARMONIC FILTER/ANTENNA SWITCH.

IS VOLTAGE LESS THAN 8.0 V OC?

NO

CHECK FOR OPEN CIRCUIT
BETWEEN 9.6T N TEST POINT
AND J351-5.

YES

REPLACE HARMONIC FILTER/
ANTENNA SWITCH.

CHECK VOLTAGE AT TP31

N MAIN BOARD.
o NO

1S VOLTAGE LESS THAN
WHEN R245 FULLY CCW?

YES

CHECK CONNECTION BETWEEN
ANTENNA PAD ON HARMONIC
FILTER/ANTENNA SWITCH AND
CENTER CONDUCTOR OF ANT
JACK J300.

Figure 8. Transmitter Troubleshooting Chart

CHECK CIRCUITRY BETWEEN
10 (OR  30) WATT
AMPLIFIER AND INPUT TO
HARMONIC FILTER/ANTENNA
SWITCH.
IF CIRCUITRY 1S OK,
REPLACE HARMONIC FILTER/
ANTENNA SWITCH,

EEPS~-36037-0
(SHEET 2 OF 2)
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e Don’t use double-kinked stand-up resistors where
single-kinked style is required unless leads are bent to
avoid shorting between the two kinks.

e Don’t allow flux-dissolving board cleaners to flow
down into pot or coil adjustment holes since they may
cause freezing of slugs, breakage of slugs, or intermit-
tent pot operation.

e Don’t overtighten mounting screws during
reassembly; overtightening may strip the threaded
screw halves.

8.1.2 Diagrams and Tables

The following troubleshooting Figures and
Tables indicate possible problem areas, and provide aid
in isolation of the problems.

Figure 8 — Transmitter Troubleshooting Chart

Figure 9 — 1-F Gain Test Graph

Table 5 —  Receiver and Main Board

Troubleshooting Procedures, Ac-

cording to Symptom

Standard VCO and Synthesizer

Troubleshooting Procedures, Ac-

cording to Symptom

Standard VCO and Synthesizer

Troubleshooting Procedures, Ac-

cording to Circuit Block

Fast-Lok VCO and Synthesizer

Troubleshooting Procedures, Ac-

cording to Symptom

Fast-Lok VCO and Synthesizer

Troubleshooting Procedures, Ac-

cording to Circuit Block

Table 10 — DVP Troubleshooting Procedures,
According to Symptom

Table 6 —

Table 7 —

Table 8 —

Table 9 —

8.1.3 Special Troubleshooting Test Procedures

8.1.3.1 I-F Gain Test

Two methods can be used to test the i-f gain of
the receiver. Use the method most convenient or ap-
propriate to accomplish the test.

¢ Method 1

Step 1. Connect an rf signal generator, via a 50 ohm
coaxial cable, to the i-f input on the main board (center
conductor to TPI1, shield to ground; temporarily
disconnect the center conductor of the front end i-f out-
put coaxial cable from TP1). Set the signal generator for
a21.4 MHz (£ 200 Hz), unmodulated output signal.

Step 2. Connect a dc voltmeter from the rise meter
point on the main board to ground. Vary the output
level of the signal generator between — 120 dBm and
— 50 dBm, in 10 dB intervals, and note the readings ob-
tained on the dc¢ voltmeter.

Step 3. Referring to Figure 9, plot a similar graph
showing the dc¢ voltmeter readings obtained; compare
the plotted graph with the graph shown in in the figure.

AISE METER
POINT
(vDC)
(METHOD )

5 NORMAL
— -
4 /7
FAULT INY2 /
3— T e
L
24 /  / FAULTINY1,010RQ2
/ //
I-F LEVEL . i — : : '
AT TP 110 -100 90 -80 -70 -0 -50  GAEPS—33133-

{DBM}

Figure 9. I-F Gain Test Graph

If an abnormal result is obtained, Figure 9 also isolates
the fault to a specific component(s).

Step 4. Be sure to reconnect the center conductor of
the front end i-f output coaxial cable to TP1 when test is
completed.

¢ Method 2

Step 1. Connect an rf signal generator to the antenna
connector and connect a high-impedance rf
millivoltmeter between test point TP1 and ground on
the main bodrd. (Do not disconnect the front end i-f
coaxial cable from TP1.)

Step 2. With the rf generator adjusted to produce an
unmodulated, on-channel (+200 Hz) signal, vary
generator output level to obtain dBm levels between
—120 dBm and -50 dBm, as read on the rf
millivoltmeter. Note the readings obtained at approx-
imately 10 dBm intervals.

Step 3. Perform Step 3 in the Method 1 procedure.

8.1.3.2 Synthesizer VCO Range Shift Tests

It is possible to verify proper range shift opera-
tion of the VCO, as controlled by logic voltages
originating on the synthesizer board.

Step 1. Determine the desired VCO operating fre-
quency for a given channel. In the transmit mode, the
VCO frquency is the same as the assigned transmit fre-
quency for that channel. In the receive mode, the VCO
frequency is 21.400 MHz lower than the assigned
receiver frequency for that channel.

Step 2. Refer to Table 1, “‘Frequency Shifting of VCO
Sub-Range Frequencies’’, in the Synthesizer Detailed
Description (part of the Theory of Operation section).

Step 3. Compare the specified voltage levels for S1,
S2, and S3 (corresponding to the VCO operating fre-
quency as determined in Step 1) with those measured in
the radio under test. ‘“0”’ indicates logic low, less than
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0.8 V dc; and ‘1’ indicates logic high, between 8.0 and
8.9 V dc. If voltages are correct, there may be a fault in
the range-shifting circuitry on the VCO hybrid. If the
voltages are incorrect, there is a fault in the frequency
select switch or circuitry on the synthesizer board.

NOTE
If this is done while servicing, be sure to
remove the jumper before placing the
radio back into operation.

8.1.3.3. Disabling Transmitter RF Output

While performing certain testing or
troubleshooting procedures, it may be necessary or
desirable to key the transmitter PTT without producing
RF output. The transmitter can be defeated by soldering
a short jumper wire across Q228, emitter to collector.
This prevents LLA A + from being produced when PTT
or MIC PTT is grounded, thus inhibiting rf power out-
put.

Table 5. Receiver and Main Board Troubleshooting Procedures According to Symptom

Symptom Possible Cause Correction or Test
A. Radio does not turn on 1. Greenlead not connected to voltage source. - 1,2, . Check for A+ at P360-3.0n power board.
(no..thump  heard in: . 2. Fuse F351 blown: . ;
speaker at turn on). 3, Jumper in'power plug broken. 3,4. Jumper between P360-2 and P360-1;
Displays donot light. 4, - Loss of continuity between power board and
. ) ' on-off switch. 5 :
B, Radio does not turn on 1. ~Heavy red lead (PA A +) not connected to 1,2 - Check for PA A + at main board (P351:1).

~Ano: thump ‘heard in.

voltage source.

speaker at turn on), 2. “Fuse F350 blown. 3.--Verify dc voltagesin-audio PA starting with TP13,
- Displays hgh L0300 Audio power amp failure.
C. No audio or does not 1. Synthesizerunlocked. 1,2 -Allogic high at P355-10 (TP49) indicates unlocked
unsque!ch “(thump is - 2. ‘Synthesizer PROM missing. Repair synthesizer orinstall PROM.
heard in speaker - at 130 9.6 Vregulator failure; 3. Check for9.5 - 9.7 volts at TP36.
“turn Qn) Squelch and 4. " Audio’is being muted. 4. Check for logic high (mute) at TP9 (normal voltage
monitor buttons : 3. Lossof continuity to-squelch switch. when unmuted is 4.2 volts at TP9); i
pushedin. 6... Q2102 shorted emitter ta-collector. 5., “Short P355-3 (TP47) to chassis.
sl C47..9.6 T present. 7. ‘Transmit LED onif 9.6 T on
8.~ Detector U2 bad or choke L7 open. 8. Verify 9.5 voltsat- U2-11; verify approximately
9. -~ Audio op amp (US50) failure. 6 volts at TP6, ; o
10. 1-Famp IC failure (U1) or choke L6 open, 9. Verify 4.8 volts at US0-1L.and -7;
11, -Crystal filter Y2 open. 10. Verify 9.5 voltsat Ul-10and 7.8 volts at U1-5 (TP4)
12, :Loss of continuity in volume control; 11, Jumper across Y2A and then Y2B. - :
13. Failure in DVP circuitry. 12, Jumper P355 pin ‘9 to pin 1 with Off-on/Vc:lume :
control-at mid-position. :
s i 13.-Goto Table 10,
“High distortion, gets 1. Main board to heatsink screws loose. 1,2, - Tighten screws,
worse at hlgher ouxput 2. Heatsink to casting screws loose: 3. Increaseto13.2°V, :
levels -3 Supply voltage too low: 5, = .-Float- ground on ‘power Supply and distortion
~ 4.~ Ground -connection reversed at distortion analyzer;
analyzerinput; :
g ; 78, Ground loops in test setup,
E. High distortion, ap- 1. "Signal generator off-frequency. 2. -Reduce to-60% of full system devrat:on
_prox same at any out- 2. Excessive test deviation. 30 Verify 1.4 - 2.0 volts at TP2.
. but level “ G305 Q bador L1 open, 4. Normal voltage at Q1-Diis 11,7 V, if 1.2 open will be 4
. . 4. L2 open. volts. .
5. -Q2bad, L3or L4open. 5. Verify 1.4~ 2.0 voltsat TP3.
6. L7 voltsupply low: 7. . Testi-f gain; test for good ground between filter cans
- 1. Bad-crystal filters. , and main board ground;
o - 8. Reference oscillator off-frequency.
E. Low audm output -~ L. See Condition D, causes 1, 2,3, and 4.
- pawer o i :
G “Very low audio output 1. Q54 0rQ56bad.
. power . _ 2. See condition D, cause 4. :
H; Poor sensmvnty - b 1E7 volt supply low, 4. Measure insertion loss between antenna connector
(qmetmg and SlNAD} 2. SeeE;3:4;5:7. and J356; 1 dB or lesstypical (0r) measure sensitivity
3. Dirty'or corroded connection to phono plugs directly into front end ANTenna coaxial cable.
from front end to jacks in chassis. 5. Verify 9.6 T less than 0.1 volt in receive mode. .
4. Failure in harmonic filter/ant swnch 6. “Disconnect center lead from front end coaxial cable
5. Q307 open. at TP1, meaure i-f sensitivity from S0-ohm generator
6. Poori-fsensitivity. at21.4 MHz, 0.25100.30uV (20dBg) :yptcal if bad;
7. Low injection level from synthesizer. gotoK.
. : : 7. . ‘Check for at feast 3.0 volts at INJection meter pmm
A e or check for + 11 dBmorhigherat 1357,
1. Poor SINAD, good 1. SeeE,1:2:8. : i
- quieting sensitivity 2. SeeD,1;2:3:4;5.
e - 3. See E;4.7
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Table 5. Receiver and Main Board Troubleshooting Procedures According to Symptom (Cont’d.)

Symptom

Possible Cause

Correction or Test

Poor quieting, good
SINAD sensitivity

1.

Using too high an audio level for 0 dBq
reference.

1.

Reduce noise. output -to 1.0 - 1.5 ‘volts--tms: audio
ouput with no input signal,

Poori-f sensitivity

See E,3;4;5;6;7 .

If open crystals are suspected short'across. the outside
pins of each crystal one at a time.

Weak ~level of un-

Edge of can over R8, R9, nearest to Ul

—_—

Bend can in to clear pad.

quieted noise with no shorting to pad on circuit board. 2. Perform i-f gain test or short across outside terminals
input signal. 2, . Crystal filter Y2 bad. of crystals.
3. L5 (quad coil) detuned. 4. Occurs only on certain- channel(s),. check . screws
4. Self-quieting spur is present. securing - synthesizer board - and cover; check for
broken shield on front end coaxial cabtes: '
Same -as L, but very 1. Loss of continuity through Off-on/Volume 1. Jumper P355 pin 9 to pin 1 with .Off-on/Volume
tinny- - high-frequency control. control at mid-position.
sound.
1-F Instability 1. Shield over L5 or under U2 shorting to 3. Retune front end to center of operating range; imit
chassis. receive channel spacing to- specified range of front
2. Broken coaxial cable shield, front end out- end (up to 6 MHz for single front end).
put to i-f input.
3. Frontend not tuned near operating frequen-
cy.
4. Spring fingers on i-f cans bent, corroded, or
missing.
Excessive i-f passband 1.. L2 open {. Verify 11.7 volts (not 4 volts)at Q1-D.
ripple 2.  SeeN,1;2;3;4 3. Sweep i-f at low (—~120 dBm)and high (0 dBm)levels
3. Defective i-f crystals (input to TP1, output at U2-1). Remove choke L7
4. SeeE,7. when sweeping. Ripple only in out-of-limit sweep in-
dicates bad Y1; rippleat all levels indicates bad ¥ 2.
Some coils- in single 1. (RFI coil): Shorted or open ANTenna coax 4,5. Examine installation environment or methods. for
front end do not peak or P356. excessive vibration of radio when in use:
2. (LO1 coil): Shorted or open INJection coax
or P357.
3. (RF4 or L02 coils): May be normal condi-
tion occassionally at band edges (146 or
174 MHz for Range 11 radios).
4. (RF1, RF2, RFS, LO1, or L02) coil tap
broken at weld,
5. (Any coil) broken coil lead.
Intérmittent or abrupt 1. SeeP,4;5
changes in meter in-
dications while tuning
single front end.
Squelch - closing  time 1. Main board components in the area of 1. Push components (including Q2102, Q2100;:Q58) in
remains slow R2118 and R2119 are shorting to pins of toward capacitor C63.
(200 -msec) even for power connector on power board. 2. Refer to squelch theory of operation.
strong signals 2. CR2106,Q2100, C2109.
Squelch chatter 1. C2107,C2109, R2117.
Squelch - exhibits high- 1. C2108 open.
frequency = scratchy
sound. when closing or
during fading
Squelch produces 1. C70open. 3. Normal operation - under.  certain - -strong-signal
““ticks”” when closing 2. C69leaky orinstalied backwards. conditions.
3. Station being received is transmitting PL and
receiver in question does not have PL filter
in receiver audio path (part of PL/DPL op-
tion)
Radio does not un- 1. Normal operation; minimum opening
squelch with squelch sensitivity is 3 dBq (typ).
adjust -~ potentiometer
fully CCW and squelch
button out.
Transmitter over- 1. --Choke L325 open. 1. Verify normal dc resistance of 1.325(35.0hms).
deviates and splatters 2. VCOMOD is set too high. 2. Refer to deviation adjustment procedure of service
excessively. mantal.
Poor adjacent channel 1. C300 in 11.7 volt supply open or Q305 1. Verify ac voltage at Q305-E:much lower than:at
selectivity of  receiver shorted collector to emitter. Q305-C at high audio output levels,
and/or - break-up - of 2. Main board-to-heat sink or heat sink-to- 3. Refer tosynthesizer troubleshooting procedures.
audio :at . high “signal chassis screws loose. 4.  Verify 9.6 volts at TP36.
levels. 3. Failure in VCO noise filter (part of syn-
thesizer board)
4. Q300 in 9.6 V regulator shorted collector to
emitter.
5.. C304 open or missing.
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Table 6. StandardVCO and Synthesizer Troubleshooting Procedures, According to Symptom

Symptom Possible Cause Correction or Test
A Synthesizer always out 1. No PROM. I.  Check or replace PROM.
of lock. 2., No DC voltages. 2. Check 9.6 V regulator, 5V regulator; and VCO noise
3. Strobe control not working, filter.
4.  Reference oscillator not working. 3. Check pin28 on U115 for logic low.
5. Synthesizer rf feedback not working, 4. Check output of oscillator,
6. Board screws missing. 5. - Check frequency at pin 9 on U115.
7. Wrong range VCO. 6. Insertreplacement screws.
8. Open connectors. 7. Check kit number,
9. U115 bad. 8. Check connectors P353, J151, P374;
10. Bad frequency shift. 9. - Check all outputs of U115.
11, U350 bad. 10. Check inputs and outputs of U171and Q172.
11. CheckU350.
B.. ‘Synthesizer-only out of 1. Bad PROM. 1.. Check or replace PROM.
lock on some channels, 2. Some frequency switches not working. 2. Check input and output of U177 and Q172.
3. - Synthesizer rf feedback not working: 3. Check frequency at pin 9.0f U115,
4. Open connection between P353 and J353. 4. Check P353 and J353 for continuity.
C. 'Noout of lock signal. 1. Lock detector shorted or broken. 1. Check bias of Q154, Q155, and Q156. Check U350,
2.  Open connection between P353 and J353. 2. Check P353 and J353 for continuity.
3. Ull5bad. 3. Check operationat U115 pin7.
D. ' Synthesizer does not 1. Strobecontrol not working. 1. Check operation of strobe control circuits,“and 1J351;
change frequency: 2. 'Bad PROM. 2. Check or replace PROM.
3. Open connection between P353 and J353. 3. Check P353 and J353 for continuity.
E.  Lowor norf power. 1. Bad VCO. 1. Replace VCO.
2. Bad VCO buffer. 2. Check bias on Q190,
3. Injection switch not working. 3. Check bias of PIN switches CR190 and CR191.
4. Open connector between VCO and syn- 4. Check connectors P374.and J1300.
thesizer circuit board or between synthesizer 5. Check continuity of circuit board:
circuit board and synthesizer interconnect
board.
5. Synthesizer interconnect board not con-
nected to exciter or mixer,
E. - ‘Power in receive, but 1. Injection switch not working. 1. Check bias of PIN switches CR190 and 191
not _transmit, Of ‘vice 2. Outputs shorted. 2. Check outputs for shorts. i
versa; 3. 9.6T not working. 3. Trace9.6T to QI91.
4. Open connector between synthesizer circuit 4. Check connector P374.
board and synthesizer interconnect board. 5. Check continuity of ¢ircuit board.
5. Synthesizer interconnect board not con-
nected to exciter or-mixer.
G. -Poor hum and noise. 1. Bad VCO, 1.. Replace VCO.
2. Bad or missing components in loop filter. 2. Check value of components.
3.  Missing grounds. 3. Check screws for tightness. Check connectors,
4. RF feedback power low to synthesizer IC. 4. Check Q192.
5. -Bad VCO AGC. 5. Check bias and operation of Q189 and Q188.
6. Bad VCO noise filter. 6. Check VCO noise filter bias and €142, C143.
7. ‘Bad 9.6 V dc regulator. 7. Check ripple and voltage of regulator,
H. - ‘Poor reference spurs 1. Missing grounds. 1. Check screws and connectors.
(spurious’ responses at 2. Bad VCO. 2. Replace VCO.
regulator frequency in- 3. Bad or missing components in loop filter, 3. Check values of components.
tervals), 4. Strobecontrol malfunction, 4. Check operation of strobe circuit.
L. .- Cannot warp oscillator. 1. Bad C101. 1. Check or replace C101.
2, 'Bad crystal. 2.. Check or replace crystal.
3. Cl101 shorted. 3. Check for short circuit.
J. Oscillator. drifts. with 1. Bad crystal. 1. Check orreplace crystal.
time. 2. Badtank capacitors. 2. Replace capacitor.
K. - No modulation. 1. Bad VCO. 1. Replace VCO.
2. Bad or missing R180 or R181. 2. Check resistors.
3. Connectors. 3. Check connectors.
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Table 7. Standard VCO and Synthesizer Troubleshooting Procedures, According to Circuit Block

Circuit Symptom Correction or Test
A Reference oscillator, 1. ..Does not oscillate. 1. Check de¢ bias, crystal, tank capacitors.
2. Level toolow ortoohigh. 2. . Check'AGC, debias. - -
3. Oscillator does not-warp. 3. Check C102; may be shorted or broken, k
B. . VCOnoise filter. 1, .- Nooutput, 1.~ Check for short circuits. Check Q140; may be open.
2. Nofilter-action. Check drive from Q141; may be nodrive,-
2. Check. . all diodes, R142, ‘CI42, -and . all output
, capacitors: :
C: . Charge pump. 1. No'current action, 1. Check bias on Q152 and Q153 and: check for open
: . cir¢uits.
D. . Loopfilter. 1. No filter action. 1, = Check -all capacitors. for open. circuils. Check all
2. Short circuit. resistors for open‘cireuits. . .
2. Checkall capacitors: Check Q153.
E. . Lock-detector. 1. - Always indicates fock. 1. Check all dc bias. Check for -open circuit between
2. -Always indicates out of fock. Q154 and pin 7 6f U115: Check R159-and C156
Check U350. .
2. . Check all d¢ bias. Check for short circuit at base to.
supply ‘and’ ground; transisters’ Q154, QISS and
Q1I56: Check U350, L
F. - PIN switching circuits. ~ 1. Doesnotswitch. 1. .- Check for output short circuits. Check for bad U170 :
or Q170-and Q171. Check for apen circuits to Ul‘?() :
: orQ170and Q171.- - -
G, VCO buffers. 1+ ‘No:power or low power from main buffer. 1. - Cheek- bias of Q190. Check -antenna sthch Check
2. No power or:low-power from feedback buf- C192 for open circuit.
fer. 2. Check bias of Q192. Check R196 f@r open ctrcurt
3. Antenna switch not functioning. Check C190 for.open circuit. :
3,7 Check 9.6T for open circuits: Che,ck dtode b,ias. .
Check Q191 for bias:
H.  AGC 1.. - Ne VCO-output; AGC detect signal high. 1.~ Check R185 for:short circuit. Check base onISB far‘ ,
2. No VCO output, AGC detect signal low. short circuit to-8.9 V.dc, Check collector of Q189 for
open circuit.
2. Check: for bad Q188. Check for open R188. Check
forshorted 189:
L. Strobe control circuit. 1. -Flip-flop does not change state. 1. .Check U35t Check capacitors C129 through C 131 if
2. Flip-flop does not reset, used) for open cir¢uit, Check for short circuit in FC
3. Does.not gnable strobe. line. Check-fornobias or bad bias at Q116 and Q117
4. :Does not disable strobe. Check forbad NOR gate (U116}, - .
2. Check for. open or short circuit at pin 1 of Ull6'
Check for bad. lock detector. Check for bad NOR
gateiinverters (U116).
3. - Check for bad ‘lock detector. Check for bad NOR;,
gate inverters {(U116). Check for bad Q120 0r Q119:
4. Check pin 8.of U116; may be tied high; Check for

short-circuit at Q119 or Q120. Check for bad lock:
detector (Q154, Q156). Check for bad NOR gate in-
verters: (U116). :
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Table 8. Fast-Lok VCO and Synthesizer Troubleshooting Procea’ures According to Symptom

Symptom Possible Cause Correction or Tesl
A Synthesizer always out 1. NoPROM (or incorrect PROM), 1. Check or replace PROM
of lock. 2. . No DC voltages. 2. Check 9.6V regulator, 5§ V regulator; and VCO noise
3. Strobe control not working. filter.
4. Reference oscillator not working. 3. Check pin 28 on U115 for logiclow.
5. Synthesizer rf feedback not working. 4. Check output of oscillator.
6. Board screws missing 5. Check frequency at pin 25 on U115.
7. - Wrong range VCO. 6. Insert replacement screws.
8. - Open connectors. 7. Check kit number.
8. UlIl5 bad. 8. Check connectors.
10. Bad frequency shift. 9. Check alt outputs of U115.
11. No RF power. 10. Check inputs and outputs-of U155 and Q156. -
12. ‘Bad phase detector 11. Check VCO output.
13. Open circuitry in loop filter, 12. Check for proper inputs and output ramp. -

13. Short circuit input-output -of loop filter-see if
synthesizer locks.
1 1. Check or replace PROM.
2. . Some frequency switches not working. 2. Check input and output of U155-and Q156. -
3. Synthesizer rf feedback not working: 3. Check frequency at pin 25 of U155.
4. “Open connection between P353 and J353. 4. Check P353 and 1353 for continuity.
5 5
6 6
7 7

B . Synthesizer only out of Bad PROM

lock on some channels.

Poor connection between J1300 and P1300. Check for continuity,
Poor ground connections, Tighten all VCO & synthesizer screws.
Open circuit at transmit or receive injection Check connector J357-P357 for continuity and check

port. coax from buffer amp to low level amplifier (LLA).
8. ' Lowdriver level to divider (U115). 8. Check rf level at divider pin 25.
9. . Bad phase detector (U 140). 9. Check for proper inputs and output ramp.
10. Synthesizer not changing channel. 10." Check - frequency change (FC) pulse and strobe
circuit.
C.  ‘Noout of lock signal. 1. Lock detect switch shorted or broken. 1. Check bias of Q142 and Q143,
2. Open-connection between P353 and J353. 2. Check P353 and J353 for continuity.
3. U140 bad (Phase detector). 3. Check operation at U140-10, 4
D - Synthesizer does not 1. * Strobe control not working. 1. Check operation of strobe control circuits (Q117, f
change frequency. 2. Bad PROM Q118). ,
3. Open connection between P353 and J353. 2. Check orreplace PROM. ‘
4. Frequency switches not working,. 3. Check P353and I353 for continuity. J
5. Bad phase detector (U140). 4. Check input and output of U155 and Q156. :
5. Check operation of pin 10. ‘
E. -Low orno.rf power. 1. - Bad VCO. 1. Replace VCO.
2. Bad VCO rf amplifier. 2. Check bias on Q190.
3. Injection switch not working. 3. Check bias of PIN switches CR190 and CR191.
4. Open connector between VCO and syn- 4. Check connectors P190 and 11300
thesizer circuit board or between synthesizer 5. Check continuity of circuit board.
circuit board and synthesizer board. 6. Short Q171 collector to GND to see if problem goes
5. Synthesizer rf amplifier board not connected away,
to exciter or mixer, 7. Tighten all VCO/synthesizer screws,
6. AGC circuit malfunction. 8. Check output of Q180 for 8:9 volts
7. Poor ground connection.
8. Bad VCO 8.9 V supply.
F.'RE power in receive, 1. Injection switch not working. 1. Check bias of PIN switches CR109.and CR191.
but not transmit, or 2. Injection switch outputs short ¢circuited. 2. Check outputs for short circuits.
vice versa, 3. 9.6T not working. 3. Trace9.6TtoQ19l.
4. Open connector between synthesizer circuit 4. Check connector P374.
board and synthesizer interconnect board. 5. Check continuity of rf amplifier circuit board and
5. ‘Synthesizer rf amplifier board not connected connectors.
to exciter or mixer. _
G...Poor hum and noise. 1. Bad VCO. 1. Replace VCO.
(Synthesizer and out- 2. Bad or missing components in loop filter, 2. Check value of components.
putnoisy). 3. . Poor ground connections. 3. Check screws for tightness. Check connectors.
4. RFfeedback power low to synthesizer IC. 4. Check Q116. - .
5. Bad VCO AGC. 5. Check bias and operation of Q170 and Q171. g
6. Bad VCO noise filter. 6. Check VCO noise filter Q180 bias and C186, 185 and
7. Bad?9.6 Vdcregulator. 184,
8. Undesired modulation from main board. 7. Check ripple and voltage of regulator. :
9. Adapt line high. 8. Ground R175 to see'if problem goes away. -
10.- Bad connector contacts. 9. See Symptom A above.
10. Check contacts between synthesizer and interconnect
board (J353/P353), between VCO and synthesizer
(J1300/P1300), and between main board and front
panel interconnect board (J355/P355).
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Table 8. Fast-Lok VCO and Synthesizer Troub[eshootmg Procedures, According to Symptom (Cont’d.)

Symptom Possible Cause Correction or Test
H.  Poorreference spurs I Poor ground connections. 1. - Check screws and connectors.
' 7 (spurious responses at 2. -Bad vCO., 2. Replace VCO.
. regulator frequency.in- 3. “Bad or'missing components in loop filter. 3. Check values of components.
. ootervals)., 4. ‘Strobe control malfunction. 4.  Check operation‘of'strobe-circuit (Q118),
L~ Cannot warp 1, - Bad reference oscillator. 1. - Replace reference oscillator (channel) element
- -oscillator or oscillator (Y102).
-~ drifts with time:
J.- Nomodulation. 1. Bad VCO. 1. Replace VCO.
2.--/Bad or missing R175or R176. 2. - Check resistors.
3. Bad connector contacts. 3. Check connector P353, J1300.
‘ Table 9. Fast-Lok VCO and Synthesizer Troubleshooting Procedures, According to Circuit Block
e Circuit: Possible Cause Correction or Test
A, Output RF-Amplifier 1. -Powerinreceive but notin transmit, or vise I.. Check for proper: bias on. PIN injection switches
' versa. CR190, CR191. Check outputs “for- short  circuit.
2. -No power intéceive and transmit. Check 9.6T at Q191 emitter in transmit.
2. Check operation of rf amplifier Q190. If no ‘ifiput
3 present, perform VCO checks.
B. vVCO .- :Nooutput-at any frequency. 1.~ Check VCO pin 2 for presence of 8.9 volt supply:
2... Stable output present at-incorrect frequency. Check all ground -¢onnections.  and - tighten: - if
3..© Output present but unstable. necessary. - Check AGC voltage -at: VCO :pin - 11;
4. - Qutput present-but jow level. Replace VCO.
5.."Correct output level and frequency but-ex-- - 2. If ADAPT line is low, perform reference: oscillator,
: cessive noise or spurious tones present (may and/or divider checks. If ADAPT line is high: check :
effect hum and noise measurement, or may state ‘of VCO PINswitches by monitoring pins 4, 6;
beheard in speaker while in receive). 7, 8, 12, 13 (if bad, perform PIN- driver checks).
Check voltage at phase detector pin 15 for proper
range (3-8 'V dc - should change when channel
changes) (Note 1). Check reference oscillator fre-
quency. Check steeringline voltage and compare to
the voltage at phase detector pin 15 If different; per-
form loop filter tests. Perform PROM tests.

3. Check connections between synthesizer: and -VCO
(J1300/P1300). Check and tighten grounds on VCO
and synthesizer. .If ADAPT line is- high  perform
phase detector tests, Check for short or open ¢ircuit
at receive/transmit injection -ports: “Check per=
formance of VCO filter. Temporarily ground ¥CO
MOD line. If condition disappears,: check main
board. Replace VCO.

4. Check all connections to VCO. Check and tighten all
VCO ground connections. - Petform. AGC chedks:
Replace VCO.

5. Check and tighten all ground -connections, Clean
contacts between VCO and synthesizer. (J1300).-Per-
form VCO Filter tests,-Perform ‘Loop. Filter -tests.
Temporarily ground - VCO. MOD :ling; if problem
disappears check main board. If ADAPT line is high
perform phase detector tests. Check AGC circuit for

- proper operation. Replace VCO.
C. LoopFilter 1. - Output frequency unstable. 1. 1f ADAPT line is high, perform phase detector tests.
2. Noise or spurious tones present (may effect Check for intermittent contact-in eircuif elements of
. hum and noise ' measurement or may be filter. Check operation of CMOS switches (L 141),
- heard in'speaker while in receive mode). 2. Check ADAPT line and U141 pin 13. Replace Q143if
3. Synthesizer out of lock. necessary. Check all. components- in ‘loop filter for
proper value. Check for short circuits ‘between guard
band and loop filter output,
. 3. Short circuit steering line ‘to.phase detéctor: pin 15

(Note 2). If system locks up check all-.components in
loop fitler for proper operation, otherwise, petform
phase detector tests and/or VCO tests.
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Table 9. Fast-Lok VCO and Synthesizer Troubleshooting Procedures, According to Circuit Block (Cont’d.)

Circuit

Possible Cause

Correétion-or Test

D.. Phase Detector 1., Synthesizer does not lock on frequency. 1.. Check for stable ramp- voltage at pin 24 of phase
2.. Ramp voltage not present or unstable: detector. If ramp is present with. amplitude between 3
3. - Incorrect PIN voltage at pin 6. volts and 8 volts, check PIN-drivers for correct-range
4. . Synthesizer does not change frequency. (perform - PROM;, divider - or- strobe : ehecks’ of
necessary). 1f ramp:is present but no output voltage
at pin 15, check €143, C144 and Q141. Replace phase
detector.

2. Check for proper-inputs from divider at pins 2 and 23
of - phase -~ detector, - Perform - divider - ehecks -~ if
necessary.. Check C143 and C144 for correct value
and good' connection. Check Q140 and "C142 and
replace if necessary. Monitor samiple timing of U140
pin 22. Check 'Cl141 and  C152- and replace 'if
necessary. Replace phase detector (U140).

3. Check input at pin 11.-1f correct replace phase detec-
tor, otherwise check divider.

4, Check frequency, change ‘pulse pin §; if niot present,
troubleshoot connections. from- interconnéct board
(P353), otherwise check PROM :and strobe circuits.

: Also, check divider. Replace phase detector.

E.. Divider 1. 5kHzreference pulse not present orunstable 1. Check 14.4 MHz reference at. pin. 2; if: present with
at pin 5 of divider. correct level and frequency check PROM, divider and

2. Loop pulse not present at pin 9 of divider. reference oscillator.
3. - Loop pulse present but not at 5 kHz repiti- 2. Check rf level at divider pin 25 if present with correct
tion rate. level, replace divider otherwise, check rf ~buffer
4. Incorrect PIN voltage at.pin 17, 19 or 20. (replace Q116 if necessary) and-perform. output rf

amplifier tests.

3. Perform phase detector tests. Check PIN drivers for
correct range. Check strobe--circuit. and -PROM.
Replace divider (U115).

4. Check strobe circuit and PROM. Replace -divider
(U115).

F. . PinDtivers 1, - Incorrect PIN voltages at pins 4, 6,7, 8, 12, 1. Check PIN drives from divider (pin 19, 20 and phase
13 for-channel selected. detector (pin 6). Replace U155, Q156, Q155 where
necessary.
G -Strobe.circuit and 1.  Synthesizer always out of lock. 1. Check PROM socket connections. Check that PROM
PROM 2.- - Synthesizer off frequency on some channels. is installed correctly. Change PROM and.recheck for
3. Radio does not change frequency when lock.

channel selector is rotated. 2. Check that strobe circuit functions (see correction. 3

below). Check or replace PROM.

3. Check for strobe pulses at PROM pin 16 when chan-
nel selector is rotated. Check components ‘in strobe
circuit (i.e. Q15 Q117, QI18) and replace if
necessary. Check strobe output of divider. Check in-
puts AO through A4 (pins 9 to 13 of P353). Verify
that they represent binary number of the channel
selected. Verify correct operation of 9.6T line (pin 14
of P353). Replace PROM.

H.: ‘Reference Oscillator. 1. Does not oscillate. 1. Check dc voltage supply to reference.oscillator; if ok,
2. Does not warp. replace reference oscillator.
3. Off frequency. 2. Replace reference oscillator.
3. Adjust warp control.
L. “VCONoise Filter/8.9-V 1. Output voltage not present or wrong value. 1. Check for short circuits. Check Q180 and Q181.
supply 2. No filter action: (causing noisy VCO out- 2. Check all associated capacitors for correct value and
put). proper connection. Check ali diodes.
Ji-AGC .- No (or low) VCO output with AGC detector 1. Check R172 for short circuit. Check base of Q171 for
signal high. short circuit to 8.9V dc. Check coliector of Q176 for
2. No (or low) VCO output with AGC detector open circuit.
signal low. 2. Check Q171, Check R170 for open- circuit. Check
Q170 for shorted transistor.
K. Voltage Supplies 1." "One or more supply voltages not present or 1. Check for presence of 9.6 volts at synthesizer board
incorrect value. pin 3. Check for 5 V at output of U180; replace
2." Supply voltage not present at input to one or regulator if necessary. Check for 8.9 volts at collector
more circuit blocks. of Q180, perform VCO noise filter-tests if necessary.
2. Check for proper voltage at supply voltage pin of

each 1C on synthesizer board (refer to schematic
diagram). Troubleshoot circuit board plating bypass
capacitors and coupling resistors where necessary.

Notes:

1. Measurements on steering line (SL) must be made with a high-impedance (10 meg dc) voltmeter to avoid affecting circuit operation.
2. Loop filter may easily be short circuited by connecting guard band to loop filter output at J11300-10.
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Table 10. DVP Troubleshooting Proce

dures, According to Symptom

Symptom Possible Cause . Correction or Test
No verification tone i.  Volumeis turned too low on radio. 1. Increase volume on radio.
when loading key. 2. Code inserter not properly connected to 2. Check connector cable from cable inserter to radio.
radio,
3. Loss of continuity between DVP encryption 3. Check VLLN4129A key loading cable kit.
board and code plug receptacle. 4. Check DVPencryption hybrid TRN6777B.
4. Encryption hybrid not in socket. 5. Seecodeinserter manual.
5. Codeinserter malfunction.
DVP front panel in- 1. Lossof continuity between DVP front panel 1. Check cable from DVP front panel to DVP
dicators.or switches and DVPencryption board. encryption board.
non-functional.
Radio will not receive 1. Nofiltered 9.6 V supply to DVPencryption 1. Check voltage on R179 of DVP interface board.
in clear or coded board or DVP interface board. Check for shorts to filtered 9.6 V supply.
mode. 2. No ““Option Receive Audio’ to DVP 2. Check cable from main board to DVP interface
encryption board. board.
3. No “‘Switched Receive Audio’’ on DVP 3. Check U105C and U107D. For receive coded mode
encryption board. U105 pin 11 should be logic high. For receive clear
mode this pin should be logic low.
4. No “‘Switched Receive Audio’’ to radio 4. Check cable from radio main board or radio option
main board or to radio option board. board to DVP interface board.
Radio receives in clear 1. No ““Switched Receive Audio”’ from DVP 1. Check U105C and U107D. For receive coded mode
mode but not in coded encryption board in coded mode. pin 11 of U105 should be logic high.
mode. Coded/clear in- 2. No “‘Option Receive Audio’ to DVP 2. Check C106.
dicator does not light. encryption board equalizer. 3. Check equalizer filter circuit (includes U107B) on
3. Faulty equalizer circuit on DVP encryption DVP encryption board.
board.
Radio will receive in 1. No “‘Switched Receive Audio” from DVP 1. Check U105C and U107D. For receive clear mode pin
coded mode but not in encryption board in clear mode. 11 of U105 should be logic low.
clear mode.
Transmit coded/clear 1. Lack of continuity from DVP front panel 1. Check cable and connectors from DVP front panel to
indicator does not go coded/clear switch to DVP encryption DVP encryption board.
off and on when cod- board. 2. Check 5 Vregulator U101. Also check CR111A.
ed/clear button is 2. No 5V supply on DVP encryption board. Check for shorts on the 5 V supply.
depressed. 3.. Ul10not functioning. 3. Check pins 1,2,10,11,12, and 13 of U110,
4. U109 not functioning. 4. Check pins 2,3, and 5 of U109.
5. Q106 not functioning. 5. Check Q106.
Transmit coded/clear 1. UIOSA and U105B not switching. I.  Check pins 9and 10 of U105. Both pins should be

indicator is functional
but radio always
transmits in the clear
mode.

logic high for transmit coded mode.

Transmit coded /clear
indicator is functional
but radio always
transmits in the coded
mode.

U105A and U105B not switching.

Check pins 9 and 10 of U105. Both pins should-be
logic low for transmit clear mode.
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MOTOROLA INC. ALIGNMENT

Communications

‘ Sector

1. INTRODUCTION * deviation adjustment
4 ® receiver alignment.
Alignment of the DVP MCX100 radio consists of
four procedures which should be performed in the 2. RECOMMENDED TEST EQUIPMENT
following sequence:
Refer to Table 1 which lists the recommended test
* transmitter alignment equipment which should be used for performing the
* oscillator frequency adjustment alignment procedures presented in this section.

Table 1. Recommended Test Equipment for DVP MCX100 Radio Alignment

General Type Application Recommended Model Minimum Specifications
AC-DCYOM DC voltage measurements, general Motorola T1009 Measurement range: 0-15 Vde
1 : Sensitivity: 20,000 -chms/volt
DC Miuiltimeter DC voltage readings requiring a Motorola $1063 Measurement range: 0-15 V.dc
high input resistanice meter Input resistance: 11 megohms
AC Voltmeter Audio voltage measurements Motorola S1053 Measurement range: 0-10 V ac
Input resistance: . 10 megohms
REF Voitmeter RF voltage measurements Motorola S1339 Measurement range: 100 uV-3V from
1 MHz-512.MHz
, Inputs: 50-ohm-and high impedance
Tuning Probe Widespace Single and Dual Front Motorola TRN4778
Adapter (Note 1) - End Alignment
Oscilloscope Waveform observation Motorola R1004 Vertical sensitivity:- 5 mV-10V /division
Horizontal time base: 0.2 usec, —
. 0.5 sec/division
RF Wattmeter Transmitter output power Motorola S$1350 with appropriate element - Measurement range: 0-250 Watts
measurement and T1013 RF Dummy Load
Frequency Meter. - Transmitter frequency Model R 1200 Service Monitor with high ~~ Measurément range; 134174 MHz
measurement stability oscillator (X suffix) option. Fre-  Frequency resolution: 10 Hz

quency calibration recommended every 6
months or less.

Deviation Meter Transmitter modulation deviation = Motorola R1200 Service Monitor with Measurement range: ‘0-10 kHz deviation
measurement SLN6350 Deviation Meter and SLN6381  Frequency range: 134-174 MHz
Audio Frequency Synthesizer faudio syn-
thesizer required only for DPL radios).

RF Signal . Receiver alignment and Motorola R1200 Service Monitor with Frequency range: 134-174 MHz
Generator troubleshooting attenuator Output Level: -0.1 0VY-100,000:uV
; Must be capable-of-at least + 3 kHz devia-
R . tion when modulated by | kHz tone:
Audio Signal Audio circuit troubleshooting Motorola S1067 Frequency range: 20 Hz-20 kHz -
Generator Output fevel: 50mV-1V -4
w
. PL Tone Tone-coded Private-Line decoder Motorola S1333 Frequency range: 10 Hz-9999 Hz s
i Generator (Note 2) - troubleshooting Output level: 0-3 V-rms 2
‘, DPL Test Set Digital Private-Line Motorola SLN6413 (_D—J
[ (Note 3) encoder-decoder troubleshooting <
' DVP Test:Set DVP Encoder-Decoder Motorola R1012

| ‘ Troubleshooting

technicall writing rerviees

3/15/83-PHI1 1301 E. Algonquin Road, Schaumburg, II. 60196 68P81064E12-0O
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Table 1. Recommended Test Equipment for DVP MCX100 Radio Alignment (Cont’d.)

* General Type Application Recommended Model Minimum Specifications
2-OhmSpeaker/ . Receiver alignment and TSN6031A Speaker Kit with RPX4134A
Audio Load measurement Modification Kit
Tuning Tool Kit Receiver and transmitter alignment Motorola TRN4671A
DC Power Supply .~ DC power for shop service Motorola R1011 120V de
[ 0-40 A
Front Panel Troubleshooting Motorola RTK4036A
Extender Cables
Meiric Nutdriver. - Radio Assembly /Disassembly RSX4048A
Kit i
NOTES:
1. Required for dual front end models only
2. Required for tone-coded Private-Line models only
3. Required for Digital Private-Line models only
NOTE

All test equipment, with the exception of the DPL test set, tuning tool kit, tuning probe adapter, DVP test set
and dc power supply may be replaced by the Motorola R2001 System Analyzer.

3. TRANSMITTER ALIGNMENT

Refer to Figure 1 which shows the various test
points which are to be referred to in the procedure. Also
refer to the pertinent schematic diagrams and circuit
board details located in this manual

3.1 POWERLEVEL ADJUSTMENT

NOTE
Key the radio only while making an ad-
justment. The adjustments should be
done at the appropriate supply voltage
level specified in Table 2.

Step I.  Preset R236 (voltage limit potentiometer) by
turning it fully clockwise. Preset R245 (power adjust
potentiometer) by turning it fully counterclockwise.

Step 2. Refer to Table 2 and find the power set level
which corresponds to the power rating of the unit being
adjusted.

Step 3. Select any transmit channel. Key the radio and
adjust R245 (power adjust potentiometer) for the power
set level determined in Step 2.

Step 4. Switch through all the transmit channels and
record the channel which gives the MINIMUM power
level, as specified in Table 2.

Table 2. Power Amplifier Adjustments

Power Power Set Supply

“Rating Level - Voltage

(Watts) (Watts) (Volts)
10 10.5 min, 13.8
30 31 min 13.6

Step 5. Switch through all the transmit channels while
observing the dc voltage indication at TP27 (P351-2).
Record the voltage level and channel for the channel
that gives the highest voltage level. If this voltage level is
greater than 10 V dc, proceed to Step 9, do not perform
Steps 6, 7, and 8.

Step 6. On the channel with the highest voltage level
found in Step 5, turn R245 clockwise until the dc voltage
level increases approximately 3 volts, but do not exceed
12 volts.

NOTE

A 3 volt increase may not be possible on
some 30 watt models. In this case, reduce
the radio power supply voltage (not lower
than 10.8 V dc) while monitoring TP27,
until a voltage level approximately 3 volts
higher than the voltage recorded in Step 5
is obtained.

Step 7. Adjust R236 for a dc voltage level that is 2
volts higher than the level recorded in Step 5.

Step 8. Reset power supply voltage to the appropriate
value given in Table 2 (if necessary).

Step 9. Switch to the channel that was determined in
Step 4 and repeat Step 3 on this channel.

Step 10. Verify that all the transmit channels now have
the proper output power level.
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Figure 1.

3.2 OSCILLATOR FREQUENCY ADJUSTMENT

Step 1. Set the channel selector switch to channel 1.
Step 2. (For PL/DPL units only.) Disconnect connec-
tor J377 from the PL/DPL board, to disable encoder
modulation. Disconnect P101 from the DVP interface
board, which enables a push-to-talk to occur. Key the
transmitter to generate an unmodulated carrier.

Step 3. (For other units.) Set radio to standard
transmit mode. Key the transmitter to transmit an un-
- modulated carrier.

Step 4. Adjust C102 (reference oscillator warp adjust-
. ment) until the proper frequency indication + 100 Hz is
obtained.

Step 5. Set the channel selector switch to channel 2
and check the transmit frequency.

Step 6. Repeat the procedure until all the channels
have been checked.

.

DVP MCXI100 Radio Alignment! Test Points

Step 7. Once the oscillator frequency adjustment pro-
cedure has been completed, reconnect J377 and P101 if
they were disconnected in Step 2.

3.3 DEVIATION ADJUSTMENT

NOTE
It is important that deviation be checked
on all the transmit channels to ensure that
no over-deviation occurs on any channel.

Step 1. Set the channel selector switch to any available
channel on the radio set.

Step 2. Set radio to standard transmit mode.

Step 3. Turn R344 (REF MOD potentiometer) fully
counterclockwise.

Step 4. Connect the audio oscillator output leads to
the microphone audio input, as follows:

® hot lead to J350-12
¢ ground lead to J350-11.

ALIGNMENT



Step 5. Set the audio oscillator to 1000 Hz and adjust
its output level to 800 mV (RMS).

Step 6. Using the appropriate rf load, key the
transmitter and observe the deviation level. Readjust
audio oscillator level per Step 5 if necessary.

Step 7. Adjust R341 (VCO MOD potentiometer) until
a 5 kHz deviation level is obtained.

Step 8. Set the radio set to the other transmit channels
and observe the deviation level obtained on each. Make
a note of the channel having the highest deviation level.
If more than one channel produces the same maximum
deviation level, note the channel with the highest fre-
quency among those having the maximum deviation
level. Use this channel for Steps 9 through 14.

Step 9. Adjust R341 (VCO MOD potentiometer) to
obtain a deviation level of 4.6 kHz.

NOTE
Do not defeat the PL encoder on PL radio
units. The procedure for DPL radio units
is provided in Step 11. For radios equip-
ped with selectable PL/DPL signaling,
perform Steps 1 through 9 on any channel
programmed to transmit PL signal, then
perform Step 11 on the channel or chan-
nels programmed to transmit DPL signal.

Step 10. Turn R344 (REF MOD potentiometer) fully
clockwise.
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(A} EXAMPLE OF ACCEPTABLE "EYE PATTEAN" SYMMETRY
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(8) EXAMPLE OF POOR “EYE PATTERN" SYMMETRY

Figure 2. Examples of *‘Eye Pattern’’ Symmetry

Step 11. -(For DPL radio sets only.) Connect the direct-
coupled input lead of an oscilloscope to the digital out-
put of a standard test receiver. Select the middle rf chan-
nel that transmits DPL. (For two- channel radio sets,
select the channel having the lower transmit frequency.)
Adjust the REF MOD potentiometer (R344) until the
best eye pattern symmetry is obtained. Refer to Figure
2. Check all other channels equipped with DPL and
verify that all the eye patterns are similar.

Step 12. Set the radio to private transmit mode and key
the transmitter. Using an oscilloscope to monitor the
voltage at P355-7, adjust the DVP REF MOD poten-
tiometer (R161 on the DVP interface board) for an eye-
pattern with a peak-to-peak voltage of 4 volts.

NOTE
In some DPL models a peak-to-peak
voltage of 4 volts will not be obtainable.
In this case R161 should be turned fully
counterclockwise in order to obtain the
maximum peak-to-peak voltage possible.

Step 13. Adjust the DVP VCO MOD potentiometer
(R158 on the DVP interface board) for a deviation of
4 kHz.

Step 14. Check the deviation level on all the transmit
channels and verify that it does not exceed 4.6 kHz in
standard transmit mode, and does not exceed 4.0 kHz in
private transmit mode.

4. RECEIVER ALIGNMENT

IMPORTANT
Proper receiver alignment first requires
correct identification of the rf deck used
in the radio.

® The single front end type employs a cir-
cuit board rf deck, with board mounted
coils (in cans), only.

® The widespace single front end type
employs a casted rf deck, with three in-
tegral coils (L707, 708, and 709).

® The widespace dual front end type
employs a casted rf deck, with six in-
tegral coils (L704 thru L709).

After identifying the type of rf deck used
in the radio, proceed to the appropriate rf
deck alignment procedure paragraph in
this section of this manual.
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Figure 3. Coils Adjustment Graph

4.1 RFDECK ALIGNMENT PROCEDURE
(SINGLE FRONT END TYPE)

Step 1. Turn the slugs of coils RF1, RF2, RF3, RF4,
and RFS5 clockwise until they reach the top of the coil
forms.

Step 2. Carefully turn the slugs of coils LO1, L02, and
L03 clockwise until they touch the injection shield
cover; then turn these slugs five full turns in a
counterclockwise direction.

Step 3. Determine the tune-up frequency as follows:

e for Single—channel sets, Frune = Freceive )

® for multi-channel sets, determine Fmia by using the
following formula: Fmia = (Fhign + Fiow) = 2.

NOTE

If there are channels within plus or minus
0.5 MHz of Fmia. the tune-up should be
performed on the channel nearest to Fmid.
If the two nearest channels are sym-
metrically located above and below Fumiq,
use the channel with the lower frequency.
If there are no channels within plus or
minus 0.5 MHz of Fmi¢, a tune-up PROM
(programmable read-only memory)
should be used on receive frequency Fumia.
A procedure for tuning the receiver when
a tune-up PROM is required, but is not
available is provided at the end of this sec-
tion. The widespace models do not re-
quire a tune-up PROM.

Step 4. Set the channel selector switch to the proper
channel, as determined in the preceding step.

Step 5. Connect an ac voltmeter across the audio out-
put of the radio set. The audio output must be ter-
minated in either the recommended 2-ohm
speaker/audio load (refer to test equipment list), or a
2-ohm resistor.

Step 6. Depress the squelch button and monitor but-
ton (if used), so that noise is heard in the speaker.

Step 7. Adjust the volume control until a comfortable
noise level is obtained. If a 2-ohm load is used, adjust
the volume control until an indication of approximately
1 volt is obtained across the load.

Step 8. Adjust L5 (quad coil) until maximum noise
level is obtained from the speaker. Set the slugs of LO1,
LO02, L03, RF1, RF2, RF3, RF4, and RF5 in accordance
with the instructions provided in the graph of Figure 3.

L705

DO NOT REMOVE TAPE
DO NOT ADJUST
{SEE TEXT)

FAEPS—35882-0
(D613}

Figure 4. Widespace Single and Dual Front End
Alignment Points
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Step 9. Connect a high input-impedance dc voltmeter
to the INJ METER point (Figure 1) and set it to a low dc
voltage range. Adjust coils L02, LOI, and L03 (in this
order) until a maximum dc voltage level (typically bet-
ween 2.1 and 3.5 V dc) is obtained. Repeat the step until
no further increase in dc voltage level can be obtained.

Step 10. Connect a signal generator to the antenna con-
nector of the receiver and adjust the generator so that it

will provide an on-frequency, unmodulated signal that
is sufficiently strong to quiet the receiver. Connect a dc
voltmeter to the RISE MTR test point (Figure 1) and set
it to a low dc voltage range. Adjust coils RF1, RF2,
RF3, RF4, and RF5 (in this order) until a maximum dc
voltage indication is obtained. Adjust the signal
generator, as required, to maintain the dc voltage be-
tween 2.5 and 3.5 V dc during tune-up. Repeat the step
until no further increase in dc voltage level can be ob-
tained. Proceed to the Receiver Adjustments Procedure
paragraph in this section of the manual.

(A)

= A ———
|

TRN4778A TUNING
PROBE ADAPTER

MOTOROLA RF PROBE

RE HROBE

FAEPS-31900 -0
(H564,1564)

Figure 5. DVP MCX100 Alignment Probe
(A) RF Probe with Tuning Adapter in position
(B) RF Probe and Tuning Adapter separated

RF PROBE
WITH TUNING
ADAPTER

L707 L708 L709

METERING
POINT

FAEPS—35877-0
{609}

Figure 6. Main Board Side Tuning Probe Position
(Widespace Single Front End and Widespace Dual
Front End High Range)
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MOTOROLA RF PROBE
WITH TUNING ADAPTER

METERING POINT

L704 L7056 L706

FAEPS—35878—-0
(V609)

Figure 7. Synthesizer Side Tuning Probe Position
(Widespace Dual Front End Low Range)

4.2 RF DECK ALIGNMENT PROCEDURE
(WIDESPACE DUAL FRONT END TYPE)

In the following procedure, radios in the 136-
to-162 MHz frequency range are referred to as Range 1
radio sets, and radios in the 146-t0-174 MHz range are
referred to as Range 2 radio sets. The terms high and
low range refer to the ranges of the switched filters
within the rf deck, the actual frequency ranges are deter-
mined by the requirements of the particular radio.

NOTE

The rf input coils (L701,L702,L703) of
this type radio are covered with a strip of
tape (refer to Figure 4). These coils are
computer-set at the factory during
assembly and MUST NOT BE FIELD
ADJUSTED. If a replacement rf deck is
purchased from Motorola, these coils will
be preset by the factory. There should
never be any reason to readjust these
coils.

Step 1A. (Range 1 radios only) Carefully turn the slugs
of coils L704, L705, L706, L707, L708, and 1709
counterclockwise until the adjusting screws just pro-
trude from the radio chassis wall.

Step 1B. (Range 2 radios only) Carefully turn the slugs
of coils L704, L705, L706, L707, L708, and L709
clockwise until the adjusting screws are flush with the
torque nut on the rf deck housing.

Step 2. Refer to label on the cover of the radio for
tune-up frequencies for both high and low range switch-
ed filters. If the label is not supplied or is missing, con-
tact your Motorola representative for information. The
tune-up frequency is not necessarily the midpoint of the
frequency range.

Step 3. Set the channel selector switch to any channel
programmed into the radio.

Step 4. Connect an ac voltmeter across the audio out-
put of the radio set. The audio output must be ter-
minated in either the recommended 2-ohm
speaker/audio load (refer to Table 1), or a
2-ohm resistor.

Step 5. Depress the squelch button and monitor but-
ton (if used), so that noise is heard in the speaker (if
used).

Step 6. Adjust the volume control until a comfortable
noise level is reached. If a 2-ohm load is used, adjust the
volume control for an indication of approximately
1 volt across the load.

Step 7. Adjust L5 (quad coil) until maximum noise
level is obtained from the speaker, or the highest
reading on the voltmeter is obtained.

Step 8. Set the rf generator to the high range tune-up
frequency, and set the channel selector to the highest
operating frequency.
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Step 9. Press the tuning probe adapter (Motorola No.
TRN4778A) onto the probe of the rf voltmeter as shown
in Figure 5.

Step 10. Place the radio into the position shown in
Figure 6, and insert the test probe adapter tip through
the HI RNG FLTR probe hole in the main board and in-
to the tuning hole of the first cavity (1.707) of the high
range switched filter.

Step 11. Keep the probe in position, and turn L707 in
(clockwise) for Range 1 radios or out (counterclockwise)
for Range 2 radios until a peak in the voltmeter reading
is obtained.

Step 12. Keep the probe in position, and turn 1L.708 in
the same direction (as in Step 11 for Range 1 or 2) until a
dip in the voltmeter reading is obtained.

Step 13. Keep the probe in position, and turn 1709 in
the same direction (as in Step 11 for Range 1 or 2) until a
peak in the voltmeter reading is obtained. The high
range switched filter is now tuned.

Step 14. Set the signal generator to the low range tune-
up frequency, and the channel selector switch to the
lowest operating frequency.

Step 15. Place the radio in the position shown in Figure
7 and place the test probe adapter tip into the hole of the
first cavity (L704) of the low range switched filter.

Step 16. Keep the probe in position and turn L704 in
(clockwise) for Range 1 radios or out (counterclockwise)
for Range 2 radios until a peak in the voltmeter reading
is obtained.

Step 17. Keep the probe in position and turn L705 in
the same direction (as in Step 16 for Range 1 or 2) until a
dip in the voltmeter reading is obtained.

Step 18. Keep the probe in position, and turn 1.706 in
the same direction (as in Step 16 for Range 1 or 2)until a
peak in the voltmeter reading is obtained. Both switched
filters are now tuned. Proceed to the Receiver Ad-
justments Procedure paragraph in this section of the
manual.

4.3 RF DECK ALIGNMENT PROCEDURE
(WIDESPACE SINGLE FRONT END TYPE)

Step 1. Carefully turn the slugs of coils L707, 1708,

and L709 clockwise until the adjusting screws are flush
with the torque nut on the rf deck housing.
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X NOTE

The rf input coils (L701, L702, L703) and
injection input coils (L710, L711, L712)
of this type radio are covered with a strip
of tape (refer to Figure 4). These coils are
computer-set at the factory during
assembly and MUST NOT BE FIELD
ADJUSTED. If a replacement rf deck is
purchased from Motorola, these coils will
be preset by the factory. There should
never be any reason to readjust these
coils.

Step 2. Refer to label on the cover of the radio for
tune-up frequency, If the label is not supplied or is miss-
ing, contact your Motorola representative for informa-
tion. The tune-up frequency is not necessarily the mid-
point of the frequency range.

Step 3. Set the channel selector switch to any channel
programmed into the radio.

Step 4. Connect an ac voltmeter across the audio out-
put of the radio set. The audio output must be ter-
minated in either the recommended 2-ohm
speaker/audio load (refer to Table 1), or a
2-ohm resistor.

Step 5. Depress the squelch button and monitor but-
ton (if used), so that noise is heard in the speaker (if
used).

Step 6. Adjust the volume control until a comfortable
noise level is reached. If a 2-ohm load is used, adjust the

‘volume control for an indication of approximately

1 volt across the load.

Step 7. Adjust L5 (quad coil) until maximum noise
level is obtained from the speaker, or the highest
reading on the voltmeter is obtained.

Step 8. Set the rf generator to the tune-up frequency.

Step 9. Press the tuning probe adapter (Motorola No.
TRN4778A) onto the probe of the rf voltmeter as shown
in Figure S.

Step 10. Place the radio into the position shown in
Figure 6, and insert the test probe adapter tip through
the HI RNG FLTR probe hole in the main board and in-
to the tuning hole of the first cavity (L707) of the filter.

Step 11. Keep the probe in position and turn 1707 in
(clockwise) for Range 1 radios or out (counterclockwise)
for Range 2 radios until a peak in the voltmeter reading
is obtained.

Step 12. Keep the probe in position and turn L708 in
the same direction (as in Step 11 for Range 1 or 2) until a
dip in the voltmeter reading is obtained.




Step 13. Keep the probe in position and turn 1709 in
the same direction (as in Step 11 for Range 1 or 2) until a
peak in the voltmeter reading is obtained. The filter is
now tuned. Proceed to the Receiver Adjustments Pro-
cedure paragraph in this section of the manual.

4.4 RECEIVER ADJUSTMENTS PROCEDURE

NOTE
The following Receiver Adjustments Pro-
cedure is to be performed after the ap-
propriate RF Deck Alignment Procedure
is completed.

Step 1. Set the signal generator to provide an output
of 1 mV at 1 kHz modulation at 3 kHz deviation. With
the volume control set for a comfortable listening level,
very slowly adjust L5 (quad coil) until a maximum tone
level is obtained from the speaker (or a maximum in-
dication across a 2-ohm load, if such a load is used).

Step 2. Set the generator to provide an unmodulated,
on-frequency output signal that causes 10 dB of noise
quieting.

Step 3. Turn R2103 (SQUELCH ADJ. potentiometer)
fully counterclockwise and set the squelch pushbutton
on the front panel to the OUT position.

Step 4. Turn R2103 clockwise until the speaker noise
mutes; then very slowly turn it counterclockwise until
the speaker noise just stays unmuted.

Step 5. Reduce the signal generator output level to
zero and then very slowly increase it until the speaker
unmutes. Verify that the noise quieting (at squelch
opening) is between 9 and 11 dB. .

Step 6. (For PL/DPL or Select 5 radio sets only.) Us-
ing the signal generator, apply an on-frequency, un-
modulated output signal that produces 23 dB of noise
quieting. Adjust R1202 (BUSY LIGHT ADIJ. poten-
tiometer) until the busy light on the front panel just
turns on.

Step 7. Check radio on all channels for 20 dB quieting
sensitivity. The quieting level should not exceed 0.35 uV
on any channel.

4.5 RECEIVER ALIGNMENT WITHOUT
TUNE-UP PROM (SINGLE FRONT END
MODELS ONLY)

NOTE
This receiver alignment procedure should
be used if a tune-up PROM is required,
but is not available.

Step 1. Turn the slugs of coils RF1, RF2, RF3, RF4,
and RF5 clockwise until they reach the top of the coil
forms.

Step 2. Carefully turn the slugs of coils L01, L02, and
LO3 clockwise until they touch the injection shield
cover; then turn these slugs five full turns in a
counterclockwise direction.

Step 3. Connect an ac voltmeter across the audio out-
put of the radio set. The audio output must be ter-
minated in either the recommended 2-ohm
speaker/audio load (refer to test equipment list), or a
2-ohm resistor.

Step 4. Depress the squelch button and monitor but-
ton (if used), so that noise is heard in the speaker.

Step 5. Adjust the volume control until a comfortable
noise level is obtained. If a 2-ohm load is used, adjust
the volume control until an indication of approximately
1 volt is obtained across the load.

Step 6. Adjust L5 (quad coil) until maximum noise
level is obtained from the speaker. Set the slugs of LOI,
L02, L03, RF1, RF2, RF3, RF4, and RFS5 in accordance
with the instructions provided in the graph of Figure 3.

Step 7. Select the receive channel with the lowest fre-
quency with the channel selector switch.

Step 8. Connect a high input-impedance dc voltmeter
to the INJ METER point (Figure 1) and set it to a low dc
voltage range. Adjust coils L02, LO1, and L03 (in this
order) until a maximum dc voltage level (typically be-
tween 2.1 and 3.5 V dc) is obtained. Repeat the step un-
til no further increase in dc voltage level can be obtain-
ed.

Step 9. Connect a signal generator to the antenna con-
nector of the receiver and adjust the generator so that it
will provide an on-frequency, unmodulated signal that
is sufficiently strong to quiet the receiver. Connect a dc
voltmeter to the RISE MTR test point (Figure 1) and set
it to a low dc voltage range. Adjust coils RF1, RF2,
RF3, RF4, and RF5 (in this order) until a maximum dc
voltage indication is obtained. Adjust the signal
generator, as required, to maintain the dc voltage be-
tween 2.5 and 3.5 V dc during tune-up. Repeat the step
until no further increase in dc voltage level can be ob-
tained.

Step 10. Select the receiver channel with the highest fre-
quency. Connect a high-input-impedance dc voltmeter
to the INJ METER point (Figure 1) and set it to the ap-
propriate low range, Noting the number of turns re-
quired, adjust L02, LO1, and LO3 in a clockwise direc-
tion (in this order) only once to obtain maximum dc
voltage indication with each coil. (Some coils may not
require any change.)

Step 11. Connect a dc voltmeter to the RISE MTR
point (Figure 1). Using a signal generator, apply an on-
frequency, unmodulated signal of sufficient strength to
quiet the receiver. Recording the number of turns re-
quired, adjust coils RF1, RF2, RF3, RF4, and RF5in a

9
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clockwise direction (in the order listed) only once to ob-
tain a maximum dc voltage indication with each coil
(typically between 2.5 and 3.5 V). (Some coils may not
require any change.) While performing the step, adjust
the generator, as required, to maintain the dc voltage at
the specified level (i.e., between 2.5 and 3.5 V dc).

Step 12. For any coil whose position was changed while
performing Steps 10 and 11, turn the coil in question
counterclockwise, the number of turns being Aalf of
those recorded in Steps 10and 11.

Step 13. Set the signal generator to provide an output
of 1 mV at 1 kHz modulation at 3 kHz deviation. With
the volume control set for a comfortable listening level,
very slowly adjust L5 (quad coil) until a maximum tone
level is obtained from the speaker (or a maximum in-
dication across a 2-ohm load, if such a load is used).

Step 14. Set the generator to provide an unmodulated,
on-frequency output signal that causes 10 dB of noise
quieting.

Step 15. Turn R2103 (SQUELCH AD]J. potentiometer)

fully counterclockwise and set the squelch pushbutton
on the front panel to the OUT position.

10

Step 16. Turn R2103 clockwise until the speaker noise
mutes; then very slowly turn it counterclockwise until
the speaker noise just stays unmuted.

Step 17. Reduce the signal generator output level to
zero and then very slowly increase it until the speaker
unmutes. Verify that the noise quieting (at squelch
opening) is between 9 and 11 dB.

Step 18. (For PL/DPL or Select 5 radio sets only.) Us-
ing the signal generator, apply an on-frequency, un-
modulated output signal that produces 23 dB of noise
quieting. Adjust R1202 (BUSY LIGHT ADJ. poten-
tiometer) until the busy light on the front panel just
turns on.

Step 19. Verify that 20 dB quieting is obtained on all
the receive channels. Slightly adjust coils RF1, RF2,
RF3, RF4, and RFS, if required, until all the receive
channels are within the quieting sensitivity specification
of 0.35 microvolts.

NOTE
Clockwise rotation of the coil slugs raises
the tuning frequency, whereas a
counterclockwise rotation lowers the tun-
ing frequency.

.
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DVP MCX100 REMOTE MOUNT RADIO SET

FUNCTIONAL INTERCONNECT DIAGRAM
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_OL-DEPS-30158-B
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COMPONENT SIDE €:B0-DEPS-30160~-A

SINGLE FRONT END

MODELS TRD6161B (136-162 MHz)

parts list AND TRD6162B (146-174 MHz)

TRD6161B Singlé Front End, 136-162 MHz (L)
TRD6162B Single Front End, 146-174 MHz (H) PL-7171-B

REFERENCE MOTOROLA

GS D
TRANSISTOR BASE DETAIL

SYMBOL PART NO. DESCRIPTION
capacitor, fixed: pF +5%;50V:
R unless otherwise stated:
C700 (H) 21-11022H24 9+05
C700 (L) 21-11022H28 1
C701(L) 21-82450B47 1
C701(H) 21-82450B48 0.75
C702(H) 21-11022H24 9+05
C702(L) 21-11022H28 11
C703 21-11022G38 22
C704 21-11022M42 100
C705(H) 21-11022H16 56 05
C705(L) 21-11022H19 6.8 £05
C706,707 21-11022M42 100
C708(H) 218245033 056 FUNCTION
C708 (L) 21-82450B48 0.75
C709 (H) 21-11022H20 70 05
Srot S aanas 8205 Provides receive rf amplification, injection, and output
C710(L) 2182450848 075 at i-f frequency.
C711(H) 21-11022H16 56 0.5
C711(L) 21-11022H19 6.8 £0.5
C712 21-11022M42 100
C713 21-11021E25 .002uF = 10%
C714 21-11022H41 39
C715 NOT USED
C716 21-84547A26 0022 uF % 10% (chip)
C717 21-82450B848 0.75
C718(H) 21-11022H23 82 +05
C718(L) 21-11022H27 10 £05
C719(H) 21-11022H17 605
C719(L) 21-11022H23 82 05
C720 21-82450B48 0.75
C721(H) 21-11022H23 82 +05
C721(L) 21-11022H27 10 05
coll, rf:
L.700, 701 24-84972A34 3-1/2 turns; tapped (coded RED)
L702 24.82723H13 choke, 0.85 uH
L703, 704 24-84972A35 3-1/2 turns (coded ORG)
L705 24-84972A36 3-1/2 turns; tapped (coded GRN)
L706 24-82835G21 choke, 3.7 uH
L707 24-82723H35 choke, 23 uH
L708 24-84972A37 4-1/2 turns; tapped (coded YEL)
L709 24-84972A38 4-1/2 turns (coded WHT)
L710 24-84972A37 4-1/2 turns; tapped (coded YEL)
L7111 24-82190C17 choke, 2 uH
connector, plug:
P356,357 28-82365D03 male, single contact (antenna)
transistor: (see note)
Q700, 701 48-869839 field-effect; M9839
resistor, fixed: +5%;1/4 W;
R700 6-11020A29 150
R701 6-11020A61 3.3k
R702 6-11009C17 47
R703 6-11020A43 560
R704 6-11020A97 100k
R705 6-11020A53 1.5k
R706 6-185A35 270, 118 W
R707 6-11020A17 a7
mechanical parts
3-84208M01 SCREW, machine; M3 x 0.5 x 8; 3 used
14-84114M0O1 INSULATOR, (mixer shield)
14-84155M01 INSULATOR, (rf shield)

26-84115M01 SHIELD, mixer; component side
26-84598A01 SHIELD, coil; 8 used

26-84079N0C1 SHIELD, large; solder side
26-84117M0O1 SHIELD, small solder side
37-16754 GROMMET, rubber; 6 used

note: For optimum performance, diodes, transistors, and integrated circuits must

be ordered by Motorola part numbers.

68P81045E86-B
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WIDESPACE
SINGLE FRONT END

MODEL TLD2492B (146-174 MHz)

FUNCTION

Provides receive rf amplication, injection, and output to
receiver i-f amplifier.

Widespace Single Front End
Model Complement Chart

Provides receive rf amplication, injection, and output to
receiver i-f amplifier.

68P81048E19-B
1/19/83- PHI
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parts list

TRN4911B Hardware and Coil Kit (146-174 MHz2) PL-7499-8
REFERENCE MOTOROLA
SYMBOL PART NO. DESCRIPTION
capacitor, fixed:
C750 21-11021E13 1000 pF +10%; 50V
C751 21-11028G44 39pF £5%;50V
C752thru754 21-11021E13 1000 pF +10%; 50V
C763 21-00020M27 43pF +5%;50V
C764 21-82358G28 40 pF =5%; 100V
C766 21-84874K01 470 pF £ 20%; 250 V (feed-thru)
C770 21-00020M28 40 pF +5%; 100V
crm 21-00020M02 150 pF £5%;75V
Cc772 21-84874K01 470 pF £ 20%; 250 V (feed-thru)
diode: (see note)
CR751 48-83654H01 silicon
CR752 48-00083M01 siticon, PIN
CR760 48-00085M01 quad
connector, plug:
P356, P357 28-82365D03 male, single contact (phono)
coll;
L701 24-00078M29 input, helical
L702 24-00078M22 input, helical
L703 24-00078M21 input, helical
L707 24-00078M23 helical high
L708 24-00078M24 helical high
L709 24-00078M25 helical high
L750 24-00080M01 air wound
L752 24-82723H01 choke; 1.2 uH
L763 24-82723H05 choke; 0.41 uH
L764 24-82723H25 choke; 0.039 uH
transistor: (see note)
Q750 48-00081M01 NPN; type M8101
Q751. 48-02081B10 PNP; type M1810
resistor, fixed =5%; 1/4 W
R750 6-11008C69 6.8k
R751 6-124A33 220
R752 6-124A29 150
R753 6-11020A47 820
R761 26-185A17 47,118 W
R762 6-11020A59 2.7k
transformer:
T760, 761 24-00079M01 balun
mechanical parts
3-84208M0O1 SCREW, machine; M3 x 0.5 x 8; 2 used
3-84208M03 SCREW, machine; M2.2 x 0.45 x 6; 18 used
15-84118M01 HOUSING, preselector base
W701,702 1-80734D23 COUPLING, insert; 2 used
1-80732D79 INJECTION CABL.E assembly; includes:
30-83794C01 CABLE, coaxial; 8” used
refer P356
1-80732D80 ANTENNA CABLE assembly; includes:
30-83361G01 CABLE, coaxial RG178 B/U; 4" used
refer P357
1-80732D81 OUTPUT CABLE assembly includes:
30-83361G01 CABLE, coaxial RG178 B/U; 3" used
TRNS001A Hardware PL-7593-A
REFERENCE MOTOROLA
SYMBOL PART NO. DESCRIPTION
3-84208M03 SCREW, machine, M2.5 x 0.5 x 6; 12 used
54-00056M01 LABEL warning; 2 used




n
parts list WIDESPACE
TRN4757B Hardware and Coil Kit (136-162 MHz)
TRN4759B Hardware and Coil Kit (146-174 MHz) PL-7446-C TRN4760B Housing Assembly PL-7448-A DUAL FRONT END

REFERENCE MOTOROLA REFERENCE MOTOROLA REFERENCE MOTOROLA
SYMRO,  DARTRD. pescATTEN SYMBOL  PARTNO. DESCRIPTION SYMBOL ___PARTNO. DESCRIPTION MODELS TLD2461B (136-162 MHz)
c750 21A102E1E 1000 R over50V o 284773802 NUT, tension; 12 used
. PF 10%; resistor, fixed = 5%; 114 W 3.84589G02 SCREW, set; 8:32 x 7/16”; 6 used AND TLD2462B (146-174 MHz)
C751 21-11026G44 39pF £5%;50V R750 6-11009C69 6.8k 9.
A 3-84589G05 SCREW, 8-32x0.55”; 6 used
C752thru757 21-11021E13 1000 pF + 10%; 50 V R751 6-124A33 220 " 15-84119MO1 HOUSING, preselector
C760,761,762 21-11021E13 100 pF +£10%;50V R752 6-124A29 150 .
C763 21-00020M27 43pF +5%;50V R753, 754 6-11020A47 820
C764 21-00030M28 40pF +5%; 100V R755 6-11009C79 18k
SWITCHED FILTERS C766 thru C769 21-84874K01 470 ;'::F + E/O%; 250V (feed-thiru) R756 6-11020A85 33k TRN5001A Hardware PL-7593-A
c770 21-00020M28 40 pF +5%; 100V R757 6-11020A83 27k REFERENCE _ MOTOROLA
HIGH RANGE cm 21-00025M02  150pF £5%; 75V R758 G 11020089 K o W SYMBOL PART NO. DESCRIPTION
L707 L708 L709 connector, plug: > 3-84208M03 SCREW, machine, M2.5x 0.5 x 6; 12 used
Pas6, P357 28-82365D03 male, single contact (phonoj: transistor: (see note) 54-00056M01 LABEL, warning; 2 used
" Q750 48-00081M01 NPN; type M8101
coll;
+9,6V c7ss ¢ ¢ cr60 L701 24-00078M19 input, helica! (TRN4757A onity) transformer:
10160 ) o“on or 24-00078M29  input, helical (TRN4759A onity) T760, 761 24-00079MO01 balun
l . l L702 24-00078M12 input, helical TRN4757A only) .
L or24-00078M22  input, helical (TRN7459A onity) Iintegrated circuit: (see note)
J: crs4 o] L703 24.00078M11  input, helical (TRN4757A onity) U750 51.80067C03  type 67C03 FUNCTION
T fons erss HIGH RANGE = QuTRUT or 24-00078M21  input, helical (TRN4759A onily e anical parts
= urso 820 TEST POINT PIN DIODE L704 24.00078M13 switched, helical low P . o
I (MAIN BOARD SITCH o PLEXER L705 2400078M14  switched, helical low 3.84208M01 SCREW, machine; M3 x 0. x 8; 2 used Provides extended frequency coverage by switching bet-
INPUT FILTER (NOTE 3) 752 e Stoer L706 24.00078M15  switched, helical low 3-84208M03 SCREW, machine; M2.5 x 0.5 x 6; 6 used ween two th 1l helical filt The filt b
RF AMPLIFIER 150 £53° L76s . ) 1707 24.00078M23  switched, helical high 15-84118M01 HOUSING, preselector base een two three-ceil helical lilter s. 1he nlters may b€
vl Lo QTS RECZIVER 1-F 1708 24-00078M24 switched, helical high W701,702 1-80734D23 COUPLING, insert; 2 used tuned independently within the operating frequency of
W701 AND W702 PROVIDE INCREASED COUPL- a Lot U702 L703 753 ER7E1 1780 = C770 I 150 ! (coax caBLE TO L.709 24-00078M25 switched, hetical high 1-80732D79 INJECTION CABLE assembly; includes: . . . .
I e TWEEN LS. Rz | crs - Lrss T I r (Loax CaBLE 750 oA 00080MOT  air wound 30.83794C01 CABLE, coaxial; 8" used the radio. Switching between the ranges is controlled by
220 1600 ' C762 1 R761 - . L752thru 754  24-82723H01 choke; 1.2 uH refer P356 ] 1
Lorse Lo s 52 £ ml 50 L T aaraaon  choke12uH +80732080 A o ABLE assembly: Includes: , the Front End Select line from the synthesizer.
P3s6 7545 wron w02 c7s0 L750 B Qzso 220 Tiowo L704 L70s (706 1 L763 24-82723H05  choke; 0.41 uH 30-83361G01 CABLE, coaxial RG178 B/U; 4 used
X 3 3 Y2 ren L764 24-82723H25 choke; 0.039 uH refer P357 3 4 H s :
— Fir s F] l e ana 101 : 180732081 OUTPUT GABLE assembly includes: Output is at the receiver intermediate frequency (i-f).
RECEIVER RF | Lerst Feryst diode: (see note) 30-83361G01 CABLE, coaxial RG178 B/U; 3” used
MATES WITH J356 ! 38 = c7s57 ¢ ¢ c761 CR762 g:;g; 753 gg%ggam s!:!gon PIN note: For optimum performancs, diodes, transistors, and integrated circuits must
ON TRANSMITTER = = 3 3 > X X silicon, : ) 8 ! .
FEEDTHROUGH | l 1000 1000 CR754, 755 48-00082M01 silicon, PIN be ordered by Motorola part numbers. VVldeSpace Dual Front End
PLATE = B e CR760 48.00085M01  quad ' - Model Complement Chart
sy es.ev s furse X £V CR761,762  48:00083M01 silicon Pin =
FRONT END 1.2§ 1.2 J_ §L761
SELECT LOGIC LOW RANGE = te MIXER CR760, T760, T761 EXHIBITS APPROX.
CR751 CLAMPS HIGH LEVEL RF SIGNALS TO AP TEST POINT ‘ 6 DB SIGNAL LOSS FROM RF PORT TO
PROX. 1 ¥ FOR PROTECTION OF Q750. ’s . (CHASSIS RECEIVER IF PORT.
Rxs; 332 +8,6V SIDEY R760
LOW RANGES.8V _ 820
. HIGH RANGE 2.7V Tcres
s, v Lo 1
-t Trsme Iew
+5.6v »—ORG oy P96V
766 SOURCE N U750A
470 . 1
FROg;LEg[:I BRN :\ 3, f ‘ EEPS-30161-B - ‘L‘__
c7e7 LOW RANGE 2.7V L764 P357
470 = HIGH RANGE5.8 V 039 .o T
= [’_ —] 31 ! 703
LOWRANGE = 02VTYP ®* = = 3] T ! I: ﬁi?o\;-n 4357 — eon
- 1 1
HIGH RANGE = 6.3V TYP AL AL + ! T STNTUESIZER INJECHON
i | = INTERCONNECT i MATES WITH J357 ON
< L <+ BOARD w702 1 ! SYNTHESIZER INTERCONNEGCT BOARD
ST RTE R PROGRAMMING 7O SELECT AP.
PROPRIATE RECEIVE FREQUENCY RANGE. AMPLIFIER BOARD o []:] —
NOTES : LEGEND: cr88
L G FACTTOR VALOES ARE. IN FiCO- L meoRY NOTE 702 T
zémr‘aggz ': : INDUCTOR VALUES ARE IN MICRO- - MAINTENANCE NOTE
2. COMPONENTS NOT WITHIN MIXER OR AMPLIFIER RF SIGNAL FLOW 1
AR A T I e s TR o tuecTonsouAL o )
3. DO NOT ATTEMPT ADJUSTMENT OF INPUT FILTER ¢— CIRCUIT BOARD JUMPER HOLE w701 NE
COILS. THESE ARE FACTORY ADJUSTABLE ONLY. Dj I -
708
L701
c764
/l\ =
RECEIVER RF L
FROM ANTENNAY 1 68P81045E87-C
SWITCH -5
p3ss 0RG BRN o 1/19/83- PHI
HATES WITH 4356 ON NGTE: L763 MOUNTED TO SOLDER SIDE OF CIRCUIT BOARD. L cecerver
222322;5525, +8.6V FRONT END ) 1-F
PLATE SELECT SHOWN FROM COMPONENT SIDE SOLDER SIOE® BD-EEPS-30164-A r:or:k"xI c%at.s To
. COMPONENT SIDE{) BD-EEPS-30163-0 N BOARD
OL-EEPS-30162-C

TO MAIN BOARD

WIDESPACE DUAL FRONT END



+9.6V . p372-2
‘9.6v
Ri2O RI204
3.9 47K 0120,
r1203 \ MIBI
, -
! 47K
1200 I N BUSY LIGHT
MiBIO | ‘ SENSITIVITY RIZO6
RI200 ADJUST 470
SENSE P372-4 A
18K >R1202 !
@ RARSES | LIGHT = = — = — = Lt e ity el M- — -
* CONTROL ! ! I i |
2.1V NO SIGNAL | RIZOS | Rizo? p372-1 ' U372-1  P355-6 1 J355-6 P366-7 ' u366A-7 P366A-7) J366-7 p3s7-2 ' u367-2
45V INOTE3) . b\ T > N ] 0s83%
L 820K 680 g : : : ) f | aosy
Qizoe 17V (BUSY LIGHT | \ 1 : | ORG
N 1 ! ‘ “
1.4V BUSY LIGHT | I | | ‘ N
9.6T P372-3 “OFF") | ! | | |
: : P/0 FRONT PANEL P/0 DVP | \ -
vores i P/0 MAIN | INTERCONNECT | EN%%X';T‘;ON ! P/O SWITCH | P/0 DISPLAY
: I i / i |
1. UNLESS OTHERWISE NOTED, ALL RESISTOR VALUES _B‘O_AB[)_ _____ %O_A_R[_) R T . B 95"‘\:0 _______ B 95"30_ o
ARE IN OHMS.
2. THE BUSY LIGHT BOARD IS SOLDERED IN PLACE ON
THE MAIN 8OARD AT THE FOUR CONNECTION POINTS. LEGEND DEPS-36014-0
3 VOLTAGE MEASURED WITH —50 DBM ON—CHANNEL,
UNMODULATED SIGNAL AT THE ANTENNA INPUT. « MAINTENANCE DATA
VOLTAGES ARE TYPICAL
[=]
z
-
= &
Loz 2
< o t Q
2 2 a 8
w v o J
P360 MATES WITH J360 ON FRONT
{2 3 4 PANEL INTERCONNECT BOARD PLUG DETAIL
P359 WIRE SIDE
MATES WITH P35(
L 9351 ON MAIN BOARD
7 Y
Y 8 | IGNITION/ SPARE O ©
NOTE 2 s ] o s I R
— TEMPERATURE —~
COMP. = 7 | TEMPERATURE COMP
DIRECTIONAL __p =< 6 |DIRECTIONAL COUPLER
COUPLER | c284
el 5 6T
9.6T 4—r— 9.6
TO PA ] N
INTERCONNECT BOARD HEAT SENSE —d— - 4 |HEAT SENSE
> SW As
LLA A+ @ :iczm < 2 |[LLa A+
“
PA A+ & :/czei > 1 PA A+
RECEIVER RF FROM : CR350 4 ' S Y —
HARMONIC FILTER X v
ANT
£ I 2 3 4 5 g 9359 CR351 Y avas2
4356
NOTES: — L‘é‘;ﬁi‘&'g;‘ . P359 L L CABLE KIT FUSE CHART
1. REFER TO CABLE KIT FUSE CHART FOR FRONT END y [ REPOWER | TOWATT | 30 WATT
RATINGS OF F350, F351, F352 AND F353 - . Facor oA vy
DEPENDING ON TRANSMITTER 2 o POWER CABLE Fag: A v
POWER RATING. z > I F352 F352* 1A 1A
z J > F353+ 154 154
, C207, C2'4, C266 AND
z fgsgkizﬁgéﬁso ON TRANSMITTER Lo~ -ORC_ 6N CONTROL OF XMIT C(NOTE 3) *ONLY USED WITH IGNITION CONTROL OPTION B113.
FEEDTHROUGH PLATE +REMOTE MOUNT CABLE KIT FUSES ARE 10 AMP.
F351 (NOTE 4}
3 F352 AND THE ORANGE LEAD ARE PART RED OR GRN o oo,
OF “IGNITION CONTROL" OPTION B113. F353 NOTE 1 ik
GNO
4 BATT +WIRE IS GRN IN FRONT MOUNT
MODELS, RED IN REMOTE MOUNT MODELS. NOTE! F350 RED o 4.

NOTE !
CEPS-36013-0

parts list

VRN4000A Main Board, 25/30 kHz PL-8364-O TRN4604A Busy Light Board PL-7170-A
REFERENCE  MOTOROLA REFERENCE  MOTOROLA REFERENCE MOTOROLA REFERENCE  MOTOROLA REFERENCE  MOTOROLA
SYMBOL PART NO. DESCRIPTION SYMBOL PART NO. DESCRIPTION SYMBOL PART NO. DESCRIPTION SYMBOL PART NO. DESCRIPTION SYMBOL PART NO. DESCRIPTION
capacitor, fixed: uF £10%;50V: L50 24-82190C15 choke;1.2 uH R306 6-11020A73 10k crystal: (see note) capacitor, fixed:
unless otherwise stated 1325 24-82415N02 choke; 10 mH R307 6-10621C87 909C) + 1% Y1A, B 48-05535C05 filter matched pair: BLK-ORG C1200 23-84665F21 4.7 UF = 10%; 50V
Cithru3 21-11021E25 002 R308 6-10621C91 10.0k + 1% Y2A,B 48-05535C07 filter matched pair: BLU-VIO
C4 21-11022G34 15pF 5% connector, plug: R309 NOT USED mechanical parts light emitting diode:
C5thru 11 21-11021E25 002 P351 28-82647K03 male, 8-contact R310 6-11020A27 120 DS835 48-84404E10 orange
c12 21-11022G34 15pF +5% P352 28-84318M01 male, 22-contact R311 6-11020A43 560 3-84208M03 SCREW, tapping: M2.5 x 0.45x 6.0; 4 used
c13 21-11022G25 8pF +0.5pF P355 28-82502M04 male, 12-contact R312 6-11020A89 47k 3-84208M01 SCREW, tapping: M3 x 0.5 x 8.0; 2 used connector, pin:
C14 21-11021E26 005 R314 6-11020A45 680 4-490124 WASHER, flat, 0.092 x .250""; 2 used P372 28-84318M04 male; single contact; 4 used
c15 21-11021E25 002 transistor: (see note) R315 NOT USED 4-84152801 WASHER, shoulder, nylon; 4 used
c16 21-82450B33 0.56 pF + 5% 500 V Q1,2 48-869839 field-effect, type M9839 R316 6-11020A65 4.7k 14-05160A01 INSULATOR,crystal; 4 used transistor: (see note)
c17 21-00020M26 150 pF +5%; 100V Q50, 51, 52 48-02081B11 PNP; type M1B11 R317 6-11020A53 1.5k 14-84123M01 INSULATOR, shield (for 26-84132M01) Q1200 48-02081B10 NPN; type M1B10
c18,19 21-11021E25 002 Q53 48.02081B10 NPN; type M1B10 R318 6-11020A77 15k 14-84124M01 INSULATOR, shield; 2 used (for Q1201 48-02081811 PNP; type M1B11
c21 21-11021E26 005 Q54 48-869807 PNP; type M9807 R319 6-11020A73 10k 26-82437N01, and 2)
c22 21-11021E25 002 Qs5 48-02081B10 NPN; type M1B10 R320, 321 6-11020A01 10 14-84391F01 INSULATOR, transistor; 4 used resistor, fixed: = 5%; 1/4 W:
c23 21-11021E09 470 pF Qs6 48.869806 NPN; type M9806 R325 6-11020A43 560 1-80737D85 SHIELD, detector input with spring unless otherwise stated
C24,25 21-82450B33 0.56 pF +5%;500 V Q57 48-02081811 PNP; type M1B11 R326, 327 6-11020A73 10k 1-80737D84 SHIELD, first buffer (Q1) with spring R1200 6-11020A79 18k
c27,28 21-11021E25 002 Qs8 48-02081810 NPN; type M1B10 R328 6-11020A65 4.7k 1-80737D83 SHIELD, second buffer (Q2) with spring R1201 6-11020A63 3.9k
C50, 51 23-11019A26 22 +£20%; 16V Q225 48-84411L10 PNP; type M1110 R329 6-11020A86 36k 26-82437N01 SHIELD, solder side (Y1) R1202 18-84944C01 variable; 2k
cs2 NOT USED Q226 48-02081B10 NPN; type M1B10 R330 611020817 620k 26-82437N02 SHIELD, solder side (Y2) R1203,1204  6-11020A89 47k
C53 21-11021E09 470 pF Q227 48-02081B11 PNP; type M1B11 R331 6-11020A65 4.7k 26-84130M01 SHIELD, coil (L5) ) R1205 6-11020B20 820k
C54 8-11023B09 0047 Q300 48-869807 PNP; type M9807 R332 6-11020A73 10k 26-84132M01 SHIELD, detector solder side R1206 6-11020A41 470
C55 811023803 0015 Q301 48-02081B10 NPN; type M1B10 R333 6-11020A73 10k 26-84104M01 HEAT SINK, main board audio/regulator R1207 6-11020A45 680
C56 23-11019A09 1£20% Q302 48-869641 PNP; type M9641 R334 611020A86 36k 39-10184A10 CONTACT, pin (bubble); 3 used hanical
C57,58 23-11019A26 22 £20%; 16V Q303,305 thru  48-02081B10 NPN; type M1810 R335 6-11020A98 110k 43-84136M01 SPACER, standoff; 3 used mechanical part
c59 811023817 022 306 R336 6-11020A98 110k 46-84135M01 GUIDE, circuit board 43-84137M02 SPACER, LED
C60 23-11019A26 22 +20%; 16V Qazs 48-02081B11 PNP; type M1B11 R337 6-11020A57 2.2k
C61,62 21-11022M42 100 pF +5% Q326 48-02081B10 NPN; type M1B10 R338, 339 6-11020A97 100K
ce3 23-83210A19 500 + 100-10%; 20V Q2100 thru 2103 48-02081B10 NPN; type M1B10 R340 6-11020A73 10k
Co4 811023817 022 R341 18-84944C03 variable, 10k +20%
C65 23-84613M02 22 +20%;25V resistor, fixed: +5%; 1/4 W: R342 6-11020A59 2.7 TKN8158B Power Cable (Front Mount CUA and EXA Models) PL-7165-E
ggg 67 gslégggﬂzﬂ (1]02020::03 3% a 6.11020A29 :tg(l)ess otherwise stated Sgﬁ ?81 ;352:«82)3 10 ble. 10K  20% REFERENCE  MOTOROLA TKN8160A Ignition Control PTT (Front Mount CUA and EXA Models) PL-7216-B
.22; 1 -11 - varimble, + o
69,70 23.-11019A26 22 +20%; 16V R2 6-11020A47 820 R345 6-11020A49 1K SymBoL PART NO. DESCRIPTION REFERENCE ~ MOTOROLA
C225,226 21-11022M42 100 pF 5% R3 6-11020A49 1k R346 6-1102057 2.2k fuse: SYMBOL PART NO. DESCRIPTION
C227 23-11019A26 22 +20%; 16V R4 6-11020A29 150 R347 6-11020A25 100 F350 65-4165 15A fuse:
c228 8-11023813 01 RS 6-11020A35 270 R348 6-11020A73 10k F351 65-20404 3A;250 V F352 65-52281 1A
C229 811023823 068 R6,7 6-11020A47 820 R349 6-11020A25 100 F353 65-4165 15A
C230 8-11023B09 0047 R8 6-11020A43 560 R2100, 2101 61 1009027 252kp mechanical parts transistor: (see note)
€300 23-11019A26 22 £20% R9 6-11020A35 270 R2102 6-11009C85 33k Q304 48.02081B10 NPN; type M1810
C301 21-11022M42 100 pF £5% R10 6-11020A85 33k R2103 18-84944C01 variable, 2k  20% P359 15-84192M01 HOUSING, connector; 6-contact
C302 21-11021E25 002 R11 6-11009C71 8.2k R2104 6-11020A57 2.2k 14-82883A01 INSULATOR, fuseholer; 3 used resistor, fixed:
C303 23-84613M02 22 +20%;25V RS0 6-11020A65 47k R2105 6-11009C53 1.5k 42:82884A01 CLIP, fuseholder; 3 used ) R313 6-11020A73 10K +5%; 14 W
C304 811023813 01 RS51 6-11020A83 27k R2106 NOT USED 1-80733D11 ASSEMQLY, black wire and terminal; mochanical pars
€305 23-84613M03 47 £20%; 16V R52 6-11020A75 12k R2107,2108  6-11020A53 1.5k includes: Ld :
C306 21-11022M42 100 pF = 5% R53 6-11020A91 56k R2109 6-11020A85 33k 9-84151B03 TERMINAL, female (small); 2 used 1-80733D18 ASSEMBLY, orange wire and clip includes:
c307 23.84613M02 22 % 20%: 25V R54 611020802 150k R2110 6-11020A85 33k 1-80733D12 _ASSEMBLY, red wire and terminal (short) 42-82884A01 CLIP, fuse helder
C325 21-11022M42 100 pF +5% R55 6-11020818 680k R2111 6-11020A85 33k includes: 1-80733D19 ASSEMBLY, orange wire and terminal;
Ca26 8-11023A11 0068 + 5% RS6 6-11020A71 8.2k R2112 611020A81 22k 4282884101 CLIP, fuse holder includes:
caz27 23-11019A09 1 +20% R57 6-11020B14 470k R2113 6-11020A29, 150 29-82607B03 LUG, ring 9-84151B03 TERMINAL
caz28 811023801 001 R58, 59 611020A73 10k R2114 6-11020A55 1.8k 14-82882A01 BODY, fuse holder 14-82882A01 BODY, fuse holder
C329 8-11023B05 0022 R60 6-11020A43 560 R2115 6-11020A85 33k 41-82885A01 SPRING, fuse holder , 14-82883A01 GAP, fuse holder
©330 21-11022G52 80 pF +5% R61, 62 6-11020A89 47k R2116 6-11020802 150H 1-80733D13 ASSEMBLY, red wire and terminal (long) 41-82885A01 SPRING. fuse holder
C331 23-11019A45 100 +20%; 16V R63 6-11020A87 39k R2117 6-11020A73 10k includes: 42-82884A01 CLIP, fuse holder
C332 21-11022M42 100 pF +5% R64 6-11020A97 100k R2118 6-11020A55 1.8k: ';’98-3;; g;) L1(:5 ASEEEWBIE‘?L’ rfemalg (largg)t il (short 42-10217A02 STRAP, cable harness
C333 811023818 027 R65 6-11020A81 22k R2119 6-11020A47 820: includes: » green wire and terminal (shor note: For optimum performance, diodes, transistors, and integrated circuits must
C334 21-11025A01 01 £20%;25V R66 6-11020A73 10k R2120 6-11020A89 47K 42.-82884A01 S tuse hold be ordered by Motorola part numbers.
C335, 336 23-11019A26 22 +20%; 16V R67 6-11020A61 3.3k R2121 6-11020A65 4.7k 50865065 |_1'] 5 luse hoider
C2100 8-11023B21 047 R68 6-11020A29 150 R2122 6-11020A79 18k 482882201 5O D’Y’ "f‘g hold
C2101 23-11019A09 1£20% R69 6-11020A49 1k R2123 6-11020A76 13k 418288501 SPRIN G“fe °h ?é
©2102 8-11023B01 001 R70, 71 6-11020A43 560 R2124 6-11020A73 10k s ; use holaer )
C2103 8-11023B09 0047 R72 6-11020A35 270 R2125 6-11020A53 1.5k 1-80733D15 ASSEM BLY, green wire and terminal (long)
C2104, 2105 21.11022M42 100 pF 5% R73 611020A79 18Kk includes: TRN5365A Power Interconnect Board PL-7167-B
’ > I 9-84151B03 TERMINAL, female (small)
C2106 23-11019A26 22 +20%; 16V R74 6-11020A29 150 theirmistor: 180733016 ASSEMBLY. Llack wire and termi REFERENCE  MOTOROLA
c2107 811023817 022 R75 6-11020A91 56k RT2106 6-82557J06 16k @25°C ; o oY, blackwire an terminal (short) SYMBOL PART NO. DESCRIPTION
C2108 23-11019A07 0.47 R76 6-11020A57 2.2k : -
c2109 2311019008 1220% R77 6-11020A65 4.7k intevgrated circuit (see note) 2252884001 CLIP, fuse holder CR350 882525613 e seencte)
c2110 8-11023B13 01 R78,79 17-82036G59 0.18 £ 10%:; 1 W U1 51-83620M47  widieband amplifier 9-82607B03 LUG, ring h
oy, 14.82882A01 BODY, fuse holder CR351 48-82525G19 silicon
R225 6-11020A25 100 U2 51-84561.84 limiiter/detector 41.89885A0 , V82 6-84957M01 varistor. metal oxide
diode: (see note) R226 6-11020A49 1k Us0 51-82609M33 duail operational amplifier 8 1 SPRING, fuse holder ) g
CRS0, 51 48.84309M01  silicon R227 6-11020A25 100 300,325  5182609M33  duail operational amplifier 180733017 ASSEMBLY, black wire and terminal (long) connector, receptacle:
CR52,53 48-83654H02 silicon R228 6-11020A65 4.7% U2100 51-83629M06 quaid operational amplifier : R ;
CR225 thru 229 48-84399M01 silicon R229 6-11020A67 5.6 2984151108 TERMINAL, fomale {iarge) jgg; %3497E10 fﬁﬂ?ﬁéif?si"e‘ﬁﬁie 2)
CR300 48-84399M01 silicon R230 6-11020A61 3.3k voitiage regulator: (see note) 29-3053 LUG, solder: 2 used
CR301 NOT USED R231 €-11020A73 10k Mise 4882256015 Zemertype; 8.1V 29-84134M01 TERMINAL, short; 4 used
CR302 thru 305 48-84399MO1 silicon R232 6-11020A47 820 VR225 48-82256C33 Zemer type; 2.6 V . -
CR325 48-84399M01 silicon R233 6-11020A59 2.7k VR301 48-83461E40 Zemer type; 5.1v 1% , notes:
CR2102thru 48-84399MO1 silicon R234 6-11020A75 12k VR353 48-82256C11 Zemer type; 10V TRN4602A Transmitter Feedthrough Plate PL-7166-A 1. For optimum performance, diodes, transistors, and integrated circuits must be
2106 R235 6-11020A71 8.2k VR354 48-82256G20 Zemer type; 27 V REFERENCE  MOTOROLA ordered by Motorola part numbers.
CR2107,2108  48-83654H01 silicon R236 18-84944C02 variable; 25k *20% VR355 48-82256C11 Zemer type; 10V SYMBOL PART NO. DESCRIPTION
R237,238 6-11020A77 VR2100,2101  48-82256C33 Zemer type; 2.6 V capacitor, fixed: 2. For parts not listed in the above parts list refer to the radio set mechanical
connector, receptacle: R239 6-11020A73 10k . DO, - DED V- X parts list section.
4350 1-80731D28 assembly, 14-contact R240 611020485 33k £214,203,267, 2184674K01  47OPF = 20%; 250V; feec-thru
J380 28-84318M10 male; 4-contact R241 6-11020A89 47k e
R242 6-11020A63 3.9k .
coil, t: R243 6-11020A81 22 4356 9-83663C01 Femate; singls contact
Lithru 4 24-82723H35 choke; 23 uH R244 6-11020A75 12k ’
L5 24-84972A57 8-1/2 turns coded GRN R245 18-84944C02 variable; 25k +20% mechanical parts
L6,7 24-82723H35 choke; 23 uH R246 6-11020A72 9.1k 3-84208M01 SCREW, machine: M3 x 0.5 x 8; feed-thru
R247 6-11020A57 2.2k 4-84207E02 SOLDERRING
R300 6-11020A53 1.5k 29-84322M01 TERMINAL, pin; feed-thru, 6 used
ggg; g-} :gggﬁi; ggg 64-84212M01 PLATE, feed-thru
R303 6-11020A75 12k
R304 6-11020A76 13k
R305 6-11020A51 1.2k

MAIN BOARD AND POWER

INTERCONNECT BOARD

POWER CABLES
BUSY LIGHT

FUNCTION

The main board contains receiver circuitry, transmitter
audio and power control circuitry, and voltage regula-
tion for transmitter and receiver circuits. The power in-
terconnect board provides power distribution for the
radio set and feedthrough interconnect from the main to
the power amplifier circuitry.

68P81064E17-0
(Sheet 1 of 4)
3/15/83- PHI
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MAIN BOARD AND |
POWER INTERCONNECT BOARD TRANSMITTER parts list

10C CIRCUIT WAVEFORMS (NOTE 4) NOTES:

' , ) . . . . TKN8173B Power Cable Remote Mount (CUA and EXA Models) PL-7464-D
TRANSMITTER 1. Unless otherwise noited, resistor values are in ohms, capacitor values in
8.4v microfarads, inductor-values are in microhenries. REFERENCE MOTOROLA
y AT 1KNHZ SYMBOL PART NO. DESCRIPTION
CAUTION 4.8V 2. Refer to Microphone iinstruction section for preamplifier information. N
PTT LOGIC s fuse:
DO NOT SHORT 967 LINE TO GROUND WHILE Q325 IS TURNED ON BY Q303 ONLY IF MIC PTT 24 F350 65-10266 10A;32V
T 2 )
RANSMITTER IS KEVED IS LOW AND PTT IS NOT LOW THIS ALLOWS t.2v 3. Referto Jumper Table;. F351 65-20404 3A; 250 V
MIC MUTING DURING SIGNALING OR DATA ;
*8.6v 3302 TR39 TRANSMISSION ) . ) ; . F353 65-10266 10A;32V
v M964] s.sv-T ‘D 4. Measured with 800 milllivoits rms, 1 kHz input to “MIC AUDIO + " input (J350-12) mechanical parts
I R with “MIC PTT" (J350-14) grounded.
ﬂ » 9.6 (SOURCE) TRANSMIT AUDIO/IDC P359 15-84192M01 HOUSING, connector; 6-contact
% 19,6V AN 5. Referto Parts List for component values. 14-82883A01 INSULATOR, fuseholder; 3 used
R310 CR325 IMPROVES LIMITING SYMMETRY OF AT 1KHZ 42-82884A01 CLIP, fuseholder; 3 used
120 A U325A P25 4.8v 6. LLArefers to low leveii rf amplifier stage. 1-80733D11 ASSEMBLY, black wire and terminal,
ALWAYS REPLACE BOTH Q302 AND Q307 AS A \ ! ; .
‘ PAIR IF EITHER DEVICE FAILS 2.5v tations: includes: .
REMOTE/MAIN BOARD R349 Q326 1S CUT OFF DURING RECEIVE TO PREVENT 7. Voltage notations: 9-84151B03 TERMINAL, femgle (small); 2 used
INTERFACE C335 2100 R326 R332 NOISE IN THE IDC STAGE FROM MODULATING (T) = Transmitter Kieyed 1-80734D03 ASSEMBLY, red wire (short remote)
J380 007 J_———-)}:—A 10K R (NOTE 5) P352-20 THE VCO. (R) = Receive (Tramsmitter Unkeyed) includes:
nic PTT[1 43307 SVt = 22 LIMITER foRazs PL/DRL YCO P25 0.6V 14-82882A01 BODY, fuseholder
/MBI O micwre MIC AUDIO TE 4 i 8. R313and Q304 are parrt of “Ignition Control” Option B113. 29832116 LUG, ring tongue (3/8” stud)
HANG-UP SHITCH 2 R317 MUTE GATE R330 SPLATTER FILTER *’ P352-16 41-82885A01 SPRING, fuseholder
kevl 3 1.5K RI2S: R M35 e e 4.0V R338 ReF __ Transmitter Jumper Table 42-82884A01 CLIP, fuseholder
MIC AUDIO +| 4 IGNTI1ON/SPARE TR22 M1B11 o.0v Leszs Q326 100K 'rP.zs susze Mf" Jumper Function Location 1-80734D04 AS’SEdMBLY, red wire #18 (short remote)
P351-8 ¢ T.0022 6] 4 — - includes:
TP4s e ConTROL L ? () €326 razs | 4 2NUe ———{m\zm\7 quzs MIBIO | can NoTE 3| JU302  CutFor Igmition PTT Control Option B113 Q304 14-82882A01 BODY. fussholder
SPAR P3I52-4—>—p—@ TP42 g 0068 (NOTE 5) u32sa R3ANOTES) | R4 , RS | Re4pvs, (NOTE 3) 100 JU325  Always Out; U325B-7 29-865065 LUG, ring tongue (3/8" stud)
PAD PTT : ' 3. 4.8V (NOTES5)| (NOTES) (NOTE5) R340 $R343 - — 41-82885A01 SPRING, fuseholder
"o B frev] T ~ " contmor. Sa'svir pRE-EMPHISIS  C336]+ T 7 jtees | ® s noTE 5y F10 JUs28  Install For Special Applications Only R340 42-82884A01 CLIP, fuseholder :
! ?g::';ghn\ Y 8.8v-R =& C328 NETWOR| ! " 1 0HHY oo JU352  Cut For Alternate Use of J350-2 J350-2 1-80734D05 ASSEMBLY, black wire (short remote)
PREANP P/0 | R313 | R318 JU3s4 PTT, 6lprT 100PF 2. R c392 | 190 1ira3s ca2e 4 €330 10C vco R337 | JR338 P/0 P35S includes:
ARTRIOGE P350/4350 JU3s6 | 1ok | 1ok INOTE 31 < . 0 i | 13inoTES) T .001 (NOTE ) 1004 7002 2.2K| $100K ou ) | cu FRONT INTERCOMECT JU354  Cut For Altwrmate Use of J350-6 13506 1 £82882A01 o csseholder
</(A MIC AUDIO ¢ RED( 4 5iMIC A D10 ¢ 338 4 | (NOTE | R312 2 gznl‘g:”’ AUDIO = = 100PF | €333 | R34} 2 4 _REF MOD(, |per mOD Ju3ss Cut For Altiernate Use of J350-7 J350-7 29.832116 LUG r‘ing tongue (3/8” stud)
i L VR353 (NOTE 3) TP4E | e TP44 P P23 .027 . 10K tokseT—> ;
L AUDIO_GND BLK) gy 1oV ® ! P/0 | ‘ veo JU356  Cut For Alteernate Use of J350-12 J350-12 41-82884A01 CLIP, fuseholder
i mic PTT RN = JU3s8 MIC PTT . | a\ J350 Juas2 €327 R3ag a8y = i i < + 9,87 oo veo 100! , | veo Moo 41-82885A01 SPRING, fuseholder
+ 14 L ' (N%T_E-g) 0AV-T ' t T > (N%T_E-gT v ;lx NOTES) ﬁ— = 0225 PROVIDES REGULATED A + TO TRANSMIT- Ju3s7 Cut For Altsarnate Use of J350-10 J350-10 1-80734D06 ASSEMBLY, red wire (long remote)
fre Lo// i - 9.6V-R , 0304 Q303 R346 TER LOW LEVEL AMPLIFIER (LLA) STAGES. RF R347 R342 R34S o.6T——s5|9.6T JU358  Cut For Altternate Use of J350-14 J350-14 includes:
SHITCH 7 au3s 365 'MIB10 ! M1B10O P352-17 2. 2K C333 AND L325 PROVIDE A NOTCH FILTER POWER OUTRUT IS CONTROLLED B v e 100 (NOTE 5) 21k B+ 29-84151L05 TERMINAL, female (large)
! NoTE FVgRse S oTE ~jsey " TRANSMIT ABOVE THE AUDIO PASSBAND TO REDUCE AD- e QN TAOLLED B U200 WHICH 1S AFFECTED t_ JU3s9  CutFor Altiernate Use of J350-11 435011 1-80734D07 ASSEMBLY, red wire #18 (long remote)
Hé*?ls;g:\oo——q————————-sm ' WHT) g (noTes TROTE 39 L AUIO = ACENT CHAtIEL SpATTER 2 DIRECTIONAL COUPLER Vi "POWER AD = = = e i JU363  CutFor Altrernate Use of J350-12 And J380-4 (MIC Qazs-E includes:
(GFF HOOK) HaNG-UP sWITcH BLul | | 5 T guas JU364 1o p3sp-is ’;,ng‘f,,éiﬁg'o;"ﬂfc Qo2 1o oNAN JUST"C%N;’;?L A WP DIODE CRI451 vasy 11| crROUND AUDIO +) ?Zgg;glggg ASRSEE%IEBPJ\?%‘I_SC’b:?i‘l'zk(elg:;%er:;:;am
L NOTE 3) (NOTE_O_—’S) HANG—UP SWITCH GROUNDED OR IF MIC PTTIS HI g: 2.;»31265 Ui . 0 . L ol Ju3s4 gyvtnl;z;; Alternate Use of J350-10 And J380-2 (Hang-Up P352-15 includes: '
o <> f s VOLTAGE LT F LLA A D EAT SENSE TAEMISTOR ST i i 2084151105 TERMINAL fomale (arge)

3 + . - . .
gg;ulzfétﬁmuogs?gf;o o se Sians up YoV Q304 1S ENABLED VIA R313 BY THE 136 V FROM RaES ABOVE WOLTAGE SET BY R236 CR226 TRANSMITTER AREA. 225 LA ae 1JU367 JU365  CutFor Altrernate Use of J350-14 And J380-1 (MICPTT)  Q304-E l 3—21352?;:8; g?;;\'.i’sehﬁ'dﬁ" 3 use_d6 .
SWITCH. DASHED LINE SHOWS WIRING FOR 1 THE VEHICLE'S IGNITION SWITCH DS A TR DES 9o N TRANSMIT POWER AND LEVEL 13.2v M1110  SOURCE) JU367  CutFor Altrernate Use of P352-21 P352-21 421021702 STRAP, ::i:oemzr:%sgb use
CARRIER SQUELCH MODELS o o LIMITING OF LLA A + LINE ﬁ CONTROL CR225 PROVIDES SHORT-CIRCUIT PROTECTION PA A+ ~> 1 " (NOTE 6) JU368  Always In P352:8 42-82884A01 CLIP, fuse: 3 used

JU363 3.67 TO THE LLA REGULATOR. I§ Q225 COLLECTOR R225 P3S1-2 bt
(NOTE 3) 1S SHORTED TO GROUND, CR225 IS FORWARD™ 100
Y BIASED TO CUT OFF Q226.
o P/ P3S2 ——
0.6V SIGNALING Component Designation Chart
+ — vOLY
&) o
9.6V REGULATOR 4 et 10 R34 ‘_____qu PL/DPL REF Transmit Audio/DC A 5.349
+4.8V SUPPLY CAUTION. BATTERY VOLTAGE IS PRESENT AT DIRECTIONAL COUPLER VOLTAGE DECREASES 25K w230 Terass o cozy |cR228 < 21]+4.8v/SPARE § 9.6V Regulator, 4.8 V Riegulator and PTT Logic 300-324
THIS POINT WHEN RADIO IS TURNED OFF. ‘ 13.2v A M i e R239 R244 3R2I7 g cpagg 33K R234 r232 r226 Tas Transmit Power & Leveii Control 225.249 and U300B
+9.6V PA A+ TROL A245 TO INVERTING INPUT OF U3008 TO a 10K ! 15K Teo29 12xQ227 3820 48 3k 4 1 TO R334 4——20{PL/DPL VCO TKN8197A Ignition Control PTT Remote (CUA and EXA Models) PL-7468-B
v PROVIDE CONSTANT POWER LEVEL INDEPEN- = sy TP28| 553 TPS0 . ¥ = 11 4| SPARE 3 Integrated Circuit Chart
Y CR300 PROVIDES SHORT-CIRCUIT PROTECTION Q300 DENT OF FREQUENCY AND TEMPERATURE T30 ® | M1B11 AQ226 10 C327 < 17| 0PT1ON TRANSMIT AUDIO 9 REFERENCE  MOTOROLA
By REMOVING DRIVE TO Q301/Q300 WHEN M9o807 R24r2 2K} Si+ ; R235 (o ’ MIB10 Ju36s N Reference Type V+ V- SYMBOL PART NO. DESCRIPTION
REGULATOR OUTPUT IS SHORTED. TPIS@ R240 P R243 sv §|usoos y 3, 13.2v - > 8! PA A+/SPARE 4 Number Niumber Pin Pin Description
13.2v QJ +3.6V 33K - 8.2K — PA A+ TO QI08E «—— 4|PTT - fuse:
R303 SH Ae $R314 (SOURCE) Past 22K 20 70 23088 < s |PTT CoNTROL U300, U325 19M33 8 4 Dual Op Amp F352 6552281 1A
12K 5 680 70 POWER 49,6V cazs 0047 R227
Y 12,5V INTERCONNECT_BOARD TP29 @— 3Reat c228 i€ I TO G308C «—— 3 |DEL PTT
5.4V @ Q306 R245 S a7k ' 5 047 = 100 TO J380-2/0U357 15| HANG-UP SHITCH P31 Vol Chart transistor: (see note)
Mi1B10 ‘@ TP36 IGNITION/SPARE | 8 ——»T0 R313 91K w238 .01 D ) :2;: 8329 41 VIA Ju364 - | crouno P31 Voltage Cha Q304 48-02081B10 NPN; type M1B10
R242 2. Bk £
R304 c302 TEMPERATURE COMP |7 P31 33 0k 15K | U3008 CONTROLS LLA REGULATOR CIRCUITRY LEGEND: 49,6V —p—] 6 [ 49,6V g:"'p"‘ VT::31 resistor:
13K TP40 R307 R305 3k R302 . DIRECTIONAL COUPLER|S L OF Q227. Q226. AND Q225. AS THE OUTPUT L L EF 2| sPare 1 'ower oltage R313 61102073 0K = B%: 114 W
9.09K 1.2K .002 fao. FCRIOO 4 G305 3.6T]s <« 9.6T SEE VOLTAGE CHARTl cRza7 = VOLTAGE OF U3008 RISES. THE OUTPUT = > = THEORYNOTE 0'Watts 20V =270
4 47 VOLTAGE OF Q225 DROPS o——11|sPaRE 2 g hanical part
+4.8v (SOURCE) 2 8 Q301 HEAT SENSE |4 v 25 26 FROM P355-10 107Watts 16V mechanical parts
4| c303 ¥CR304 S 03V aooast v MiB10 SH A+ |3 » Si'A+ SOURCE c2 c2 (REFER TO RECEIVE N 4 = MAINTENANCE NOTE hod 30rWatts 1.3V 1-80732D45 ASSEMBLY, org. wire and terminal (jong)
T2 P37 T 'S 301 (. av LLA A¢ |2 4—e—a225C 9, ioopr  Trooer AUDIO CIRCUIT) includes:
R308 R306 15.03V T 100PF ‘ Pa A+ |1 » 13.2V PA A+ SOURCE = = vCo LOcK - PRIMARY SIGNAL F 9-84151B03 RECEPTACLE, contact; female
» 13. —_—p = LO! 5 Y
Y CR3IOS ook @ 10K e 4 23 C:Z'Zi " 1-80733D18 ASSEMBLY, org. wire and terminal (short)
VR301 L C304 Jox ' includes:
Fov T.oo 301 Q rezs —f>— = SECONDARY SIGNAL FLOW 4282884A01 CLIP, fuseholder
L + L + + 4 930 4 P34 ‘ EEPS-36008-0 14-82882A01 BODY, fuseholder
4 = —@ = TESTPOINT 14-82883A01 CAP, fuseholder
= WHEN THE SYNTHESIZER 1S UNLOCKED, U3008 = ,
Q O PIN 5 IS DRIVEN HIGH VIA CR229 AND R231, 41-82885A01 SPRING, fusehoider
WHEN THE INPUT AT U300-3 IS LOW (LESS THAN CAUSING PIN 7 TO GO HIGH THIS TURNS OFF - SPARE PA| 42-10217A02 STRAP, cable harness
- £ PAD
C304/R306 REDUCES HIGH-FREQUENCY ZENER 1.2 V. DC), OUTPUT AT U300-1 IS HIGH. THIS Q227. Q226 AND Q225 TO TURN OFF THE LLA 42-82884A01 CLIP, fuseholder
NOISE IN THE POWER SUPPLY. DRIVES Q307 TO SATURATION, WHICH TURNS A+ -
ON Q300. THIS PROVIDES SELF- STARTING OF _.___@ = CONNECTOR PIN note: For optimum performance, diodes, transistors, and integrated circuits must
THE REGULATOR AT POWER TURN-ON. be ordered by Motorola part numbers.
68P81064E17-0
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DETAIL

P355
vou cont wren [1] ,, MAIN BOARD AND
i} BRN _FRONT END SELECT
+9.6v |2 ; (TO WIDESPACE DUAL FRONT END CASTING) MAIN BOARD
caveion swren | 3 POWER INTERCONNECT BOARD
: —» RECEIVER | —F COAX
VCO MOD | 4 & (FROM FRONT END)
06T |5 M CIRCUIT BOARD DETAILS
BUSY LIGHT CONTROL |6
REF MOD | 7
VOL CONT GROUND | 8
'VOL CONT HI | 9
LOCK DET |10
[~
GROUND | 11 SHOWN FROM SOLDER SIDE TRANSISTOR DETAILS ;: z
(SHOWN FROM Ee o
FRONT END SELECT |42 BUSY LIGHT BOARD st s
L WIRE LEAD SIDE) k 2 PEG
_§:ke POWER INTERCONNECT BOARD
cCBE :
00O
) ALL PLASTIC ENCASED
/ g ;R TRANSISTORS EXCEPT 302, Qf,Q2
103} 8 J
] E B C
~ = [}
( o . y 8 " g S S
Y : 3 g2 oL, 2
z - E z a8 o w
W x = 2 o € 3 >
w w @ = o Zz NI T =
; z o FEE 1 z 3 W oW o o
£ : ¥ S £ S g a < w SE ¥ £
j : % TUFfgs zyvf3EIZEE Lo
@ 23 282,uwgzygtpiroos L 1,02
g ot b2 Sy 8F sz 3gs850 89 g5 8 e c €
T ST @S G8 ¥ITH O 65 sHra oo o oGO NOTE:
OETAIL TRANSMITTER FEED THROUGH PLATE MOUNTED ON SOLDER
rzz 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1]"352 SIDE OF BOARD. FEED THROUGH CAPACITORS AND J356 ARE
’ 054,056,0300,0225 MOUNTED TO FEED THROUGH PLATE.
ETE
: NOTES:
: (. TEST POINTS AND SPARE PADS ARE IDENTIFIED ON CIRCUIT BOARD.
! 2. Q304 AND R3I3 ARE PART OF IGNITION CONTROL OPTION 8113,
] 3. ALL JUMPERS EXCEPT JU328,JU368, AND JURi00 ARE
i PLATING CUT JUMPERS. TO REMOVE JUMPERS,CUT THE PLATING.
H 4. PIN"" OF INTEGRATED CIRCUITS AND CONNECTORS AND
H "CATHODE" UF DIODES DESIGNATED BY SQUARE PADS.
TEMPERATURE COMP
DIRECTIONAL COUPLER
SHOWN FROM COMPONENT SIDE
SOLOER SIDE# BEPS - 30156-0 IGNITION / SPARE
é COMPONENT SIDE & BEPS - 30155-0 TEMPERATURE COMP
: '?’ OL BEPS-30154-0 DIRECTIONAL COUPLER
) . 9.67
3 % | HEAT SENSE
4 o o 4
H % 5 g | sw a+
x At
DETAIL b LLa
4 3 4380 { PA A+

gs
%g OL  DEPS~—30138~A
DETAIL 88 COMPONENT SIDE *# DEPS— 30133-0
350 F-1 SOLDER SIDE % DEPS—30140-0
-0
OPTION RECEIVE AUDIO 1 GNI SPARE SHOWN FROM COMPONENT SIDE
OPTION TRANSMIT AUDIO 2
EXT ALARM | 3 ATURE COMP
OPTION AUDIO GROUND 4
OPTION DC GROUND | 5 ONAL COUPLER
PTT 6 V
SWar | 7
4 ENSE
i
SPKR LO | 8 4
SPKR HI 9 [
HANG UP SWITCH | 10 L2 SOLDER SIDE /i i EEPS-34997-0
AUDIO GROUND " .
-y COMPONENT SIDE % EEPS-34996-0 68P81064E17-O
MIC AUDIO + 12 oL EEPS-36018 -0 (Sheet 3 of 4)
GROUND | 13 3/15/83- PHI
mC PTT 14 ¢
-
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MAIN BOARD AND
: POWER INTERCONNECT BOARD
YEL o—-T

v
P355-6 BUSY LIGHT CONTROL
RECEIVER 21.4 MHZ IF Pass-s Busy RECEIVER
o LIMITER/QUADRATURE DETECTOR 3372-1
- NT +9,.,6V
WIDE-SPACE FRONT END 1F AMPLIFIER . 9.57 J372-2 | 7O BUSY LIGHT BOARD
ORG O l __W( J372-3( (PL/DPL/SELS MODELS ONLY)
L6 ca? SR6 — £ J372-4
11.7V SUPPLY 23 I .002 820
RED =
SW A+ R320 TO SINGLE FRONT END
13.2 v
ca1 .
w30 (G781 — P e, NoTES:
. 1. c1o 1 [ . .
cioo 12.7 v 12.8 v y FIRST BUFFER SECOND BUFFER I .002 I 002 = 1. Unless otherwise noted, resistor values are in ohms, capacitor values are in
. L3 ls ! i e .
s [\ VAL T A ' i ! T = = Lcee Tl “RISE microfarads, inductor values are in microhenries.
1 22 v L1 23 _|_ 4002 = . e .
o C3°7_]_* J, cas 23 c3 95y ——OMETER  IGMV AMS PER 1 KHZ 2. Measured with -50 dBm 21.4 MHz unmodulated signal at i-f input or with an
22:[ I 0o I 00 = FOINT (NOTES) unmodulated on-channel signal at the antenna input at a level of -60 dBm (VHF
DO NOT SHORT = = ~-S0 DBM = R7 308M radios without widespaced receive option) or -53 dBm (all UHF radios, or VHF
TL7VLINETOGND o,y 1q (NOTE 2) €. 5 1o 820 ev LT Rs ': (NOTE 2) ‘- radios with widespaced receive option).
FRONT END M~ 27~~~ ~ . r Le |-28 pan iy 1 1 ™6
" a2 23 (NOTE 2 ! Jut : 560 |, 3. Referto Jumper Table.
RECEIVER IF = I cs T 2.3V +7 0BM o — —o c13  R9 7 6.2V TYP
= -35 DBM -37 peM | M9839 i 1 1 . . ) . e
ZiN= 50N PSRN c25 NOTE 23 | oy — (NOTE 2) [ (NOTE3) , Teer 270 3, v |y, fa (NOTE 2} > > s 4 Meatsured with squelch adjust control R2103 set for opening sensitivity of 10 dB
& Ab . . ' uieting.
T8V [ 555 prlo.sepr | : =71 18v 2705 | e ¢ l l Oo(ggTDE: | : el TPs ICZB ’ ¢ o
DOT A o 7 . TP3 @ 5 (NOTE 8) o 8) | c1s | MELLE C18 =C19 R10 5. Measured with 1 mV on-channel signal at antenna input modulated with 1 kHz
T e, 1 i RS ! ci 7 z B : m ;
(NOTE 8) CYIET]  enote 8y | X 150 ] +002 i 2] 5 PF 2 1 (002711 a4 5 .002 | (002 33K 470PF tone at 3 kHz deviation and volume control adjusted for § watt audio output.
i L4l -2 L -‘-I——-—-’ +005 ‘4 EEPS-36009-0 )
Iqspr I 4 + + = A = = = (SHEET 10F2) 6. Mounted on heat sink, must be insulated from ground.
= < < = = = = = AUDIO POWER
. r to parts list for component vaiue.
AMPLIFIER 7. Refertop p
ilter dot color coding.
13.2V SW As 8. Referto Table 1 forcrystal filte 9
Table 1. Crystal Filter Dot Color Coding
Dot Color
R61 R68 l Kit No. Channel Spacing A B (o] D
¥ CRSO ces
DE-EMPHASIS PRIMARY MUTE 47K 150
DETECTOR BUFFER AMP GATE T2 cavrion: TRNS521A 25130 BLK  ORG BLU vio
TENUATION OF 40DI0 SGNALS WHEN MILTED o PR ¥ crst = garresy voumee iseRESENT AT
RS1 TENUAT THIS POINT WHEN RADIO IS TURNED OFF.
JUS0 css [11] BY ANY OF THE MUTE CONDITIONS SHOWN IN ‘ s Table2. Receiver Jumper Table
vaBv I(NOTE 3) hots Il s4ev Q THE BASE VOLTAGE CHART R62 ltcsy 12.7v Jumper Function Location
4.8 . 22 a7k T2 120V o« PA As
j RSS RS8 RS SIDETONE % ——-@ Q52 13.2v JU1 Always In Y2
680K c 10K - R70 N N N 4
RS0 |2 fox ° Pasz-18 1 Res 9.2v Mg - JUS0 Cut For Special Applications Only US0A |
cs4 +cs8 i icati 09 !
R75 (NOTE 7) RS2 ) RS53 i ) RS 4 6 |__ N?g?l s I 22 = A*ceo gRe9 12.8V] as4 JUu350 Cut For Special Applications Only J35 \
AECOVERED AUDIO £s0 S6K s 12K SeK 0047 158K 4.8V 7 €56 Reg :“i_ —__ VOL CONT TP12 + 22 JIK MS807 Juss1 Cut For Alternate Use of J350-1 . J350-1
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parts list

VLN4123A DVP Front Panel

VLN4124A Dual Code Front Panel PL-8358-0
REFERENCE MOTOROLA
SYMBOL PART NO. DESCRIPTION
light emitting diode:
DS121 48-84404E14 yellow (VLN4124A only)

DS122,123 48-84404E14 yellow
connector:
P108 14-84277D29 housing, 6 contact
9-84279D03 CONTACT; 6 used
switch:
S101 40-84291N02 momentary; (code select - VLN4124A only)
$102 40-84291N02 momentary; (clear/coded)
mechanical parts
42-10217A02 STRAP, cable
43-84962N01 SPACER, front panel
61-82106N01 LENS, LED; 2 used

61-84152M02 LENS, (photocell)
61-82106N0O1 LENS, LED (VLN4124A only)
64-84345N01 PANEL, front

VLN4147A Volume and Frequency Switch PL-8354-0
REFERENCE  MOTOROLA
SYMBOL PART NO. DESCRIPTION
2-84218M01 NUT, volume switch
2-84218M02 NUT, volume switch
3-84208M03 SCREW, tapping M2.5x5x6
3-84220M01 SCREW, set M3 x 0.5 x 8; 2 used
4-84219M01 LOCKWASHER, #7 internal
4-84219M02 LOCKWASHER, #9 internal
36-84148M01 KNOB, offivolume
36-84149M01 KNOB, select
37-84215M01 BAND, channel select
37-84215M02 BAND, volume knob
46-84150M01 STOP, knob
46-84150M02 STOP, knob
TRN46068B Display Board, 2-32F
TRN4928B Dispiay Board, 2-32F w/Thumbwheel Switches PL-7174-C
REFERENCE MOTOROLA
SYMBOL PART NO. DESCRIPTION
diode: (see note)
CR826, 827 48-84399M01 silicon
light emitting diode:
DS831 48-84404E03 red (transmit indicator)
DS832 48-84404E05 yellow, (Select 5 & Channel Scan base
models only)
connector, receptacie:
J367 9-83880M02 female; 8-contact
J368A, 3688 9-83880M04 female; 4-contact
J389 9-83080M03 female; 6-contact
transistor: (see note)
Q825 48-84411L10 PNP; type M1110
Q826,827 48-02081811 PNP; type MB11
resistor, fixed: £ 5%; 1/4 W:
unless otherwise stated
R825 6-11009C35 270
R826 6-11020A51 1.2k
R827 6-11020A67 5.6k
R828 6-84292M01 light dependent
R829 6-11009C76 13k
R831 6-11020A59 2.7k
R832 6-11020A39 380
thermistor:
RT830 6-38600K05 100k @ 25°C
volitage regulator:
VR825 48-82256C56 Zener type; 88V
mechanical parts
43-84063M01 SPACER, wire (TRN4606B only)
4-84345A15 WASHER, insulating
43-84137M02 SPACER, LED
notes:

For optimum performance, diodes, transistors, and integrated circuits must be
ordered by Motorola part numbers.

TRN4609A Front Mount Switch Board, 32 Channe! PL-8420-O
REFERENCE  MOTOROLA
SYMBOL PART NO. DESCRIPTION
diode: (see note)

CR801, 802 48-82466H13

J364 9-83880M01
J365, 366 8-83880M02
P367 28-84528K15
P368A,368B  28-84528K17
P369 28-84528K 16
R802 6-11009C45

R803 6-11009C31

R804, 805,810 6-11009C36

silicon

connector, receptacle:
female; 10-contact
female; 8-contact

connector, plug:
male; 8-contact
male; 4-contact
male; 8-contact

resistor, fixed:

680 £ 5%; 114 W

180 = 5%; 1/4 W (Select 5 & Channel Scan
base models only)

300 £5%; 1/4W

thru 816
R806 thru 809  6-11009C36 300 £5%;1/4W
R820 18-84075M01 variabie; 2k +20%; .05 W; includes S808
switch:
S800 40-82270M02 rotary; 32-position
S802 40-84330M02 spst, squelch
notes:

1. For optimum performance, diodes, transistors, and integrated circuits must be
ordered by Motorola part numbers.

2. Forparts not listed in the above parts list refer to the radio set mechanical parts

list section.

TRN4698A Display Blanking Kit PL-7516-0
REFERENCE  MOTOROLA
SYMBOL PART NO. DESCRIPTION
resistor, fixed:
R819 6-11020A36 300 +£5%; 1714 W
jumper, wire:
Juss0 30-10286B95 wire (3.25")
TRN5241A Front Panel Interconnect Board (Standard)
TRN5244A Front Panel Interconnect Board (Signaling) PL-7809-A

REFERENCE = MOTOROLA

SYMBOL PART NO. DESCRIPTION
capacitor:
C350 23-82397D36 1uF £10%,50V
C351 21-11025A01 01uF £20%,25V

CR350, 351 48-83654H01

CR352 48-82178A06
J363 1-80731D21
15-84164M01
30-84165M01
39-84323M01
J355 9-82846L03
J363 9-83880M01
J360 28-83878M01
P364 28-84528K14
P365, 366 28-84528K15
Q350 48-2081810
R350 6-11009C73
R351, 352 6-11009C89
U350 51-84561L.23
u3s1 51-84768F54

diode: (see note)
silicon
germanium

connector, receptacle:
ASSEMBLY synthesizer connector
includes:

HOUSING, socket

CABLE, 15 cond; flat with terminal
CONTACT, 15 used
female; 12-contact
female; 10-contact (TRN5244 only)

connector, plug:
male; 4-contact
male; 10-contact
male; 8-contact

transistor: (see note)
NPN; type M1B10

resistor, fixed: +5%; 1/4 W:
10k
47k

integrated circuit: (see note)
type 61123, timer
type 68F54, freq. change det.

note: For optimum performance, diodes, transistors, and integrated circuits must

be ordered by Motorola part numbers.

TRN4656A Secondary Call/External Alarm Switch w/Button
TRN4657A Single Tone Repeater Switch w/Button
TRN4658A Select 5 Call Switch w/Button

TRN4659A 5-Tone Repeater Access Switch wiButton

TRN4660A Monitor Switch w/Button PL-7200-8
REFERENCE  MOTOROLA ’
SYMBOL PART NO. DESCRIPTION
switch: N
S801 or 803 40-84330M02 dpdt, latching
$803, 804 40-84330M01 dpdt, momentary contact

note: Refer to exploded view details for button illustration and part nummpers.

TRN4661A Single Display PL-8421-0
REFERENCE  MOTOROLA ‘
SYMBOL PART NO. DESCRIPTION
light emitting diode:

DS828, 829 48-83477K04 7-segment

note: For parts not listed in the above parts list refer to the radio sei: mechanical
parts list section.

TRN4663A 10-Call Button w/Switch

TRN4664A 100-Call Button w/Switch PL-7515-0
REFERENCE MOTOROLA
SYMBOL PART NO. DESCRIPTION
connector, plug:
P371 28-82502M03 male; 7-contact
switch:
$805, 806 40-82473N01 dual spst; circuit board dome comiact

note: Refer to Select 5 signaling exploded view detail for mechanical piarts.

TRN5241A/44A FRONT PANEL INTERCONNECT BOARD
(LATER VERSION)

LIGHT CONTROL

SELECT
W BATT +

!
<+ - i § g §
!92475 T T ? T ! SHOWN FROM COMPONENT SIDE COMEGNENT SIDE » BD-EEPS-35682-0
| (123 45678 510 ) [ OL-EEPS-33650-A
$2¢9= N

SWITCH BOARD

GND
SW A+
OPTION 2

S  opTiON 1

[}

;

!

!

i
OPTION 2
OPTION 1

Gic gD

&

§

;

L

RS A A -
ON-OFF YOLUME

b v s e 0 o SHOWN FROM.COMPONENT. SIDE ... oo s e o e i oo e s i s s e i

TO DISPLAY BOARD

MULTI-CHANNEL DISPLAY BOARD

TG SWITCH BOARD

DR — e oy

JU850 RED/BLK

cst

!
BATTW T T T

DISPLAY DRIVER

CSI0

cwcuir posgocul L
O Mookiswn]

THUMBWHEEL SHOWN FROM COMPONENT SIDE (NOTE2)

SWITCHES '——4i

NOTES:

ALL COMPONENTS SHOWN.

SCHEMATIC DIAGRAM.

__u3si-24
IS cut

NOTES:
£ JUBOY IS PLATING ON
" SOLDER SIDE OF BOARD.

2 SOME MODELS MAY NOT HAVE
“ALL COMPONENTS SHOWN
EREFER TO SCHMATIC DIAGRAM

OL  DEPS-30150-C
{ COMPONENT SIDE = DEPS-30164-A
H SOLDER SIDE # DEPS-30152-A

1. * SOME MODELS MAY NOT HAVE

 REFER TO SCHEMATIC DIAGRAM.

| SELECTABLE PL/DPL MODELS
USE P2173 OR P4600. REFER TO

NOTES!

1, ALL MODELS MAY NOT HAVE ALL COM-
PONENTS SHOWN. REFER TO SCHEMA-~
TiC DIAGRAM.

2.DISPLAYS MOUNTED ON SOLDER SIDE
OF BOARD.

OL DEPS-~30146-C
COMPONENT SIDE = DEPS-30147-A
SOLDER SIDE ¢ DEPS- 30148-8

FRONT PANEL BOARDS

CIRCUIT BOARD DETAILS
AND PARTS LISTS

FUNCTION

Provides channel selection and display, and all controls
and indicators.

CONTROL BOARD

P104 (FRONT MOUNT MODELS ONLY)
OR
P08 (REMOTE MOUNT MODELS ONLY)

BRN

VIO

GRN

1ORG

BLU
RED

S—

SHOWN FROM COMPONENT SIDE

COMPONENT SIDE # BD ~ BEPS - 36019~0

SOLDER SIDE # BD - BEPS —36020-0
OL~— BEPS —36021{~-0

N W e 0O

TRANSMIT MODE SELECTOR
RECEIVE MODE INDICATOR
TRANSMIT MODE INDICATOR

DVP CODE SELECTOR

BVP CODE
SELECT INDICATOR

GND

68P81064E18-0
(Sheet 2 of 2)
3/15/83- PHI

FRONT PANEL BOARDS



arts list
REMOTE FRONT PANEL BOARDS REMOTE INTERFACE BOARD '

VKN4031A Remote Control Cable (8 ft.) TRN47638 Basic Remote Interface Board
CIRCUIT BOARD DETAILS VKN4032A Remote Control Cable (17 ft.) PL-8359-0 TKNB195,a Cable Remote Multicall Interconnect PL-7530-0 TRN4764B Universal Remote Interface Board PL-7462-C TKN8175A Remote Control Head Power Cable (CUA and EXA Models)  PL-7466-A
AND PARTS LISTS REFERENCE  MOTOROLA REFE:RENCE  MOTOROLA REFERENCE  MOTOROLA REFERENCE ~ MOTOROLA
L g SYMBOL PART NO. DESCRIPTION SYWABOL PART NO. DESCRIPTION SYMBOL PART NO. DESCRIPTION SYMBOL PART NO. DESCRIPTION
2 >
o connector, plug: connector, receptacie: capacitor: fuse:
2 P106 ;ﬁg%gge‘ hoag:‘gf : CcTontact tacle: 6 used P2273, 2373 9-84319M02 female. 10-contact 2200 21-11022M42 100 pF +5%; 50V F351 65-52281 1A
- , receptacle; 6 use o N C2201, 2202 23-11037A27 22 uF £20%;25V }
! : . P2385 28-82004N01 male, flat: 36 contact P mechanical part 2203 21-11022M42 100 pF = 50/:; 50V mechanical parts
: pos & £ D ; : o -  a : i 15-84994M01 PLUG, covers 42-10217A02 STRAP, cable harness WHT; 2 used 2204 811017B14 047 uF 10%, 50 V 1-80733D14 ASSEMBLY, green wire and terminal (short)
AR L e P2 : = < ¥ " P2386 9-84319M04 female, 17 contact C2205 23-11037A27 22 UF +20%; 25V includes:
o g P2387 9-84319M05 female, 13 contact C2206-2208 21-11022M42 100 pF = 5%; 50 V 14-82882A01 BODY, fuse holder
C2209-2213  21-11025A01 01uF £20%;25V 29-865065 LUG, ring tongue (3/8” stud)
mechanical parts ° 41.82885A01 SPRING, fuse holder
42-10217A02 STRAP, cable; 5 used diode: (see note) 42-82884A01 CLIP, fuse holder
42-84995M01 RETAINER, plug clip TKN8196:4 Cable, Remote Channe! Scan interconnect PL-7541-0 CR2200, 2201,  48-84399M01 silicon 1-80734D01 ASSEMBLY, green wire long remote;
42-10217A14 STRAP, tie, .140 x 5.50 nylon REFE:RENCE __ MOTOROLA 2003 ! includes:
(VKN4032A only) SYMBOL PART NO. DESCRIPTION CR2204 48-82525G19 silicon fi-gg;;;:g; C:;ﬁ‘“ﬂsz*:oﬁde
. il - , fu T
connector, receptacle: CR2205 48-84399M01 sttieon 42:82884A01 CLIP, fuse holder
P2283 9-84319M07 female; 11-contact connector, receptacle:
P2284 -8431 12+ 4 -
P2383 S oos femate; 12.contact J364 9.83880M01 female; 10-contact
TRN4767A Remote Switch Board, 32 Channel PL-8422-0 P2384 . ! J3865, 366 9-83880M02 female; 8-contact
9-84319M08 female; 12-contact .
REFERENGCE MOTOROLA J2273 28-84318M03 male; 10-contact (TRN4764B only)
J2283 28-84318M14 male; 11-contact (TRN47648B only) Ki PL-8 o
SYMBOL PART NO. DESCRIPTION connector, plug [P VLN4146A Remote Hardware Kit 1-8362-
2383 " . J2284 28-84318M 15 male; 12-contact (TRN4764B only)
capacitor, fixed: 28:83186M04  male, right angle; 11-contact 42380 2884318M10  male: 4-contact REFERENCE  MOTOROLA
P  ixec: J2384 28-83186M05 male, right angle; 12-contact ) e SYMBO RT NO DESCRIPTION
C2250 23-11037A27 22uF £20%;25V J2385 9-82003N01 female; 36-contact MBOL PA -
C2251 8-11017808 .01 uF £10%:50V o non-referenced items connector:
. C2252 21-11022M42 100 pF = 5%; 50V 1-80732D48 CABLE, remote Channel Scan interconnect connector, piug: 4107 28-84318M29 male; 6 contact
o C2253,2254,  23-11037A27 22 uF £20%;25V T1-cond; inchudes ref. items: P2383, P2283, P380,2380  9-84319M06 female; 4-contact
FANNEL SCANY ” 2255 and . voltage, regulator: (see note)
[T 2256 2111022M42 - 100pF = 5%; 50V 42-10217A02 STRAP, cable harness WHT; 2 used transistor: (see note) VR2233thru  48-82256C11 Zener type; 10V
- C2257 21-11021E09 470pF £10%; 50V 1-80732D49 GABLE, remote Channel Scan interconnect ggggg 2201 :gggggaeam zgm :ypee m1B10 2238
diode: (see note) ;i'gond; includes ref. items P2384, P2284, Q2203 48:02081511 PNF;’JS:M1B11 gota:dFordo;)tigum p:erfomt\ancet.’diodes, transistors, and integrated circuits must
CR2250 48-82525G 19 silicon 42-10217A02 STRAP, cable harness WHT: 2 used Q2204,2205  48-02081B10 NPN; type M1B10 e ordered by Motorola part numbers.
CR2252,2253  48-82466H13 silicon e
o CR2254, 2255, 48-84399MO01 silicon resistor, fixed: £5%;1/4 W:
3 2256 uniess otherwise stated
2 R2200 6-11020A49 1k
Q o COMPONENT SIDE - 80-DEPS-31670- 8 connector, plug: R2201 6-11020A65 4.7k
notE § g 333 SOLDER $10€ % BD-0EPS-31671-8 J2386 26-84318M13  male, 17-contact VKN403054 Remote Interf. ble Kit PL-8360- R2202 6-11020A21 68
SOME MODELS MY NOT HAVE ALL 2 EEE, ot s mons Ouoersrasoare 42387 28:84318M12  male, 13-contact Remote Interface Cable Ki 83600 R2203 6-11020A85 4.7k
c N’ (- - (O S R N el s
O NENTS ShOWN. REFER TO g d fgiolp¥2g R A J2388 28-84318M03  male, 10-contact REFEIRENCE ~ MOTOROLA R2204 6-11020A73 10k
g - 1% s 87 % S .. J2389 28-84318M11 male, 5-contact SYmBOL PART NO. DESCRIPTION R2205 6-11020A75 12k
£ &, 38 2 0lZl @ g § % x poe CHANNEL SCAN'Y MODELS roE P367 28-84528K15 male, 8-contact connector R2206 6-11020A73 10k
o g a . ¥ f T2 % 35 F:|8968¢8 4888 2 85 2 3 32 P368A,368B  28-84528K17 male, 4-contact P104, 107 14-84277D29 housing, 6 contact R2207 6-11020A61 3.3k
é & & 2 by s 17 15 15 14 13 12 1110 9 8 7 & 5 4 3 23 s 4 s P369 28-84528K16 male, 6-contact ——— ra—— R2208 6-11020A45 680
2 2 5 & g Z 0 s2385 oETALL mechanical parts R2209 6-11020A57 2.2k
. s 2 . zz transistor: (see note) 9-84279D03 CONTACT, receptacle; 12 used R2210 6-11020A45 680
J:nosoﬁin_{ 36 35 34 33 32 31 30 29 28 27 26 25 24 23 22 21 20 18 4364 DETAIL Q2250 48-869648 NPN; type M9648 42-10217A02 STRAP, cable R2211, 2212 8-11020A73 10k
366 T 29z 252 E ol PEly 28 2 2 %aen . Q2251 4802081810 NPN; type M1B10 R2213 6-11020A75 12k
vefarl sa66 52 %8 2 86§23 %3 E S 88 FFE e s s 78 s oo R2214 611020A49 1k
107 - 2 92 2 8§ e8¢ gg,.. » T e =T resistor, fixed: + 5%; 1/4 W: R2215 6-11020A43 560
s 6 7 o8 P €3 gz eg Pttt  TTSELECT S77 mobELS ELod gz unless otherwise stated R2216 6-11020A57 2.2k
PR f e 3 § 53 2 200 12 % 22 aeerms rLomes roors i R2251 6-11020A43 560 R2217 6-11020A73 10k
5 o §§ 2 § % 5 é & ?, g - & & z y R2252 6-11020A49 1k R2218 6-11020A81 22k
z 48 5 @ 8 T g ° 8 R2253 6-11020A73 10k . . R2219 6-11020A76 13k
38 g 2272 8 > 4 R2254,2255  6-11009C36 300 YLN414844 Remote interconnect Board Kit PL-8353-0 R2220 6-11020A51 1.2k
® 2 § g 8 § R2256 thru 2259 6-11009C36 300 REFERENCE MOTOROLA R2221 6-11020A33 220
¥ox z % 3 R2260 thru 2266 6-11009C36 300 SYmBOL PART NO. DESCRIPTION R2222 6-11020A51 1.2k
- ° SHOWN FROM COMPONENT SIDE ’ R2267 6-11020A34 240 connector, plug: R2223 6-11020A61 3.3k
R2269, 2270 6-11020A37 330 J106, 13 . ‘ " R2224 6-11020A83 27k
R2271,2272  6-11020A89 47k 198 2884528K48  male, 2x 6 contact : R2225 6-11020A45 680
REMOTE SWITCH BOARD R2273 6-11020A73 10k R2226 6-11020A61 3.3k
R2274 6-11020A49 1k R2227 6-11020A73 10k
o R2275 6-11020A73 10k R2229-2234 6-11020A89 47k (TRN4764B only)
§ . R2276 18-84075M01 variable; 2k {includes switch $2250) R2235-2239 6-11020A25 100
g § g varistor: integrated circuit: (see note)
] 2 F RV2250 6-84357M01 metai oxide U2200 51-83629M06 type 29M086; quad op amp
,,,,,,,,,, 5 & 3 Q BBy 10 P3S4 U2201 51-83627M62 three-state buffer (TRN4764B only}
& T o switch:
é : NOTES S800 40-82270M02 32 position voltage regulator: (see note)
. g 1. SOME MODELS MAY NOT HAVE $801 40-84330M02 latching VR2202 48-82256C15 Zener type; 5.1V
:LL CDPE'PU'T*EST;SSE:::- REFER S$2250 — plo R2276 VR2204-2218 48-82256C11 Zener type; 10V
O SCHEMATIC DLAGRAN. VR2219 48-82256C 14 Zener type; 15 V (TRN4764B only)
voltage regulator: (see note) VR2220-2231 48-82256C11 Zener type; 10V (TRN4764B only)
VR2251 48-82256C11 Zener type; 10V VR2232 48-82256C26 Zener type; 3.3V
mechanical part mechanical parts
39-10184A10 PIN, bubble; 3 used 1-80732D47 ASSEMBLY INTERCONNECT CABLE;
includes:
42-10217A02 STRAP, cable harness; 3 used; includes

reference items P380, P2380

68P81064E19-O L st Bl i ;

(Sheet 1 Of 4) ON/OFF -VOLUME
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REMOTE INTERFACE BOARD AND CABLE
MATES WITH 42384 ON "C':ANNEL SCAN" BOARD MATES WITH J2383 ON ';CHANNEL SCAN" BOARD MATES WITH J373 ON REMOTE FRONT P ANEL BO ARDS

] SELECT 5 LOWER BOARD
i

[e . R
& W E
U2200C-13 is biased at 7.1 V by R2223 When power switch is on, Q2201 base With squeich switch in squeiched (out) z Z o -« = - T - |
and R2224. When microphone PTT but-  is biased high (voltage depends on position, U2100 D-6 is low (4.8 V) caus- § § 23 g g 9 § $$3 zez9l g é 5 g 8 § § § § § é ; § P FRORSY PANEL REMOTE INTERFACE BOARD
ton is pressed, voltage on MIC AUDIO position of squelch switch). This turns ing output at U2200D-4 to be high INTERCONNECT
line drops from 9.6 V 10 5.75 V, causing  on Q2203, saturating Q2202 which (receiver squeiched). staak' 11105 6 4 3 2 12 9 8 7) k 17 89 53 42 1 10 s) ks 2 3 456 78 9 10) o373 BOARD MODELS VLNIO] IA and VLN1012A
output of U2200C to go high. This turns turns on SW BATT + el 2 S 2 7 2] TP2zez 2 J o o ¥ r—m“—-_—°|
on Q2205 to make MIC PTT line low, b0 [ g gl g F 55%3‘-’342325 o & d8g 3 oo R EE]
keying transmitter. netoea H | L @ & & ¥ & L gl e FEEEEE & & & | TRNeSBA) of | N4 LA Tekeiesa 2 Jd o o
B HEEEE HEEE 5| |pezes F 3| 3 3 3 d 3 CER
p2284 e
( ) N\ eers [1 234 56 78 9 10\]#2173
1 111056 4 3 212928 7 "7 895 3 421 106 1 23 456 7 889 10 MATES WITH J2273
— FPT mo— s 23 Toers (SELECTABLE PL MODELS) p2387
v "
F20 rempEe RO R3220 COMPARATOR : Al LT ' NOTES.
RED 1.2k 96V RECEIVE St ViRz227 - ( A R
MC AuDIo | 4 4 swonrre | TECULATOR o vamr czzost p—t o L) b BLU-RED ol ! 1. Resistor values given in ohms, capacitor values given
MATES WITH BLU st |e Q220 R2223 RED-GRN ORG in microfarads (uF), unless otherwise stated.
3380 ON HANG UP SWITCH | 2 2 ~J +8VSOURCE [c2206 3.3K LR Sa—n gy 20 2
MAIN BOARD RN vRez02 2200851044 100PF .(:2;0& 2 57:;3_ 2t ORG-GRN BLY z 2. JU2201-JU2205 cut for Channel Scan monitoring
Mic PTT | 1 ( 5V -7 C2207 | e wezzs Irrv 100PF & VR2225 22 BLU-WHT-RED BLU-RED " models only.
= lsw R2219 LPF 7.7V TRANSMIT 27 L 3w mic BATT+ VR2223 ) 23 WHT-BLK-RED RED-GRN s 3. JU2206, JU2207 IN for special opti |
| R2218 13 o225 D L ON HOOK VR2224 »—a » RED-BLK-WHT ORG-GRN . sg;gs CTSARY - 3 pecial options only.
. ware B % A ez =~ s 60 ;|
swae usesTd e = VR2221 2 WHT WHT-BLK-RED .
r wonrTe 13606 o R2208  POWER ON/OFF COMPARATOR vnzzzo‘m—l RED WHT-BLK
- 9
SWBATTs 43647 N .18V 32203 Q2 VR2219 —@_ s oRG | RED-BLK-WHT o FUNCTION
| <Q)\ 1249% R2203 06V MIBIO V2229 7 | Lo
BATT+ J364-4 B2y 22K $07¢ o  RZZO4 — g 2 "
warTe sssas ] Q2202 R2210 _ w2203 J_ 10K V2220 e WHT-BLX WHY @ Allows radio set to be mounted in remote location such
2200 VR22311 . GR RED .
LOGKC GND 4365 -1 J_LOSIC_GND 680 X a7k T gorr “rore | 4 N 3 as under seat or in trunk, and be controlled from the
| % B ; 8 MIC AUDIO RED-BLK \ .
vrzze -—Js [P STE—— vehicle dashboard.
$803 A y36e-3 > yv VR2216 '_ﬁ”’t’w |SBO3A  WHT-RED-GRN | P2387 Line Name Chart
. JU2206 +54 VR2206 - - - . . .
oPTIoN 1 366t 3 s - it oo s 2on Configuration Refer to Front Panel Boards section for information on
OPTION 2 J366-2 54V eiec ! ;
T i 47K * Thumbwheel | Channel Front Panel Interconnect Board and Display Boards.
Switch Select 5 With | Selectable Scan H :
| . P?B_S PinNo.| Options | 101100.Gall | PLIDPL  |Monitofing These are the same in Remote Mount radios as those us-
588 Frere——— . R2234 1R2233 lR2232 |R2231 iR2 ; : :
CALL UGHT 4555-8 s2385-1 2254 R2233 1R2232 yR2Z3 1R2230 1 N.C. N.C. N.C. PC ed in Front Mount Radios.
SBO! JB66+8 I J2385-33 Juz2201 RED-BLK-GRN N 2 N.C. N.C. N.C. CD5
$804 J366-4 X J2385-36 Ju220s BLU-BLK-WHT 3 | oo i ,ug(‘, mg NA'g' c ?AL}:ZNK
4 | s801 .C.
Ju2204 BLU-BLK 5 MC1 N.C. Al MAJ Model Complement Chart
i Juzit\;: S | CALL LiGHT 6 MC2 N.C. A2 MAO
IPEY: 7 MC3 MC3 A3 CDO ; tel
I (NOTE2) [1y5 g MC4 M%A Aé CcD1
i N.C. N.C. N.C. LD
e y365-3 El <,1 vezor o, ReZs e BLK-RED ELKCAED 17| aa 10 MCDO MCDO N.C. cp2
MATES WITH A3 J364-3 . <} Pz &L R;?G —15 BLU-wHT B WAL 16 a3 E ‘ mgg; mgg; mg ggg
P364, P365, P366 a2 13654 - 5 4 Re237 ) SRN-WHT VKN4031A/VKN4032 GRN-WHT 3 M =
ON FRONT S — 36-CONDUCTOR CABLE 15 | A2 1 CD3 MCD3 N.C. SCAN
PANEL A J364-2 . 3 N 2 20 |rezse 3 RED-WHT RED-WHT @ | a1 Mating|  J2387 J1387 J3387 J4387
lsr&i%cotmecr 20 J368-1 1 ~J 1 e 100|239 ; BLK-WHT | BLK-WHT a | a0 Con- Remote Remote Remote Remote
~J | czon |Lcoarz | Lezars | 100 —]"” 1 - nector | Switch 10/100 Call | Selectable | Display
FC J365-2 ” s 3 [ .01 T‘m Ot and Board Board PUDPL Buffer
I l—é l = = De'_sti- Board Board
nation
+5.1v VR2210
Lo oET -3 MELeE e
vl:2(212 SWITCH BOARD
| C vRe213
| a " vrezm .
o
[ b * vnzzovf ‘{
S
VOL CONT WIPER 4364-9 : sziz QUELCH SWITCH COMPARATOR RETURN HIGH LEVEL AUDIO Ll ORG-RED
12 V SOUELCHED R2206
| crozn lI4VUN$0(/€LCH£0 e o~ SCUELCH _SW/POWER SW » ORG-BLK-WHT
- >+ +8v
SQUELCH SWITCH J365-6 i , uzzoo?s - P \ . w2208 LEGEND:
R2221 3.3k 8.3V = Power on, unsqueiched .3V = Transmit
] 220 R2205 4.8V = Power on, squelched 3.0V = Both LEDS off GRN-BLK- WHT 1| BUSY/ TRANSMIT L THEORY NOTE
o6T J366-6 4 CR2200 12K 0V = Power off 0.6V = Busy WHT-RED-GRN | | gaoas
) 78V.EUSY LIGHT N o = > -BLK- =P SIGNAL FLOW
| [ ooy cias ome w2201 BUSBRHE*R*T/\ | e 2.6T/BUSY . GRN-BLK-WHT ORG-BLK- WHT 6 | SQUELCH SW/FOWER SW
BUSY LIGHT CONTROL J366-7 | TEV Y 2200] Q2200 68 ) B —o >— PIN AND SLEEVE CONNECTION
VR2209 :
VOL CONTROL GND J364-8 >——m ] AUDIO AMPLIFIER SW 2aTT+ ik 37 MIBIO WHT-RED 10 | HIGH LEVEL AUDIO + GROUND
| ORG-RED 2 | RETURN HIGH LEVEL AUDIO
| GRN-BLK I J LoaicarounD
RED-BLK .
12 DIO —e— CIRCUIT BOARD SOLDER CONNECTION
VOL CONTROL HI J364-10 | HIGH LEVEL AUDIO ” WHTRED ORG-BLK 0 :I)Z::UGND
: rea1? VR2217 i BLK-RED-GRN o | oo
GND J386-5 >—— 9} N CALL (MONITOR) LED J365-8 1 BLU-BLK ~—]
- 1 0 Receive audio (VOL CONT Hi) level is V"’-”’i
raised 15 dB by U22008, Q2204, and BLU-BI
routed to control head volume control. $801 J366-8 {33 U-BLK-WHT
From control head buffer, RETURN vnzzovi
HIGH LEVEL AUDIO is attenuated 1548 P06
by R2222 and R2221, to produce $804 J366-4 — e RED-BLK-GRN
VOLume CONTROL WIPER signal. VR2205 YEL [ >
’ % © ORG- BLK YEL-BLK 2
BLK-RED-GRN YEL-RED
——3 3 MATES WITH J106
P107 | 4107 = YEL-ORG ON DVP REMOTE
p 4 INTERCONNECT BOARD
b104 -1 5.OND \ - : 30 YEL YEL - GRN s .
104 ~2 »-DYP CODE INDICATOR 2 vRezs3 ) 29 YEL-BLK A YEL-BLU 6
MATES WITH | pyoq - 3 5-OYP CODE SELECTOR 3 VR2234 28 | veL-ep |
4104 ON DVP TRANSMIT_MODE (NDICATOR VR2235 ¥ - YEL-ORG |
ENCRYPTION BOARD |P104 -4 Mt o = 4 24 68P81064E19-0
RECEIVE_MODE_INDICATOR vR2236 }—a] YEL-GRN
Pl04-5> i vrzzs7 et | 2 (Sheet 2 of 4)
R TRANSMIT MODE._SELECTOR b YEL-BLY_ ] EEPS-36017-0
104 - 6 >TRANSMIT MODE_SELECTOR | 6 vrez3s—aid | 2 3/15/83-PHI
~ TRN4763B BASIC REMOTE INTERFACE BOARD WITH VLN4{146A—DVP HARDWARE KIT v
J2385 [p23ss
TRN4764B UNIVERSAL REMOTE INTERFACE BOARD WITH VLN4146A—DVP HARDWARE KIT

REMOTE FRONT PANEL BOARDS



REMOTE FRONT PANEL BOARDS

REMOTE SWITCH BOARD AND
REMOTE RADIO SET CABLING DIAGRAMS

MATES WITH P373

REMOTE SWITCH BOARD

FROM THUMBWHEEL

SW!TCH€|S (NOTE 4)

[ v o m o S o 2 |
5 0 O 6 5 a0
§98¢¢ g9y
[ o 8 7 6 4 _Jue3se 1
i
J2387 : 5806
NOTE 6
‘ OPTION 2 A
2 | ne ! 5805
3 OPTION 1 : .
N 1
5
Mates with P2387 in basic radio L,
models and Select 5 models with § =
thumbwheel switches. No electrical 7
connections are used in basic radio s |
models. !
[ !
10 :
1
!
12 SW AY B P36EB-1
13 |
- |
|
I
BATT+ ———13 P368B-4
& '3 P367-1 LOGIC GND
0 SHOWN OUT ( |’ "
PO POSITION (NOTE7 ) H
J2386 hd :
]
= ]
s804| 3 .
ssot| 8 1> P369-1 DISPLAY DRIVE
RBI9 !
CALL LIGHT e ————————— ——ee === ==5 355 45 P367-8 DECIMAL PT
r . (NOTE 5 H
1
[ ! :
a4l 17 T Aq o R2254 | €1y p3can-2
1
a3l 16 | 30 8 Rezss l 15 p360a-4
Azl 15 T ! g | R4256 i Elsprer-6
Af| 14 At RN PO L D'y p3gea-3
| T~o R2258 '
ao| 13 ‘ Ag - = : A1, p36o-6
CcoM A ~ L
| “sacoa 1 seLecTion sEv'hr\c;\ R2260 | A " el Bl
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NOTES:

1. Resistor values given in ohms, capacitor values given in

n

microfarads (uF), unless otherwise stated.

Busy light not used in carrier squeich or PL squelch

with encode only models.

3. Refqr to Microphone instruction section for parts list
and information.

4.J2388 used in “Select 5 signaling models with
thurmbwheel switch options only.

5. For display blanking option JU2250 and JUB25 (display
board) are cut, and wire jumper JUBS0 is added between
display board and switch board. R819 is added (part of
TRNA4698A Display Blanking Kit).

6. S805 and S806 are mounted directly to front panel.
Refer to signaling switch chart for function and kits.

7. Function and position of switches designated S801,
$803, and S804 change with option or model configyra-
tion. Refer to Signaling Switch Chart.

SIGNALING SWITCH CHART
Switch Button/Switch
Desig. 1Symbol Type Kit Function
S801 QE Latching TRN4660A Select5
Monitor
5803 <@( Latching TRN4660A PL/DPL
Monitor
Latching TRN4656A | Seccndary
@ Call/
External
Alarm
@ Momentary | TRN4658A S%e(l:lt 5
a
@ Momentary | TRN4657A | Single Tone
Repeater
S804 @ Momentary | TRN4658A Se(l:ec‘:l‘ 5
a
Momenta TRN4659A 5-Tone
{ 9‘6"”’ i Repeater
S805 I Momentary | TRN4994A & | Single Tone
THNB6468A Repeater
S806 11 Momentary | TRN4994A & 2-Single
THNBG469A Tone
Repeater
JUMPER CHART

JU2250 | Cut For Display Blanking Option

JU2251 | Cut For Option

JU2252 | IN When S803 Is Latching Switch

JU2253 | IN When S803 Is Momentary Contact Switch

LEGEND:
O THEORY NOTE
—+— SIGNAL FLOW

¢ LOGIC GROUND
GROUND

i

om0

WIRE JUMPER
PLATED JUMPER

(O>— PIN AND SLEEVE CONNECTION

CIRCUIT BOARD SOLDER CONNECTION

{. ALL REMOTE RADIOS

REMOTE RADIO SET CABLING

P/O
VKN4034/VKN4032
DVP REMOTE CABLE

Y o S nnS ﬁ«.-.l‘L‘_‘
[ ! 4 L
J/P380 —
R | 6 J364
‘ J/P{04 4
. - ]
M J364A P364A 3
| P364 3 E P/O107
[5)
1-80732047 REMOTE
INTERFACE CABLE
P/O REMOTE I(NTER- YT
FACE BOARD KIT 11114
4
> P/J2380
J365A P365A
L _ o
P3ss J366A P366A
J2385
MAIN BOARD -— —:] E.. - — =1 J366
P366
DVP
ENCRYPTION DVP REMOTE
BOARD INTERFACE BOARD
S -
DVP INTERFACE
FRONT PANEL BOARD (EDGE VIEW)
INTERCONNECT BOARD
(EDGE VIEW)
3 REMOTE CHANNEL SCAN MONITOR
hannd hatt [ |
f = J/P2283
4
J/P380 P364 J364A CryrrAt J364 ' -
4 ] P/IOT7
. 1 p228e
P364A 2
‘ 11
J2284 1!
I J/P2383 I : l
i TR
I : 2 | i
] bt
| 1]
H
CHANNEL SCAN | =
| UPPER BOARD ! = Ak
1 " - i
I D o ____j__‘ _ 1] pA2380
- N 43654 T T ®esAl” T T
1 |
H —— e — ] — — — ]
! P2385
, J366A P366A o
) ] J2385
:
MAIN BOARD ! ' W:
1 = \ 1-80732D49
t - REMOTE
i CHANNEL SCAN
Al
i = ovP CABLE (B)
1 12 | |3 ENCRYPTION DVP REMOTE
! J/P2384 BOARD INTERFACE BOARD
»
o, : l DVP INTERFACE
[y BOARD (EDGE VIEW)
FRONT  PANEL
INTERCONNEGT BOARD
(EDGE VIEW)

P2385

P/0
VKN4034/VKN4032
DVP REMOTE CABLE

t-80732D 48 REMOTE
CHANNEL SCAN CABLE (A)

2 REMOTE SELECTABLE PL/DPL SQUELCH

SHEET { OF 2

R RPN o 2 aad vw*L
} ' f
J/P380 | J364n . — P2173 J2273
4 J7Pi04 PI644A LI
| ! I P/J{0O7
| | 10 P/O
| VKN4O3{/VKN4032
' 5 DVP REMOTE CABLE
L P/J2380
— =g A |
) J365A
j— P365A i
T P2385
J366A o
) P366A 12385
MAIN BOARD PL/DPL BOARD T S
1-80761025' CABLE
= ¢——— 1 P/O REMOTE SELECTABLE
— PL/DPL BOARD KIT
DVP
ENCRYPTION DVP REMOTE
[ pam (g . ] BOARD INTERFACE BOARD
FRONT TPANEL DVP INTERFACE
BOARD (EDGE VIEW)
INTERCONNECT BOARD D (EDGE ViEW
(EDGE VIEW)
NOTES:
{. REFER TO APPROPRIATE SCHEMATIC DIAGRAMS
FOR CABLE WIRE COLORS, SIGNAL NAMES, S
AND PARTS LISTS.
2. THIS DRAWING ILLUSTRATES REMOTE RADIO
INTERCABLING AND INTERCONNECTION. NON-RELATED
CONNECTIONS NOT SHOWN. PARTS SHOWN ARE
FOR ORIENTATION.
4. REMOTE SELECT 5 SIGNALING WITH MULTICALL
-y pa— tans WL'_‘
| ‘ ‘
J/P380 | P/32273 \
4 | 6 !
. — T T T T e | } _____ J7Pi04
—-— - 6
| ’ T364A PrHOT
| | P364A )
| 10 VKN4031/ VKN4032
f DVP REMOTE CABLE
I 5
SELECT & ——
LOWER BOARD | }
[ 1 1 I S | E I \
P2373 r = iks EEU]*
. )
) J365A P3ESA PAI2380
373 ]_ _____ C___ B l P2385
10 0 o
I _{_.__ -] P366A J238%
MAIN BOARD | P — == I
| TKNBI9S A J366A
REMOTE
| MULTICALL
| CABLE KIT
| pve
] ENCRYPTION DVP REMOTE
n o i BOARD INTERFACE BOARD N
L " OVP INTERFACE
FRONT  PANEL BOARD (EDGE VIEW)
INTERCONNECT BOARD
(EDGE VIEW) EEPS-35764-0



5 BASIC REMOTE CONTROL HEAD
DVP REMOTE
INTERCONNECT BOARD

VKN4034/VKN4032

=

OVP REMOTE CABLE

VKN4Q31/VKN4O32

/I ——

DVP REMOTE CABLE

« RED g Y06
o GRN ;q
o YEL
MICROPHONE | _— H H
ms
Y { J2389 pags -
P23e9 L . P10
iJ
=
17
J2386
[] |paeee
P 2388 (
UL [] P368A
-
P367
J2388
(NC)
13
J2387
P2387
Lt
T N—
REMOTE
SWITCH BOARD
{COMPONENT SIDE)
7 REMOTE SELECT 5
WITH THUMBWHEEL SWITCHES
Y
. RED 6 Vo8
o GRN
MICROPHONE  YEL
P i
1
» 2389 L :2389 [:] Pi06
17
J2386
P238e
1 —
0 [ =
~ g
Mo S
J2388 DIODE
BOARD
P373 .
(1143
J2387
P23e?
Lt
=
REMOTE SWITCH BOARD

REMOTE CONTROL HEAD CABLING

DVP REMOTE
INTERCONNECT
BOARD

6. REMOTE SELECTABLE Pi_/DPL

Y

3106

°RED 6 i

* GRN F:%

o YEL

MICROPHONE s ll l|
[
s { J2389 106
P2389 L it
M DVP_REMOTE
INTERCONNECT
BOARD
J2386
I
VKNAO34/VKN4032 P2386
DVP REMOTE CABLE r []
2388
(NC)
J2387
(NC)
S~y

REMOTE SWITCH BOARD

MICROPHONE

pP2387

J1387

REMOTE Sif ECTABLE PL/DPL BOARD
(COMPONENT SIDE)

8. REMOTE SELECT 5 WITH {10/400-CALL

Y H
p23gs :2339 [:]

VKN4031/VKN4032

5

OVP REMOTE GABLE

Ji06
6

—

i

|
P06 I

P23886

J23e7
{NC)

L

e N
REMOTE SWITCH BOARD

OVP REMOTE
INTERCONNECT
B8CARD

—_

—

J1387

REMOTE

T

10/100-CALL BOARD
(CMPONENT SIDE)

VKN4034/VKN4032

OVP REMOTE CABLE

REMOTE FRONT PANEL BOARDS

REMOTE CONTROL HEAD CABLING

9. REMOTE CHANNEL SCAN

— ]
«RED 6 Ji06 ‘
*GRN
MIGROPHONE | o YEL
—=T1® L]
Foaee T J2389 L
L/ pa3es T | |} ] |p3se | [P0
o DVP REMOTE
INTERCONNECT
BOARD

J23ee

D P395

P2386

P394

D P393

s
T
]

J4387

—— ]
REMOTE CHANNEL

SCAN SWITCH BOARD

REMOTE CHANNEL SCAN DISPLAY
BUFFER BOARD
(COMPONENT SIDE)

EEPS-35764-0
SHEET 20F 2

68P81064E19-0
(Sheet 4 of 4)
3/15/83-PHI

REMOTE FRONT PANEL BOARDS



HARMONIC FILTER

DIRECTIONAL

RF IN (P} 9.6T(N) GND (R) RECEIVE RF(S})  COUPLER(M)

SHOWN FROM COMPONENT SIDE

|. ALL RESISTORS SHOWN ON TH!S BOARD ARE
SCREENED ON THE SUBSTRATE, CONSEQUENTLY
THEY CANNOT BE SERVICED.

2.C299 AND L.299 ARE MOUNTED TO
ANTENNA CONNECTOR J300, REFER
TO SCHEMATIC DIAGRAM.

TRANSMIT
RF

L299
(NOTE 2)

ANT
4300

BD - CEPS-30185-0
OL- CEPS-30184-A

ts list
TRN4905A Heat Sink, 30 Watt PA (136-174 MH2) PL-8423-0
REFERENCE  MOTOROLA
SYMBOL PART NO. DESCRIPTION

capacitor, fixed:

C1415 21-82812H03 1000 pF +100-0%; 500 V; feed-ithru

C1416 21-821474 470 pF +20%; 500 V; feed-thru
coil, rf:

L1403 24-82190C15 1.2 uH (wound on R1401)
resistor, fixed:

R1401 6-125882 4.7 ohm, 1/2W, 5%

mechanical part

29-84775M01

LUG, soldering

note: For parts not listed in the above parts list, refer to the exploded view

mechanical parts list.

TLD9142A Power Amplifier, 10 Watt, 136-162 MHz (L)

TLD9143A Power Amplifier, 10 Watt, 146-174 MHz (H) PL-8424-0
REFERENCE MOTOROLA
SYMBOL PART NO. DESCRIPTION

capacitor, fixed: pF +5%; 50 \;
unless otherwise stated:

C250(L) 21-84873H80 60 +2%

C250 (H) 21-84873H85 56

C251 21-84873H59 100

G252 21-84873H68 200

C253 21-84547A22 47 nF +10%;25V

C254 (L), 255 (L) 21-84873H50 33

C254 (H), 255 (H) 21-84873H57 27

C256 (L), 257 (L) 21-84873H91 50

C256 (H), 257 (H) 21-84873H88 43

€258 (L), 259 (L) 21-84873H85 56

€258 (H), 259 (H) 21-84873H91 50

€260 (L) 21-84873H89 20 +2%

C260 (H) 21-84873H86 18 £2%

Cc261 21-84873H61 22

C262 21-84873H98 330 +10%

C263 21-84547A23 018 uF +20%

C264, 266 21-84873H98 330 £10%
diode: (see note)

CR250 48-83654H01 silicon
coil, rf:

L250 24-84331M16 14nH

L254 24-84331M17 34nH

L2556 24-84331M18 27 nH

L256 24-84331M22 6nH

L257 (L) 24-84331M05 10nH

L.257 (H) 21-84331M13 12nH

1258 24-84331M10 13nH

L259 24-82723H11 200 nH
transistor: (see note)

Q250 48-84411L.90 NPN; type M1190

TLD9132A Low Level Amplifier

PL-7179-A

REFERENCE MOTOROLA

SYMBOL PART NO. DESCRIPTION:
capacitor, fixed: pF +5%; 50 V:
unless otherwise stated

C200 21-84873H98 330 +10%
€201, 202 21-84873H58 51
€203 21-84873H68 200
C204 21-84873H77 12,25V
€205 21-84873H68 200
C206 21-84873H80 60 2%
C207 21-84873H81 110
Cc208 21-84873H98 330 +10%
C209 21-84547A22 47 nF £10%;25V
c210 21-84873H89 20
c21 21-84873H23 27
c212 21-84873H84 160
Cc213 21-84547A24 0.1 uF +20%;25V
diode: (see note)
CR200 48-83654H01 silicon
coil, rf:
L200 24-84331M11 13nH
L201 24-82723H27 1.2uH
L202 24-84331M12 28nH
L203 24-84331M13 12nH
L205 1-80702T04 assembly bead
L206 24-84331M14 58 nH
L207 24-84331M12 29 nH
L208 24-84331M15 20nH
transistor: (see note)
Q200 48-869657 NPN; type M9657
Q201 48-869859 NPN; type M9859

TFD6431A Harmonic Filter, Range 1(136-162 MHz) (L))
TFD6432A Harmonic Filter, Range 2 (146-174 MHz) (H)

REFERENCE MOTOROLA
SYMBOL PART NO. DESCRIPTION

capacitor, fixed: pF +10%; 50V;
unless otherwise stated:

C275,276 21-84873H98 330

C278(L) 21-84873H94 24 (TFD6431A)

C278(H) 21-84873H89 20(TFD6432A)

C279, 280 21-84873H98 330

c281 21-84873H76 10

c282 21-84873H98 330

C283(H) 21-84736E35 20

C283(L) 21-84736E37 24

C284 (H) 21-84736E10 255

C284(L) 21-84736E32 27

C285(H) 21-84736E10 255

C285(L) 21-84736E32 27

C286 21-84736E29 75

c287 21-84873H98 330

c288 21-84873H76 10

C289,290,291 21-84873H98 330

Cc292 21-84873H76 10

C293 21-84547A11 .01uF
diode: (see note)

CR275, 276, 277 48-83510F04 silicon

CR278,279 48-84939C35 silicon
coil, rf:

L275 24-82723H27 choke; 1.2 uH

1.276,277 24-84331M05 10nH

L278 (L) 24-84331M41 55nH

L278 (H) 24-84331M32 51 nH

L279 (H) 24-84331M30 46nH

L279 (L) 24-84331M29 45nH

L280 (H) 24-84331M35 63nH

L280 (L) 21-84331M34 64 nH

L281(H) 21-84331M27 78 nH

L281(L) 21-84331M25 80nH

L282 (H) 24-84331M37 55nH

L282(L) 24-84331M36 56 nH

TRN4695A Power Amplifier Interconnect Board, Low Power 6/10 W
TRN4696A Power Amplifier Interconnect Board, High Power 25/30 W PL-7181-A

REFERENCE  MOTOROLA

SYMBOL PART NO. DESCRIPTION

capacitor, fixed:

C1417 23-83908L02 15uF +20%; 100V

C1451 21-11022G356 16 pF +5%;50V

C1452 21-84511B06 5.1 pF +5%;50V

C1453 21-84736E21 100 pF +5%;50V

C1454 8-82317B01 0.1 uF +10%; 100 V (TRN4696A)
diode: (see note)

CR1451 48-83654H01 siticon
bead:

E1450, 1451, 76-83960B01 ferrite, short
1452, 1453, 1454

coil, rf:
L1451, 1452 24-83884G04 70nH
L1453, 1454 24-82723H11 200 nH

L1455 24-84346A02 170 nH (TRN4696A)
resistor, fixed:
R1451, 1452 6-124B67 8.2 +5%; 114 W
R1453 6-11009C29 150 +5%; 114 W
R1454, 1455 6-125A48 910 +5%; 1/2 W (TRN4696A)

R1454, 1455 NOT USED (TRN4695A)

R1456, 1457 6-125A01 10 £5%; 1/2 W (TRN4696A)

R1456, 1457 6-125A12 30 +5%; 1/2 W (TRN4695A)
mechanical part

29-84322M02 TERMINAL, pin; 22 used (TRN4696A)
16 used (TRN4695A)

note: L299 and C299 are part of TRN4672A. Refer to Radio Set Hardware Kit Parts

List

TLD9151A Power Amplifier, 30 Watt (136-174 MHz)

REFERENCE  MOTOROLA
SYMBOL PART NO. DESCRIPTION

capacitor, fixed: pF +5%;50V;
unless otherwise stated:

C1400 21-84873H51 180

C1401 21-84873H86 18 +2%

C1402 21-84873H73 75

C1403, 1404 21-84736E21 100

C1405 21-84547A23 018 uF +20%

C1406 21-84873H74 300

C1410, 1411 21-84736E41 140

Cc1412 21-84736E21 100

C1413 21-84736E10 255

C1414 21-84773H52 470
diode: (see note)

CR1400 48-83654H01 silicon
territe bead:

E1400 1-80739D84 rf
coil, rf:

L1400 24-84331M02 22nH

L1401 24-84331M42 240nH

L1402 24-84331M03 33nH

L1404 24-84331M43 28 nH
transistor: (see note)

Q1400 48-84411L56 NPN; type M1156
resistor, fixed:

R1400 6-185B81 1.5k £10%; 1/8 W
thermistor.

RT1400 6-867628 195k @ 25°C

mechanical part
64-82287N01 PLATE, strap ground; 2 used

note: For optimum performance, diodes, transistors, and integrated circuits must
be ordered by Motorola part numbers.

POWER AMPLIFIERS

FUNCTION

Power amplifier hybrids, except the 30 W PA are
mounted to PA interconnect board.<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>